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The author presents the results of studying (2013–2015) the effects of the biological preparations «Atonik Plus» and «Vapor Gard» foliar application in apple orchards on the formation of fruits quality indicators (the content of dry soluble substances, organic titrate acids and sugars). The object of the research was the summer variety Yamba. The usage of «Atonik Plus» before the second wave of the ovary abscission and harvesting the crop increased the content of dry soluble substances and sugars, and reduced the accumulation of titrated organic acids in fruits. This application improved their taste. The best variant of the antitranspirant «Vapor Gard» was spraying at the first wave of the ovary abscission and before harvesting, namely: the sugar content in fruits increased as it is compared to the control.
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Statement of the problem. The use of fertilizers is of great importance for obtaining high yields in intense fruit orchards. It contributes to ensure the demand of plants in mineral nutrition. However, fertilizing the soil does not always enable to achieve fully this goal [3]. This situation can be corrected by spray nutrition during the growing season. It adjusts top-dressing of trees and prevents from the development of functional disorders in plants [5]. In connection with the requirements regarding the maximum ecologization of agricultural production, increasing safety for the environment and human being the preparations harmless for warm-blooded organisms are of primary importance [11]. The apples assortment is constantly renewed, and it sets new tasks for the application of ecologically safe preparations and determining the peculiarities of their impact on fruit quality parameters.

Analysis of recent research and publications, which initiated solving of the problem. Apple ranks first among the fruit and small fruit crops in Ukraine. However, in the scientific literature there is lack of information about the influence of foliar nutrition with biological products on the apple fruit quality.

Analyzing the consumer’s basket of our country, we can affirm with confidence that there among foodstuffs the basic position belongs to potatoes and bread. At the same time the requirement in the fruits and small fruits is met only by 35–45 % [9]. Fruits and vegetables are the main source of many mineral elements that are necessary for a human organism [8], e.g. apples contain a significant amount of sugars, organic acids, pectin. According to the data of different authors, the average physiologically necessary apple consumer rate for a human being is 60–70 kg. To ensure the full value nutrition of the population it is necessary to balance as better as possible the annual plan for the supply of high quality fresh fruit.

Currently, the interaction of macro- and microelements from the soil, plants, animals and man acquires special importance in connection with the intensification of agriculture and necessity of the environment protection from possible contamination with fertilizers, herbicides, pesticides, industrial waste and other technogenic materials [15].

In keeping with literature data, foliar application has a positive effect on the strength of flowering, increases the number of flower buds and stimulates fruit formation, reduces the ovary and fruit abscission and facilitates their attachment to the fruit-bearing spur [1, 6].

 When using foliar fertilization the amount of nutritive and physiologically active substances placed through the leaves can be by 1,5–2 times more than other form of fertilizing [11].

Under the influence of foliar treatment of macro- and microelements and chelae fertilizers significant increase of the content of DSS (by 12–32 %), ascorbic acid (6–15 %), soluble sugars (8–13 %), soluble pectin (6–15 %) and protopectin (by 8–15 %) in the fruit was observed as compared to the control. The treatment with combined fertilizers had a positive effect on the level of integrated nutritive and vitamin value of apple [10].

Moldovian researchers established that the use of microelements improved the fruit coloring, increases the content of DSS, vitamin C, tannins, pectin synthesis increases, strengthened decreased acidity. In micronutrients processed fruit growing resistance to fungous diseases, cracking and mechanical damage during harvesting, packaging and transportation. Physiologically active substances are directed to influence the processes of the fruit development, they may improve significantly their quality, accelerate or delay ripening, improved storability and increase the resistance to physiological and microbiological losses during long-term storage [1].

Inland scientists conducted researches as regards the effect of combined macro- and microelement on apple fruits qualitive characteristics. But the investigation concern did not study biopreparations of the new generation. The published data do not fully describe the impact of biological preparations just on consumer and commercial quality of the apple grown in the Right Bank part of the Forest-Steppe zone of Ukraine that’s why this problem demands more detailed studies. 

The purpose of the research is to study the influence of the preparations «Atonik Plus» and «Vapor Gard» on the formation of marketable and consumer qualities of the fruits of summer apple variety Yamba grown in the Right Bank of the Ukraine’s Forest-Steppe.

The task of the exploration is to determine the effect of phitostimulator «Atonik Plus» and antitranspirant «Vapor Gard» on the formation of marketable and consumer signs of the apples of summer sort.

