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Abstract. Soil organic carbon is one of the key qualitative soil parameters. I't affects soil vitality, its humus
content, microorganism activity, soil CO, emissions, as well as basic fertilizer needs and plants’ ability to source
nutrients. According to Christopher and Lal (2007), the carbon (C) cycle is closely related to the nitrogen (N)
cycle in plants and soil organic matter. The application of precision farming can aid in determining the exact
content of organic carbon in soil and the appropriate carbon — nitrogen ratio for plant growth, digestion and
absorption of waste. The aim of this work is to determine the impact of biological preparation on the soil organic
carbon content, fertilizer needs, harvest and environment. Experimental research was conducted in Pasvalys
district, coordinates 55.920437, 24.212736 (WGS); 3 cases were researched: SC1 — biological preparation
“Product 17, SC2 — biological preparation “Product 2’; SC3 — no biological preparation (control). Veris P4000
VIS-NIR equipment was used for this research in order to estimate the soil organic carbon content, electrical
conductivity, soil hardness and to do spectral analysis in the 380-2200 nm wavelength range in 0-100 cm depth.
Research indicates that in the SC1 case, the soil organic carbon content grew from 1.8 % to 2 %, compared to
SC3, where the soil organic carbon content change was negative and fell from 2.2 % to 2,09 %. The maximum
yield was reached in the SC2 case and resulted in 5.38 t-ha, compared to 5.26 t-ha'l(SCI) and 4.37 t-ha™! (SC3).
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Introduction

One of the most important soil components is the amount of organic matter in it.The main element
in soil organic matter is carbon [1]. Normally, the change of the amount of soil organic carbon is due
to the change of soil active fraction [2].The increase of soil organic carbon improves the soil structure
and durability [3; 4].

The results of an experimental research performed in Canada showed that the decrease of soil
organic matter by 1.0 Mg-ha™ in 0-7 cm soil layer, resulted in a decline in wheat yields by 39 kg-ha
(Lethbridge) and 19 kg-ha' (Hill Spring) [2; 5]. In North Dakota, the USA, the reduction of soil
organic carbon by 1.0 Mg-ha™ in 0-50 cm soil layer reduced the yields by 26 kg-ha [6]. Equivalent
research in Russia showed that the increase of humus content in soil by 1.0 % resulted in 1 t-ha™
higher wheat yields [2; 7].

Soil microorganisms are not only important in maintaining the soil structure, but they also
perform organic matter degradation, increase the availability of nutrients to plants, and aid in the
biochemical cycle [8; 9]. The change in microorganisms can affect the soil CO, emissions, as well as
increase the soil organic carbon losses [10; 11]. In addition, high microorganism activity promotes
carbon sequestration in soil[12]. Research indicates, that the diversity of soil microbial community is
related to the fluctuations of soil organic carbon. Soil enzymes produced by microorganisms are key in
the soil organic carbon mineralization process [8; 13]. Therefore, soil microorganisms and enzymes
are vital elements that influence the processes in the soil carbon cycle [8].

Intensive long term use of soil in agriculture results in the change of natural soil processes and
soil properties. In order to preserve soil fertility, timely implementation of precision farming and
sustainable soil improvement technologies are crucial. The chemical soil improvement method
involves increasing the amount of nutrients. Mineral fertilizer application led to a 15.1 % increase in
the microbial biomass above levels in unfertilised control treatments. Mineral fertilization also
increased soil organic carbon (Corg) content by the average of 12.8 %, compared to no mineral
fertilizer [14]. When using mineral fertilizers, their nutritional elements may not always be accessible
to plants due to certain environmental factors. Biological methods are also used to improve soil, when
the goal is to increase the amount of humus and biological nitrogen. Soil biological activity is an
important fertility factor both agronomically and ecologically. It is also a sensitive indicator of
anthropogenic impact. Soil biological activity is influenced not only by fertilization, but also by
cultivating agricultural crops, the impact of which is determined by the amount of plant residues and
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their chemical composition [15; 16]. A large number of different biological preparations is used to
improve plant productivity and resistance, as well as to improve soil properties. Biological
preparations encourage nutrient absorption even in extreme conditions[17]. However, there is a lack of
research that would explain the way biological preparations influence the amount of humus and
organic carbon in soil and how their use affects the demand for fertilizers. Given this dependency,
precision farming technologies could be used.

