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The results of the conducted research show that the formation of bioenergy and economic efficiency of the phytomassswitchgrass –
raw materials for biofuel production depends both on the assortment and weather conditions and on the elements of the technology 
of cultivation the culture. Quantitative indicators are determined, which determine the efficiency of crop production in the context of 
varieties put to study under different technological methods of cultivation. The influence of the investigated factors on the economic 
performance of the varieties of the sacramento is determined: Cave in rock and Cartage. It is proved that one of the important 
indicators that determines the efficiency of cultivation of switchgrass varieties and its value as a bioenergy crop is the output of 
energy from solid biofuels. It is determined that the optimal technological methods of cultivation make it possible to create the 
necessary conditions for the processes of plant growth and development, which ultimately will allow to obtain a higher energy 
output. 
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Introduction 
Due to Ukraine's marked dependence on imported energy and the rise in price of gas and petroleum products, the urgent issue of 
monitoring and exploring the use of its own resources to obtain environmentally friendly and cheap renewable energy raw materials 
has emerged. As raw material for biofuels it is envisaged to use perennial plants that would be well acclimated to certain conditions 
and formed a high yield of phytomass for their cultivation on gray forest soils. Panicum virgatum L. – a plant that is well acclimated 
to the growing conditions in our country, generates high productivity with the appropriate quality of phytomass used as raw 
material for biofuel production. 
Production efficiency is an economic category that reflects the essence of the extended reproduction process. That is, achieving the 
greatest results (effect) at the lowest cost (resources). Increasing production efficiency means that each unit of cost (resources) 
receives more output and revenue. In order to obtain an objective assessment of production efficiency, it is necessary to consider 
the cost (resources) that allow to obtain certain results. The energy potential of the vegetative above-ground mass of millet millet 
was determined according to the method of R.V. Morozov. One of the important indicators that determines the efficiency of 
cultivation of switchgrass varieties and its value as a bioenergy crop is the yield of energy from solid biofuels. 
 

Materials and Methods  
The researches were carried out in the conditions of the Yaltushkiv Experimental – Selection Station of the IBKICB of NAAS of 
Ukraine. The soil of the experimental sites – chernozem is podzolized. These soils are characterized by an average humus content of 
3.2%. Acidity pH 5.8 close to neutral. The provision of rolling forms of the NRC is average. The research program was to determine 
the economic and energy efficiency of technological cultivation operations. Investigated varieties Cave in rock and Cartage. 

 

Results and Discussion 
Establishing optimum technological methods of cultivation gives the opportunity to create the necessary conditions for the growth 
and planting apertures, which ultimately will allow to obtain higher energy output (Table 1). 
According to our research, the highest yield was obtained from the Cave-in-Rock and Cartage millet varieties of the experiment, 
where sowing was carried out in the first decade of May – 180 and 152.7 GJ/ha, and the energy efficiency ratio was 2.9 and 2.6. 
Lower energy efficiency was obtained from the Cave-in-Rock and Cartage millet varieties of the experiment, where sowing was 
conducted in the third decade of April – 162.3 and 1391 GJ/ha, and the energy efficiency ratio was 2.7 and 2.4. 
The late sowing in the third decade of May resulted in the lowest energy efficiency of the Cave-in-Rock and Cartage millet –158.2 
and 135.0 GJ/ha and energy efficiency ratio of 2.6 and 2.3. 
Thus, a higher energy yield of 180 and 152.7 GJ/ha was obtained for sowing seeds in the first decade of May. Earlier and later 
sowing periods provided lower energy output, which was 17.7 and 13.6 GJ/ha and 21.8 and 17.7 GJ/ha, respectively. 
In addition to the sowing time, the study found that the row spacing also affected the energy output of switchgrass (Table 2). 
The best option in terms of energy output is to grow plants with a row spacing of 45 cm, with this option a greater number of 
stems, pcs/m², was obtained, which provided a higher yield of switchgrass. The energy yield for growing plants with a row spacing 
of 45 cm was 184.1 and 140.5 GJ/ha, with an energy efficiency factor of 3 and 2.4. This option was more effective compared to 
growing plants with a row spacing of 15 cm by 60 and 34.1 GJ/ha, and, alternatively, with a row spacing of 30 cm by 28.6 and 11.0 
GJ/ha. 
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Table 1. Energy characteristics of cultivation of switchgrass depending on the sowing time (2015-2017). 
 

