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Goal. To investigate the nutritive regime of typical chernozem in short grain-beet crop rotation with 

different legumes predecessors of winter wheat. Methods. General scientific and special. Agrochemical 
analyses were performed according to standard techniques. Results. The security of soil with easily 
hydrolyzing nitrogen for 11 rotations of 4 -fields crop rotation did not depend on the predecessor of winter 
wheat and made 112 — 120 mg/kg of soil. There was a tendency to increase its content in the crop 
rotations with legumes predecessors of winter wheat. On average over the 14 years of research, the 
amount of mobile phosphorus in the topsoil was 122 — 137 mg/kg of soil. The highest content was in crop 
rotations with bare fallow – 137 mg/kg and fallow under vetch-oats mixture – 131 mg/kg soil. They 
observed an increase in exchange potassium content in the arable layer of soil in crop rotation with bare 
fallow. Its amount in the soil on average, before the harvest of barley, was greater on 14 mg/ kg of soil 
than after other predecessors. In varients with legumes predecessors and corn for silage, they received 
the equal results – 115 — 119 mg/kg of soil. Conclusions. Compared to baseline data obtained during 
the laying of the experiment, research results for the period 1996—2009 had shown that prolonged use of 
short crop rotation improved the soil supply with nitrogen and phosphorus. On the contrary, the 
concentrations of these elements in the topsoil, the quantity of exchangeable potassium during this 
period had decreased. Most secured with phosphorus and potassium were crop rotation with bare fallow, 
with nitrogen and phosphorus – crop rotation with the vetch-oats mixture. Crop rotation with leguminous 
predecessors had the best ratio of nitrogen than that of crop rotation with bare fallow and corn silage.  
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One of the most important task in the field of agriculture is the rational use of land as the main means 

of production in agriculture and the transformation of the natural soil-creating process into a targeted 
“cultural” process, which provides improved soil fertility and, on this basis, increased crop yields. The 
recognition of the laws of the modern cultural soil-producing process allows us to predict the direction of 
its development, rationally use the soil and plan measures to ensure continuous improvement of its 
effective fertility and high yields. 

There are many reports on the effects of plant soil, fertilizers and cultivation that highlight only some 
issues related to such action [1-8]. In addition, these scientific data were obtained in different soil and 
climatic zones, which makes it impossible to draw any conclusions regarding the change of fertility of the 
chernozem in the eastern region of Ukraine. Many researchers have devoted their scientific works to the 
study of changes in soil fertility under the influence of crops [9-13]. This data also contains opposite 
views. 

The purpose of the study is to identify the course of change of agrochemical indicators of fertility of 
typical chernozem of 11 four-field rotations. 

Materials and methods of research. The studies were conducted on the experimental field of 
Kharkiv National Agrarian University named after V. V. Dokuchaev during 1996-2009. The stationary 
experiment was established in 1962. Founded by: Professor O. Mozheiko — Grand PhD in Agricultural 
sciences, Associate Professor R. Litvinyuk — PhD in Agricultural sciences. in July 1960, in order to 
characterize the soil cover and draw up the soil plan of the experimental field O. Kazakov, M. Laktionov, 
M. Litovchenko, V. Mukha and I. Shelar conducted a soil survey of the plot by laying sections and wells, 
what was reported in the theses of the scientific conference in May 1961. According to their analysis, the 
arable layer of soil contained: humus — 6.1 %, light hydrolysis nitrogen — 71.8 mg/kg soil, mobile 
phosphorus — 109.0 mg/kg, mobile potassium — 271.9 mg/kg. Based on field and laboratory studies, the 
authors conclude that the soil cover of the field of study is relatively homogeneous [14]. 

But intensive use of soil under crops has led to a decrease in humus content to 4.52-4.61 %, which 
was recorded by L. Vasilkina in the stationary experiment referred to in 1976. According to this indicator, 
the soil of the experimental field was attributed to the chernozem of the typical low humus soil, which 
contained mobile phosphorus from 81 to 125 mg/kg of soil and exchangeable potassium - 196-243 
mg/kg of soil, depending on the winter wheat precursor. 

The full name of the soil of the study field was formulated as a typical chernozem deep low humus 
(weakly structural) heavy loam on the loess loam by D. Tikhonenko and Y. Degtyarev [16]. 

  
 



For many years, individual crops and six short rotation crop rotation alternatives were studied in the 
experiment with the following crop rotation: 1 — precursor to winter wheat, 2 — winter wheat, 3 — sugar 
beets, 4 — spring barley. The precursors of winter wheat, and accordingly the first crop rotations were: 1) 
fallow, 2) peas for grain, 3) rice for grain, 4) vetch-oat mix green feed, 5) soybean for green forage, and 
6) corn for silage . 

