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The influence of fertilizers on the productivity of potato tubers in the conditions of the Right-Bank Forest-Steppe of Ukraine was investigated. It was established that the highest mass of tubers was obtained from the combined introduction of organic and mineral fertilizers with the norm of background + N120P120K120 in the middle-grade varieties – 616 g. The high yield of potato tubers was characterized by medium-grade varieties (Vera, Slovianka, Nadiina), while the highest yield was set in the variant (background + N120P120K120) – 38.8 t/ha. Biochemical analysis revealed that the content of starch in potato tubers depended on the variety and background of nutrition, with the highest rate of 17.2 % in the version (without fertilizers).
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Formulation of the problem. The decisive factor in the reproduction and enhancement of soil fertility and the high yields of agricultural crops is the use of mineral and organic fertilizers [8].

Efficiency of application of fertilizers on crops of potatoes in different agroclimatic zones differs considerably. These studies have shown an increase in the indices of the elements of productivity and yield of the studied sorts after influence of fertilizers. However, depending on weather and climatic conditions, the optimal dose of fertilizer application varies. Therefore, the question of the effectiveness of fertilizers using in the conditions of the Right-Bank Forest-Steppe of Ukraine needs a specific study.
An analysis of the latest research and publications on this problem. The optimization of plant nutrition is the main criterion for yield and quality managing. The optimization of plant nutrition based on the principle of nutritional comfort, that is, the creation of such conditions that ensure the absence of stress in plants from the lack of nutrients, the positional availability of their root system, prolongation of fertilizer with the optimal environmental factors. The share of fertilizers, in the optimal conditions, accounts for 35–50 % of the total increment of crop [5].

Fedoruk Yu. V., Molotsky M. Ya. recommend the average norms of manure under potato on soddy-podzolic and podzolic soils of Polissia is 50–60 t/ha, in areas of stable moisture of Forest-Steppe is 40–50 t/ha, in areas of insufficient humidification is 20–25 t/ha [7].

During growing of potatoes on the dark-gray podzolized soils of the western Forest-Steppe after winter wheat, it is recommended to add mineral fertilizers in the norm N85P60K105 on the background of 40 t/ha of manure [6].

According to I. M. Gnatiuk [2], in the conditions of the western Forest-Steppe of Ukraine, the largest yield of potatoes of the Mavka and Lugovska sorts (342 and 412 centners per ha) was obtained at a planting according to the scheme 70x20 cm and 50 t/ha of manure + N90R90K90. Fertilizers had the greatest impact on the increase in yields: 42.2 % in the Mavka sort and 54.7 % in the Lugovska sort.

The highest potato crops are grown owing to the combined of introduction of organic and mineral fertilizers. The approximate norms of mineral fertilizers recommended for potatoes (kg/ha), taking into account the soil-climatic conditions, on the soddy-podzolic, gray forest loamy soils is N90P70K120, on the turf carbonate soils is N90P60K120, on the typical black earths is N45P60K60 [3].
On the basis of the foregoing, it is evident that the efficiency of potato production depends strongly on the application of fertilizers.
The purpose of the study was to study the influence of fertilizers on the growth and productivity of different potato sorts in the conditions of the Right-Bank Forest-Steppe of Ukraine.
Material and methods of research. Research was conducted on the experimental field of the training and production center «Podillia» of the State Agrarian and Engineering University in Podillia during 2015–2017.
The soil of the experimental field is the typical black earth, slightly humus, medium loamy on loess loam. The content of humus (according to Tiurin) in the soil layer of 0–3 cm is 3.6–4.2 %. The content of nitrogen compounds that are easily hydrolyzed (according to Cornfield) is 98–139 mg/kg (high), mobile phosphorus (according to Chirikov) is 143–185 mg/kg (high) and exchangeable potassium (according to Chirikov) is 153–185 mg/kg of soil (high). The amount of absorbed bases ranges from 158 to 209 mg eq./kg. Hydrolytic acidity is 17–22 mg eq./kg, the degree of saturation with the bases is 90 %.
The climate is moderately continental. The average annual air temperature is 7.8 оС. Winter in the Right-Bank Forest-Steppe is little snow, with frequent thaws. The average duration of a frost-free period is from 117 to 136 days. The average daily air temperature rise above 10 °C in the spring occurs in the third decade of April. The end of these temperatures is observed in the first decade of October. The period with an average daily temperature above 10 °C lasts an average of 160–165 days. The sum of active temperatures is 2765 °C. The hydrothermal coefficient in the region is 1.4. The amount of precipitation and humidification are the smallest in the region and fluctuate within 620 mm, although they are optimal for the development of plants.
Study of the influence of fertilizers on the growth and productivity of different potato sorts:
Factor A (fertilizers): option I – without fertilizers (control); option ІІ – 40 t/ha of manure (background); option III – background + N60P60K60 kg/ha; option ІV – background + N90P90K90 kg/ha; option V – background + N120P120K120 kg/ha.
Factor B (varieties): medium-early – Dyvo (control), Legenda, Malynska bila; medium-ripeness – Vira, Slovianka (control), Nadiina; medium-late – Oksamyt (control), Alladin, Dar.

Registration area with fertilizers was 450 m2, with potatoe sort – 50 m2. Repeat is four times.