Sort 
(factor A) 

Sowing time 
(factor B) 

Entrance 
dry biomass,  
 t/ha 

Entrance 
solid biofuels 
from 1 ha, t/ha 

Energy 
output 
GJ/ha 

Кее 

Cave-in-rock 
Sowing – the third 
decade of April 

10, 8 11, 9 162, 3 2, 7 

 
Sowing – the first 
decade of May 

12, 0 13, 2 180, 0 2, 9 

 
Sowing – the third 
decade of May 

10, 5 11, 6 158, 2 2, 6 

Сarthage 
Sowing – the third 
decade of April 

9, 3 10, 2 139, 1 2, 4 

 
Sowing – the first 
decade of May 

10, 2 11, 2 152, 7 2, 6 

 
Sowing – the third 
decade of May 

9, 0 9, 9 135, 0 2, 3 

 
Table 2. Energy characteristics of the cultivation of vine millet depending on the row spacing (2015-2017). 
 

Sort 
(factor A) 

Sowing 
time 
(factor B) 

Entrance 
dry biomass,  
 t/ha 

Entrance 
solid biofuels 
from 1 ha, t/ha 

Energy output 
GJ/ha 

Кее  

Cave-in-rock 
15 sm 8, 3 9, 1 124, 1 2, 2 
30 sm 10, 4 11, 4 155, 5 2, 6 
45 sm 12, 3 13, 5 184, 1 3, 0 

Сarthage 
15 sm 7, 1 7, 8 106, 4 1, 9 
30 sm 8, 6 9, 5 129, 5 2, 3 
45 sm 9, 4 10, 3 140, 5 2, 4 

 
Therefore, the higher energy yield was obtained in the variant of the study, where millets were grown with a row spacing of 45 cm, 
the energy yield was 184.1 and 140.5 GJ/ha, and the energy efficiency ratio was 3 and 2.4. The research resulted in a higher 
energy yield in an experiment where sowing was carried out at a depth of seed of 1 cm in the Cave-in-rock millet –175.9 and 
Cartage –159.5 GJ/ha, and the energy efficiency ratio was 2, 9 and 2.6 (Table 3). This variant provided a higher energy yield 
compared to the variant where the seed wrapping depth was 0.5 cm at 21.8 and 23.1 GJ/ha, and compared to the experiment 
where the sowing was carried out at a seed wrapping depth of 1.5 cm, turned out to be close to this option and exceeded it by only 
2.7 and 8.1 GJ/ha. That is, sowing to a depth of 1.5 cm, in our opinion, due to sufficient moisture supply allows to obtain energy 
output, which is not significantly inferior to the option, where sowing was carried out to a depth of seed wrapping of 1 cm. 
 
Table 3. Energy characteristics of cultivation of switchgrass depending on the depth of seed wrapping (2015-2017). 
 

Sort (factor 
A) 

Sowing 
time 
(factor 
B) 

Entrance 
dry 
biomass, 
t/ha 

Entrance 
solid 
biofuels 
from 1 
ha, t/ha 

Energy 
output 
GJ/ha 

Кее  

Cave-in-rock 

0, 5 10, 3 11, 3 154, 1 2, 6 

1 11, 7 12, 9 175, 9 2, 9 

1, 5 11, 5 12, 7 173, 2 2, 8 

Сarthage 

0, 5 9, 1 10, 0 136, 4 2, 4 

1 10, 6 11, 7 159, 5 2, 7 

1, 5 10, 1 11, 1 151, 4 2, 6 
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Pre-sowing tillage should ensure the formation of friendly and even seedlings, the number of which should provide the necessary 
plant density, which will ultimately contribute to the formation of high yield varieties switchgrass. 
Higher energy yields of 178.6 and 152.7 GJ/ha were obtained from an experiment where pre-sowing of the soil was carried out by 
performing two cultivations before and after germination in the Cave-in-Rock and Cartage varieties, and the energy efficiency 
coefficient was 2.9 and 2.6. Lower energy yield was obtained from an experiment where pre-sowing cultivation involved the 
implementation of two cultivations, which is 8.1 and 5.4 GJ/ha less. 
Sowing seeds in untreated soil "no till" resulted in the lowest energy yield compared to other variants of the experiment, with 
energy output 43.6 and 28.6 GJ/ha less than the variant where pre-sowing included the implementation of two cultivations and pre- 
and post-harvest rolls of Cave in Rock and Cartridge (Table 4). 
 
