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The study assessed the effect of the «EM-agro» drug on productivity, namely the increase in yields to 37 %, mainly due to the increase in the weight of berries. The inoculation of microorganisms into the ecosystem and their inclusion in the microbial groups of the leaf surface of grapes contributed to the removal of phenolic and colorants, the decrease of the activity of o-diphenol oxidase in the prototype and the prevention of the oxidation of phenolic substances. The results allow us to recommend the use of EM-preparations for organic viticulture and winemaking, both in terms of improving the productivity of grapes, and in view of improving technological performance.

Key words: grapes, EM-preparation, wine materials, organic viticulture, Agat Tayirovsky, Magic, Odessa pearls.
Formulation of the problem. Organic viticulture today is one of the main trends in the field of viticulture and winemaking. According to the Swiss Institute of Organic Agriculture (FiBL), in 2014 there were already almost 316,000 hectares of organic vineyards in the world, which is approximately 4.5 % of the total vineyard area in the world [7]. Compared to 2004, the area under organic vineyards has more than tripled, especially in the leading wine-growing countries – Spain, France, Italy, China and Turkey. Today in Europe, according to the principles of organic agriculture, 266 thousand hectares of vineyards are processed, which is more than 90 % of the organic vineyards of the world. In Ukraine, the area of ​​registered organic vineyards in 2014 was only 140 hectares, which is 0.2 % of the area of ​​all vineyards, but these areas are constantly increasing.

Analysis of basic research and publications. The main requirement of the fertilizer system in organic vineyard is to preserve the natural fertility and biological activity of the soil or increase it, and all preparations authorized for the use of plant protection have a natural origin and contact mechanism of action [7].

Such a requirement is explained by the negative influence of a number of pesticides on the quality of grapes and wine. Thus, in the processing of grapes, it was determined that with the increase in the amount of benzimidazole residue in the grape must, the fermentation activity is slowed down, especially when fermentation of red grape mash and the probability of a fermentation increase [10]. Fatienti and colleagues note that after fermentation, Saccharomyces cerevisiae, delta metrin, permethrin and phenvalerate are completely degraded, which can be explained by the action of yeast, while the fennic acids benalalxyl, folpe, furalaksil, metalaxyl and prodione, and persimidone remained unchanged (Fatihenti et al., 1983 and 1984) [10, 11]. In the final product found such substances as boscaland and fenheksamide, cyprodinil and dimetomorph, fludioxone, metalaxyl and prosymidone, azosisterobine and iprodione [8].

As a result of the analysis of commercial red, white and pink wines, fungicide residues have been found and pesticide pollution is a worldwide problem with potential health consequences for consumers and international trade [9].

Proceeding from the main requirements for organic viticulture, which concern the fertilization and protection of vineyards, the use of effective microorganisms is advisable as a preparation for the protection of plantings from major mushroom diseases in an organic way of conducting a culture. This concept was developed by Professor Teru Hig, Ryukyus University, Okinawa, Japan. The use of a mixture of preparations EM-A and EM-5 significantly accelerates mineralization of soil and contributes to lower soil acidity [13].
Positive results are obtained on one-year crops (grain, vegetable, etc.). Thus, EM used in combination with chemical fertilizers greatly increases the yield and nutritional properties of rice and wheat in comparison with these methods applied separately [14]. According to the data of I. Ivaz's research for three years, the use of pesticides has decreased by 70 % as a result of their replacement with EM-preparations. The introduction of beneficial microorganisms to enhance the growth and yield of crops such as cabbage and radish contributed to the density of cabbage heads and the softness of radish root crops that are stored for a longer period [16]. The use of EM- preparations positively influenced the growth of the root system and the aboveground parts of the apple rootstock [17].

According to Italian researchers, the positive effect of EM is also found on grapes [15].
In addition to improving soil fertility, improving the quality and quantity of crops, inoculated microorganisms can to a certain extent increase the tolerance of plants to stressful abiotic factors such as drought, high salt content in the soil, metal toxicity and high temperatures. As reported in the literature of recent decades, bacteria belonging to different genera, including the bacteria Rhizobium, Bacillus, Pseudomonas, Pantoea, Paenibacillus, Burkholderia, Achromobacter, Azospirillum, Microbacterium, Methylobacterium, Variovorax, Enterobacter, etc., provide tolerance to host plants to various abiotic stressors [12].

Thus, the analysis of research data of scientists of the wine-growing countries of the world confirms that improving the quality of agricultural crops, preserving the crop at all stages of the biological cycle of the plant is possible not only through the use of chemical fertilizers and pesticides, but also due to the inoculation of microorganisms to the range of cultivation of this crop. In Ukraine EM-preparations were used in grape seedlings in cereals such as barley [5, 6] and wheat [4], in perennials, particularly in vineyards [1].
The purpose of the research was to study the influence of the EM-agro preparation on the indicators of productivity and mechanical composition of the berries of promising forms of selection by the NSC «Institute of Viticulture and Wine named after V. Ye. Tairov»: Odessa pearl, Magic, Agat Tayirovsky and on the content of phenolic substances and their ability to return during technological operations.

