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Goal. To improve the elements of technology, methods of soil preparation and sowing of seeds, to 
increase the productivity of growing biomass of rod-shaped millet for the production of solid biofuels in the 
Western Forest-Steppe, taking into account the biological characteristics of plant development. Methods. 
Field, laboratory, measuring, comparative, statistical, and dispersion. Results. The results of research on 
improving the elements of technology for growing biomass of rod-shaped millet in the Western Forest-
Steppe of Ukraine — pre-sowing soil preparation and sowing of millet seeds together with seeds of the 
beacon culture, which allowed early tillage and significantly reduce weeds. The highest biomass productivity 
of rod-shaped millet and energy yield (377.7 GJ/ha) was at a row spacing of 30 cm. Conclusions. Rod-
shaped millet in the first year of the growing season is sensitive to soil moisture and temperature, which 
significantly influences the friendliness of the germination of seedlings. Favorable conditions for growing 
biomass of rod-shaped millet in the Western Forest-Steppe zone can be significantly improved by using 3-
time pre-sowing tillage with harrows and sowing seeds with an optimal row spacing of 30 cm together with 
seeds of beacon white mustard.  
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In the world, more and more attention is being paid to the use of renewable energy resources. Most 

countries give priority to the use of feedstock grown from bioenergy crops. Under these conditions, certain 
changes will take place in the agricultural market and there is a need to develop and implement scientifically 
sound technologies for growing biomass of highly productive bioenergy crops [1, 2]. According to research 
data [3, 4], in recent years, Ukraine has also seen a significant increase in the number of new renewable 
energy facilities that use biomass for the production of solid biofuels. [5-8]. 

Switchgrass (Раnісum vіrgаtum L.) is one crop from a wide range of high-yielding perennials for biofuel 
production. Switchgrass biomass contains a significant amount of cellulose and lignin and is considered the 
most suitable feedstock for biofuel production [9]. Increased demand for biomass along with the expansion 
of commercial areas under perennial grasses, including switchgrass, for the production of biofuels in 
Ukraine, necessitates a need to develop effective technologies for its cultivation [10-12]. Particularly, there is 
a need for scientifically sound methods of seedbed preparation, sowing, tending crops, and studying the 
quantitative impact of these factors on the formation of crop productivity. To achieve the goal in the research 
process, the following tasks were solved: to develop and substantiate the most effective method of seedbed 
preparation for switchgrass; to determine and substantiate the rational planting design for  switchgrass; to 
find out the optimal row spacing [13, 14]. 

The purpose of research - to improve the elements of technology, methods of soil preparation and 
sowing seeds, increase productivity cultivation of biomass of millet rod in the conditions of the Western 
Forest-Steppe taking into account biological features of development of plants. To achieve it, it is necessary 
to develop and substantiate the most effective way of pre-sowing tillage for sowing of millet, to determine a 
rational scheme of sowing its seeds, to establish the optimal width between rows. 

Research methods. The research to improve the components of switchgrass growing technology was 
carried in the years 2013−2016 at the Yaltushkiv Research Breeding Station (Bar district, Vinnytsia region), 
located in the western part of Ukrainian Forest-Steppe. The soil for the experiment was grey forest podzolic 
medium-loam weakly acidic type with the following agrochemical characteristics: humus content of 1.5%, a 
pHsal of 5.5, hydrolytic acidity of 2.5−2.9 mg/equivalent per 100 g of soil, degree of alkali saturation of 
80−83%, alkaline hydrolyzed nitrogen content (according to Cornfield)  of  75.0−77.6 mg/kg,  mobile 
phosphorus content (P2O5) of 127.3−131.0 mg/kg, and exchange potassium (K2O) (according to Kirsanov)of 
115.0−123.4 mg/kg of soil.  Design of the experiment involved the study of switchgrass productivity as 
affected by the following methods of seedbed preparation: 1 − double cultivation to a depth of 3−4 cm using 
cultivator USMK-5,4; 2 −  three-time cultivation; 3 − double cultivation using harrow to a depth of 2−3 cm; 4 − 
three-time cultivation using harrow to a depth of 2−3 cm; 5 − direct sowing without seedbed preparation (1− 
row spacing of 15 cm, with white mustard as a marker crop; 2 − row spacing of 30 cm, with white mustard as 
a marker crop, 3 −  row spacing of  45 cm, with white mustard as a marker crop; 4 − row spacing of 15 cm, 
without marker crop. The total plot area was 100 m2, accounting area 50 m2. The experiment was conducted 
with three replications. 

The research was conducted in accordance with the methods of field experiments [15]. Harvesting of 
switchgrass biomass and yield accounting was carried out in late October and early November.  
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Research results. The study has shown that the intensity of switchgrass seeds germination and seedling 
vigour are determined by such indicators as soil temperature and humidity. Under low temperature and soil 
moisture content, plant germination retards.  A long period of lacking heat and moisture can lead to plant 
death. However, the decisive factor in seed germination and rapid germination is soil moisture, which 
decreases rapidly in spring, especially during the spring drought. Soil moisture reserves formed in early 
spring during snowmelt do not always provide the necessary conditions for plant growth and development.  