Table 4. Yield of dry biomass of swissgrass, depending on pre-sowing tillage (2015-2017). 
 

Sort 
(factor A) 

Sowing time 
(factor B) 

Entrance 
dry 
biomass,  
 t/ha 

Entrance 
solid biofuels 
from 1 ha, 
t/ha 

Energy 
output 
GJ/ha 

Кее  

Cave-in-rock 

2-cultivation 11, 4 12, 5 170, 5 2, 8 

2-cultivation + rolling 11, 9 13, 1 178, 6 2, 9 

«no till» 9, 0 9, 9 135, 0 2, 3 

Сarthage 

2-cultivation 9, 8 10, 8 147, 3 2, 5 

2-cultivation + rolling 10, 2 11, 2 152, 7 2, 6 

«no till» 8, 3 9, 1 124, 1 2, 2 

 
Weeds bring significant crop losses due to competition for light, nutrients and moisture. Therefore, obtaining high energy output is 
possible when fighting weeds effectively. The best variant of the experiment was determined depending on the weed control 
method, which provided higher energy yield for Coverage in Rock and Cartridge 178.6 and 152.7 GJ/ha, and the non-energy 
efficiency ratio was 2.9 and 2.6 (Table 5). 
 
Table 5. Drygrass biomass yield depending on weed control methods (2015-2017). 
 

Sort 
(factor A)  

Weed control methods  
(factor B) 

Entranc
e 
dry 
biomass
, t/ha 

Entrance 
solid 
biofuels 
from 1 ha,  
t/ha 

Energy 
output  
GJ/ha 

Ке
е  

Cave-in-rock 

Control - manual weeding+ 
interrow processing with a 
period of 10-14 days 

11, 9 13, 1 178, 6 2, 9 

Primekstra TZ Gold 50% bhp 
- to sowing (4 l / ha)+row 
treatments with a period of 
10-14 days 

11, 7 12, 9 175, 9 2, 9 

Сarthage 

Control - manual weeding+ 
interrow processing with a 
period of 10-14 days 

10, 2 11, 2 152, 7 2, 6 

Primekstra TZ Gold 50% bhp 
- to sowing (4 l / ha)+row 
treatments with a period of 
10-14 days 

9, 9 10, 9 148, 6 2, 5 

 
However, on the variant of thiolide, where jule is applied Primecstra TZ Gold soil herbicide 50% hp (4 l/ha) and row treatments 
yielded an energy yield that was slightly inferior to the previous variant and amounted to 175.9 and 148.6 GJ / ha, which is 2.7 and 
4.1 GJ/ha less, and the energy efficiency factor was 2.9 and 2.5. 
Thus, it can be argued that the variants of experiments that differed in the weed control method did not differ in energy yield and 
can be equated to the application of soil primer herbicide Primekstra TZ Gold 50% hp (4 l/ha) and inter-row energy output till 
control. Fertilizer application increased the energy yield of the variants of the experiment, where high nitrogen levels of 30-45 kg/ha 
(Table 6) were introduced into spring plant nutrition. 
Thus, the highest energy yield was obtained from an experiment where in the spring fertilization of plants the rate of nitrogen of 45 
kg/ha in the varieties of millet vine Cave in rock and Cartagе – 210 and 185.5 GJ/ha, which is higher compared to control at 42.3 
and 23.2 GJ/ha. In addition, the high energy yield was obtained in the variant, where the rate of nitrogen of 30 kg/ha in the 
varieties of millet Cace-in-Rock and Cartage – 203.2 and 178.6 GJ/ha, which was 35, 5 and 16.3 GJ/ha beyond control. 
When assessing the economic efficiency of agricultural production in agricultural enterprises, it is necessary to choose the system of 
interrelated indicators that most objectively reflect its level. Both natural and value indicators are widely used for this purpose. 
When evaluating the economic efficiency of growing a millet, it was found that it is economically viable to grow from the third year 
of vegetation (Figure 1). According to the results of the studies, the profitability of millet varieties of grapevine in the third year of 
vegetation, depending on the sowing time, amounted to 9.6-35.9% in the Cartage variety, and in the Cave-in-rock variety – 33.2-
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67.6%. Higher economic efficiency was established for millet varieties of the fourth year of vegetation and amounted to 78.1-91.3% 
in Cartage and 100.6-119% higher in Cave-in-Rock. 
 
Table 6. Energy characteristics of the cultivation of millet vines dependent on nitrogen feeding (2015-2017). 
 

