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Intensive tillage accelerates soil erosion, reduces the content of organic matter and carbon in the soil. Scientists around the
world talk extensively about soil conservation policies. The process of accumulation and maintenance of soil organic matter
is important for the long-term preservation of agro-system productivity. Crop production technologies applied should
increase carbon sequestration in the soil (Kaiser, Kalbitz, 2012; Baumhardt et al., 2015).
The study was conducted in 2018–2019 in the winter wheat crop “Sailor”. An experiment with two factors was performed:
preparations of biological origin and their mixtures were used with the application of different tillage technologies. The
aim of this study is to determine the effect of biological preparations on soil agrochemical properties in winter wheat crop
using different tillage technologies.
The use of biological preparations and their mixtures, in many cases, increased the content of water-soluble (labile) carbon
in the soil comparing compensatory nitrogen 8 kg t of straw, without biological preparations to stimulate straw
mineralization . The content of labile carbon was particularly increased by mixtures of two preparations (Ruinex +
Penergetic k, Ruinex + Azofix and Penergetic k + Azofix) using both tillage technologies: when applying no-tillage, the
content of soluble carbon increased from 2.9% to 12.2%, and when using the mixtures in ploughless tillage – from 1.4%
to 10.3. The combination of the three preparations increased the content of soluble carbon by 5.4% more in ploughless
technology, in no-tillage – only 0.5%. The use of one-component biological preparations in ploughless tillage also
increased the content of water-soluble carbon, and in no-tillage – reduced it but insignificantly.
Keywords: biological preparations, winter wheat, soil agrochemical properties.
INTRODUCTION
As the number of people around the world increases, so does the need for food. It is no secret that agriculture is
one of the largest food suppliers. Therefore, agriculture is intensifying to meet the demand. New, heavy machinery is
emerging, using large amounts of fertilizers and pesticides, allowing to obtain considerable yields. However, all these
measures also have a negative impact on the main means of agricultural production – soil (Staugaitis et al., 2016).
The use of mineral fertilizers in large quantities stimulates the soil acidification processes. In recent years, there
have often been discussions on the negative effects of pesticides to the environment. Over time, the soil begins to degrade,
and an intensive use of plant protection measures worsens the condition of the soil, as the destruction of pathogens also
destroys and regenerates soil bacteria. Intensive tillage and the use of chemicals have been observed to unbalance the
natural biological processes in the soil (Tripolskaja, Šidlauskas, 2010). There is a lack of knowledge about the patterns
of organic matter decomposition and soil degradation reduction opportunities (Arlauskienė et. al., 2014). Plant residues
are considered a vital natural resource to protect and maintain soil and crop productivity. The use of crop residues is
beneficial for maintaining or improving soil organic matter (Kumar . et al., 2019). However, plant residues alone are not
enough to restore the nutrients harvested, which raises the question of what measures could be taken to revitalize the soil
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and how to maintain plant productivity. It is no coincidence that popular biological preparations are increasingly more
used (Jakienė, Venskutonis, 2008).
The growing demand for crop products encourages the expansion of crop areas and the intensification of field
plant growing technologies (Jakienė, 2011). The accumulation of soil organic matter is an important process for
maintaining the long-term productivity of agro-systems, therefore, plant cultivation technologies should increase the
accumulation of C in the soil (Lal, 2011). Although the intensity of decomposition of organic matter is also determined
by the abundance of soil microorganisms, on the other hand, the ratio of carbon to nitrogen in the soil may allow integrated
assessment of conglomerations or concentrations of key biomass structural elements (Mikučionienė et al., 2017.
Biological preparations are a very promising area modern agriculture. These preparations are of natural origin,
completely degradable and not toxic to plants or humans. The use of biological preparations does not pollute the
