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The influence of weather conditions of vegetation on the variability of the elements of productivity (height and density of stems) of switchgrass is determined. The influence of average daily temperature of air and the amount of precipitation during vegetation of plants on the yield of phytomass of culture in terms of research years is determined. The correlation between quantitative indices of plants (elements of productivity) of the third–sixth years of vegetation and yield of phytomass of switchgrass is shown. It has been established that the yield of dry vegetative mass of switchgrass is largely determined by the number of stems per unit area in close correlation with the average daily temperature of air, to a less extent – the height of plants and the amount of precipitation during the vegetation period.
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Formulation of the problem. The reduction of energy dependence of our country is an urgent issue today, because natural non-renewable resources tend to exhaust, as opposed to renewable energy sources (RES).

As S. O. Kudria notes [3], Ukraine has sufficient potential of the renewable energy sources. Effective use of it by 2035 can provide about 50 % of the total energy consumption of renewable energy sources. In addition, the installed capacity of RES-based power stations has increased 10 times since 2010 and amounted to 1462.2 MW by the end of 2014, which corresponds to 2.7 % of the total installed power of power stations in Ukraine.

At present, our country consumes a significant amount of energy resources, which in the vast majority come from outside, but not produced in Ukraine, and therefore, the problem of energy independence is an important issue today. That is why, the priority task is to increase the share of RES in the fuel and energy complex on the basis of the creation on the marginal lands of plantations of energy crops as plant sources of biofuels. For this purpose, as a biomass source, it is envisaged to use perennial crops that are well adapted to growing conditions, especially against the backdrop of global climate change, which is felt today.

Global climatic changes (in arid conditions) lead to lower levels of nitrogen and carbon in soils, and can have serious implications for ecosystems in terms of food production, energy generation, carbon storage and biodiversity loss.

According to David A. Wardl [12]: «Due to progressive climate change, the properties of ecosystems in many arid areas could have been a turning point that would be difficult or impossible to turn back».
Considering the research problems, taking into account global climate change and its consequences, the actual question is the study of the influence of temperature, rainfall on plant growth and development, and the level of productivity of energy crops.

Analysis of basic research and publications, which initiated a solution of the problem. According to domestic scientists [7], there is a significant potential of biomass energy sources for biofuels production in Ukraine: plant crop residues, wood industry waste and energy crops. The latter species is mainly perennial plants that are well acclimatized to the environment and can form a high yield of phytomass for growing on unproductive soils. Giant miskanthus, Switchgrass, perennial sorghum, willow etc. are most promising among them from the economic and ecological point of view.
Switchgrass in Ukraine is well adapted to growing conditions, has a high stem content, forms a powerful yield of phytomass (raw materials for biofuel production) and provides a stable seed yield [6, 9].

Switchgrass is one of the most promising plants for bioenergy production in the United States. It is a perennial, thermophilic, winter-resistant grassy plant with photosynthesis C4 way for the assimilation of carbon. The sorts of the Switchgrass divided into high and low species based on the ecological origin [18].

Studies conducted by foreign scientists [17] showed that the Cave-in-Rock sort has the highest (7.3 °С) basic seed germination temperature, and Dacota sort – the lowest (2.8 °С). High-grade sorts, such as Cave-in-Rock and New Jersey-50, show low spring growth pace and plant growth compared to sorts with a lower base seedling temperature (Dakota and Patfinder sorts).

Kandel T. R. after the study of the the influence of temperature on growth and development, the photosynthesis intensity and the quality of the phytomass of the Switchgrass determined the ecotypic and sorts differences between the high and low-lying species. Studying the stability and tolerance of sorts to abiotic factors found that among the low-grade sorts Alamo showed a wider adaptation compared to the Canleau sort, and from high-grade sorts Cave-in-rock was more resistant to higher temperatures than the Caddo sort. All studied sorts showed a strong dependence on high temperature factors, because the total harvest of Switchgrass ecotypes biomass fell sharply with a significant increase of temperature [14].

Similar experiments [11, 13] confirmed this idea.

Other authors [16] after the simulation of ecosystems concluded that the long-term growth of the Switchgrass in the future could reduce the flow of CO2 from the soil due to changes of temperature and rainfall.

Along with this, the study of the influence of soil and weather factors in Ukraine on the formation of yields of energy crops (for their cultivation on marginal lands), including Switchgrass, except for minor publications [4, 5], is not fully covered.

The purpose of the research was to determine the influence of the weather conditions of the vegetative period on the formation of quantitative indices of plants and productivity of dry above-ground vegetative mass of Switchgrass (Panicum virgatum L.).

According to the research purpose, the following tasks were foreseen:

1. Determine the influence of weather conditions of vegetation on the variability of the elements of productivity (height and density of stems) of Switchgrass.