Sort 
(factor A) 

Nitrogen feeding 
(factor B) 

Entrance 
dry biomass,  
 t/ha 

Entrance 
solid biofuels 
from 1 ha,  
t/ha 

Energy 
output  
GJ/ha 

Кее  

Cave-in-rock 

N 0 – control 11, 2 12, 3 167, 7 2, 8 

N 15 12, 3 13, 5 184, 1 3, 0 

N 30 13, 5 14, 9 203, 2 3, 3 

N 45 14, 0 15, 4 210, 0 3, 4 

Сarthage 

N 0 – control 9, 9 10, 9 148, 6 2, 5 

N 15 10, 8 11, 9 162, 3 2, 7 

N 30 11, 9 13, 1 178, 6 2, 9 

N 45 12, 4 13, 6 185, 5 3, 0 

 

 
 
Figure 1. The level of profitability of varieties switchgrass, depending on the year of vegetation, sowing time and yield. 
 
Growing the same varieties of millet in the second year of vegetation is not economically advantageous for the Cartage variety, the 
level of profitability ranged from 24.8 to 34.1%, and Cate-in-rock varieties from 10.3 to 20.8%, depending on sowing time, this 
value varied from the level of dry biomass yield. 
The level of profitability of millet varieties depended first of all on the year of vegetation (Figure 2), the row spacing, variety 
features. 
The highest level of profitability was obtained in millet varieties of the fourth year of growing season with row spacing of 45 cm– 
92.6% in the Cartage variety and 117.7% in the Cave in Rock variety. The lower level of profitability was obtained from a variant of 
the experiment in 2016, where the row spacing was 30 cm in the Cave in Rock millet varieties –90% and Cartage –60.9%. 
In the third year of millet vegetation, the profitability of Cartag – 9.5 and Cave in rock – 75.5% for row spacings of 45 cm was also 
obtained. from 31.2% to 36.9%, and in Cave in rock from 7.6% to 22.8%. 
The level of profitability of varieties of millet vines from the year of vegetation, depth of seed wrapping and yield (Figure 3). 
According to the results of research, it was found that the highest profitability of cultivating millet vine in plants of the fourth year of 
vegetation in the Cave-in-rock varieties –111.1% and in Carthage – 95.3% and at a depth of seed wrapping of 1.0 cm. the value of 
profitability was obtained for the cultivation of millet vine in the fourth year of vegetation at depths of seed wrapping in Cave-in-
rock varieties –108.4% and Cartage –83.4%. 
In the plants of vine millet in the third year of vegetation, the highest level of profitability was obtained in the variant of the 
experiment, where the depth of seed wrapping was 1.0 cm in Cave-in-rock varieties – 59.6% and Cartage –46.4%. 
Growing plants in the second year of the prosalose of the prominent is not economically efficient; the profitability of the Cave in 
Rock and Cartage millet varies from –8.9 to –19.5% and –23.4 to –34, 0, respectively.  
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15 sm - row spacing; 30 sm - row spacing; 45 sm - row spacing. 
 
Figure 2. The level of profitability of varieties switchgrass, depending on the year of vegetation, sowing time and yield. 
 

 
0.5 sm – depth of seed wrapping; 1.0 sm – depth of seed wrapping; 1.5 sm – depth of seed wrapping 
 
Figure 3. The level of profitability of varieties of switchgrass depending on the year of vegetation, depth of seed wrapping and 
yield. 
 
In Figure 4, shows the level of profitability of vine varieties depending on the surface tillage, the year of vegetation and yield. 
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Figure 4. The level of profitability of varieties of switchgrass, depending on the year of vegetation, pre-sowing tillage and yield. 
 
The highest level of profitability was obtained in the variant of the experiment, where two pre-sowing cultivations and pre- and 
post-germination rolls of Cave-in-Rock varieties 113.7% and Cartage 92.6% in the fourth year of vegetation were carried out. In 
addition, a high level of profitability was obtained in the variant of the experiment, where only two pre-sowing cultivations were 
carried out in millet varieties of the fourth year of vegetation: Cave in rock – 107.1 and Cartage – 84.7%. In this variant of the 
experiment, the highest level of profitability was obtained in plants of the third year of vegetation of the Cave in Rock varieties – 
64.9 and Cartage – 33.2%, but the level of profitability was lower compared to the cultivation of plants of the fourth year of 
vegetation. Growing plants in the second year of vegetation was not effective, the level of profitability in varieties of Cartage from 
8.9 to 36.7% and Cave-in-rock from 23.4 to 43.2%. In Figure 5 presents the economic efficiency of vine millet cultivation depending 
on the year of vegetation, pre-sowing tillage and varietal characteristics. 
 