Soil samples for agrochemical analyzes were taken from a layer of 0-30 cm. Agrochemical analyzes 
were performed in accordance with conventional methods: 
 content of light hydrolysis nitrogen - by Cornfield method, DSTU 7863-2015, in soil layers 0-15 

and 15-30 cm before barley harvesting [17]; 
 content of mobile phosphorus compounds - by the Chirikov method, DSTU 4115-2002, in layers 

of soil 0-15 and 15-30 cm before harvesting barley [18]; 
 content of exchangeable potassium — by the Chirikov method, DSTU 4115-2002, in layers of soil 

0-15 and 15-30 cm before harvesting of barley [18]; 
Research results and discussion. It is difficult to overestimate the problem of nitrogen nutrition in 

agriculture. Even D. Pryanishnikov noted that the amount of nitrogen in the soil is rarely sufficient for 
plants. A large amount of nitrogen in the soil is accumulated by leguminous crops. The activity of potato 
bacteria in combination with biological processes improves the nitrogen balance of the soil. 

The amount of light hydrolysis nitrogen in the arable layer of typical chernozem in its determination in 
the last field of rotation during the eleven rotations was almost the same and ranged from 112-120 mg/kg 
of soil (Table), which is estimated to be low in gradation. Moreover, there is a tendency to increase its 
content in crop rotations with legumes of winter wheat. 

 
Content of available nutrient forms in crop rotation with different precursors of winter wheat, 

mg/kg soil (average 1996-2009) 
The predecessor of winter wheat 

Substan
ce 

Layers 
of soil, cm fallow peas 

lathyru
s 

vetch-
oat mix 

soybe
an 

corn 

0-15 111 117 114 121 118 110 
15-30 114 116 117 119 120 113 Nitrogen 

0-30 113 117 116 120 119 112 
0-15 141 135 126 137 121 124 

15-30 132 113 117 125 122 122 P2O5 

0-30 137 124 122 131 122 123 
0-15 139 122 124 134 119 121 

15-30 122 107 110 104 117 111 K2O 

0-30 131 115 117 119 118 116 
 
In the upper soil layer (0-15 cm) there is a dependence of this index on rotation. A slightly higher 

amount of nitrogen was recorded in crop rotations with legumes, namely: with peas — 117 mg/kg soil, 
lathyrus — 114, soybeans — 118, and its highest content was in crop rotation with occupied vetch-oat mix 
fallow — 121 mg/kg soil. The increase in the content of this element in the soil, in our opinion, is due to 
the ability of legumes to accumulate it due to nitrogen fixation in the root system and crop residues. 
Studies have shown a decrease in the amount of nitrogen in crop rotation with corn for silage and fallow 
— 110 and 111 mg/kg, respectively. In our opinion, in the crop rotation with fallow, less nitrogen was 
produced due to the absence of root and post-harvest residues during field breeding, and in the case of 
corn, a considerable amount of it was used to form a large amount of vegetated alienated mass. 

The content of light hydrolysis nitrogen in the soil layer 15-30 cm did not exceed the values of the 
upper (0-15 cm) layer, which indicates the homogeneity of soil supply with this element. Despite the fact 
that the bulk of the root system of crops grown in the studied crop rotations is located in the arable layer 
of soil, this created favorable conditions for their development, especially in versions with legumes. 

Comparison of our data on the content of light hydrolysis nitrogen in short-term rotations (1996-2009) 
with the initial data obtained during the laying of the experiment (1960) showed that the use of these 
rotations and the introduction of legumes did not worsen, and even improved soil nitrogen availability. 

The availability of soil with mobile phosphorus is an indicator of its state of cultivation. With a lack of it 
in plants, the synthesis of proteins and carbohydrates is inhibited, there is a delay in growth and 
development and, as a result, their productivity decreases. Adequate plant nutrition with phosphorus 
accelerates the formation of reproductive organs, plant development and improves product quality. Crop 
phosphorus stocks are affected by crops, a crop rotation system, and a fertilizer system. 

According to the results of our research, there was no clear dependence of this indicator on crop 
rotation. In the last 14 years of studies in the last crop rotation field, the amount of mobile phosphorus in 
the arable layer of soil, according to the existing estimate of its content, was increased and ranged from 
122-137 mg/kg of soil (see Table 1). Moreover, the highest index of its content was in rotation with fallow 
— 137 mg/kg of soil. 