The aim of this work is to identify the change in soil organic carbon levels in wheat crops, when
using biological preparations, their effect on fertility, fertilizer needs and the environmental impact.

Materials and methods

Experimental research was conducted in a 8.00 ha field located in Sedeikoniai, PuSalotas
Municipality, Pasvalys District, coordinates: 55.920437, 24.212736 (WGS); height difference (50,600-
47,000) — 3.6 m. The field in question is predominantly loamy sand.

Soil samples were taken on April 28 and September 9.The field was divided into 9 equal zones: 3
for each case (2 biological preparations and 1 control). Each section is ~500 m long and 20 m wide.
Samples were taken from the same spot in all these sections.

“Dagmar” winter wheat was grown in the field. Test spraying was performed with different
preparations: Product 1 composition: molasses and magnesium sulphate based biological product
(decrease of 20 % of other used preparations is advised when using this product); Product 2
composition: Bacillus spp., Thiobacillus spp., Azotobacter spp., etc., PGPR spp., mycorrhiza
mushrooms, Fe, Zn, S releasing bacteria, seaweed extract, organic matter microorganisms biologically
synthesized enzymes, enzymes and enzyme-stimulating substances.

Other preparations used at the farm were sprayed alongside the biopreparations:

SC1 (Product 1): Product 1 2 1-ha™', urea 8 kg-ha, magnesium sulphate” AGRO TOP” 4 kg-ha™,
micro-nutrient fertilizer “LYDERIS Mikro” 800 ml-ha”, micro-nutrient fertilizer for wheat
“SUPLOFOL mikro Z”, 800 ml-ha™', “Cycocel” 800 ml-ha™, water level 200 1-ha™.

SC2 (Product 2): Product 2 1,51-ha’, urea 10 kg-ha’l, magnesium sulphate “AGRO TOP”
5 kg-ha’l, micro-nutrient fertilizer “LYDERIS Mikro” 1 1-ha”, micro-nutrient fertilizer for wheat
“SUPLOFOL mikro Z”1 1-ha™, “Cycocel”1 1-ha, water level 200 1-ha™.

SC3 (Control): urea 10kg-ha’, magnesium sulphate “AGRO TOP”5 kg-ha, micro-nutrient
fertilizer “LYDERIS Mikro” 11-ha’, micro-nutrient “SUPLOFOL mikro Z’11-ha’, “Cycocel”
1 1-ha”, water level 200 1-ha™.

To estimate the level of nitrogen (N-NOj + N-NO, + N-NH,), P,0s, K,O, pH and to identify the
granulometric soil composition, soil samples were taken from three 20 cm deep holes drilled in each
section of the field using a 15 cm diameter soil drill. These 3 samples were then mixedand combined
into a single sample (~0.5 kg).To estimate the level of soil organic carbon, samples were taken from
the area, where soil hardness and electrical conductivity was measured, and the hyperspectral imaging
analysis was performed (0-5, 5-10, 10-15, 15-20 and 20-30 cm depths) twice in each section of the
field (~0.5 kg). For this, 8 and 15 cm diameter drills were used.

Veris P4000 machine with a hydraulic metal rod equipped with a 1 square inch nozzle was used to
measure soil hardness (Fig. 1). It can measure up to 1.0 m depth.

All data and graphics for the experiment were organised using MS Excel 2016. Data was analysed
using R software. Kruskal-Wallis test (K-W) was used to find any statistically significant differences
among the scenarios, the Tukey Contrasts test was employed to test all possible pair-wise differences
of means. Also, the t-test was applied to determine any statistically significant differences among
seasons.

Results and discussion

Soil organic carbon affects the ability of the soil to absorb nutrients in the shape that is accessible
to plants. Different levels of soil organic carbon influence not only the fertility of cultivated plants, but
also the greenhouse gas emissions. Increasing the organic carbon content in the soil can produce the
same wheat yield using less mineral fertilizers [18].
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Fig. 1. Veris P4000 VIS-NIR machine

This is achieved through the reduced loss of nitrates in the soil and increased efficiency of
fertilizer use[19]. However, because the relationship between the soil organic carbon, fertility and
fertilizer use is not clear when using biological preparations, measurements of soil organic carbon
levels were done, the results of which are indicated in Fig. 2.

