© 2017

Kulyk M. I., Candidate of Agricultural Sciences
Poltava State Agrarian Academy

YIELD OF SWITCHGRASS FITOMAS DEPENDING ON THE FERTILIZING APPLICATION 

Reviewer – Doctor of Agricultural Sciences, Professor M.Ya. Shevnikov
We established change of elements of the productivity (heights and densities of stemstanding) of millet switch grass depending on application of the additional of fertilizing during the spring vegetation of plants. We established the influence of the foliar additional of fertilizing is certain preparation of «Kristalon» on the productivity of phytomass culture in the period of research. Correlation dependences are resulted between the quantitative indexes of plants of third-fifth year of vegetation and productivity of phytomass. It is certain that the productivity of vegetative above-ground mass of millet switch grass is stipulated maintenance of dry matter in phytomass, by the amount of stems on unit of area, in less degree – by the height of plants on a background application of the spring additional fertilizing.
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Statement of the problem. Currently, the growth dynamics of the world's population, and industralization processes in the economy (and increase the rate of production as its consequence) caused growth of volumes of consumption energy resources in the world. The most rapid rate is observed in the countries of Asia and especially China, whose share accounted for almost half of global the increase in energy consumption [1]. 

Production, supply and consumption of non-renewable energy resources lead to a significant negative impact on the environment and human health. Modern energy makes significant emissions of carbon dioxide, methane, sulfur oxides, nitrogen oxides and volatile organic compounds [10]. Ukraine is included in the list of countries that have signed and ratified the framework Convention of UN on climate change [2] and Kyoto Protocol [3] for the protection of the climate system for present and future generations. Therefore there is a need in the performance of obligations to reduce gas emissions by 2030.

Simultaneously, in the shortage of energy resources more attention is paid on the possibility of using energy crops and crop residues of agricultural firms as alternative energy sources. Development of programs of produce of fuel from renewable raw material will reduce in the future the shortage of hydrocarbons for fuels produce. The global industry of alternative energy sources is characterized by a wide range of legislative and regulatory development and government programs pointed to increase of biofuel production in a certain country [5]. As a result, the world has witnessed a steady increase in production energy resources from renewable sources, including a significant development gain energy of biological origin. However, in Ukraine only 2 % of consumed energy from its total volume is produced from biomass, whereas in Western Europe it’s 10–12 %, and in some Scandinavian countries it’s from 17 to 40 %.

Therefore, the scientific community focuses on the possibility of providing an energy demands based on renewable energy sources, namely sustainable development of bioenergy through the use of the existing resource base. Numerous publications of scientists and practitioners who already have experience of the use of renewable resources energy highlight significant achievements and prospects of our state in reducing energy dependence, strengthening the economic and national security in general. Therefore, the study of the aspects and improvement of technology of cultivation energy crops for the use of their raw materials for biofuel production is urgent issue of our time. 

Analysis of main researches and publications concerning this problem. According to natural and economic factors Ukraine belongs to countries with favorable conditions for food security, has a high potential for creating a stable market of energy cultures and use its raw materials in the biofuel industry [8].

As G. G. Geletukha, T. A. Zhelezna, A. I. Bashtovyi noted [6], the main criteria for the selection of option in commercial projects is to maximize profits from the sale of thermal and electric energy. Available quantity of biomass fuel is the limiting factor. This problem can be solve by growing of energy crops in an industrial scale on the non-agricultural purposes land, contaminated and degraded soils.

For a long time, domestic and foreign scientists are studying the possibility of using of biofuel potential of energy crops, of which the most common are representatives of the genera Miscanthus, Salix, Populus and Panicum (millet protopage – to further switchgrass).

