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We investigated variability of biometric (quantitative) indicators of switchgrass by variety of diffe-rent groups ripeness. We determined the level of the yield of aboveground vegetative mass culture, installed correlations between quantitative indicators of plants and yield of dry biomass of switchgrass of fifth year of vegetation. It was established that the yield of dry switchgrass phytomass is determined by studied dry matter of content in the phytomass, the number of stems, flag leaf’s length and moisture content in plants.
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Statement of the problem. Today possibilities of usage of alternative energy resources including energy crops and available potential of crop plant remains paid more and more attention because of energy resources deficit in the world.  Our country has a great potential of biomass for energy purposes usage and has good conditions for using plant remains for biofuel production. Energy strategy of Ukraine till 2030 year [1] foresees dynamic growth of energy biomass usage to 5 million tons of equivalent fuel or 2,5 % from total consumption in 2015 year and to 20 million tons of  equivalent fuel or tо 10 % in 2030 year.

M. Rudenko substantiates reasonability of energy biomass usage and defines that energy as an absolute additional cost is an important criterion of ecological balance of country economics as corresponds to the principle of saving nature order preservation which flows with Sun energy on the Earth and transforms into plant energy potential. [14]. That is why there is necessity in developing energy of renewable sources first of all energy accumulated by plants that is bioenergy.  
Thus, study of available plant energy resources involving cultivation of high productive energy crops in Ukraine, possibility of using vegetative overground mass for obtaining power-intensive biofuel and partial displacement of non-renewable energy sources is very important. 
Analysis of the main researches and scientific publications. V. L. Kurylo and his coauthors [7] say that Ukraine according to nature and economic factors belongs to countries with considerably favourable conditions for ensuring food safety and has high potential for creating stable market of energy crops for using in biofuel industry. Involving renewable energy sources of all kinds and in particular biomass by means of transformation of photosynthesis energy in available for using in economics form helps to decrease energy dependence in Ukraine. 
Today many plants on the territory of our country have been already investigated in order to determine possibilities of usage of their energy potential but only some crops are cultivated on large areas. Plants of varieties Miscanthus (kinds of silver grass), Salix (willow), Populus (poplar) and Panicum (switchgrass) are the most widespread crops. 

These plants are cultivated on the same place for several years and technology of cultivation does not require considerable material and energy costs [13].

Switchgrass among other above-mentioned energy crops is a plant with low prime cost of phytomass production and high productivity of overground vegetative mass at perennial cycle of using.  
Due to high productivity, possibility of cultivation on different soils, slight demands to nutrient and humidity content in soil and positive influence on environment switchgrass was selected as a model of lignocellulose crop for biomass growing for energy production by the Department of Energy Resources in the USA [16].
It has been established that switchgrass is a high productive crop which during acclimatization in the central part of Ukraine on not productive soils gives strong stems during the second and the third vegetation years, forms stable phytomass crop capacity (raw material for biofuel production) and seed productivity  [5, 11].

D. B. Rakhmetov, O. M. Vergun, and S. O. Rakhmetova have established [12] that plants Panicum virgatum during research years were characterized by high growth parameters, yield and valuable chemical composition. The main morphometric parameters of switchgrass plants depended on vegetation conditions, period of development and form peculiarities. 

The research done in the central part of Forest-Steppe zone on lean soils [4, 6] shows that  switchgrass varieties Cave-in-Rock and Carthage were the most productive according to quantitative characteristics (plant height and density, dry matter content in phytomass), variety Foresburg was less productive.  
Thus, peculiarities of forming crop capacity of switchgrass varieties depending on biometric characteristics during perennial cultivation cycle in Ukraine need more thorough investigation.  

Purpose of the research is to establish influence of biometric (quantitative) plant characteristics on productivity of overground vegetative phytomass of switchgrass varieties of the fifth vegetation year. 
Research tasks: 

1. To establish biometric characteristics of plant phytocenosis of switchgrass varieties; 

2. To determine productivity of switchgrass varieties according to dry vegetative mass; 
3. To conduct correlative and regression analysis of quantitative plant characteristics, productivity (humid and dry plant mass) and crop capacity of dry phytomass of switchgrass variety.  
Research methods. The research was done according to international scientific theme «Pellets for Power» (2011–2013 years) and state scientific and research theme «Agroecological fundamentals of energy crops cultivation in Ukraine» (2014–2017 years).
The experiment was in the central part of Forest-Steppe zone on degraded soils. These soils had following agrochemical characteristics of these soils: humus content is 2,07 %; nitrogen content is 44,8; phosphorus content is  65,0 and potassium content is 113,0 mg on 1 kg of soil. 

