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Goal. To determine the parameters of changes in the content of organic carbon in typical chernozem 
depending on the long-term use of different fertilizer systems for field crop rotation in the High Forest-Steppe 
of the Left Bank of Ukraine. Methods. Field — to determine the impact of fertilizer application systems on the 
humus state of typical chernozem, laboratory — to determine the content of organic carbon in the soil, 
calculation — to calculate the reserves of organic carbon and humus, mathematical — to assess the reliability 
of the data. Results. It was determined that before the establishment of a stationary field experiment, the 
content of organic carbon (Corg) in the arable soil layer averaged 2.89%. The coefficient of variation of 
theparameters of this indicator was 8%, but the scope of variation of the obtained results was 1.03 abs. %. It 
was established that for 28 years of application of mineral and organic fertilizers there was a slow deposition 
of Corg. Under the mineral fertilizer system with the introduction of single and double doses of complete 
fertilizer, the Corg content increased from 2.94 – 2.96 to 3.09 – 3.10%. Under the organic system, which 
provided the periodic application of manure under row crops, the Corg content increased from 2.80 to 3.09%, 
while the combined application of manure and mineral fertilizers caused an increase in Corg from 2.71 – 2.79 
to 3.09 – 3.16%. Corg reserves increased from 5 for the mineral to 10 and 13 t/ha for organic and 
organomineral fertilizer systems, respectively. Conclusions. An increase in the Corg content in typical 
chernozem was established with the introduction of fertilizer systems in a row: mineral — +0.14 – 0.15 abs.%, 
organic — +0.29, organomineral — +0.37 – 0.38 abs.%. The systematic application of mineral and periodic of 
organic fertilizers contributes the most to carbon deposition in soils.  
Key words: soil organic matter, mineral and organic fertilizers, stationary field experiment, typical 
chernozem. 
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Among the wide range of indicators of soil quality, the greatest attention is paid to the content and 

stocks of soil organic carbon, which determine the level of soil fertility (productive function), its health and 
ability to implement ecosystem services [1, 2]. 

The concern of the world scientific community with the large-scale development of dehumidification 
processes led to the holding of the Global Symposium on Soil Organic Carbon under the auspices of FAO in 
March 2017, which was attended by more than 450 participants from 111 countries. Particular attention was 
paid to three key areas of potential activity, some of which are aimed at implementing the Global Sustainable 
Development Goals, which are relevant for Ukraine: 

 measuring, mapping, control and reporting of changes in soil organic carbon stocks; 
 promoting the accumulation of soil organic carbon to adapt to climate change and mitigate its 

effects, achieving land degradation neutrality; 
 conservation/restoration of soil organic carbon stocks in particularly vulnerable locations [3]. 

An anthropogenic factor plays an exceptional role in determining the vector of changes in soil organic 
carbon, under the influence of which the course of such soil processes as humification and mineralization of 
humus is changed [4] and the degree of these changes depends on the genetic characteristics of the soil and 
hydrothermal conditions of the territory. Thus, the content of organic carbon in soils varies both from a specific 
element of the technology of growing crops, whether tillage, fertilization or crop rotation, and from the 
implemented land use system in general [5–9]. 

To compensate for the loss of soil organic matter, including due to the reduction of plant residues, 
which corresponds to economic removal, it is recommended to apply organic fertilizers, which play an 
exceptional role in preserving and increasing soil fertility [10–12]. Concerning the influence of mineral 
fertilizers, there are contradictory, diametrically opposed points of view. On the one hand, their incorporation 
(application), especially in high doses, causes dehumidification by increasing the content of humus mobile 
fractions [13]. With the use of balanced doses, in fact, there are no significant changes in the direction of 
reduction [14, 15]. Other studies indicate an increase in the total humus content with the iimplementation of a 
mineral fertilizer system, especially in combination with organic one [16, 17]. Also, it is noted that with long-
term application of fertilizers there are changes in both quantitative and qualitative composition of the system 
of soil humic substances [18]. 
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Thus, the controversy over the ambiguity of the impact of mineral fertilizers on the content and stocks 
of organic carbon maintains a constant interest in this issue, especially given the diversity of soil cover, the 
differences of weather and climatic conditions and agricultural systems. 