Phenological observations, biometric and physiological-biochemical studies were performed according to the methods of G. L. Bondarenko, K. I. Yakovenko, V. F. Moiseichenko [1, 4].

Research results. The results of the research show that the combined application of organic and mineral fertilizers contributes to increasing the growth intensity and increase the yield of potato (see table).
Influence of fertilizers on the productivity of potato tubers (average for 2015–2017)
	Fertilizers
	Average mass, g
	Starch, %
	Harvest, t/ha
	Increase in the yield of tubers, t/ha

	
	whole plant
	tubers
	hemp
	
	tubers
	starch
	

	Medium-Early Sorts (average)

	No fertilizer (k*)
	934
	455
	47.9
	16.8
	28.6
	1.7
	-

	40 t/ha of manure (background)
	978
	493
	485
	16.4
	31.0
	1.8
	2.4

	background + N60P60K60
	1052
	529
	523
	15.7
	33.3
	2.1
	4.7

	background + N90P90K90
	1108
	588
	520
	14.8
	37.0
	2.5
	8.4

	background + N120P120K120
	1216
	614
	602
	14.7
	38.6
	2.6
	10.0

	Medium-Ripeness Sorts (average)

	No fertilizer (k*)
	976
	464
	512
	17.2
	29.2
	1.6
	-

	40 t/ha of manure (background)
	1034
	498
	536
	16.7
	31.3
	1.8
	2.1

	background + N60P60K60
	1100
	544
	556
	15.8
	34.2
	2.1
	5.0

	background + N90P90K90
	1201
	593
	608
	15.1
	37.3
	2.4
	8.1

	background + N120P120K120
	1371
	616
	755
	14.9
	38.8
	2.6
	9.6

	Medium-Late Sorts (average)

	No fertilizer (k*)
	837
	423
	414
	16.4
	26.6
	1.6
	-

	40 t/ha of manure (background)
	1064
	474
	510
	15.7
	29.8
	1.8
	3.2

	background + N60P60K60
	1293
	492
	700
	15.0
	30.9
	2.0
	4.3

	background + N90P90K90
	1472
	553
	719
	14.1
	34.8
	2.4
	8.2

	background + N120P120K120
	1609
	598
	811
	14.7
	37.6
	2.5
	10.0


Note: k* – control. 
The mass of tubers in the phase of technical ripeness is an important element in the structure of the crop. It varied in different grades in very significant limits – from 423 to 616 g. The highest mass of tubers was obtained from the combined introduction of organic and mineral fertilizers with the norm «background + N120P120K120». Mass of tubers of the medium-ripeness sorts, the in the average three years of research, was 498 g at variant 40 t/ha of manure (background), 544 g at variant «background + N60P60K60», 593 g at variant «background + N90P90K90», 616 g at variant «background + N120P120K120». In the control variant (without fertilizers) the average mass of tubers in the phase of technical maturation was 464 g.

According to the results of our research, the content of starch depended on the biological characteristics of sorts and varied within 14.1–17.2 %.

The analysis of biochemical indices of tubers indicates that in the phase of technical maturation, the medium-ripeness sorts had the highest content of starch, on average, over three years. Thus, the content of starch was 16.7 % in the variant 40 t/ha of manure (background), 15.8 % in the variant «background + N60P60K60», 15.1 % in the variant «background + N90P90K90», 14.9 % in the variant «background + N120P120K120». In the control version (without fertilizers) this indicator was 17.2 %. Thus, from the above material it can be concluded that the use of organic and mineral fertilizers leads to a decrease of the content of starch in potato tubers in all studied sorts.
After only organic fertilizers (40 t/ha of manure) the yield of medium-early sorts increased by 2.4 t/ha, the medium-ripeness sorts – by 2.1 t/ha and the medium-late sorts – by 3.2 t/ha. At the same time, the combined application of organic and mineral fertilizers with the norm background + N120P120K120 gave an increase in the yield of medium-early sorts by 10.0 t/ha, medium-ripeness sorts – by 9.6 t/ha and medium-late sorts – by 10.0 t/ha. With an increase in the norm of mineral fertilizers, with sufficient soil moisture, the intensity of growth and the harvest of potato tubers increases both. As a result of studying the effect of fertilizers on the growth intensity of potato plants, it has been established that the growth of plants to a greater extent depends on the availability by the nutrients, the concentration and ratio of the main elements of potato nutrition.

Nutrients in productive crops, in the conditions of the Right-Bank Forest-Steppe of Ukraine, in most cases are at a minimum for growth processes, in comparison with other factors of the environment. Therefore, improving of the nutritional conditions with nitrogen and ash elements through the correct use of fertilizers is one of the most powerful factors in increasing the intensity of growth and potato harvest.
Conclusion. It was established that medium-ripeness sorts had the high yield of potato tubers (Vira,  Slovianka, Nadiina), while the highest yield was found in the variant «background + N120P120K120» (38.8 t/ha). Biochemical analyzes found that the content of starch in potato tubers depended on the sort and the background of nutrition. Thus, the variant without fertilizers had the highest this indicator (17.2 %). Thus, the application of organic and mineral fertilizers leads to a decrease in the content of starch in potato tubers in all studied sorts.
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