Methods of the research. The researches were conducted in the laboratory of the post-harvest processing of fruits at the Institute of Horticulture (NAAS) during 2013–2015. The samples were selected in accordance with ISO 874 [4] in the experimental orchards of the State Enterprise «Experimental Farm (EF) Novosilky» of the mentioned institute, planted in 2002 (4x3 m), the crown shape is orbicular, the rootstock 54-118, without irrigation, soil maintenance system natural ground cover. The fruits biochemical composition was determined in accordance with «Methods of assessing the quality of fruits and berries» [7].

The trees liquid top-dressing was carried out using the preparations «Atonik Plus» and «Vapor Gard». «Atonik Plus» is phytostymulant, regulator of growth and fruit-bearing on the natural basis with an obvious regenerative and anti-stress effect. «Vapor Gard» is a natural antitranspirant, surface active agent, used, in particular, for fruit crops to reduce transpiration, improvement of the products quality and increase productivity. These preparations are characterized by high level of safety for human being and the environment.

In the experiments the trees leaf surface was sprayed by the working solution. Each version has 6 registration trees. The variant and period of the treatment and rates of the preparation consumption are presented in the plan of the experiment (table 1).

The control for all the variants of the experiment was treatment of trees with water and biologically active substance in the terms recommended by a manufacturer, including «Atonik Plus» – during flowering, the intensive growth and development of fruits and before harvesting («Atonik I») and «Vapor Gard» for 3–4 weeks before harvesting fruits («Vapor Gard» (VG) variant 3).

Table 1. Plan of the experiment

	Variants of the experiments
	Variants of  the foliar application

	Treatment with H2O (control)
	In the bloom period
	The first wave of the ovary abscission
	The second wave  of the ovary abscission
	3–4 weeks before harvesting

	«Atonik Plus I»
(«Atonik I»)

 (0,2 l/ha) (C1)
	In the bloom period
	Before the second wave of the ovary abscission
	3–4 weeks before  harvesting

	«Atonik Plus II»
 («Atonik II») 

(0,2 l/ha) (V1)
	Before the second wave of the ovary abscission
	3–4 weeks before  harvesting

	
	
	

	«Vapor Gard III»
 (1% solution) (C2)
	3–4 weeks before  harvesting

	
	

	«Vapor Gard I» 
(VG I) 
(1% solution) (V2)
	During the first wave of the ovary abscission
	3–4 weeks before  harvesting

	«Vapor Gard II» (VG II) 
(1% solution) (V3)
	During  the second wave of the ovary abscission
	3–4 weeks before  harvesting


The sum of active temperatures above 10 °C from the early flowering to harvesting in 2013 was 1802,5 °C and the precipitation amount – 133 mm, and the hydrothermic coefficient (HTC) – 0,74. In 2014 the precipitation during the mentioned period was higher than in the previous year by 2,4 times (323,2 mm), the sum of active temperatures above 10 °C was at a level of 2013, the moistening coefficient was 1,8. The period of flowering and fruit growth in 2015 was characterized by a smaller sum of active temperatures above 10 °C than in 2013 and 2014 (by 97,6 and 94,7 °C respectively), and the precipitation amount at a level of 63,2 mm provided HTC 0,37.

Results of the research. The optimal moistening of the territory the period from flowering to harvesting in 2013 according to the indication of HTC (0,74) contributed to the accumulation of mass by the fruits of the investigated cultivar in all variants. For example, in the control of H2O this value was 127 g, of the biological preparations – 130 g, that is by 15 g less than while using «Atonik Plus» before the second wave of ovary abscission, and by 11 g than in variant 2 (spraying with «Vapor Gard»).

The great precipitation amount (323,3 mm) and HTC at a level of 1,8 during the fruits consumer maturity effected the accumulation of their mass in 2014, which in the variant of treatment with water was 117 g. When foliar spraying with «Atonik Plus» was conducted before the second wave of ovary abscission the fruit mass was 20 and 13 g higher as compared with the control treatment with this preparation and water respectively. When using «Vapor Gard» significant difference between these variants was not observed.

In 2015 HTC was 0,37 that is lower than in the previous year, and in 2013 by 1,43 and 0,77 respectively. Under such conditions the mass of apples during harvesting when applying «Atonik Plus 1» and in control 1 was 104 and 111 g respectively depending on the treatment variant. When using «Vapor Gard» during the second wave of the ovary abscission this index was by 4 g higher than before harvesting.