environment, leaving no harmful residues in the crops (Paradikovic et al., 2011).
The biological preparation Ruinex contains Trichoderma sp. type of fungi, which are among the most common
microbes used in agricultural systems. This fungus also secretes antibiotics by secreting enzymes. Therefore, this fungus
can effectively protect plants from pathogens, and its secreted enzymes increase the content of organic matter by
decomposing plant residues, and when it is mineralized, nutrients become available to plants (Sheridan et al. 2014).
The aim of this study is to determine the effect of biological preparations on soil agrochemical properties in winter
wheat crop using different tillage technologies.
RESEARCH METHODS
The field experiment was performed at the Test Station of Vytautas Magnus University Agriculture Academy. The
study was conducted in 2018–2019 in the winter wheat crop “Sailor”. An experiment with two factors was performed:
preparations of biological origin and their mixtures were used with the application of different tillage technologies.
Experimental variants: Factor A: tillage 1. No-tillage; 2. Ploughless tillage (disking). Factor B: Measures to improve soil
quality and reduce risk: 1. Compensatory nitrogen 8 kg t of straw, without biological preparations; 2. Ruinex 1 l ha-1; 3.
Penergetic k 0.2 l ha-1; 4. Azofix 1 l ha-1; 5. Ruinex 1 l ha-1 + Penergetic k 0.2 l ha-1; 6. Ruinex 1 l ha-1 + Azofix 0.5 l ha-1; 7.
Penergetic k 0.2 l ha-1 + Azofix 1 l ha-1; 8. Ruinex 1 l ha-1 + Penergetic k 0.2 l ha-1 + Azofix 0.5 l ha-1.
Fields accounted – 60 m2. The crop was divided into four replicates.
According to the field experiment, compensatory nitrogen was applied to the stubble, sprayed with different
biological preparations and their mixtures. In half of the experiment, (in case of cloudy weather) the plant residues were
immediately (within 1 hour) inserted into the soil at a depth of 5–7 cm with a Cartier CR 300 (Vaderstäd) disc cultivator
(no-till technology). The rest is left uncultivated (no-till technology).
The following biological preparations were used in the experiment:
Ruinex is a biological preparation designed to activate the decomposition and mineralization of plant residues.
The preparation contains the fungus Trichoderma sp., which has an antibacterial effect, secretes antibiotic substances that
protect plants from pathogens, reduces their activity. It is suitable for all types of soils, restores their natural properties.
The preparation is enriched with phytohormones, which, when introduced into the plant, regulate cellular processes,
stimulate plant growth and development. Due to the above-mentioned properties of the preparation, the productivity of
field plants increases. The preparation can be used in mixtures with other biological preparations and with glyphosates.
Penergetic k improves the mineralization and humification processes of plant residues, supports the natural soil
fertility. To accelerate the mineralization of straw, the preparation can be used in combination with azobacterial
preparations. Such a combination promotes the destruction and transformation of straw into more complex compounds.
Penergetic k can also be used to promote aerobic processes in compost and manure, and to reduce nutrient leaching. The
preparation is used in compost and manure storage areas, and it is also recommended to use in barns after each scattering.
Azofix biological preparation contains Azotobacter sp. bacteria, which, by decomposing organic matter, fix
atmospheric nitrogen and make it available to plants, increase the soil nitrogen, and improve its structure.
Soil for agrochemical analyses was taken from each variant in 15 places at a depth of 0–10 cm, with an
agrochemical drill after harvesting the pre-crop spring wheat (2018) and after application of the studied measures, next
year’s winter wheat harvest (2019). The total nitrogen was measured by the Kjeldahl method (%), carbon contents (%)
were measured using a Heraeus analyser. The content of mobile humic substances was determined by photometric
procedure at the wavelength of 590 nm using the UV-VIS spectrophotometer Cary 50. The content of water-soluble
carbon (CH2O) was analysed using an ion chromatograph SKALAR (Skalar Analytical B.V., Netherlands). The
analyses were performed at the Agrochemical Research Laboratory of the Institute of Agriculture of Lithuanian Research
Centre for Agriculture and Forestry.
Statistical evaluation of the research was performed using computer programs: ANOVA, package “Selection”.
