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INFLUENCE OF WIDTH OF SPACES BETWEEN ROWS ON FORMATION OF YIELD OF SWITCHGRASS VARIETIES 
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The quantitative indexes of vegetative aboveground mass of switchgrass varieties: Cave-in-Rock, Carthage and Foresburg with different width of spaces between rows. Increase of plant nutrition areas causes shortening plants but the number of stems has a tendency to increase when the plants were grown with wider spaces between rows during the third and fourth vegetation years.
Established yield value of dry phytomass of switchgrass varieties of the third and the fourth vegetation years with different areas of plant nutrition have been determined.
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Statement of the problem. Nowadays there is the urgent problem of studying possibilities of using own resources for obtaining ecological and cheap raw material from renewable energy sources. According to statements of many authors there is considerable number of energy sources from biomass for biofuels production in our country. These sources are mainly vegetable remains of agricultural crops, wastes of woodworking industry and energy crops. Energy crops are perennials that well acclimatized to the certain conditions and form the high yield of phytomass being grown on not productive soils. There are such crops as perennial sorghum, silver grass, switchgrass, willow and others [2, 9, 10]. Switchgrass is a plant that forms high productivity of aboveground vegetative mass with the long-term cycle of using and perfect raw material for producing liquid and solid biofuel [4]. For this reason determination of peculiarities of forming phytomass productivity of this crop is the pressing problem at present time.

Analysis of recent researches and scientific publications. Switchgrass (Panicum virgatum L.) is a plant that is well acclimatized to growing conditions on the territory of our country and forms high yield of phytomass [11]. Comprehensive researches of switchgrass in Ukraine according to botanical and biological features [4, 7], varieties [14], elements of growing technology [8, 11] and peculiarities of biofuel production from plant phytomass [13] show considerable interest of scientists to this crop.

The results of researches conducted by the author in the central part of Ukraine show [5, 6] the high adaptability of alien varieties of switchgrass, forming high and stable productivity of phytomass due to the elements of harvest structure that is formed under influence of abiotic and biotic factors.

Foreign scientists [17] defined that increase of nutrition area with decreased seeding rates causes increase of phytomass productivity. The results of these researches coincide with other experiments [15, 16] which show that switchgrass grown with wide spaces between rows comparatively with narrow spaces increases yield and carbon content in obtained plant biomass. Weeds influenced on switchgrass growth only in the first year of growing. In future plants of switchgrass repressed weeds because of the intensive bushing out. On sown area with wide rows there was self-regulation of grass thickness and that influenced on switchgrass phytomass yield. Research of elements of growing technology of switchgrass (on not productive soils) is an urgent problem, as the yield of the crop, variety properties and weather conditions considerably depend on the land treatment.

Research objective: to establish the peculiarities of forming productivity elements and yield of aboveground vegetative mass of switchgrass varieties of the third and the fourth vegetation years grown with different width of spaces between rows.

Material and methods of researches. The experiment concerning three varieties of switchgrass such as Cave-in-Rock, Carthage and Foresburg was founded during 2011–2014 in the conditions of central part of Forest-Steppe zone of Ukraine (Poltava district). The chart of the experiment combined the variants of growing varieties with space between rows of 15 cm, 30 cm and 45 cm on not productive soils with low humus and nitrogen content, average phosphorus content and higher content of potassium.

Methodology of the experiment is generally accepted, according to B. А. Dospekhov [3] and recommendations of domestic scientists [8, 11]. 

Agrotechnology of the experiments included field disking, cultivation, sowing and soil rolling, weeding spaces between rows and annual autumn and spring harvesting.

The account of the productivity indexes (height of plants and number of stems on 1м2) was done in the period of plant vegetation completion. The yield was determined by mowing plants, weighing and recalculation by dry weight after determination of moisture percentage.

Results of the research. Last two years are characterized by increased temperature and simultaneous rainfall decline that indicates to droughty conditions of crop vegetation during the years of the experiment were distinguished according to average daily temperature during switchgrass vegetation period (May-November). We obtained the highest plant height of the variety Cave-in-Rock with space between rows of 15 cm in the third year of vegetation and this index of the varieties Carthage and Foresburg were substantially less. Plants were shorter on the variants with the width of spaces between rows of 30 and 45 cm. The number of stems on 1 м2 was the greatest with space between rows of 45 cm of the varieties Cave-in-Rock and Foresburg, accordingly 445,1 and 450,0 items/м2, variety Carthage – 312,2 items/м2. The switchgrass plants are grown on the variants with space between rows of 15 and 30 cm had substantially less density of stems. 
1. Quantitative indexes of switchgrass plants of the third and the fourth 
vegetation years, 2013–2014