During this research, no substantial differences were observed in the levels of soil organic carbon,
but in the case of Product 1 use, 0.18 % increase in soil organic carbon in the depth of 0-35 cm was
detected, meanwhile other cases showed a decrease of 0.1 %.
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Fig. 2. Fluctuation of soil organic carbon in different scenarios

During the research period, 170 kg of nitrogen active substance were added to each hectare of soil
in the form of mineral fertilizer. It must be noted that in the control case prior to the experiment, the
level of nitrogen in soil was the lowest — ~15 kg-haless than in other cases, however, during the
research period, the following amounts of nitrogen were used: SC1 — 214 kg-ha, SC2 — 210 kg-ha™,
SC3 — 195 kg-ha™' (Fig. 3). In the comparison of the aforementioned use of fertilizer and the fertility in
the corresponding research scenarios, it can be observed, that when no biological preparation is used,
~ 5 kg more N fertilizer is required for 1 t of yield, i.e. approximately 25 kg N-ha™ can be saved in
each hectare that yields 5 t of crops.
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Fig. 3. Levels of nitrogen in different scenarios before first use of fertilizer and after harvesting
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According to the results of this research, it can be concluded that in the SC1 case, because of the
increased level of soil organic carbon, the use of nitrogen fertilizer can be lowered by ~25 kg-ha™, in
turn, decreasing the CO, emissions during the process of fertilizer production and its use. As stated in
IPPC 2014,during the production and application of 1 kg of nitrogen active substance in the form of
fertilizer, 9.14 kg of CO,-eq, 11.19 kg CO,-eq of urea and 10.95 kg CO,-eq of ammonium sulphate
gasses are emitted into the atmosphere [20]. Depending on the fertilizer, the emissions during its
production and use can be lowered to as much as 228.50-279.75 kg CO,-eq for each hectare.

Wheat fertility, when biological preparations Product 1 and Product 2 were used, was
5.26 £ 0.43 t-ha"'and 5.38 £ 0.54 t-ha”', while in the control scenario, it amounted to 4.37 +0.40 t-ha”",
as shown in Fig. 4. Despite the small difference between SC1 and SC2, the fertility increase in both
cases proved significant, when compared to the control test. These results were achieved due to the
better nutrient absorption and the decreased losses to the groundwater.
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Fig. 4. Wheat fertility in different scenarios

The fluctuation of soil hardness was similar in all scenarios. A comparison of spring and autumn
data showed the following results in the depth of 5 cm: SC1 1.3-2.07 MPa (59 % increase); SC2 1.75-
2.42 Mpa (38 %increase); SC3 1.16-1.14 MPa (2 % decrease). The same tendency prevailed in 30 cm
depth: SC1 4.07-4.81 MPa (18 % increase); SC2 3.44-4.45 MPa (29 % increase); SC3 2.79-2.78 MPa
(0.5 % decrease). These results largely depended on the weather conditions during the tests. The soil
was wet and “soft”, when samples were taken in spring, while in autumn, it was dry after harvesting.
However, the reasons behind the difference in hardness between the cases where biological
preparations were used and control are not clear.

When the exact levels of soil organic carbon and nitrogen active substance (nutrition) are known,
fertilization maps can be created and used in order to save mineral fertilizers and lessen the
environmental impact without any loss of crops.

Conclusions

1. After the use of different biological preparations on wheat crops, Product 1 proved to have a
positive effect on the level of soil organic carbon — an increase of 0.18 % was measured. The
other two cases showed a decline.

2. Despite the fluctuation of the organic carbon levels in the soil, in SC1 (Product 1) and SC2
(Product 2), when biological preparations were used, wheat fertility reached 5.26 + 0.43 t-ha and
5.38 +0.54 t-ha™', respectively, and was 0.89-1.01 t-ha™" higher than in SC3(Control) (its fertility
was 4.37 £ 0.4 tha™).

3. The analysis of the nitrogen content in soil in spring and autumn indicates that different levels of
nitrogen active substance were used in different scenarios during the cultivation of crops. SC1
(Product 1) and SC2 (Product 2) cases required 5 g-ha’1 of nitrogen active substance for 1 t of
wheat. Based on this difference, it can be stated that by using biological preparations the same
yields can be achieved with less nitrogen fertilizer — approximately 25 kg N-ha™' less than in the
case of SC3 (control).

4. The amount of fertilizer that is saved allows for a decrease of CO, emissions from 228.5 to
279.75 kg CO,eq-ha™, which, compared to the normal CO, emissions, equals to 7.7-9.4 %.
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