The purpose of the work is to establish the parameters of changes in the organic carbon content in typical 
chernozem depending on the long-term use of different fertilization systems of field crop rotation in the Left-Bank 
High Forest-Steppe of Ukraine. 

Materials and methods of research. The research is carried out in the stationary field experiment 
«Agroecological monitoring» within the State Enterprise «Experimental Farm «Grakivske» of the National 
Scientific Center «Institute for Soil Science and Agrochemistry Research named after O. N. Sokolovsky», 
which is territorially located near the Doslidne village  of Chuguiv district of Kharkiv region. The experiment 
was established in 1990 in three fields of 3.5 ha each, after leveling sowing of barley, according to a 
mathematically sound scheme. The size of the elementary experimental plot is 120 m2 (20 m × 6 m), the 
epetitiveness of options in space is four times. The research results are given by the first field. 

Within the field, backgrounds are formed, which are aimed at creating a model of soil fertility with 
different energy intensity. Within each background, there are 15 options with combinations of mineral fertilizer 
rates in three grades: 0 – without fertilizers, 1 – single, 2 – double, which are differentiated by crop rotation. 
For example, for winter wheat N = 0–45–90, Р = 0–45–90, К = 0–45–90; for corn for silage N = 0–90–180, P 
= 0–60–120, K = 0–45–90; for sunflower N = 0–45–90, P = 0–55–110, K = 0–45–90. 

From the general set of experiment options for implementation of the purpose the following options 
are allocated: 

 without fertilizer application: І background (without organic fertilizer application) + 000; 
 mineral fertilizer system: I background (without organic fertilizers) + 111, 222;  
 organic fertilizer system: II background (manure application) + 000;  
 organo-mineral fertilizer system: II background (manure application)+ 111, 222.  

The total amount of nutrients applied with mineral fertilizers for the period 1990–2018, with a single rate 
(111) is N1395P1340K1170, with a double rate (222) – N2790P2680K2340. A total of 230 t/ha of manure was applied. 

Since 1991, studies have been conducted in twelve-course I rotation) and ten- course (II rotation) field 
crop rotation. Since 2013, the third rotation of the nine-course crop rotation has begun: sunflower, black steam, 
winter wheat, barley, soybeans, winter wheat, corn green mass, naked oat, winter wheat. 

The soil cover of the research area is represented by typical heavy loamy chernozem, which before 
the start of the experiment was characterized by a very high degree of base saturation – 96–98 %. The amount 
of exchange-absorbed bases in the areas under the future mineral fertilizer system, on average, was 46.5 mg-
eq/100 g of soil, under the organo-mineral one – 48.8 mg-eq/100 g of soil, of which the share of exchangeable 
calcium – 89 and 90 % respectively. Exchangeable acidity (pHKCl) of the soil corresponded to Land Degradation 
Neutrality. According to the content of mobile phosphorus compounds, the soil was characterized by an 
average level of availability. The content of mobile potassium compounds corresponded to the increased 
availability. 

Soil samples for analysis were taken from the arable 0–30 cm layer according to DSTU 4287: 2007 
before starting the experiment in 1990, at the end of the second rotation after soybean in 2011 and in the 
middle of the third rotation after wheat in 2018. The content of soil organic carbon (SOC) in the prepared soil 
samples was determined according to DSTU 4289: 2004. 

Processing and generalization of research results was performed using the programs: STATISTICA 
and Microsoft EXCEL. 

Research results and their discussion. It is believed that changes in the intensity of accumulation 
and mineralization of SOC can be reliably determined only in long-term field experiments [19]. However, when 
summarizing the results of long-term research on such high-buffer soils as chernozem, the main thing is not 
to confuse the natural temporal dynamics of the studied indicator with its direct changes under the influence 
of one or another anthropogenic factor. 