During 2011–2015 years we studied such switchgrass varieties as early ripening Dakota and Nebraska, mid-ripening Cave-in-Rock, Foresburg and Samburst, late-ripening Carthage, Shelter, Alamo and Kanlow. This article gives results of 2015 year.

Generally accepted [3, 10] and special [8, 9] methods were used in the experiment. Yield of switchgrass phytomass was determined by cutting sheaf samples, their weighing, drying selected sample and recalculation on dry mass including raw material humidity [15]. 

Correlative and regression dependence between dry phytomass productivity t/hа (Y) and biometric characteristics of switchgrass plants was determined for building correlative pleiad: PH – plant height (сm); SQ – stems quantity (items/m.l.); LQP – leaves quantity on a plant (items); LFL – length of flag leaf (сm); TQL – total quantity of leaves (items/m.l.); DM – dry matter content in phytomass (t/hа); Pdhp – productivity of dry phytomass (kg/m.l.); Phph – productivity of humid phytomass (kg/m.l.); HCPh – humidity content in phytomass (%).
Research results were processed by up-to-date statistical methods applying licensed computer programs Excel and Statistica 6.0 and appropriate methods [2]. 
Research results. Depending on variety peculiarities biometric plant characteristics were characterized by great variation (Table 1). 
1. Biometric characteristics of switchgrass plants of the fifth vegetation year, 2015 year

	Variety
	Plant height, сm
	Quantity
	Length of leaf, сm

	
	
	stems, items/m.l.
	leaves, items/plants
	leaves, items/m.l.
	

	Dakota
	142,3
	317,2
	4,4
	1395,7
	34,7

	Nebraska
	138,5
	321,6
	4,6
	1479,4
	35,9

	Cave-in-Rock
	146,9
	345,1
	5,3
	1829,0
	41,6

	Foresburg
	144,4
	355,1
	4,9
	1740,0
	36,3

	Samburst
	155,0
	356,5
	5,0
	1782,5
	36,9

	Carthage
	192,4
	395,4
	5,5
	2174,7
	45,2

	Shelter
	190,2
	379,3
	5,7
	2162,0
	44,8

	Alamo
	185,4
	363,2
	5,1
	1852,3
	42,9

	Kanlow
	191,7
	392,1
	5,9
	2313,4
	43,4

	LSD (0,05)
	4,3
	21,7
	0,17
	243,1
	0,34


In 2015 year, during the fifth vegetation year, average plant height of studied switchgrass varieties was changing from 142,3 to 192,4 сm, quantity of stems was changing from 317,2 to 495,4 items, leaf quantity was changing from 4,4 tо 5,9 items, length of flag leaf was from 34,7 tо 45,2 сm, and total leaf quantity was from 1496,9 tо 2904,0 items.
Variation of quantitative characteristics of mid-ripening switchgrass varieties according to plant height and density was from 146,9 сm and 345,1 items (Cave-in-Rock) to 155,0 сm and 356,5 items (Samburst). Late-ripening variety Carthage had the highest plants (192,4 сm), the height of variety Shelter was 190,2 сm and the height of variety Kanlow was 191,7 сm. Biometric characteristic of stem quantity was 395,4 items in variety Carthage, 379,3 items in variety Shelter and 392,1 items in variety Kanlow. These characteristics of variety Alamo were substantially less.
Switchgrass variety of early-ripening group Dakota had plant height of 142,3 сm and quantity of stems was 317,2 items. Variety Nebraska had plant height of 138,5 сm and quantity of stems was 321,6 items.   

Switchgrass of late-ripening varieties Carthage, Alamo and Kanlow gave the highest quantitative plant characteristics (stem height and density, quantity of leaves and length of flag leaf). Early-ripening varieties Dakota and Nebraska had the lowest biometric characteristics and mid-ripening switchgrass varieties Cave-in-Rock, Foresburg and Samburst had the average characteristics. 

Crop capacity of switchgrass phytomass depends both on productivity of each plant in phytocenosis and humidity content during harvesting period (Table 2). 

It has been established that weight of dry sheaf and average mass of one switchgrass plant depend upon humidity content in phytomass. In 2015 year humidity content was changing according to varieties from 24,5 to 31,7 % and was influenced by variety crop peculiarities.  
Varieties Carthage, Kanlow and Shelter had the highest crop capacity of dry phytomass (13,3; 13,0 and 12,5 t/hа), varieties Cave-in-Rock, Samburst and Foresburg had less crop capacity (11,5; 11,8 and 10,7 t/hа) and varieties Nebraska and Dakota had the least crop capacity (9,7 t/hа and 6,9 t/hа). 
 2. Productivity of plant (humid and dry mass), humidity content and crop capacity of switchgrass phytomass of the fifth vegetation year, 2015 year
	Variety
	Weight of humid sheaf, кg
	Humidity content, %.
	Weight of dry sheaf, kg
	Plant weight, g
	Crop capacity, t/hа