On the average for 2013–2015 in the control variants (spraying with water, «Atonik Plus» and «Vapor Gard») the fruit mass was lower than in the experiment ones. When applying «Atonik Plus» before the second wave of the ovary fall the mass was +7 % of the control with H2O and 4 % of that with this preparation in the average for the research years. 

Table 2. Content of organic substances in the fruits of the apple variety Yamba depending on 
the treatment of growing and year

	Variants of  the foliar application
	Year of studies
	Content, %

	
	
	dry soluble substances
	sugars
	titrated organic acids

	Control (C)
	2013
	10,5
	7,6
	0,81

	
	2014
	10,3
	6,8
	1,16

	
	2015
	11,4
	6,1
	1,26

	
	average
	10,7
	6,8
	1,08

	«Atonik I» 

 (C1)
	2013
	9,9
	7,4
	0,87

	
	2014
	10,7
	6,9
	1,02

	
	2015
	12,2
	6,9
	1,25

	
	average
	10,9
	7,1
	1,05

	«Atonik II» 
 (V1)
	2013
	10,5
	7,7
	0,67

	
	2014
	10,5
	7,0
	1,12

	
	2015
	12,0
	6,6
	1,21

	
	average
	11,0
	7,1
	1,00

	«Vapor Gard III»
 (C2)
	2013
	10,1
	7,7
	0,70

	
	2014
	10,4
	6,9
	1,09

	
	2015
	11,5
	6,9
	1,19

	
	average
	10,7
	7,2
	0,99

	«Vapor Gard I»
 (V2)
	2013
	9,9
	7,8
	0,76

	
	2014
	10,9
	7,0
	1,06

	
	2015
	11,4
	7,3
	1,25

	
	average
	10,7
	7,4
	1,02

	«Vapor Gard II»
 (V3)
	2013
	10,1
	7,7
	0,67

	
	2014
	10,9
	6,3
	1,09

	
	2015
	11,6
	6,6
	1,21

	
	average
	10,9
	6,9
	0,99



In 2013 the sum of precipitations in the variant with the H2O treatment for the period from the start of flowering to harvesting the fruits was 133 mm, the content of dry soluble substances in them at the time of the beginning of the economic maturity was 9,8 %. The accumulation of them in the control variants of the treatment with «Atonik Plus» and «Vapor Gard» was more than 1 and 3 % respectively as compared to spraying with water. The amounts of DSS when using preparations before the first and the second waves of the ovary abscission was 10,5 %, that the first of those is by 7, and 6 % more than in the control of H2O and «Atonik Plus» respectively. The accumulation of dry soluble substances in the fruits, while applying «Vapor Gard» was not significantly effected by the treatment.

In 2014 the amount of precipitations in the period from the start of flowering to harvesting (323,3 mm) influenced the accumulation of DSS – their content in all variants was higher than in the previous year. But difference as for this index between spraying variants exists. For example, when treating with water the fruits accumulated 10,3 %; 10,7 and 10,4 % of those substances respectively in the control variants with «Atonik Plus» and «Vapor Gard». When using the first of this preparation a greater amount of substances was marked when spraying with it thrice. The usage of «Vapor Gard» in the research variants in 2014 increased the DSS content by 6 and 5 % as compared to the control (H2O) and this preparation respectively.

The inconsiderable amount of precipitations (63,2 mm) for the periods of flowering and fruits ripening in 2015 contributed to the accumulation of these substances by fruits. Thus, their number in the control variant of H2O was 11,4 % when using «Atonik Plus» the highest DSS content (12,0 %) was noted spraying it before the second wave of the ovary abscission. The application of «Vapor Gard» had no significant effect on these substances accumulation.

In the average for 2013–2015 the least amount of them was fixed in the variant of treatment with H2O (10,5 %). Spraying fruits by «Atonik Plus» and «Vapor Gard» studied options was 2 % higher than in the control of these preparation.

Sugars as regards the tendency of accumulation are like DSS as they are their essential components [13]. However, in 2013 and 2015 the violation of this trend was marked. For example, in 2013 when the sum of efficient temperatures above 10 оC during the period from the beginning of flowering to harvesting was 1802,5 °C the content of sugars (from 7,3 %  –  control with H2O to  7,8 %  –  «Vapor Gard» at the first waves of the ovary falling) was higher as compared to forthcoming years. The «Atonik Plus» foliar application before the second wave of the ovary abscission impacted positively accumulation of these substances – their number in this variant was 7,7 %, treatment  with the mentioned preparation while in the control 7,4 %, and with H2O – 7,3 %. Using «Vapor Gard» (control and the second wave of the ovary abscission) contributed to the increase of the sugar accumulation by 0,4 %, while the first wave by 0,5 % in comparison with water spraying.