At the type level, typical heavy loamy chernozem at the time of the experiment was characterized as 
medium humus. The content of SOC in the arable 0–30 cm layer of soil under the future mineral fertilization 
system averaged 2.96 %. In the area where organic fertilizers were applied, it ranged from 2.49 % to 3.24 %, 
averaged 2.83 %. In general, on the area of 2 ha, covering the I and II background, a low heterogeneity of this 
parameter was found – the coefficient of variation does not exceed 8 % (Table 1). However, with the same 
qualitative characteristics, which are estimated as high (4.1–5.0 %) according to the domestic grouping of soils 
by humus content, the range of variation of the averaged data by options (four repetitiveness in space) is 1.03 
absolute percent. This gives grounds to speak about the presence of lateral heterogeneity of soil cover within 
the elementary soil area (one soil allocation) [20], which should be taken into account when establishing 
changes in soil parameters in spatial and temporal context to avoid misinterpretation of long-term results. 
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1. Statistical parameters of soil organic carbon content determined before the experiment 

Statistical parameter 
Without application 
of organic fertilizers  

(I background) 

On the application 
background of 

organic fertilizers  
(II background) 

In general, 
under the I and 
II background 

Number of mixed samples, pcs 76 76 152 

% suitable definitions 100 100 100 

Medium 2.96 2.83 2.89 

Minimum  2.37 2.49 2.37 

Maximum 3.39 3.24 3.39 

Range 1.03 0.75 1.03 

Median 3.01 2.85 2.89 

Standard error 0.03 0.02 0.02 

Standard deviation 0.24 0.20 0.23 

Lower quartile (25 %) 2.78 2.67 2.69 

Upper quartile (75 %) 3.15 2.98 3.07 

Coefficient of variation 8.20 6.97 7.93 

 
During the 28-years (from 1990 to 2018) of regular use of mineral fertilizers and periodic application 

of manure, there is a clear trend towards gradual deposition of SOC in typical chernozem (Fig. 1), as evidenced 
by previous studies of humus changes in the 19-years interval [21]. In particular, the control option recorded 
an increase in the content of SOC by 1.7 %, while the application of single rates of mineral fertilizers with a 
total amount of N1395P1340K1170 increases its content by 5.1 %, with the application of double standards with 
which came to the ground N2790P2680K2340 – 4.7 %. With the organic fertilizer system, where 230 t/ha of manure 
have been applied in 28 years, the SOC content is increased by 10.4 %, while the combination of manure and 
mineral fertilizers causes an increase of 13.3–14.0 %, reaching 3, 09–3.16 % SOC as a part of soil organic 
matter. The difference in the content of SOC between the unfertilized arable land and with the organo-mineral 
fertilizer system is 0.32–0.33 absolute percentages (Table 2). 

 

 

Fig. 1.  Changes in the content of SOC in typical chernozem with the application of mineral 
and organic fertilizers during 28 years 
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The above-mentioned regularities are also preserved in the increased stocks of SOC, which reach a 
maximum of 105–107 t/ha in the 0–30 cm soil layer with organic and organo-mineral fertilizer systems. Given 
the existing direct relationship between SOC and total humus, there is an increase in the content and stocks 
of total humus, due to the use of scientifically sound technologies for growing crops in crop rotation, among 
which the key factor influencing the deposition of organic matter is the implemented fertilizer application system 
(Table 2). In addition, the prevention of SOC losses ensures the resistance of the soil to significant changes 
in the reaction of the soil environment and indirectly affects the formation of high agrobackgrounds. 

It should be noted that with the implementation of similar fertilizer systems for 26 years, but on typical 
chernozem, which is characterized as highly moist deep carbonate one (according to the soil survey of the 
State Enterprise «Experimental Farm «Grakivske» of the National Scientific Center «Institute for Soil Science 
and Agrochemistry Research named after O. N. Sokolovsky» in 2017 year), there are no changes in the main 
parameters of humus quality – the type of humus is characterized as purely humic, the degree of humification 
as high [22]. 