The significance of the differences between the means was determined according to the Fisher criterion and the Least
Significant Difference R0.05 under 95% probability level (P <0.05) (Raudonius, 2017).
RESEARCH RESULTS AND DISCUSSION
During the experiment, after the spring wheat harvest, soil samples were taken to determine the content of watersoluble carbon, total phosphorus and mobile humic substances and acids (mobile humic substances (MHS) (%), and acids
(MHA) (%)) in the soil (Table 1).
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Water-soluble soil carbon (labile) is particularly rapidly changing. It enters into low-molecular-weight organic
compounds that are easily decomposed and rapidly degraded by soil microorganisms (Staugaitis et al., 2016).
Concentrations of water-soluble carbon depend on the genesis of the soil, its horizon (layer), vegetation as well as
fertilization (Zhang et al., 2011; Staugaitis et al., 2016).
In most variants, the content of water-soluble carbon, although not significantly, increased after the use of biological
preparations (Table 1). Compared to the use of compensatory nitrogen to promote straw mineralization, this trend was more
pronounced in crops when using mixtures of two preparations (Ruinex + Penergetic k, Ruinex + Azofix and Penergetic k +
Azofix). The use of different tillage technologies also did not have a significant effect on the evolution of labile carbon. In
addition to tillage technology, the most soluble carbon was increased by spraying Ruinex + Penergetic k on stubble (12.2%),
and in no-till technology – by using Azofix outside the mixture (14.7%). No significant changes were observed with the
combination of all three preparations: the addition of biological preparations increased the soluble carbon by 5.4%, and only by
spreading the stubble – by 0.5%. Also, without tillage and using Ruinex and Penergetic k, a reduction in labile carbon was
observed, but it was insignificant.
G. Staugaitis (2016) with co-authors also studied the content and variability of labile carbon in the soil and found
the highest content of labile carbon in the soil where the test fields were fertilized by-product of biogas production. The
lowest content of labile carbon was found when fertilizing with mineral fertilizers. The most intensive processes of soil
carbon transformation took place in the upper layer (0-10 cm), which led to the largest Corg. accumulation in separate
years. It can be assumed that when fertilizing with mineral fertilizers, straw alone is not enough to maintain a nondecreasing content of Corg. in the soil.
The organic carbon content of the soil was not significantly affected by tillage technology, and the use of biological
preparations and their mixtures increased the organic carbon content of the soil. The use of mixtures of biological
preparations Ruinex + Penergetic k (15.6%), Ruinex + Azofix (13.6%), Penergetic k + Azofix (8.4%) and the use of a
mixture of all three preparations (25.0%) significantly increased the organic carbon content. The use of one-component
preparations Ruinex and Penergetic k also significantly contributed to the increase of organic carbon content. It can be
concluded that for the increase of organic carbon in the soil, it is better to use the preparation Azofix and mixtures with it,
because its effect is slower and more stable than that of nitrogen fertilizers. The concentration of nitrogen fertilizer
increases significantly immediately after spreading, and a sudden increase has a negative effect on the organic carbon
content of the soil.
Phosphorus is one of the key elements necessary to support all life forms. Due to the low solubility in water, phosphorus
often becomes a missing element in the soil, especially at the beginning of vegetation, when the root system of the plant is weak
and the soil is not yet warm enough. Soil adsorption of phosphorus depends on soil properties, clay mineral content and can be
increased by increasing ion sorption. Phosphorus can be sorbed in soil nanopores, which are often present in iron or aluminum
oxides and thus become inaccessible to plants (Arai, Sparks, 2007).
Table 1. The influence of biological preparations and their mixtures on the content of water-soluble carbon (g kg1), organic carbon (%),
total phosphorus (%), mobile humic substances (MHS) (%), and acids (MHA) (%)
Csoluble g kg-1
Corg.
Ptotal %
MHS %
MHA%
Biological preparations and their mixtures
No tillage (Factor A)
(Factor B)
1. Compensatory nitrogen 8 kg t of straw, without
biological preparations (control)