2. Determine the influence of hydrothermal coefficient during vegetation of plants on yield of culture phytomass during the research years.

3. Carry out a correlation-regression analysis between the quantitative indices of Switchgrass plants and weather factors of vegetative period  (average daily temperature of the air and the amount of precipitation).

4. Calculate the correlation between the average daily temperature of the air, the amount of precipitation during vegetation and the yield of dried phytomass of Switchgrass.

Research methods. Experimental work was carried out on the basis of Poltava State Agrarian Academy according to the state research theme «Agro-ecological principles of cultivating energy crops in conditions of Ukraine» (2014–2017) and the scientific project of applied research of the Ministry of Education and Science of Ukraine «Development of optimal energy systems taking into account the existing potential of renewable sources energy in the conditions of the Forest-Steppe of Ukraine» (2017–2019).

The experience is realized in the conditions of the central part of the Forest-Steppe on marginal soils, according to the research methodology, during 2010–2017, with the sort Cave-in-Rock of Switchgrass.
During the experiment, both conventional methods [2] and special ones were used for conducting an experiment and counting the quantitative indices of plants [8, 10].

To increase the reliability of the research, the number of stems and the height of the Switchgrass plants were determined as the arithmetic average of 50 plants taken from the sheaf samples from each variant in a fourfold repetition.

The productivity of the above-ground vegetative mass of the Switchgrass was determined by selecting the sheaf samples, weighing them, drying the selected average sample and subsequently recalculating on the dry mass, taking into account the moisture content of the raw material [15].

The obtained research results were calculated using modern statistical methods with the use of licensed computer programs Excel and Statistaca. The correlation coefficients (r) between the quantitative indices of the plants (number of stems, height) and the yield of dry phytomass of Switchgrass were determined using a correlation-regression analysis. It was accepted, if r < 0.3 – the correlation between the signs is weak, r = 0.3–0.7 – average and at r > 0.7 – strong [1].

Research results. The analysis of the weather conditions of the vegetative period of Switchgrass during the long-term cycle of culture cultivation shows their contrast, which allowed to evaluate the response of plants during research years (Pic. 1–2).
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Pic. 1. Weather conditions (average temperature of air) during vegetation of Switchgrass plants, 2010–2016
The average daily temperature during spring-summer vegetation of the crop in 2012 varied from 19.4 to 25.6 °C at an average of 21.7 °C, in 2013 – from 18.6 to 23.3 °C (the average is 20.9 °С), in 2014 – from 13.5 to 25.6 °С (average 20.4 °С), in 2015 – from 13.7 to 23.0 °С (average 19.9 °C), in 2016 – from 14.1 up to 25.1 °С (average 20.0 °С). In this regard, we highlighted the years 2013, 2014, and 2016, which were characterized by an increased temperature regime of air.
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Pic. 2. Weather conditions (amount of precipitation) during vegetation of Switchgrass plants, 2010–2016
The amount of precipitation over the years of research for the spring-summer vegetation of plants was distributed unevenly: in 2012, the range varied from 2.6 to 32.3 mm, with an average value of 18.1 mm, in 2013 – from 0.3 to 55.8 mm (average is 20.9 mm), in 2014 – from 0.7 to 77.8 mm (average is 22.4 mm), in 2015 – from 0.8 to 87.7 mm (average is 19.5 mm), in 2016 – from 2.3 to 68.2 mm (average is 25.2 mm). It indicates excessive moisture in 2013, 2014, 2015, and the presence of less humid vegetation conditions in 2012.

During the vegetation period of the Switchgrass plants, significant deviations of weather conditions were observed in the plane of increase of the average daily air temperature and precipitation rates in almost all years – the trend of temperatures, precipitation and hydrothermal coefficient in the spring-summer period significantly differed from the average annual data. It had a significant impact on the formation of productivity elements – quantitative indices of plants. The number of stems in the Switchgrass plants during the years of the study varied from 213.5 to 395.4 pc./m.p., plant height tended to increase from 141.5 to 192.4 cm.
The correlation-regression analysis made it possible to establish a relationship between the conditions of the vegetative period and the quantitative indices of the plants (table 1).
1. Correlation between the weather conditions of the vegetative period and the elements of productivity (number of stems, height of plants) of the Switchgrass, 2013–2016
	Indexes
	2013
	Correlation
	2014
	Correlation

	
	Number of stems
	Height of plants
	
	Number of stems
	Height of plants
	

	Trend of temperatures
	-0.72
	-0.36
	strong / middling
	-0.69
	-0.31
	middling / middling

