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In the experiment, conducted in production conditions, the results were obtained, which testify to the rather high effectiveness of the use of drugs based on humic substances. The foliar application of the preparation «4R Foliar concentrate» (USA) in the norm of 1.5–2 kg/ha made it possible to substantially increase the yield of barley grain. On average, for three years of research spraying of crops contributed to an increase in yield by 11.4–22.8 % with a seeding rate of 4.5 million pieces of seeds per hectare. In case of a decrease in the norm to 4 million pcs. the yield of the control variant (without spraying) was somewhat smaller, but the increase in the yield level was 30.4 %. The processing of crops with «4R Foliar concentrate» helped increase the mass of 1000 grains by 1.1–4.2 g, depending on the seeding rate, and the grain size increased by 6–8 %. Seed seeding rates, which provide an average of 4.5 million pcs. of seeds per hectare can be inexpedient, since the difference between control options for yield is not significant, but a decrease of 0.5–1 million is economically justified. So, in the case of a decrease in seed sowing rates of 1 million pcs. of seeds per hectare, the yield is not changing significantly, but the profitability of production is growing by almost 10 %. Even in the case of high rates of sowing, the profitability of production is higher by 9–24 %.
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Formulation of the problem. Improving the technology of spring barley growth is an extremely urgent task, since under the current economic conditions cheapening of grain production and increase of its profitability is possible only in the case of the introduction of new agrotechnical methods that do not involve such high costs as, for example, fertilizers or seeds. In this regard, optimizing seed rates and increasing the use of nutrients using growth promoters has significant prospects for widespread implementation.

An analysis of the latest research and publications that initiated the problem. Barley refers to crops that are largely shaped by productivity due to effective bulk density, so the issue of establishing optimal seed seeding standards is relevant. There is a claim that the use of high seed rates (4.5–5.0 million units of seed per hectare) is economically inappropriate and only low level of agrotechnics justifies it.

One of the effective ways to increase crop yields and reduce seed rates is often called the use of growth promoters based on humic acid salts. In foreign and domestic publications, positive results of the use of such drugs for pre-sowing seed treatment, root-crop application and soil application are presented. This topic is considered in detail in the works of scientists of the Scientific-Research Institute of Agrochemistry and Soil Science named after O.N. Sokolovsky, Lviv National Agrarian University, Poltava State Agrarian Academy, Poltava Agricultural Research Station named after M. I. Vavylov and others.
Recent studies by Ukrainian scientists consider the issues of optimizing the supply of agricultural crops in detail. For barley, the effective fertilization rates are N60P60K80, and their increase to N90P90K120 can lead to crop sowing and, thus, to reduce yields [6, 7].

Resource-saving biological technologies, which consider elements of cultivation technology (sowing terms and sowing norms, fertilizers, pesticides, biopreparations), interact: the soil – weather – plant – variety – fertilizers – pesticides – environment [3]. In conditions of insufficient or unstable moisture, such an approach may even be more effective – the growth of grain yield can be 10–15 % [8, 9].

Unbalanced application of chemical plant cultivation leads to a disturbance of the ecological balance, reduction of the amount of soil biota, severe soil contamination and humus sterilization. In addition, the quality of food is reduced, which directly threatens the survival of mankind [2, 4]. Therefore, biologization of growing technologies, which uses protection products, nutrition of plants, created on the basis of natural raw materials, is becoming more and more relevant. One of these drugs is a group of substances that have a humic nature and are used to treat seeds [1].
The aim of the research was to determine the peculiarities of the influence of the «4R Foliar concentrate» growth stimulator on barley yield, optimization of seeds seed rates and evaluation of the economic efficiency of the application of new humic preparations in crops.

Material and methods of conducting research. The trial envisaged the study of technological methods of cultivation that could ensure the implementation of the genetic potential of barley varieties, obtaining the maximum economic effect of cultivation technology without the use of mineral and combined fertilizers and reducing the costs of plant protection products.