 
2. Growth of SOC content and stocks of total humus in typical chernozem for the period 1990–

2018 

Background Option 

Content growth for the 
period 1990–2018, 

absolute percentages 

SOC stocks in  
0–30 cm of soil layer, 

t/ha 
Increase of humus 

stocks for 28 
years, t/ha 

SOC total humus 1990 2018 

Without 
application of 
organic 
fertilizers 

000 0.05 0.09 101 103 3.1 

111 0.15 0.25 100 105 8.6 

222 0.14 0.24 100 105 8.1 

On the 
application 
background of 
organic 
fertilizers 

000 0.29 0.50 95 105 16.8 

111 0.38 0.65 92 105 22.0 

222 0.37 0.64 95 107 21.6 

 
Thus, there is no loss of SOC for 28 years of systematic application of single and double rates of mineral 

fertilizers under field crop rotation crops. Compared with the initial parameters of the SOC content in typical 
chernozem, there is a tendency to its growth with the implementation of fertilizer systems in a row: mineral - 
organic - organo-mineral. Accordingly, the most effective measure to improve the humus state of the soil and 
increase the amount of SOC deposition is the organo-mineral fertilizer system, which provides for regular 
application of mineral fertilizers and for periodic one- organic fertilizers. Our foreign colleagues came to similar 
conclusions with generalizing the results of long-term experiments, omitting the difference of absolute quantitative 
values [16, 17, 23, 24]. This indicates that the balanced application of mineral and organic fertilizers helps to 
maintain and improve soil quality in the long run [17]. 

It should be noted that with a number of research on humus content and carbon in the soil organic 
matter, it was found a significant increase in mineralization processes with long-term implementation of the 
mineral fertilizer system [25, 26]. In our case, the absence of dehumidification is explained by the peculiarities 
of evolutionary changes in old arable soils, the identification of which requires quite a long time. It is known 
that the most significant changes in qualitative and quantitative indicators occur in the first decades after the 
plowing of virgin soils [25, 27, 28]. Then, after a certain period of time, the soil comes to a state of indefinitely 
long dynamic equilibrium (quasi-equilibrium) with the environment, the stability of which is provided in a wide 
range of variations of external conditions (load) [29]. 

Given the fact that on the typical chernozem, where the stationary field experiment was laid, extensive 
agriculture was conducted during more than 73 years, after plowing virgin land and subsequent extensive use 
there was the most significant decrease in the SOC content. Thus, in 1990 the total humus content was 4.9–
5.1 % (or 2.83–2.96 % of SOC), which with a high probability characterizes the quasi-equilibrium state of the 
soil, while in the typical chernozem of the surrounding areas under natural vegetation – 6.3 % [30] (or 3.65 % 
of SOC), which can be taken as the content of total humus in virgin soil. Accordingly, during the agricultural 
use of the soil until 1990, the content of SOC decreased by 19–22 % or 0.69–0.82 absolute units and stabilized 
at this level. 

After the replacement of extensive technologies with science-based cultivation of agricultural crops 
with fertilizers` application, the soil is moving to a higher energy level – the soil has become «cultivated», as 
evidenced by the tendency to increase the humus content, while irrational land use reduces the energy of the 
soil system, causing the development of degradation processes [31].  
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Conclusions 
Under conditions of stationary field experiment, changes in the parameters of SOC content in typical 

chernozem were established, which depend on the fertilization system of field crop rotations. In the 28-years 
retrospective there is a clear tendency to the gradual accumulation of SOC, the content of which increases with the 
implementation of fertilizer systems in a row: mineral + 0.14–0.15 absolute percentages, organic + 0.29 
absolute percentages and organo-mineral + 0,37–0.38 absolute percentages. Systematic application of mineral 
fertilizers and periodic application of organic ones contributes the most to carbon deposition in the soil. 
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