	Trend of falling
	0.34
	0.37
	middling / middling
	0.66
	0.81
	strong / strong

	Hydrothermal coefficient
	0.41
	0.37
	middling / middling
	0.44
	0.57
	middling / middling

	Indexes
	2015
	-
	2016
	-

	Trend of temperatures
	-0.71
	-0.32
	strong / middling
	-0.79
	-0.31
	strong / middling

	Trend of falling
	0.75
	0.70
	strong / strong
	0.39
	0.35
	middling / middling

	Hydrothermal coefficient
	0.61
	0.50
	middling / middling
	0.38
	0.41
	middling / middling


Note: the connection is significant at the five-point significance level.
In the years 2013 and 2016 a certain pattern has been established: the density of stems (the number of stems) has an inverse strong correlation with the average daily temperature of the air during the vegetative period (correspondingly over the years: r -0.72 and -0.79), the average correlation – with  rainfall (correspondingly: r 0.34 and 0.39) and hydrothermal coefficient (correspondingly: r 0.41 and 0.38). The height of the plants had an inverse relation with the temperature (correspondingly for the years: r -0.36 and -0.31), the sum of precipitation (r 0.37 and 0.35) and the hydrothermal coefficient (r 0.37 and 0.41) during the culture vegetative period.

In the conditions of 2014 and 2015, another dependence was observed: the density of stems was determined as a temperature factor (correspondingly for the years: r -0.69 and -0.71), as well as the amount of precipitation for vegetation of plants (r 0.66 and 0.70), to a lesser extent – by the hydrothermal coefficient  (r 0.57 and 0.61). The amount of precipitation has a significant influence on the height of the plants (correspondingly over the years: r 0.81 and 0.70), to a lesser extent – the  sum of temperatures (r 0.37 and 0.35) and hydrothermal coefficient (r -0.31 and -0.32).

Hydrothermal coefficient (with contrasting conditions of cultivation) had a mediocre effect on the dynamics of yield of dry phytomass of Switchgrass during the years of the study (Pic. 3).
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Pic. 3. The yield of dry phytomass and hydrothermal coefficient of the vegetative period of Switchgrass, 2013–2017
According to the correlation dependence, it is established that increase of the productivity of dry phytomass of Switchgrass in a greater degree determined by the number of stems per unit area (the correlation coefficient is strong, r 0.78) than by the height of plants (the correlation coefficient is average, r 0.39).

The yield of dried phytomass of Switchgrass had a moderate correlation with hydrothermal coefficient and varied from 11.3 to 13.9 t/ha (HIP05 2.23 t/ha). The highest crop yields were recorded in 2015 and 2016, the lowest – in 2013 and 2014.

During the correlation-regression analysis, relationships were established between the weather conditions of the vegetative period and the yield of dry phytomass of Switchgrass (table 2, Pic. 3).
2. Correlation between the weather conditions of the vegetative period and the yield of dry phytomass of Switchgrass, 2013–2016
	Indexes
	Vegetation year

	
	2013
	2014
	2015
	2016 
	2017 

	Average daily air temperature, °С
	-0.70
	-0.72
	-0.81
	-0.77
	-0.69

	The amount of precipitation, mm
	0.04
	0.02
	0.03
	0.02
	0.05

	Hydrothermal coefficient  
	0.31
	0.34
	0.64
	0.61
	0.37


Note: the connection is significant at the five-point significance level.
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Note: the connection is significant at the five-point significance level.
Pic. 3. Correlation pleiad of the dependence of the yield of dry phytomass of Switchgrass from weather conditions of the vegetative period, 2013–2017
The yield of phytomass of Switchgrass is determined by the average daily temperature of the air and the hydrothermal coefficient during the vegetative period: a strong and average correlation between these indicators  was established on the second and fifth-sixth years of life of the culture. The weak correlation between the amount of precipitation and the yield of Switchgrass is marked during all vegetation years of the culture. It suggests that the yield of dry phytomass of Switchgrass is largely determined by the average daily temperature of air and hydrothermal coefficient than the amount of precipitation during the vegetative period.

Conclusions:

1. The number of stems of Switchgrass varied within the limits from 213.5 to 395.4 pc./m.p. during the years of the study and was determined to a greater extent by the average daily temperature of air, to a lesser extent by the amount of precipitation and the index of hydrothermal coefficient during the vegetative period.

2. The height of plants varied from 141.5 to 192.4 cm. Amount of precipitation has a significant impact on this index (especially in 2014 and 2015), the average impact has amount of temperatures and a hydrothermal coefficient.

3. The yield of phytomass of the Switchgrass is determined by the density of stems and is largely dependent on the average daily temperature of the air and hydrothermal coefficient, the less significant effect has the amount of precipitation during the vegetation period.
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