	Factors
	Plant height, cm
	Number of stems, items/м2

	year
	variety
	spaces between row
	
	

	2013
	Cave-in-Rock
	15
	155,0
	207,3

	
	
	30
	137,7
	357,4

	
	
	45
	123,6
	445,1

	
	Carthage
	15
	134,3
	195,2

	
	
	30
	118,6
	245,8

	
	
	45
	109,4
	312,2

	
	Foresburg
	15
	144,9
	357,7

	
	
	30
	122,4
	384,1

	
	
	45
	114,8
	450,0

	2014
	Cave-in-Rock
	15
	141,4
	154,2

	
	
	30
	120,2
	224,1

	
	
	45
	128,0
	308,0

	
	Carthage
	15
	133,8
	261,8

	
	
	30
	123,5
	294,4

	
	
	45
	135,1
	352,5

	
	Foresburg
	15
	136,6
	212,1

	
	
	30
	125,0
	320,0

	
	
	45
	128,7
	336,3

	NSR0,05 (factor А, year)
	3,04
	45,13

	NSR0,05 (factor В, variety)
	2,10
	15,41

	NSR0,05 (factor С, spaces between row)
	7,32
	23,30


Plants of variety Cave-in-Rock were the highest (141,4 cm), plants of variety Foresburg (139,8 cm) and Carthage (136,6 cm) were substantially shorter grown with space between rows of 15 cm during the fourth vegetation year. Plants of variety Carthage had the greatest density of stem with space between rows of 45 cm. Plants of variety Foresburg had substantially less density of stem with spaces between rows of 30 and 45 cm, and plants of variety Cave-in-Rock had the least density of stem. 

Quantitative indexes such as density of stems and plant height (productivity elements) influence on phytomass and depend largely on spaces between rows and less on variety properties [6].

Yield of switchgrass varieties of the fourth vegetation year not always was more than the yield of varieties of the third year, some varieties were equal according to this index (table 2).
2. Yield (dry mass) of switchgrass of the third and the fourth vegetation years (t/ha), 2013–2014

	Factors
	Yield, t/hа
	Increase to the previous year, t/hа

	year
	variety
	spaces between row
	
	

	2013
	Cave-in-Rock
	15
	7,5
	–

	
	
	30
	10,8
	–

	
	
	45
	11,6
	–

	
	Carthage
	15
	6,1
	–

	
	
	30
	9,7
	–

	
	
	45
	10,9
	–

	
	Foresburg
	15
	6,5
	–

	
	
	30
	10,2
	–

	
	
	45
	11,7
	–

	2014
	Cave-in-Rock
	15
	7,2
	– 0,3

	
	
	30
	10,6
	– 0,2

	
	
	45
	11,0
	– 0,6

	
	Carthage
	15
	6,7
	0,6

	
	
	30
	10,8
	1,1

	
	
	45
	12,5
	1,6

	
	Foresburg
	15
	7,0
	0,5

	
	
	30
	10,9
	0,7

	
	
	45
	12,0
	0,3

	NSR0,05 (factor А, year)
	0,94

	NSR0,05 (factor В, variety)
	0,42

	NSR0,05 (factor С, spaces between row)
	0,73


Yield of switchgrass of the third and the fourth years of vegetation with spaces between rows of 45 cm of the variety Foresburg was accordingly 11,7 and 12,0 t/ha, variety Cave-in-Rock – 11,6 and 11,0 t/ha, variety Carthage – 10,9 and 12,5 t/ha. Variety Carthage had substantial increase of harvest to the previous year with space between rows of 30 and 45 cm. Growing all studied varieties with space between rows of 15 and 30 cm we got substantially less yield of dry phytomass in comparison with growing switchgrass with wider space between rows.

Conclusions: 
1. Increase of plant nutrition areas causes shortening plants but the number of stems has a tendency to increase when the plants were grown with wider spaces between rows during the third and fourth vegetation years.
2. Plants of varieties Foresburg and Cave-in-Rock of the third and the fourth vegetation years had the same yield of dry vegetative mass with space between rows of 45 cm growing on not productive soils. This index of variety Foresburg and Cave-in-Rock was within the limits of the least substantial difference and this index of variety Carthage exceeded on 1,6 t/ha this index of the previous year. During research years substantially less yield was fixed growing these varieties on narrower spaces between rows (15 and 30 cm).
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