Switchgrass in our country is well adapted to the growing conditions, creates a powerful stalks, higher yields of biomass (feedstock for biofuels) and provides a stable seed production [12, 14]. But the application of fertilizers during many years growing cycle of plants switchgrass is solved not in full.
During vegetation period energy crops use from soil some amount of major nutrients: nitrogen, phosphorus and potassium, and trace elements, therefore can be soil depletion. We must therefore explore ways to preserve and restore the balance of humus and NPK in the soil due to plants fertilizing in the vegetation period, especially when growing energy crops on nutrient-depleted deficiency soils, eroded and degraded lands.

Currently, a significant quantity of fertilizers and preparations for foliar fertilizing of plants are registered. The effect of some of them on energy crops is already studied, but not enough concerning others. Some of these are complex fertilizers in group «Crystalone» (special, yellow, brown), which are chelated in nature, contain in its composition a balanced ratio of macro- and micronutrients, used in intensive technologies of cultivation of grain crops and as a complement to the traditional system of mineral fertilizing of plants [7].
The purpose of the research was to research the influence of the spring fertilization on the formation of quantitative indicators of plant and productivity of above-ground vegetative mass of switchgrass during for many years growing cycle.

According to the research objectives we delivered the following tasks:

1) to determine the variability of quantitative indicators of switchgrass plant growing depending on plants fertilizing.

2) to determine the influence of fertilizing on switchgrass yields by the dry vegetative mass.

3) to make correlation and regression analysis of quantitative indicators of plant with switchgrass biomass productivity.

Research methodology. Experimental work was carried out on the basis of Poltava State Agrarian Academy on international scientific issues «Pellets for Power» (2011–2013) and the state scientific-research theme «Agroecological foundations of energy crops growing in Ukraine» (2014–2017).

The experience was laid in the central part of Forest-Steppe zone on degraded soil with following agrochemical characteristics: humus – 2,07 %; nitrogen – 44,8; phosphorus – 65,0, potassium – 113,0 mg per 1 kg of soil. 

During 2011–2015 we studied a variety of switchgrass Cave-in-rock on different options: option 1 – control (without fertilizing), option 2 – a single foliar fertilizing with «Kristalon Special» during the resumption of vegetation, option 3 – two-time foliar fertilizing with «Kristalon Special» during the resumption of vegetation and spring tillering.

«Kristalon Special» is water-soluble complex fertilizer of the Norwegian company «Norsk Hydro» with a balanced ratio of macro- and microelements on a chelate basis. The application rate is 4 kg/ha, the volume of the working solution is 230 l/ha. Contains, %: N – 18,0 (N-NO3- – 4,9; N-NH4+ – 3,3; N-NH2 – 9,8); P2O5 – 18,0; K2O – 18,0; MgO – 3,0; S – 2,0; B – 0,025; Cu – 0,01; Mn – 0,04; Fe – 0,07; Mo – 0,004; Zn – 0,025 [7, 11].

In the process of long-term research, we used the standard techniques [4] and special – for the experiment and registration of plants quantitative parameters [9, 13]. 

Switchgrass phytomass yield was determined by cutting of sheaf samples, weighing them, drying the samples and calculated on the dry weight, taking into account the moisture content of raw materials [15]. 

We processed the tested in experience results by modern statistics methods with the use of licensed computer programs Excel and Statistica 6.0.

The research results indicate a significant influence of fertilization on the quantitative indicators of switchgrass plant varieties Cave-in-rock (table 1–2).
1. The influence of fertilization on the switchgrass quantitative indicators 
(number of stems, pieces/running metre) of the third to fifth vegetation years, 2013–2015
	Options (Factor A)
	Year (Factor B)
	The average for the years

	
	2013
	2014
	2015
	

	Variant 1 (control)
	213,5
	316,7
	395,4
	308,5

	Option 2 (one fertilization)
	245,8
	325,3
	411,8
	327,6

	Option 3 (two fertilization)
	312,4
	375,5
	437,2
	375,0

	НІР05 (Factor А)
	25,3
	7,4
	15,3
	-

	НІР05 (Factor  В)
	9,8


The number of stems of switchgrass plants of the third to fifth years of vegetation tended to increase according to years from 213,5 to 395,4 pieces/running metre (control options); on options with feeding with «Kristalon Special» it was from 245,8 to 437,2 pieces/running metre. On average, compared with the control, plants fertilizing increased this indicator on 66,5 pieces/running metre.
2. The influence of fertilization on the switchgrass quantitative indicators (plant height, cm) 
of the third to fifth vegetation years (2013–2015)
	Options (Factor A)
	Year (Factor B)
	The average for the years