Weather conditions over the years of research varied. The amount of precipitation most favourable for the 
growth and development of switchgrass plants was in 2013, 2014, and 2015, when it exceeded the long-term 
average in May and June. The aridest and unfavourable year was 2016 when in May and June precipitation 
was less than the average at the time of sprouting (Fig. 1). 

 

  

 
 

 
Fig. 1. Deviation of air temperature and precipitation from the average long-term 

values (Yaltushkiv RBS, 2013−2016) 
 
Analysis of soil moisture at the time of sowing switchgrass during the years of experiment has shown that 

its content in the arable soil layer is constantly changing and depends on weather conditions. It was found 
that the field germination of switchgrass may be affected not only by the timing of sowing but also by seedling 
vigour and effective mechanized tending crops.  

 

 
 

Fig. 2. The productivity of switchgrass dry biomass as affected by seedbed preparфtion method 
(2013−2016): 1− double cultivation to a depth of 3−4 cm with cultivator USMK-5,4; 2 − three-time cultivation; 
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3 − double tillage with a harrow to a depth of 2−3 cm.; 4 − three-time tillage with a harrow to a depth of 2−3 
cm; 5 − direct sowing without seedbed preparation.  

 
1. Energy characteristics of the experiment treatments (2013−2013) 

No. Method of seedbed 
preparation 

Yield of 
dry 

biomass 
(t/ha) 

Calorific 
value of 
biofuel 
(MJ/kg) 

Biofuel output  
(kg/ha) 

Yield of 
conventional 

fuel 
 (kg/ha, l/ha) 

Energy 
yield 

(GJ/ha) 

1 Double cultivation to 
a depth of 3−4 cm 
USMK-5.4 

16.4 17.0 18040 10824 278.80 

2 Three-time 
cultivation to a depth 
of 3−4 cm USMK-5.4 

16.3 17.0 17930 10758 277.10 

3 Double tillage with 
harrows to a depth of 
2−3 cm  

18.4 17.0 20240 12144 312.80 

4 Triple harrowing to a 
depth of 2−3 cm  

19.2 17.0 21120 12672 326.40 

5 Direct sowing without 
seedbed preparation 

14.4 17.0 15840 9504 244.80 

 

 
 

Fig. 3. Switchgrass productivity as affected by methods of sowing (2013-2016): 
1− width between rows 15 cm, with marker crop; 2 − row spacing of 30 cm, with marker crop, 3 − width 

row spacing 45 cm, with marker crop; 4 − row spacing 15 cm, without marker crop. 
  

2. Energy characteristics of growing switchgrass biomass under different methods of sowing 
(2013−2016) 

No. Method of sowing Yield of dry 
biomass 

(t/ha) 

Calorific value of 
biofuel (MJ/kg) 

Biofuel 
output 
(kg/ha) 

Yield of 
conventional 

fuel 
(kg/ha, l/ha) 

Energy yield 
(GJ/ha) 

1 Row spacing of 15 
cm, with marker 
crop 

15.8 17.0 17380 10428 295.46 

2 Row spacing of 30 
cm, with marker 
crop 

20.2 17.0 22220 13332 377.74 

3 Row spacing of 45 
cm with marker 
crop 

18.8 17.0 20680 12408 351.56 

4 Row spacing of 15 
cm, without marker 
crop 

15.4 17.0 16940 10164 287.98 
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Over the years of research, it was found that the weakest link in the technology of growing swithchgrass 
is severe weed infestation of sowings during the period of plant germination in the first year of vegetation. 
The most effective way of seedbed preparation is three-time tillage to a depth of 2−3 cm. In this case, the 
highest value of energy yield was obtained (326.40 GJ/ha). 

The use of the method of switchgrass seed sowing along with the seeds of marker crop (white mustard) 
made it possible to carry out earlier inter-row tillage and significantly reduced weed infestation of crops. 
Solving this problem in the first year of growing removed the problem of weed infestation in the forthcoming 
years (Fig. 2, Table 1) 

The use of the presented technology of seedbed preparation and sowing switchgrass with a row spacing 
of 30 cm along with marker crop (white mustard) ensure the necessary conditions for tending crops during 
vegetation, increase crop productivity and provide the highest energy yield of 377.7 GJ/ha (Fig. 3, Table 2). 

 
Conclusions 

An agronomical specific of switchgrass in the first year of growing is its increased sensitivity to soil 
moisture and temperature at the beginning of growth and development which determine the seedling vigour 
and play an important role in further mechanized tending crops.  

Favourable conditions for switchgrass germination with taking into account agronomical and biological 
features in the western part of Ukrainian Forest-Steppe can be ensured by three-time harrowing and sowing 
switchgrass along with marker crop (white mustard) at the optimal row spacing of 30 cm.   
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