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Introduction. The use of bioethanol-based fuels, which have captured a 

significant share of the global energy market, is becoming more important every year 

as experts predict an increase in global production. It is clear that the energy balance 

of maize for bioethanol production depends on the grain yield per unit area: as maize 

yields increase, the efficiency of producing 1 tonne of bioethanol increases. At the 

same time, the efficiency of cultivation requires proper justification, an important part 

of which is the development of a business plan that takes into account the company's 

real capabilities, development prospects and means of implementation in an unstable 

market and the global financial crisis [1, 4-8, 10]. 

Bioethanol is the most widely used liquid biofuel in the world, helping to 

overcome energy dependency and significantly reducing the negative environmental 

impact of traditional fuels. The feasibility of industrial ethanol production depends on 

many factors, including energy and economic factors. The main criterion for feedstock 

selection is accessibility and availability for processing 365 days a year. As feedstock 

costs account for 70-80% of the cost of ethanol, feedstock availability determines the 

economics of production [2, 5]. 

Many crops with high starch or sugar content can be used as feedstocks for 

bioethanol production: maize, cassava, potatoes, sugar beet, sweet potatoes, barley 

https://doi.org/10.3390/su142113832
mailto:nikgr1977@gmail.com
mailto:stepanenkowww@gmail.com
mailto:panchenko.taras@gmail.com
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and sugar sorghum. The higher the sugar and starch content of the feedstock, the 

more cost-effective ethanol production is due to the low cost of raw materials [3]. 

When ethanol is produced from corn, one third more energy is released during 

combustion than was used to grow, harvest and process the crop [4]. 

Corn biomass has good energy and environmental performance for bioethanol 

production, which is a positive characteristic of this feedstock for use as an energy 

source. To be processed into bioethanol, it is necessary to have grain with the highest 

possible starch content. The starch content of cereals depends on both the 

characteristics of the variety and the technology used to grow it. Hybrids used as 

renewable bioenergy feedstocks should have a high starch content [5, 10]. 

Materials and methods. The research was carried out in 2022-2023 at the 

Research and Production Centre of the Bila Tserkva National Agrarian University 

according to the following scheme: 1. Without ammonium nitrate and microfertilizer 

(control), 2. Ammonium nitrate (N40) before sowing maize 3. Pre-sowing ammonium 

nitrate (N40) + microfertilizer Nutrivant Plus Corn (2.5 kg/ha) in the 3-5 leaf stage of 

maize 4. Ammonium nitrate (N40) before sowing + microfertilizer Vuksal R Max (2 

l/ha) in the 3-5 leaf stage of maize 5. Ammonium nitrate (N40) before sowing + 

microfertilizer Rosalik (3 l/ha) in the 3-5 leaf stage of maize. The total area of the plots 

was 38.6 m2 and the maize hybrid SI Zephyr (FAO 430) was grown. The production of 

bioethanol from maize grain was calculated as ethanol yield – the amount of ethanol 

obtained from one tonne of carbohydrates in the form of starch, according to 

guidelines [7]. 

Results and discussion. The starch content of maize grain determines the 

bioethanol yield and is highly dependent on the maturity group, hydrothermal 

conditions of the year, subspecies and specific cultivation techniques [6, 9]. 

The best conditions for maize growth and development are created by applying 

nitrogen fertiliser (N40) before sowing in combination with Vuksal R Max 

microfertiliser, which is reflected in the highest starch yield per unit area in 2022 – 

7.35 t/ha and in 2023 – 8.03 t/ha (Table 1). At the same time, the starch yield in the 

control (no fertiliser application) was 6.22 and 6.66 t/ha. 

 
Table 1. Starch output from maize grain according to fertilization system, t/ha 

Fertilization system 2022  2023  Mean 

Control 6.22 6.66 6.44 

Ammonium nitrate (N40) 6.68 7.31 7.00 

Ammonium nitrate (N40) + microfertilizer Nutrivant Plus Corn 

(2.5 kg/ha) 
7.18 7.82 7.50 

Ammonium nitrate (N40) + microfertilizer Vuksal R Max (2 

l/ha) 
7.35 8.03 7.69 

Ammonium nitrate (N40) +  microfertilizer Rosalik (3 l/ha) 7.13 8.06 7.60 

LSD, P < 0.05 0.23 0.30 0.18 
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The use of nitrogen fertiliser and microelements increases starch production per 

unit area by 0.56-1.15 t/ha on average over two years compared to the control. 

Fertilisation improves the architecture of the maize plant, allowing better 

photosynthetic activity and organic matter formation, and can influence starch 

accumulation in the grain and consequently bioethanol output. 

The output of bioethanol from maize grain was highest in 2023 – 4.91 thousand 

litres/ha, and in 2022 it was 4.48 thousand litres/ha (Table 2). 
 

Table 2. Estimated bioethanol output from maize grain depending on the fertilization 

system, thousand liters/ha 

Fertilization system 2022  2023  Mean 

Control 4.03 4.32 4.17 

Ammonium nitrate (N40) 4.33 4.74 4.53 

Ammonium nitrate (N40) + microfertilizer Nutrivant Plus 

Corn (2.5 kg/ha) 
4.65 5.07 4.86 

Ammonium nitrate (N40) + microfertilizer Vuksal R Max (2 

l/ha) 
4.76 5.20 4.98 

Ammonium nitrate (N40) +  microfertilizer Rosalik (3 l/ha) 4.62 5.23 4.92 

LSD, P < 0.05 0.15 0.19 0.13 

 

Optimisation of plant nutrition through the use of nitrogen fertilisers and 

microelements contributed not only to an increase in starch yield per unit area, but 

also to an increase in bioethanol yield per hectare. The highest bioethanol yield, 

averaged over two years, was obtained in the variant using nitrogen fertiliser (N40) 

before sowing in combination with the microfertiliser Vuksal P Max – 4.98 thousand 

litres/ha, which is 0.81 thousand litres/ha more than in the control variant. The 

increase in bioethanol yield in the other fertiliser treatments was 0.36-0.75 thousand 

litres/ha. 

Conclusions. Optimising plant nutrition through the use of nitrogen fertilisers 

and microelements helps to increase starch and bioethanol production per unit area. 

On a two-year average, the highest values of these indicators were obtained in the 

variant with the use of nitrogen fertiliser (N40) before sowing in combination with the 

microfertiliser Vuksal P Max - 7.69 t/ha and 4.98 thousand litres/ha. 
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Introduction. Bacteria belonging to the operational group Bacillus 

amyloliquefaciens are gram-positive, endospore-forming, bacilliform microorganisms, 

members of the family Bacillaceae, class Bacilli and type Firmicutes. To date, this 

operational group includes 4 species of bacteria: B. amyloliquefaciens, B. nakamurai, 

B.siamensis, B.velezensis. They are widely distributed in different environments 

including soil, plants and water. Members of this group are also known as plant 

growth promoting bacteria (PGPB) due to their ability to fix nitrogen, convert 

insoluble phosphate and produce phytohormones, antimicrobial compounds and 

siderophores. They are also characterised by the ability to synthesise a wide range of 

exoenzymes (particularly lytic) and antibiotic substances capable of inhibiting 

pathogen growth, including non-ribosomal peptides and polyketides [7]. 

The above characteristics of this group of bacteria indicate their high ecological 

plasticity and undiscovered potential for use as plant growth stimulators, biocontrol 

agents, bioremediation tools, probiotics and producers of commercial enzyme 

preparations and antibiotics. 
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