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Abstract. The scientific research envisages: to study switchgrass vari-
etal specimens according to economically valuable traits as well as to dis-
tinguish the most yielding ones, which have a high yield of certified seed in 
relation to the weather conditions of the vegetation period by HTC (hydro-
thermal coefficient). The research object is switchgrass varietal specimens 
(Zoriane, Morozko, Liniia 1307 and Cave-in-Rock), biometric indicators, 
seed yield, and weather conditions. The methods used in the research are 
general and special: methods of scientific research in agronomy, laborato-
ry-field method – to determine the quantitative indicators of vegetative and 
generative parts of plants and the weight of 1000 seeds, quantitative-weight 
methods – to establish crop productivity and yield of certified seed; sta-
tistical processing of research results was performed by a dispersion anal-
ysis and variation statistics. Research results. Variety Zoriane and Liniia 
1307 formed the highest quantitative indicators of the vegetative (height of 
plants, number of stems and leaves and length of flag leaf) and generative 
part of plants (length and width of panicle, number of twigs of the first order 
and number of panicles and weight of seeds from panicle) independently of 
the cultivation conditions. The impact of biometric (quantitative) indicators 
of the generative part of plants, in close relation with the weather condi-
tions by HTC during the vegetation period, on the seed productivity, which 
affect the total crop yield, has been determined according to the research 
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results. Seed yield of switchgrass varietal specimens by the determination 
coefficient (d) depends on: 53-59% – the number of twigs of the first order, 
48-52% – the number of panicles, 12-21% – the seeds size, and 6-12% – the 
length and width of panicle. Conclusions. Variety Zoriane and Liniia 1307, 
which produce weighty seeds, high seed yield (more than 500 kg/ha) of 
certified seed (about 65%) and can be used in further breeding work to cre-
ate and expand switchgrass assortment have been distinguished. In future, 
this will allow to obtain seed material of high quality at no additional cost, 
to establish new energy plantations for the production of plant biomass for 
energy purposes and additional products for various industries.

1. Introduction
In Ukraine, along with food security, the energy sector is equally import-

ant in order to ensure high indicators of economic efficiency of agricul-
ture. Energy sector requires comprehensive study and implementation of 
plant energy resources. Plants that accumulate solar energy are a renewable 
resource and can be used as an alternative energy source for agriculture, 
industry, housing and communal services. In this regard, energy crops are 
the most effective, as their crops are established on the marginal lands, and 
they do not compete with food crops. Among the energy crops, switchgrass 
holds the leading position in terms of integrated use of phytomass: for use 
in animal husbandry, pulp production, production of biofuels, etc. [1-6].

However, the biofuel direction of switchgrass use needs further 
researches to study the ways to increase biomass yield and to improve seed 
productivity of the crop. Therefore, studying the ways of obtaining switch-
grass material of high quality in order to establish new energy plantations is 
a relevant area of research as well.

2. Literature review
Today, scientists have determined that Ukraine has a strong potential 

for agrobiomass of crops and phytomass of energy crops being cultivated 
on marginal lands [7]. At the same time, in the publications of the authors 
[8], it has been determined that miscanthus giganteus and switchgrass are 
the most productive, in terms of biomass, energy crops with high economic 
indicators of its efficiency. These researches correspond with the results 
obtained by other authors [9-11]. According to their research, it has been 
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established that high yields of energy-intensive biomass and switchgrass 
seed can be achieved through special agricultural measures of growing and 
pre-sowing seed preparation. Besides, it is necessary to take into account 
the weather conditions and the identified ways of reducing their negative 
impact on switchgrass phytocenosis. Another publication gives the eco-
nomic effectiveness of the switchgrass biomass production, taking into 
account the optimized cultivation technology [12].

In the formation of the switchgrass yield, along with the weather con-
ditions of cultivation period and varietal traits, a significant contribution 
belongs to the yield structure. Yield structure includes productivity ele-
ments: plant density per unit area, number and height of stems, number and 
weight of seeds in panicle, weight of 1000 seeds, etc. [13]. That is why in 
order to obtain high yields of biomass or seeds, it is necessary to ensure the 
most optimal ratio of all elements of the yield structure of energy crops, in 
particular, switchgrass.

A considerable number of foreign scientific works is devoted to the 
research of the targeted issue. Significant contribution to the solution of 
the problem of the use of biologically renewable plant resources applica-
tion, including energy crops, their introduction, selection and improvement 
of the cultivation technology elements have been made by V. L. Kurylo, 
М. V.Roiik, D. B. Rakhmetov, М. Ya. Humentyk, V. А. Doronin, 
V. V. Dumych, S. D. Оrlov, H. H. Heletukha, Т. А. Zheliezna, H. М. Kaletnik, 
S. М. Mandrovska and others (Table 1).