A large precipitations sum (323,3 mm) in 2014 effected negatively the accumulation not only of DSS, but also of sugars – these substances content was lower than in other years.

In 2015 the amount of active temperatures > 10 °C for the period from the start of flowering to harvesting the fruits was 1704,9 °C. The smallest number of these substances (6,1 %) was fixed in the variant of treatment with water. The apples, which were in the state of economic maturity of the consumer is value when spraying with «Atonik Plus» (three and double spray) did not differ to a great degree but in comparison with the control H2O appeared by 13 % higher. The significant difference concerning the sugar content was observed in the plantations, treated with «Vapor Gard» at the first wave of the ovary fall – by 0,4 and 0,7 % more than at the control spraying with this antіtranspirant and water respectively. The fruits treated by «Vapor Gard» at the second wave of the abscission ovary contained 6,6 % of sugars, that is by 0,5 % more than in the control of water, but less in comparison with spraying by this preparation.

In the average for the years of the observations the amount of sugars in the apples ranged from 6,7 % (spraying water) to 7,4 % (the application of «Vapor Gard» at the first wave of the ovary falling). The best effect on these substances content in the fruits was made by the treatment with «Atonik Plus» before the second wave of the ovary abscission and with «Vapor Gard» at the first wave, when the number of sugars was 7,2 and 7,4 % respectively.

The important factor at the normal apples taste are organic acids – too high their content violates the sugar-acid balance. High acidity prevents from the fresh fruits use and restricts their suitability for processing [14]. The essential impact on these substances is accumulation makes the sum of active temperatures above 10 °C during the period of the fruits growth and development. In 2013 the least number of organic acids in apples was fixed, when the sum of these temperatures in the mentioned amounted to 1802,5 °C. In the spraying by «Atonik Plus» (C1) the titrated acids content was 0,87 %, which is 0,2 % higher than using «Atonik Plus» before the second wave of the ovary fall. When treating with «Vapor Gard» the fruits at the first wave of the ovary abscission contained 0,76 % of organic acids and at the second wave 0,67 %. At the same time the application of the phytostimulator and antitranspirant the amount of organic acids was less than in the control with water.

In 2014 the sum of active temperatures above 10 °C amounted to 1799,6 °C was almost at the level of 2013. But a large amount of precipitations (323,3 mm) in 2014, in the period from the beginning of flowering to the economic maturity of apples increased the content of titrated organic acids in them, especially in the control of H2O increased 1,16 %. The triple spray with «Atonik Plus» reduced the accumulation of these substances (1,02 %) in 2014. In the mentioned year when treating with the antitranspirant at the first wave of the ovary fall the number of organic acids was 1,06 %, that is by 0,6 and 0,3 % less than when using this preparation in the control of it and at the second wave of the ovary abscission respectively.

In 2015 the smallest sum of active temperatures above 10 °C for the three years of observations (1704,9 °C) during the period from the beginning of flowering to harvesting, contributed to the accumulation of a larger number of titrated acids. The amount of them varied from 1,19 % (in the control with «Vapor Gard») to 1,26 (in the variant with H2O).

The results of studying the organic acids content in fruits of the investigated variety showed that the average for the years of the observations the lowest content of titrated organic acids was when using «Vapor Gard» in the control and at the second wave of the ovaries falling (0,99 %) and «Atonik Plus» before the second wave (1,00 %).

The organoleptic indices of fruits, namely: the intensity of color, taste and pulp consistency distinguished significantly in the variant of spraying apples with «Atonik Plus» before the second wave of the ovary abscission as well as «Vapor Gard» at the first wave. Their results of tasting showed that the fruits treated with the antitranspirant at the first wave of the ovary fall are characterized by high taste qualities.

Conclusion. The investigation enable to conclude that spraying the apples of the cultivar Yamba with the preparation «Atonik Plus» before the second wave of the ovary abscission and harvesting, and with «Vapor Gard» at the first and second waves as well as when gathering fruits improves their quality, namely: increases the content of the dry soluble substances and sugars.

«Atonik Plus» must be used in the second half of the growing season, and «Vapor Gard» at the first wave of the ovary fall.
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