Seeds were harvested in a straightforward manner using the «Horsch Pronto 6 AS» seed drill, following the precursor of corn for grain, and the placement of variants in the experiment was randomized [5]. For the experiment, a barley straw of the Germans was selected, the norm of seeding of which is recommended by the originator in the range of 3.5–4.5 million seeds per hectare. The scheme of the experiment involved the study of seed rates – factor A (4.5, 4.0 and 3.5 million ppm/ha, respectively a1, a2, a3) and the use of growth stimulator – a complex humic preparation «4R Foliar concentrate» – factor B: without the drug – b0; 1.5 kg/ha – b1, 2 kg/ha – b2 and 2 kg/ha in two additions – b3. The accounting area of ​​the plot is 0.324 hectares.

1. Control (adopted at the farm technology with a seed rate of 4.5 million pounds/ha (a1b0)

2. The seed rate of 4.5 million pounds per hectare and the application of «4R Foliar concentrate» 1.5 kg/ha in the buckling phase for the addition of 200 l/ha (a1b1).

3. The seed rate is 4 million pounds per hectare and the application of «4R Foliar concentrate» is 2 kg/ha in the planting season for a solution of 270 l/ha.

4. The seed rate is 3.5 million pounds per hectare and the application of «4R Foliar concentrate» is 1 kg/ha in the buckling phase with a solution of 135 l/ha and another addition of the same amount of the preparation in the phase of the outlet into the tube.
Statistical processing of the results of the experiment was carried out using dispersion and correlation analyzes using the STATISTICA 10.0 program.

Research results. In the experiment conducted in the production environment, results were obtained that showed a fairly high efficiency of the use of drugs based on humic substances and a significant prospect for the implementation of the genetic potential of barley varieties. In particular, the foliar use of the «4R Foliar concentrate» (USA) in the normal range of 1.5–2 kg/ha has made it possible to significantly increase the yield of barley grain (table 1).

On average, over three years, surveys on spraying of crops have contributed to an increase in yields of 11.4–22.8 % for sowing 4.5 million pounds seed/ha. In the case of a reduction of the norm by 0.5 million pcs the yield of the control variant without spraying was somewhat smaller, but the dynamics of its growth in the cultivated crops was much better – raising the yield level was 30.4 %.

The action of the stimulator and its mode of administration had certain peculiarities after years of research. The most optimal conditions for barley crops were the conditions in 2016, when heavy rains fell at the beginning of the vegetation, and low temperatures did not cause a negative effect, resulting in grain yields of five tons from 1 ha or more. In this year, the main factor in increasing yield was precisely the processing of humane crops. Plants and without the influence of seed rates formed a rather significant harvest, since they had enough moisture to grow and produce productive stem blasts.
1. Yield of barley, c/ha (2015–2017)
	Sowing rate (А)
	Processing option (В)
	Years
	Average

	
	
	2015
	2016
	2017
	

	4.5 million pcs/ha
	without spraying
	33.5
	47.1
	27.4
	36.0

	
	1.5 kg/ha «4R Foliar concentrate»
	35.7
	51.4
	33.2
	40.1

	
	2 kg/ha «4R Foliar concentrate»
	42.0
	53.3
	34.2
	43.2

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	39.9
	57.3
	35.3
	44.2

	4 million pcs/ha
	without spraying
	32.9
	46.0
	26.3
	35.1

	
	1.5 kg/ha «4R Foliar concentrate»
	38.9
	51.0
	29.7
	39.9

	
	2 kg/ha «4R Foliar concentrate»
	41.4
	55.4
	33.0
	43.2

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	42.6
	58.2
	36.5
	45.8

	3.5 million pcs/ha
	without spraying
	33.2
	46.2
	26.8
	35.4

	
	1.5 kg/ha «4R Foliar concentrate»
	38.8
	50.5
	32.1
	40.5

	
	2 kg/ha «4R Foliar concentrate»
	43.3
	54.0
	33.0
	43.4

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	45.0
	59.1
	33.1
	45.7


In 2015 and 2017, which were somewhat worse in terms of terms than in 2016, the share of crop impact on yield was also the highest, although the effect of seed rates was also significant НIР05 in 2015 was 3.18 c/ha and 2.52 and 2.47 c/ha in the following years.

