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Goal. To study dynamics of labile organic compounds of light gray forest surface-gleyed soil during 

vegetation of spring barley depending on long-term application of different fertilizer systems and periodic 
liming. Methods. Field studies, physical, chemical and comparative analytical methods. Results. The 
content of labile humus in the arable layer of acidic light gray forest soil isn’t high and does not exceed 
0.73%. Long-term use of mineral fertilizer systems causes the lowest content of labile humus compounds, 
which during the growing season does not exceed 0.50%. Application of organo-mineral fertilizer systems 
with introduction of one norm of mineral fertilizers (N65P68K68), 10 t/ha of manure per hectare of crop rotation 
area both with the background of liming by a dose of CaCO3 calculated according to hydrolytic acidity and to 
acid-base buffering capacity provides practically the same content of labile (0.49-0.60%) and water-soluble 
organic matter (0.025-0.042%) during the growing season of spring barley. The absence of fertilizer during 
the growing season of spring barley caused the lowest values of water-soluble organic matter (0.013-0.02%) 
in the control variant. Conclusions. The supply of light gray forest surface-gleyed soils with labile forms of 
organic matter during prolonged agrogenic influence varies depending on the fertilizer and use. 
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Soil organic matter and its component humus ensure stability of soil system and is among the most 

important diagnostic features of soil functioning [1]. The study of the nature and direction of changes in 
organic matter content is especially relevant for the gray forest soils of the Carpathian region, which are 
characterized by low levels of natural fertility and low humus content. 

When assessing the quality of soil organic matter, its mobile compounds are important. They are involved 
in formation of soil structure and other properties, largely determine the dynamics of modern soil processes 
and are material for the creation of stable humic substances [2, 3]. 

A significant role in soil formation and soil fertility is also played by water-soluble organic matter – a 
complex mixture of organic compounds formed from plant residues, microbial biomass and root exudates. 
Despite low absolute content (1–5% of the total organic carbon content), it determines soil microbial activity, 
actively participates in soil processes, is the most accessible substrate and source material for the formation 
of all groups of stable humic substances, activates the mobilization of nutrients and enhances their migration 
ability [4-6]. 

Due to their structure labile components of organic matter are primarily affected by natural and 
anthropogenic factors. Their content in the arable layer is determined foremost by the doses of fertilizers, 
amount of crop residues and tillage [3]. However, impact share of these measures is difficult to estimate, 
because effect mechanism of agronomic measures may be different in different soils [7-9]. 

Therefore, the study of the content dynamics of labile and water-soluble humus during the growing 
season of agricultural crops is of great importance and allows, based on the established patterns of its 
change, to adjust the level of fertilization, improve existing agricultural practices to ensure the appropriate 
level of soil fertility and health [10, 11]. 

Goal. To study dynamics of labile organic compounds of light gray forest surface-gleyed soil during 
vegetation of spring barley depending on long-term application of different fertilizer systems and periodic 
liming. 

Research methodology. The studies were carried out during 2017-2019 on the classic long-term 
stationary experience of the Institute of Agriculture of the Carpathian Region of NAAS, established in 1956 
on a light gray forest surface gleyed soil with different doses and ratios of mineral fertilizers, manure and 
lime. 

The stationary experiment is placed in space on 3 fields, each of which has 18 variants in 3 repetitions. 
The arrangement of the variants is single-tiered, consistent. The total plot area is 168 m2, the accounting 
area is 100 m2. Four-field crop rotation with the following crops: corn for silage, spring barley with sowing of 
meadow clover, meadow clover, winter wheat. The soil of the experimental site is light gray forest surface-
gleyed with coarse-grained light loam on loess-like sediments.  

Research work was carried out in the following variants: absolute control (without fertilizer, var. 1); 
application of only organic (10 t/ha of crop rotation area, var. 3) and mineral fertilizers (N65Р68К68, var. 15); 
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liming with doses calculated according to hydrolytic acidity and acid-base buffering capacity in organo-
mineral (10 t/ha manure+N65Р68К68, var. 7 and 8) and mineral fertilizer systems (N105Р101К101, var. 17 and 18). 

Semi-precipitated cattle manure on straw bedding, ammonium nitrate (34.5 %), granulated 
superphosphate (19.5 %), potassium salt (40 %), nitroamophos (NPK 16 %) were used in the experiment. 
Manure (40–60 t/ha) was introduced under corn. Phosphorus-potassium fertilizers were introduced in the fall, 
nitrogen – under pre-sowing cultivation. Liming was carried out before the start of IX rotation. Limestone flour 
(93.5 % CaCO3) was used as the limestone fertilizer. Cultivation technology is generally accepted for the 
conditions of the Western Forest-Steppe zone of Ukraine. 

Soil samples were taken and prepared for analysis in accordance with DSTU ISO 11464-2001. 
Agrochemical analyses of the soil were performed according to the following methods: labile organic matter 
by M. A. Egorov method with its subsequent oxidation by I. V. Tyurin method in the modification of 
B. A. Nikitin (DSTU 4732-2007), water-soluble organic matter according to the generally accepted method 
with the end according to I. V. Tyurin method in the modification of B. A. Nikitin (DSTU 4731-2007) [12, 13]. 
The results of laboratory studies were statistically processed according to conventional methods of 
Ye. A. Dmitriev and B. A. Dospekhov [14, 15]. 