However, information concerning the ways of obtaining high switch-
grass yield is insufficient in order to understand the regularities of its seed 
productivity formation in Ukraine. In view of the above-mentioned facts, 
it can be argued that the evaluation of the breeding material according to 
the economically valuable traits is of high importance for creation of new 
high-yielding varieties for the following establishing of the effective energy 
plantations.

3. Research material and methods
Field experiments were conducted during 2015–2019 period with the 

collection of energy crops of Poltava State Agrarian Academy, which 
belongs to the central part of the Forest-Steppe of Ukraine according to the 
zonal distribution. 
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Table 1
Analysis of the research results

Authors Short description of the research results

Kulyk M., 
Shokalo N., 

Dinets O. [14]

The impact of the morphometric indicators of energy crops 
(switchgrass, miscanthus, sida, castor, rumex, etc.) on their 
productivity has been established.

L. E. Moser and 
K.P. Vogel [15]

It has been determined that all switchgrass varieties originating 
from South America have the best adaptive reactions to the 
conditions of the southern territories of Eurasia. They will also be 
productive in the northern Europe, but their cold resistance will be 
less in comparison with varieties of North American origin.

Rakhmetov D.B., 
Verhun O. M., 
Rakhmetova S. 

O. [16]

It has been established that while growing introduced switchgrass 
varieties, their morphometric parameters should be taken into 
account as a result of adaptation to the new cultivation conditions.

Kulyk M. [17]
It has been determined that the yield of switchgrass biomass 
depends on the stem density, to a lesser extent on the stem height 
and the number of leaves on it.

Kulyk M. I., 
Rozhko I. I. [18]

It has been determined that the yielding properties and sowing 
qualities of switchgrass seeds depend on the weather conditions of 
the cultivation period. 

Kulyk M., 
Rozhko I., 
Kurylo V., 
at all. [19]

It has been established that the seed productivity is determined 
by the number of twigs and seeds on the plant, their weight. Seed 
yield depends on the height of the stem and the length of the flag 
leaf to a lesser extent. This trait is distinctive to plants both on 
productive soils and on marginal lands.

Moroz O. V., 
Smirnykh V. M., 

Kurylo V. L., 
at all. [20]

It has been found out that in Ukraine, varieties Sunburst and 
Cave-in-Rock of the second vegetation year produce seed 
productivity of 0.597 and 0.373 t/, respectively.

Wolf D. D. and 
D. A. Fiske [21]

It has been determined that switchgrass seed productivity varied 
in the range of 220 - 560 kg/ha, and in some cases can reach 1000 
kg/ha

Orlov S. D. [22]

Breeding specimens of switchgrass 737-10 (P. v. L.) Cave-in-Rock 
/ 377 -10 (P. v. L.) Alamo, 398-10 (P. v. L.) Sunburst / 737-10 / (P. 
v. L.) Cave-in-Rock, 1025-10 (P. v. L.) Forestburg / 737-10 (P. v. 
L.) Cave-in-Rock have been selected. They are a valuable source 
for creating new domestic hybrids and varieties.



112

Maksym Kulyk, Olha Dinets, Ilona Rozhko

The climate of the experiment is moderate continental, with warm 
summers and moderate cold winters. January average temperature is  
-4° C ... -8°C, and July – +16 ... +22°C. Precipitation is about 500 mm per 
year, with frequent droughts during spring – summer period.

The soil cover of the experiment plots consists of podzolized chernozem 
having the following characteristics: humus content – 3.85%, soil nitro-
gen – 214.0 mg per 1 kg of soil, phosphorus – 148.7 mg per 1 kg of soil, 
potassium – 94.3 mg per 1 kg of soil, pH – 7.6.

The predecessor of switchgrass is wild grasses, agro-technology of cul-
tivation is generally accepted for the cultivation area, in accordance with 
the scientific and practical recommendations [23].

The object of research was switchgrass varietal specimens of foreign 
and Ukrainian plant breeding: Zoriane – conditional standard (c. st.), Cave-
in-Rock, Morozko and Liniia 1307. These varieties have corresponding 
characteristics [24-25].

The research aim is to study switchgrass varietal specimens in terms 
of economically valuable traits, and to distinguish among them the most 
yielding with high yield of certified seed in relation to the weather con-
ditions of the vegetation period by the HTC (hydrothermal coefficient).

Research tasks are the following:
1. to determine the variability of quantitative indicators of the generative 

part of plants of switchgrass varietal specimens, depending on the cultiva-
tion conditions;

2. to determine the impact of the cultivation conditions on weight of 
1000 seeds, to determine the most adaptive varieties;

3. to find out the impact of the cultivation conditions by HTC on produc-
tivity and yield of switchgrass certified seed according to the investigated 
varietal specimens.