 
 
Figure 5. The level of profitability of varieties of switchgrass, depending on the year of vegetation, weed control and yield. 
 
According to the results of the research, the highest level of profitability was obtained in the variant of the experiment, where 
manual weeding and interrow treatments were carried out in the plants of millet vines in the fourth year of vegetation. The 
profitability of Cave-in-Rock varieties is 113.8% and Cartridge is 92.6%. However, slightly inferior to this variant, the variant of the 
experiment, where the soil herbicide was introduced and row treatments were carried out, the level of profitability was at the Cave 
in rock varieties –109.8 and Cartage – 88.7%. In plants of the third year of cultivation, the highest level of profitability was obtained 
in the variant of the experiment, where manual weeding and interrow cultivation were carried out, in Cave in rock varieties – 64.9 
and Cartage – 33.3%. The highest level of profitability of Cave in rock varieties – 62.3 and Cartage – 29.3% was obtained for 
application of soil herbicide and conduct of tillage. Growing millet vine in the second year of vegetation was not effective, as the 
level of profitability on the options studied ranged from – 8.9 to – 26.1% in the varieties of millet vine Cave in rock and Cartage. 
The level of profitability of the Cartage variety depending on the nitrogen fertilization and the year of plant vegetation (Figure 6). 
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Figure 6. The level of profitability of the Cartage variety, % depending on spring nitrogen fertilization and the year of plant 
vegetation. 
 
Higher cost-effectiveness was obtained from a variant of the experiment, where the spring fertilization of plants of the millet of the 
fourth year of vegetation with a norm of nitrogen of 45 kg/ha was carried out and the level of profitability of 120.3% was obtained 
in the Cartage variety of plants of the fourth year of vegetation. In addition, this year's vegetation showed a high level of 
profitability – 113.7% for the introduction in the spring fertilization of plants with a norm of nitrogen of 30 kg/ha.  
In plants of the second year of vegetation, the highest level of profitability - 63.6% and 57.0% was obtained on the variant of the 
experiment, where it was introduced in spring fertilization of plants with the norm of nitrogen of 45 and 30 kg/ha in the Cartage 
variety.  
Economical efficiency in plants of the second year was observed in only one variant, where it was introduced in the spring 
fertilization of plants in the rate of nitrogen 45 kg/ha, and the level of profitability was 8.1%. 
Cave-in-rock millet plants had the highest level of profitability in the experiment, where the spring fertilization of millet plants in the 
fourth year of vegetation with a norm of nitrogen was 45 kg/ha, and the profitability level was 142.8% (Figure 7). 
 

 
 
Figure 7. Profitability level of Cave-in-Rock variety, % depending on spring nitrogen fertilization and plant vegetation year. 
 
In addition, the high cost-effectiveness was obtained in the variant of the experiment, where it was introduced into the plants of the 
fourth year of vegetation in the feeding rate of nitrogen of 30 kg/ha, and the level of profitability was 136.2%. Also, for the 
cultivation of plants, millets of the third year of vegetation obtained the highest economic efficiency on the variants of the 
experiment, where the spring fertilization of plants with nitrogen norms of 30 and 45 kg / ha was carried out, and the level of 
profitability was 83.4 and 91.3%. 
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Conclusion 
Based on the results of field and laboratory studies, production testing, as well as on the basis of energy assessment by the 
agroforestry of Right-Bank Ukraine to obtain high yields of dry biomass of the switchgrass: under favorable weather and climatic 
conditions, sowing should be carried out in the first decade of May with the depth of seed wrapping 1-1.5 cm varieties of millet vine 
Cave in rock and Cartage; the advantage of providing a method of sowing with a row spacing of 45 cm and a seeding rate of 300 
pieces/m² of plants; to create favorable conditions for seed germination, to obtain uniform and friendly seedlings to carry out two 
pre-sowing cultivations, before and after germination of soil; to carry out the application of Primekstra TZ Gold soil herbicide 50% 
hp to effectively control weeds (4 l/ha) before sowing and row treatments with a period of 10-14 days. It is advisable to use 
nitrogen fertilization of plants with a nitrogen rate of 30-45 kg/ha for obtaining high yields of millet vine. 
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