	
	
	
	
	before drying
	after

drying
	humid mass
	dry mass

	Dakota
	2,771
	24,9
	0,690
	8,7
	2,2
	27,7
	6,9

	Nebraska
	3,959
	24,5
	0,970
	12,3
	3,0
	39,6
	9,7

	Cave-in-Rock
	4,356
	26,4
	1,150
	12,6
	3,3
	43,6
	11,5

	Foresburg
	4,147
	25,8
	1,070
	11,7
	3,0
	41,5
	10,7

	Samburst
	4,504
	26,2
	1,180
	12,6
	3,3
	45,0
	11,8

	Carthage
	4,700
	28,3
	1,330
	11,9
	3,4
	47,0
	13,3

	Shelter
	4,102
	31,7
	1,210
	10,8
	3,2
	41,0
	12,1

	Alamo
	3,754
	29,5
	1,190
	10,3
	3,3
	37,5
	11,9

	Kanlow
	4,167
	31,2
	1,300
	10,6
	3,3
	41,7
	13,0

	LSD (0,05) 
	3,27
	0,21


Correlative relations between quantitative characteristics of switchgrass plants and crop capacity of dry phytomass have been established (Table 3).

3. Correlative relations of quantitative characteristics of plants and crop capacity of dry phytomass of switchgrass of the fifth vegetation year, 2015 year
	Characteristics
	PH
	SQ
	LQP
	NQL
	LFL
	HCPh
	Y

	BH
	–
	0,97
	0,76
	0,96
	0,79
	0,88
	0,54

	SQ
	0,97
	–
	0,43
	0,39
	0,88
	0,91
	0,80

	LQP
	0,76
	0,43
	–
	0,89
	0,78
	0,87
	0,46

	TQL
	0,96
	0,39
	0,89
	–
	0,88
	0,94
	0,55

	LQL
	0,79
	0,88
	0,78
	0,88
	–
	0,80
	0,76

	HCPh
	0,88
	0,91
	0,87
	0,94
	0,80
	–
	-0,73

	Y
	0,54
	0,80
	0,46
	0,55
	0,76
	-0,73
	–


On the basis of feature determination (d) we can say about percentage influence of biometric characteristics on crop productivity. Thus, quantitative plant characteristics such as stems density (d=64 %) and length of flag leaf (d=58 %) have strong correlative relations (r > 0,7) with crop productivity and influence on crop capacity of switchgrass varieties of the fifth vegetation year. Crop capacity of dry phytomass has inverse relation with humidity content and decrease of one characteristic will cause increase of another one and vice-versa. Determination is 53 %. 

Complex correlation pleiad was built on the basis of statistical calculations and results of correlative and regression analysis. Correlation pleiad includes quantitative plant characteristics which substantially influence on dry phytomass of switchgrass varieties (picture).


Notes: Correlation coefficients are reliable at 5 %  relevance
Note: 

	
	- correlation between characteristics is strong, direct relation (r > 0,7)

	
	- correlation between characteristics is average, direct relation (r=0,3–0,6)

	
	- correlation between characteristics is strong, inverse relation (r >–0,7)


Picture. Correlation pleiad dependence between quantitative indicators and dry biomass yield of switchgrass of the fifth vegetation year, 2015
Crop capacity of overground dry vegetation mass of switchgrass depends upon stems quantity on the unit of area, productivity of dry and humid phytomass and length of flag leaf (we got direct relation, correlation coefficients more than 0,7); inverse with humidity content in phytomass. Average direct correlative relation has been established between dry phytomass crop capacity and quantity of leaves on a plant, stem height and total quantity of leaves. 

Conclusions: 
1. Switchgrass plants of the fifth vegetation year form the highest biometric characteristics of late-ripening varieties Carthage, Shelter and Kanlow; mid-ripening varieties Cave-in-Rock and Samburst had these biometric characteristics at the high level; early-ripening varieties Nebraska and Dakota had substantially less biometric characteristics.
2. Late-ripening switchgrass varieties Carthage (13,3 t/hа), Kanlow (13,0 t/hа), Shelter (12,1 t/hа) and mid-ripening varieties Cave-in-Rock (11,5 t/hа) and Samburst (11,8 t/hа) had the highest crop capacity of dry phytomass during the fifth vegetation year. 
3. On the basis of correlative and regression analysis it has been established that crop capacity of dry vegetative overground mass of studied switchgrass varieties is specified by dry matter content in phytomass, stem quantity, flag leaf length and humidity content in plants. 
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