The experiment plots were established according to the methodology 
of agronomy research [26], with a randomized placement of four time rep-
etition in the soil with low content of humus determined by the method 
of Turin (3.9%), characterized by the following agrochemical parameters: 
nitrogen, phosphorus and potassium content is increased.

Quantitative indicators of vegetative and generative parts of plants 
of each variety were determined by the method of sampling diago-
nally of the plot in the fourfold repetition (50 plants per plot), with 
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subsequent determination of the average indicator by the calculation  
results [27].

Evaluation of switchgrass varietal samples by economic traits, in partic-
ular, the number of plants and seeds per plant, the weight of seeds from one 
plant and others, was carried out in accordance with the scientific methods 
[28]. The seed size by the weight of 1000 seeds was studied according to the 
generally-accepted methods [29].

Accounting of switchgrass yield was done according to the meth-
ods [30]: at the time of the vegetation completion, sheaf samples were 
selected diagonally from the plot of 1 m (running meter) in the fourfold 
repetition, from which the seeds were threshed and weighed before-, and 
after cleaning from impurities– parts of panicle twigs, seed scales, etc. 
The research results were analyzed by the methods of variation statistics 
and, using the analysis of variance in Statistica 6.0, the least signifi-
cant difference (LSD) has been determined according to the significance 
level (p <0.05).

4. Research results and discussion
Throughout the research years, the hydrothermal coefficient (HTC) 

during the switchgrass vegetation period varied from 0.6 to 1.4. The least 
favorable (arid) weather conditions were during the 2017 and 2019 vegeta-
tion period, the weather conditions in 2015 and 2018 were close to the opti-
mum value by the HTC (the HTC is close to 1), and 2016 was excessively 
moisty (HTC was more than 1.2). Figure 1–2.

Weather conditions and varietal traits affected the quantitative indicators 
of the vegetative part of switchgrass plants (figure 3–4).

Among the studied varieties, Cave-in-Rock was characterized by the 
greatest plant height (173.3 cm), variety Morozko produced significantly 
shorter stems (154.5 cm), plant height of Liniia 1307 (170.3) was at the 
conditional standard level. According to the number of stems, Liniia 1307, 
varieties Zoriane and Cave-in-Rock have been distinguished. They form 
plant density more than 300 pieces/running meter, this indicator of variety 
Morozko was at the level of 287.8 pieces/running meter.

Variety Zoriane and Liniia 1307 have been distinguished according to 
the number of leaves on the stem (more than 51.0 cm) and internodes (more 
than 8.5 pcs.), this indicator of other varieties was significantly lower.
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Figure 1. Weather conditions (air temperature)  
of the switchgrass vegetation period, 2015-2019 

 
 

 

 
 Figure 2. Weather conditions (precipitation)  

of the switchgrass vegetation period, 2015-2019
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LSD05 (Plant height, cm) 3.4; LSD05 (Number of stems, рcs./r. m) 21.3
Figure 3.Quantitative indicators of the vegetative part  

of switchgrass plants (plant height and number of stems),  
average for 2015-2019

LSD05 (Number of internodes, pcs./stem) 0.3; LSD05 (Number of leaves, pcs./stem) 0.2
Figure 4. Quantitative indicators of the vegetative part  

of switchgrass plants (number of internodes of leaves on the stem), 
average for 2015-2019
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LSD05 (Panicle length, сm) 1.1; LSD05 (Panicle width, сm) 0.4
Figure 5.Quantitative indicators of the generative part of switchgrass 

plants (panicle length and width), average for 2015-2019

 
 
 
 

 
LSD05 (Number of twigs, pieces) 0.6; LSD05 (Number of panicles, pieces./м.п.) 5.3

Figure 6. Quantitative indicators of the generative part  
of switchgrass plants (the number of twigs  

of the first order and panicles) average for 2015-2019
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The yield structure elements of the generative part of the plants (length 
and width of panicle, their number, as well as the number of twigs of the 
first order, and the weight of seeds from panicle) varied widely, and had the 
following indicators (Figures 5–6).

According to the morphometric parameters, variety Cave-in-Rock and 
Liniia 1307 showed the highest indicators, compared with the conventional 
standard. These varietal samples formed the largest seed weight from pani-
cles that resulted in high seed productivity.

The weight of 1000 seeds depends on the impact of the weather condi-
tions of the vegetation period and the variety properties. Significant vari-
ation in the seed size of varietal specimens has been determined, which 
averaged 1.15–1.75 g during the research years (Figure 7).

  
a – Zoriane b –Cave-in-Rock 

  
c – Morozko d –Liniia1307 

  
a – Zoriane b –Cave-in-Rock 

  
 

Note: dry – dry conditions, opt – optimal conditions, wet – wet conditions.
Figure 7. Weight of 1000 seeds depending  

on the cultivation conditions, average for 2015-2019
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In the optimal years, under the water availability, variety Morozko 
formed minimum weight of 1000 seeds (1.31 g), variety Cave-in-Rock 
formed significantly bigger weight (1.44 g), and the maximum weight was 
provided by Zoriane and Liniia 1307, respectively 1.75 and 1.81 g.