	
	2013
	2014
	2015
	

	Variant 1 (control)
	141,5
	155,8
	192,4
	163,2

	Option 2 (one fertilization)
	167,9
	177,3
	208,4
	184,5

	Option 3 (two fertilization)
	182,1
	196,4
	213,5
	197,3

	НІР05 (Factor  А)
	13,2
	17,4
	3,8
	-

	НІР05 (Factor  В)
	8,7


The height of the plants on the variants without fertilization with «Kristalon Special» ranged from 141,5 to 192,4 cm, and with «Kristalon Special» it was from 167,9 to 213,5 cm. The highest values for this indicator were obtained on the variants with double crops fertilizing. Compared to the control, in average for research years, the fertilization increased plant height on 34,1 cm. 

Quantitative indicators of the plants (especially when applied fertilization) had a certain influence on the dynamics of the yields of dry phytomass of switchgrass (see picture).
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НІР05 (year) – 1,3 t/hа, НІР05 (feeding) – 0,57 t/hа.

The influence of fertilizing on switchgrass dry phytomass yields of varieties Cave-in-rock, 2011–2015
During research years the switchgrass dry phytomass yields of varieties Cave-in-rock varied from 2,9 to 11,5 t/ha, on average for the years it was 8,5 t/ha (control); at variants with one time fertilizing it was from 3,1 to 12,2 t/ha, average is 9,0 t/ha; at variants with twice time fertilizing it was from 3,2 to 13,1 t/ha, average is 9,6 t/ha. Application of foliar fertilizing of switchgrass plants on the first-second vegetation year doesn’t have significant effect on the phytomass yield, but beginning the third year this agronomic practice has increased this rate and extended the productivity term of switchgrass crops.

Due to the correlation and regression analysis we founded the correlation between quantitative indicators of the plants and switchgrass phytomass yields on the background of the application of a crops spring fertilizing (table 3).
3. Correlation between the switchgrass phytomass yield of variety Cave-in-rock and quantitative plants indicators of the third to fifth vegetation year, 2013–2015
	Quantitative indicators
	Growing year

	
	Third
	Fourth
	Fifth

	Plant height, cm
	0,46
	0,51*
	0,52

	The number of plants, pieces/running metre
	0,63*
	0,68*
	0,84*

	The dry matter content in phytomass, t/ha
	0,65*
	0,85*
	0,82*


Note: * – correlation is significant at 5 % level of significance
The switchgrass phytomass yield with the content of dry matter and stand density in the third vegetation year has a linear correlation of moderate strength that increases on the fourth or fifth year of cultivation on the options with plants fertilizing. The average correlation of plant height and phytocenosis productivity marked at the fourth vegetation year, in other years the correlation is not significant. It suggests that the yield of above-ground vegetative mass of switchgrass is more determined by the content of dry matter in phytomass, number of stems per unit area, and to a lesser determined by the plant height with spring foliar fertilizing.

Conclusions: 

1. Spring foliar fertilizing of switchgrass phytocenosis varieties Cave-in-rock with «Kristalon» significantly increases the dry matter content in phytomass (average 23,7 %) and number of stems (average 66,5 pieces/running metre) – productivity elements that are crucial in the growth of crop yield. This is confirmed by the significant correlation between these indices and culture phytomass yield of the third to fifth growth years.

2. The highest yield (more then 12,0 t/ha) of dry aboveground vegetative mass of switchgrass varieties Cave-in-rock is formed by two-time fertilizing with «Kristalon» during the vegetation resumption and spring tillering of plants in the third to fifth year of cultivation.
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