Results. On the basis of studies carried out in the arable soil layer (0-20 cm) under the second crop of X 
crop rotation – spring barley, it was found that the content of labile humus varies depending on the fertilizer 
system and development phase. 

Thus, in the tillering phase of spring barley in control variant and with prolonged application of only 
mineral fertilizers, content of labile humus is 0.50 and 0.58 % respectively (Fig. 1). Content of labile humus in 
these variants remained quite high (0.54 and 0.64 %) compared to other fertilizer systems in the phase of full 
ripeness before harvesting of spring barley. The increase in the content of mobile humus compounds in 
control and variants with intensive mineral fertilizer is probably associated with the low use of nutrients by 
barley plants due to low yields under conditions of high acidity of the soil solution (рНКСl 4.51 and 4.24 
respectively). Application of only mineral fertilizers usually increases the number of the most mobile, 
unprotected organic compounds. Introduction of mineral fertilizers increases the mineralization of soil organic 
matter. The resulting compounds usually do not form complex organic substances associated with mineral 
particles [16, 17]. 
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Fig. 1. Dynamics of labile humus of the arable layer of light gray forest surface-gleyed soil under 

spring barley 
 
At the same time, manure application provides the supply of various organic carbon compounds. In the 

variant of the organic fertilizer system with the application of 40 t/ha of manure under the first crop of crop 
rotation, the content of labile compounds in the tillering phase is 0.56 %. Before harvesting in the phase of 
full ripeness it increases to 0.63 %. Also, due to organic fertilization, the root mass of plants increases, 
which, after harvesting, provides a constant supply of substrate for mineralization. 

When applying the same doses of manure and mineral fertilizers both with the background of liming with 
a dose of CaCO3 calculated according to hydrolytic acidity (var. 7) and acid-base buffering capacity (var. 8), 
the content of labile humus under spring barley in the tillering phase is almost the same and is 0.55 and 0.57 



3 

% respectively. In the later phases of the growing season, the level of labile humus compounds in the 
organo-mineral fertilizer system with optimal dose of lime remains quite high – 0.60–0.62 %. And in a similar 
fertilizer system with liming according to hydrolytic acidity, the content of labile compounds is reduced to 
0.49-0.55 % due to more intensive use by plants. In mineral fertilizer systems the content of labile humus 
compounds is lower and does not exceed 0.50 % during growing season. 

Studies have shown that the lowest amount of water-soluble humus during growing season of spring 
barley (0.016–0.021 %) was observed in control variants without fertilizers (Fig. 2). This is probably due to 
the predominance of mobile fulvic acids of 1+1a fraction in the humus composition due to the high acidity of 
the soil solution. Under conditions of periodic washing water regime these fractions migrate rapidly and are 
washed out of the arable layer. It should also be noted that in these variants meadow clover was very sparse 
because of high acidity of the soil solution. Therefore, the influence of organic residues on the processes of 
water-soluble humus accumulation and humus formation is generally insignificant. 

In the variant of intensive mineral fertilization, the content of water-soluble humus was lower in 
comparison with organo-mineral and mineral fertilizer systems with the background of liming and amounted 
to 0.029–0.035 %. The reason for low content of water-soluble humus in the variants of long-term use of only 
the mineral fertilizer system is the insignificant amount of plant residues of cultivated crops, used by the 
microflora as a nutritious and energetic material. 

When applying organic fertilizer system with the introduction of 40 t/ha of manure per rotation, the level of 
water-soluble humus increases to 0.024–0.042 %. This is due to the fact that cattle manure is largely 
represented by water-soluble and labile humic compounds – intermediate products of transformation of 
organic matter of manure [4]. 
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Fig. 2. Dynamics of water-soluble humus of the arable layer of light gray forest surface-gleyed soil 

under spring barley 
 
In the variants of combined application of organic, mineral fertilizers and lime an increase in the level of 

water-soluble humus was noted during the period of active growth and development of spring barley plants 
in comparison with the control without fertilizers. Thus, the application of organo-mineral fertilizer system with 
introduction of N65P68K68, 10 t of manure per 1 ha of crop rotation area with the background of lime 
application according to hydrolytic acidity provided an increase in water-soluble humus during the growing 
season of spring barley to 0.029–0.042 %. This fertilizer system, but with the background of the introduction 
of optimal rate of lime in accordance with acid-base buffering capacity contributed to obtaining slightly lower 
values of water-soluble compounds – 0.025–0.037 %. 

The application of high rates of mineral fertilizers with the background of liming with a dose of CaCO3, 
calculated according to hydrolytic acidity did not contribute to increase in the level of water-soluble humus 
compounds during the growing season, compared with the application of a similar dose of lime calculated in 
accordance with acid-base buffering capacity.  
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Conclusions 

Prolonged application of organo-mineral fertilizer systems on acidic light gray forest surface-gleyed soil 
with introduction of N65P68K68, 10 t of manure per hectare of crop rotation area, both with the background of 
liming by CaCO3 dose calculated according to hydrolytic acidity and acid-base buffering capacity provides 
higher content of labile humus under spring barley than similar mineral fertilizer systems. 

The lowest amount of water-soluble humus during the growing season of spring barley (0.016–0.021 %) 
was observed in control variant without fertilizers. This indicates that at high acidity of the soil solution the 
humus composition of acidic light gray forest surface-gleyed soil in the first stages of humus formation is 
dominated by the accumulation of mobile fulvic acids, which in conditions of periodic washing water regime 
are capable of rapid migration and leaching out of the arable layer. 
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