It has been determined that in the dry conditions of the vegetation 
period, the weight of 1000 seeds of the studied varieties varies in the range 
from 1.19 to 1.53 g, the periods of excessive moisture – from 1.15 to 1.45 g, 
and in the conditions close to optimal, seeds size will be the largest – from 
1.31 to 1.81 g. Variety Zoriane and Liniia 1307 produce the weightiest 
seeds. A slight variation of this characteristic (V) has been established for 
these varietal specimen, respectively 1.81 and 2.75%. An average variation 
of variety Morozko (12.4%) and a considerable variation of variety Cave-
in-Rock (25.6%) have been established as well.

By establishing the correlation between the quantitative indicators of the 
generative part of the plants, it has been found that the indicator of weight 
of 1000 seeds has strong relations with the number of twigs of the first order  
(r 0.78…0.81), and the average – with the length (r 0.31…0.36) and the width 
of panicle (r 0.41…0.43). This trait is typical for all switchgrass varieties.

The correlation between the quantitative indicators of the generative 
part of the plants and the seed yield (SY) demonstrate that the indicator 
of weight of 1000 seeds has average relations with SY (r 0.35…0.44), the 
number of twigs of the first order and SY has strong relations (r 0.73…0.77),  
the number of panicles – strong relations (0.69…0.72), and average rela-
tions with panicle length (r 0.30…0.32) and width (r 0.31…0.35). This reg-
ularity was observed for all studied switchgrass varieties.

In general, throughout the research years, the highest yields of certified 
seed were formed by the variety Zoriane (25.0 and 26.4 kg/running meter) 
and Liniia 1307 (25.4 and 26.6 kg/running meter) in the dry and optimal 
years according to HTC. Seed yield was significantly lower for all varietal 
specimens in the conditions of excessive moistening during the vegetation 
period (Figure 8).

Compared to the conditional standard (variety Zoriane) and other 
varietal specimens, the newly created Liniia 1307 provided significantly 
higher yields of certified seed with a slight variation of the trait. A simi-
lar dependence was observed for variety Cave-in-Rock, but with a much 
lower seed yield.
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Among the studied varieties, the lowest seed yield was provided by the 
variety Morozko, both in optimal moisty, and in arid and excessively moisty 
vegetation periods. A similar tendency was observed in the variety Cave-
in-Rock, but with higher yields of certified seed. Variety Zoriane and Liniia 
1307 form a significantly higher yield level in both arid and optimal years 
according to HTC.

6. Conclusions
1. In the conditions of the central Forest-Steppe of Ukraine, switch-

grass plants are able to form seed since the first vegetation year. It has been 
established that along with the weather conditions of the vegetation period, 
varietal traits greatly affect productivity and yield of the certified seed. Vari-
ety Zoriane and Liniia 1307 formed the highest productivity and yield of 

  
a – Zoriane b –Cave-in-Rock 

  
c – Morozko d –Liniia1307 

  
a – Zoriane b –Cave-in-Rock 

  
 Note: dry – dry conditions, opt – optimal conditions, wet – wet conditions 

Figure 8. Yield of certified switchgrass seed depending  
on the cultivation conditions, average for 2015-2019
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certified seed, respectively, 26.4 and 26.6 kg/running meter, which may be 
valuable for further breeding activity.

2. It has been determined that in the drier or close to the optimum condi-
tions of the switchgrass vegetation period (according to the HTC), the seed 
yield will be much higher in comparison with more humid conditions. This 
is typically for all switchgrass varieties, which characterizes their average 
plasticity to the cultivation conditions.

3. Variety Zoriane and Liniia 1307 have the most stable manifestation in 
terms of the weight of 1000 seeds, which has an average impact on the seed 
yield by the coefficient of correlation; other varieties have an average and 
strong coefficient of variation according to this indicator. This trait should 
be used in plant breeding.

4. Quantitative indicators of the generative part of switchgrass plants 
make a substantial contribution to the level of seed yield. The seed yield of 
switchgrass varietal specimens by the determination coefficient (d) depends 
on 53-59% the number of twigs of the first order, 48-52% – the number of 
panicles, 12-21% – the size of seeds, and 6-12% – the length and width of 
panicle.

The perspectives for further researches will be to study the impact of 
pre-sowing seed preparation measures on sowing quality of the seed mate-
rial in order to reduce the adverse effect of the weather conditions of the 
initial stages of seed germination.
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