Research tasks:

· to investigate the influence of the EM-agro product on the performance indicators (the number of clusters in the bush and their mass, the yield from the bush and one hectare) and the mechanical composition of the cluster (the mass of berries, the mass of the crests, the mass of the seeds, the mass of the skin, the mass of the wort and dense parts, the number of seeds in 100 berries, pieces) of red technical forms Odessa pearls, Charming, Agat Tayirovsky;

· to study the influence of the EM-agro preparation on the indicators of the phenolic complex of grapes and its oxidation resistance;

· evaluate the prospects of using EM preparations in wine growing and winemaking.

Materials and methods of research. The research was conducted in 2017 on vineyards of the NSC  «Institute of Viticulture and Wine named after V. Ye. Tairov», located in the village. Tayirove, Ovidiopol’sk district of Odessa region, 46 ° 21PhN 30 ° 39'31 SD. Type of soils is southern black earth, without irrigation. Scheme of formation is two-way horizontal boundary on a stump height of 80 cm.

The research material are:
- grapes of the early term of selection of the NSC «Institute of Viticulture and Wine named after V. Ye. Tairov» – Odessa pearl, Charming, Agat Tayirovsky. The mass concentration of sugars in the wort of all samples of breeding forms of grapes varied in the range of 180–226 g/dm3. The mass concentration of titrated acids has the highest value of 7.8 g/dm3 for the form of grape Odessa pearls, and the smallest – for grape form Magic (7.2 g/dm3).

- EM-preparations containing selected species of microorganisms dominated by lactic acid bacteria and yeast populations, as well as less photosynthetic bacteria, actinomycetes and other types of microorganisms. They are mutually compatible with each other and can coexist in a rare culture.
Table 1. Technological characteristics of grapes 
	Grape / grape variety
	Mass concentration of sugars, g/dm3
	Mass concentration of titrated acids, g/dm3
	pH

	Agat Tayirovsky
	226
	7.5
	3.3

	Odessa pearl
	186
	7.8
	3.8

	Charming
	180
	7.2
	3.4


Methods of research: during the growing season, the spraying of the surface of a grape plant (leaves and clusters) was carried out once every two weeks with a solution of EM-agro. For work, 1: 500 dilution was used. As a control, spraying grapes with water without EM was used. Picture 1 shows the stages (grape blossom, berry growth and berry picking) of grape processing Agat Tayirovsky form during the growing season.
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Pic. 1. Phogenic phases of the form Agat Tayirovsky at the time of shrub treatment shrub by EM-agro
Agrobiological indices and mechanical composition of the cluster were determined by the methodical recommendations of M. A. Lazarevsky (1963). The technological reserve of phenol and colorants was determined by colorimetric methods. The determination of the activity of o-diphenol oxidase was carried out using a photoelectrocolorimeter, measuring the activity of the enzyme at the rate of formation of blue-violet coloration of oxidized sulfur dioxide of diethyl para-phenyldiamine [2].

Research results. Yield is one of the main indicators of the productivity of grapes. As a result of the conducted research, it was found that the yield of investigated forms is quite high and fluctuates within 177.8 (Agat Tayirovsky) – 312.9 c/ha (Magic).

When applying grape processing, EM-preparations increase yields compared to control, which is explained by an increase in the mass of clusters from 9 % (Odessa pearl) to 30 % (Agat Tayirovsky).
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Pic. 2. Influence of EM-agro on the productivity of technical forms of grapes of breeding National Scientific Center «Institute of Viticulture and Wine named after V. Ye. Tairov»
The mechanical composition of the cluster of grapes is a varietal feature and varies widely. The value of the constituent elements of the cluster (comb and berries and their components) is investigated to determine the potential of new varieties of grapes and to direct them in processing.

It was established that the studied forms of grape Odessa pearl, Charming, Agat Tayirovsky differ by weight of constituents of clusters and berries; the mass of clusters varies in control samples within 160–220 g, and the mass of berries within 153–212 g.
The treatment of plantings by effective microorganisms positively affects the ratio of the components of the grape cluster and its mass. Growth mass of clusters was observed up to 40 %, mainly due to an increase in the mass of berries. Table 2 shows that the weight of berries for grapevine magic remains unchanged, and for the other two samples it increases to 30 % (Agat Tayirovsky).
Table 2. Influence of the EM-agro preparation on the mechanical composition of the grape cluster 
(National Scientific Center «Institute of Viticulture and Wine named after V. Ye. Tairov», 2017)
	Indicator
	Grape variety

	
	Agat Tairovsky
	Odessa pearl
	Charming

	
	Control
	Treatment by the  ЕМ
	Control
	Treatment by the  ЕМ
	Control
	Treatment by the  ЕМ