 
 



Better soil moisture conditions in the fallow version, lack of phosphorus removal by plants in this field, 
higher crop yields in crop rotation and, as a consequence, a greater number of crop residues that 
remained in the soil — all these factors, in our opinion, contributed to a noticeable increase in mobile 
forms in the soil. Chernozem soils are known to be well supplied with phosphorus. In addition, a 
significant part of it returns to the soil with plant debris in the process of their decomposition. The variant 
with the vetch-oat mix was approaching the fallow one by this indicator - 131 mg/kg. Vetch-oat mix 
before other predecessors of winter wheat frees up the field and this makes it possible to save moisture. 
In addition, the removal of phosphorus from the crop is reduced and the mobilization processes in the 
soil are improved due to the legume component, which helps to increase its content. Studies have shown 
a marked decrease in the content of mobile phosphorus in crop rotation, where the predecessors of 
winter wheat were legumes: peas, lathyru and soybeans. According to the obtained data, the amount of 
this element in the soil in these variants was 124, 122 and 122 mg/kg, respectively, due to the increased 
activity of microflora, which leads to its temporary fixation by microorganisms in organic form. Moreover, 
a large part of phosphorus imposed with harvest of crops. In crop rotation with corn for silage mobile 
phosphorus content amounted to 123 mg/kg soil. According to this indicator, crop rotation with corn is at 
the level of crop rotation with the legume component. 

Studies have found an increase in the content of mobile phosphorus in the upper (0-15 cm) layer of 
soil in all crop rotations, which is due to the number of crop residues in this layer and the less intensive 
use of its root system of plants, which branches in the lower layer of soil. The content of mobile 
phosphorus retains the advantage of the fallow version over others. 

Comparing the results obtained with the initial data from the stationary experiment, it should be noted 
that the content of mobile phosphorus in the arable layer of soil during the period of use of short-term 
crop rotations increased slightly. 

Potassium plays an important role in crop production. It increases the winter and drought resistance 
of plants. Most researchers believe that its amount remains virtually unchanged depending on its 
predecessors. Other researchers believe that the use of fertilizers and crop rotation increases the level of 
supply of chernozem with potassium. 

Studies have found an increase in the content of exchangeable potassium in the arable layer of soil in 
rotation with fallow. Its amount in the soil before barley harvest (fourth crop rotation field) was 131 mg/kg 
of soil, which is on average more than after other precursors of 14 mg/kg of soil. Moreover, in 
embodiments of precursors bean and corn for silage were almost equivalent data vary between 115-119 
mg/kg soil. 

Unlike nitrogen and phosphorus, black earth soils are known to be more enriched in potassium. The 
conversion of exchangeable potassium to a non-exchangeable form mostly occurs after the soil has 
dried up. Therefore, the high content of exchangeable potassium in both the top and bottom of the fallow 
variant, above all, can be attributed to the higher content of moisture in it. The advantage of fallow option 
over other crop rotations can also be explained by the lower removal of its plants. The higher content of 
exchangeable potassium in the upper (0-15 cm) of the arable layer in all crop rotations is probably due to 
the greater mass of crop residues in it and the movement of potassium from the lower horizons. In 
general, the content of exchangeable potassium in the soil can be classified as high, but far enough from 
the optimal values for typical chernozem. If, before the foundation of the experiment (1960), the arable 
layer of soil contained 271.9 mg/kg of soil, then by the end of the 11th rotation, its amount averaged 120 
mg/kg of soil by rotation. That is, during the use of short-term crop rotations there is a decrease in the 
amount of potassium exchange in the soil. As for the amount of potassium in the upper and lower parts 
of the plow layer, we see a pattern similar to that of phosphorus. 

 
Conclusions 

The amount of light hydrolysis nitrogen in the arable layer of typical chernozem  in determining it in 
the last field crop rotation during the eleven rotations was almost the same and ranged from 112-120 
mg/kg of soil. The tendency to increase its content in crop rotations with legumes of winter wheat 
predetermined. 

A clear dependence of the content of available phosphorus on the alternation of crops in crop rotation 
was not observed. For an average of 14 years of research, the amount of mobile phosphorus in the 
arable soil has ranged from 122-137 mg/kg of soil. Higher indicators of its content were in rotation with 
fallow — 137 mg/kg and fallow occupied vetch-oat mix — 131 mg/kg of soil. 

Revealed an increase in the content of exchangeable potassium in the topsoil in rotation with fallow. 
Its amount in soil was on average higher than that of other precursors by 14 mg/kg of soil. In variants 
with legume precursors and corn for silage, data were obtained that are almost equivalent, ranging from 
115-119 mg/kg.  
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