0.204a

1.17c

2. Ruinex 1 l ha
3. Penergetic k 0,2 l ha
4. Azofix 1 l ha
5. Ruinex 1l ha + Penergetic k 0,2 l ha
6. Ruinex 1 l ha + Azofix 0.5 l ha
7. Penergetic k 0,2 l ha Azofix 1 l ha
8. Ruinex 1l ha+ Penergetic k 0,2 l ha Azofix 0.5 ha

0.201a
0.196a
0.210a
0.229a
0.217a
0.210a
0.205a

1.33ab
0.050a
0.280b*
1.41a
0.060a
0.258b
1.23bc
0.049a
0.330a
1.38ab
0.056a
0.317a
1.39ab
0.056a
0.279b
1.27b
0.058a
0.276b
1.48a
0.058a
0.261b*
Ploughless tillage (disking) (Factor A)

0.139b
0.139b
0.195a
0.181a
0.149b
0.146b
0.147b

0.203a

1.19b

0.054a

0.339a

0.187a

0.222a
0.212a
0.233a
0.206a
0.224a
0.210a
0.214a

1.32ab
1.35a
1.24b
1.35a
1.29b
1.29b
1.47a

0.051a
0.055a
0.048a
0.056a
0.053a
0.048a
0.054a

0.307ab*
0.276b
0.315a
0.299ab
0.288ab
0.238b
0.330a*

0.181ab
0.144b
0.168ab
0.165ab
0.151ab
0.148ab
0.168ab

1. Compensatory nitrogen 8 kg t of straw, without
biological preparations (control)
2. Ruinex 1 l ha
3. Penergetic k 0,2 l ha
4. Azofix 1 l ha
5. Ruinex 1 l ha + Penergetic k 0,2 l ha
6. Ruinex 1 l ha + Azofix 0.5 l ha
7. Penergetic k 0,2 l ha Azofix 1 l ha
8. Ruinex 1l ha+ Penergetic k 0,2 l ha Azofix 0.5 ha

0.059a

0.337a

0.190a

Note: The differences between the means of the variants (A-no-tillage or ploughless tillage) marked with an asterisk (*) are significant. The differences
between the means of the variants (B-biological preparations) marked with the different letter (a, b, c ...) are significant (P <0.05).

The soil of our experiment varies between medium and high content of phosphorus (192–412 mg kg-1), therefore
a more stable indicator of total phosphorus content is provided. It consists of both mineral and organic compounds. Humus
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is the major component of organic phosphorus, and upon mineralization it becomes available to plants (Shen et al., 2011)
. The experiment showed that the total phosphorus content in both tillage technologies varied insignificantly (from 0.048%
To 0.06%). There were no significant differences between the biological preparations and their mixtures and the use of
compensatory nitrogen in the test fields, but it was observed that the content of total phosphorus tended to decrease
compared to the immobile soil when the biological preparations and their mixtures were applied to the soil. Thus, it can
be argued that, albeit insignificantly, tillage affected the content of total phosphorus in the soil. Ploughless tillage
technology promoted phosphorus mineralization and availability to plants, so there was less of it in this background.
Mobile humic substances and mobile humic acids act as soil improvers and as plant biostimulants. Humic acids,
compared to other organic substances, are particularly conducive to the growth of plant biomass and soil fertility. Another
very important advantage is that humic acids have a long duration of action because they are not degraded as quickly as
other organic fertilizers and improve the soil for up to 2-3 years (Jindo et al., 2012).
With the use of biological products, a reduction in mobile humic substances (MHS) has been observed in most of
the variants. In ploughless tillage, a mixture of Azofix and Ruinex + Penergetic k did not significantly reduce MHS in the
soil compared to the control. When biological preparations were applied with disc implements (ploughless technology),
there were also few cases of more pronounced reductions, and the mixture of all three biological preparations reduced the
content of MHS the least. A fundamental difference was found between tillage technologies. When the biological
preparation Ruinex was applied and incorporated into the soil, MHS remained 9.6% higher than when it was simply
sprayed on the stubble. After the application of biological preparations in the stubble (no-tillage technology), the content
of mobile humic acids (MHA) was not significantly reduced only with the use of Azofix and the mixture Ruinex +
Penergetic k. Significant decrease in MHA was observed in the ploughless technology, and the use of Penergetic k alone
reduced the content of MHA the most (23.0%). Biological preparations are thought to have promoted the release of MHS
and MHA into a form accessible to plants, resulting in lower levels of them in the soil.
CONCLUSIONS
The use of biological preparations and their mixtures, in many cases, increased the content of water-soluble (labile)
carbon in the soil compared to the use of compensatory nitrogen to stimulate straw mineralization. The content of labile
carbon was particularly increased by mixtures of two preparations (Ruinex + Penergetic k, Ruinex + Azofix and
Penergetic k + Azofix) using both tillage technologies. The combination of the three preparations increased the content
of soluble carbon by 5.4% more in ploughless technology, in no-tillage – only 0.5%. The use of one-component biological
preparations in ploughless tillage also increased the content of water-soluble carbon, and in no-tillage – reduced it but
insignificantly.
The organic carbon content of the soil was not significantly affected by tillage technology, and the use of biological
preparations and their mixtures increased the organic carbon content of the soil. The total phosphorus was not
significantly affected by the tillage technology or the biological preparations used, only the tendency was observed that
the loosening of the soil promotes its relaxation and accessibility to plants.
Significant reductions in MHS and MHA were found in the crop of no-tillage technology compared to the use of
nitrogen. These substances were particularly reduced by the use of a mixture of all three preparations without their
incorporation into the soil, using a no-tillage technology.
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