	Mass of cloves
	g
	160.0
	230.0
	220.0
	240.0
	220.0
	220.0

	The mass of berries
	g
	153.0
	220.0
	211.0
	231.0
	212.0
	212.0

	
	%
	95.6
	95.7
	95.9
	96.3
	96.4
	96.4

	Mass of crests
	g
	7.0
	10.0
	9.0
	9.0
	8.0
	8.0

	
	%
	4.4
	4.3
	4.1
	3.8
	3.6
	3.6

	The weight of the seed
	g
	2.0
	1.9
	1.5
	1.9
	4.8
	1.7

	
	%
	1.3
	0.8
	0.7
	0.8
	2.2
	0.8

	Peel weight
	g
	31.1
	31.5
	30.5
	28.5
	34.0
	34.8

	
	%
	19.4
	13.7
	13.9
	11.9
	15.5
	15.8

	Mass of wort and dense pieces of pulp
	g
	124.6
	194.4
	186.6
	208.2
	183.7
	186.5

	
	%
	77.9
	84.5
	84.8
	86.8
	83.5
	84.8

	Number of seeds in 100 berries, pieces
	pieces
	78.0
	72.0
	131.0
	64.0
	73.0
	71.0

	Solid residue *
	
	40.1
	43.4
	41.0
	39.4
	46.8
	44.5

	Structural indicator **
	
	3.1
	4.5
	4.6
	5.3
	3.9
	4.2


Note: * Solid residue is the sum of crests, peppers and seeds; 
          ** Structural indicator is the ratio of pulp to solid residue.

Influence of EM-agro preparation on technological indicators of red technical forms of grapes of selection of National Scientific Center «Institute of Viticulture and Wine named after V. Ye. Tairov»
The technological reserve of phenolic and colorants is one of the main indicators in the processing of grapes in a «red» way. To assess the ability of the grapes to return these substances, heated muscle to 70 ° and exposure at this temperature of 1 hour. It is established that as a result of heating the content of phenolic substances increases from 5 % for grape forms – Charming to 106 % (the shape of Odessa pearls). The mass concentration of phenolic substances (TK FR) in the investigated forms of grapes ranged from 742.7 to 1202.0 mg/dm3. The highest value corresponds to Odessa pearl shape. 

The results of the study of the influence of the EM-agro on the indicators of the phenolic complex of grapes are shown in pic. 3. It is determined that the treatment of grapes by the EM-agar preparation positively influences the extraction of phenol and colorants for all investigated forms. Thus, TZ FR for Agat Tayirovsky grapes increases by only 2 %, while for the grape forms Charming and Odessa pearls – by an average of 35 %. Similarly, the mass concentration of colorants is also changing. In addition, the shape of Odessa pearl is characterized by a better impact of colorants when heated relative to the phenol substances in the sample.
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Pic. 3. Influence of the EM-agro preparation on the indexes of the phenolic complex of grapes
Note: TZ FR - technological reserve of phenolic substances; TZ BR - technological reserve of coloring matters.

It is known that polymeric forms of phenolic substances contribute to the reduction of the binding and bitter taste properties of wines, and ensure the fullness of the taste of wines. Picture 4 shows the ratio of polymeric and monomeric forms of phenolic substances. The control samples of grapes are dominated by monomeric forms, and they account for 73–96 % of the total content of phenolic substances. As a result of processing of grapes, this figure is reduced by 5–15 % to the side of polymeric forms.
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Pic. 4. Influence of the EM-agro preparation on the ratio of polymeric and monomeric forms of phenolic substances of grapes
Chemical and enzymatic oxidation of phenolic compounds leads to the formation of highly effective intermediates (quinones) that interact with amino acids, resulting in a decrease in the content of sugar and alcohol, while volatile substances are formed. As a result, wines lose freshness, yellowing and drilling of wine are observed, loss of transparency and luster. Oxidation of phenolic substances occurs under the action of enzyme o-diphenoxidase and peroxidase. As a result of the research, a decrease in the activity of o-diphenol oxidase in samples of wine from all three forms of grapes treated with the preparation EM-agro was revealed. As can be seen from Pic. 5, due to the oxidation of these substances proceeds less intensively.
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Pic. 5. Effect of the EM-agro preparation on the preservation of phenolic substances from oxidation by reducing the activity of the enzyme o-diphenol oxidase
Conclusions:

1. As a result of the processing of experimental forms of grapes by EM-preparations, improvement of agrobiological indicators is observed, in particular, an increase in yields by 6–37 %, due to an increase in the mass of clusters to 40 %, mainly due to an increase in the mass of berries.

2. It was determined that processing of all experimental forms of grapes positively influences the extraction of phenolic and colorants (maximally increasing them to 35 % in the form of Magic and Odessa pearls). The ratio of monomers to polymers is shifted to the last. Simultaneously, the treatment with EM-agro drugs reduces the activity of o-diphenol oxidase in the prototype, thereby preserving the phenolic substances from oxidation.

3. The use of EM-preparations can be recommended for organic viticulture and winemaking, both in terms of improving the productivity of grapes, and in view of improving technological performance.
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