These tables indicate that the yield of barley depends on the factors of cultivation much more than the seed rate, and the use of modern high-performance and high-quality humic origin stimulants makes it possible to significantly optimize the processes of formation of productivity and to obtain stable yield gains.

Since the use of humates optimizes plant nutrition processes, their effect on the quality indices of barley grain, especially those that are most important for brewing qualities, is also possible. It is possible to predict that a reduction in the seed rate will result in the formation of a better seeded grain, which will have a greater weight of 1000 grains and grain size.

According to the results of the analysis of some indicators of grain quality, treatment with «4R Foliar concentrate» contributed to an increase in the mass of 1000 grains by 1.1–4.2 g, depending on the seed rate, and grain size increased by 6–8 % (table 2).

Effect of seed rates and application of «4R Foliar concentrate» on the protein content of barley grain was not significant. Taking into account the correlation of grain quality indices with each other, it can be predicted that it will be the same for the rest of the quality indicators that shape its suitability for brewing.
2. Barley grain quality indicators (2015–2017)
	Sowing rate А
	Processing option В
	Weight of 1000 grains, g
	Frequency, %
	Protein content, %

	4.5 million pcs/ha
	without spraying
	40.67
	82
	11.53

	
	1.5 kg/ha «4R Foliar concentrate»
	42.67
	85
	11.47

	
	2 kg/ha «4R Foliar concentrate»
	44.63
	87
	11.57

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	44.70
	90
	11.63

	4 million pcs/ha
	without spraying
	41.63
	82
	12.07

	
	1.5 kg/ha «4R Foliar concentrate»
	42.73
	86
	11.63

	
	2 kg/ha «4R Foliar concentrate»
	44.03
	88
	11.70

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	44.57
	90
	11.67

	3.5 million pcs/ha
	without spraying
	41.93
	83
	12.03

	
	1.5 kg/ha «4R Foliar concentrate»
	44.07
	87
	11.73

	
	2 kg/ha «4R Foliar concentrate»
	44.87
	90
	11.93

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	46.13
	89
	11.77


Thus, the use of humic preparations has a significant positive effect on the production of spring barley yields, improves the physical characteristics of grain quality and has serious prospects for widespread introduction into production. The use of humates allows barley varieties to better utilize their genetic potential and significantly stabilize yields under adverse growing conditions.

According to the indicators of economic efficiency of seed sowing rates, which provide an average of 4.5 million pounds per hectare, it may be inappropriate, as the difference between the control varieties is not significant, but in the monetary equivalent, their reduction by 0.5–1 million is quite economically justified. Even in this way, it is possible to increase the economic efficiency of barley cultivation. Thus, the decrease in seed sowing standards by 1 million pcs/hectare does not change substantially, but the profitability of production increases by almost 10 % (table 3).

The use of humates for foliar application can greatly optimize cultivation technology and increase the level of economic efficiency. Even in the case of high sowing rates, the profitability of production increases by 9–24 %, as well as other economic indicators grow: net income, for example, increases by 1563–3476 UAH/ha.
3. The economic efficiency of the extra root application of the growth stimulator «4R Foliar concentrate» depending on the seed rate (in 2017 prices)
	Sowing rate (А)
	Processing option (В)
	Cost of 1 ts, UAH
	Net income, UAH
	Profitability, %

	4.5 million pcs/ha
	without spraying
	298
	8701
	81

	
	1.5 kg/ha «4R Foliar concentrate»
	284
	10264
	90

	
	2 kg/ha «4R Foliar concentrate»
	270
	11668
	100.1

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	265
	12177
	104.2

	4 million pcs/ha
	without spraying
	296
	8657
	82.5

	
	1.5 kg/ha «4R Foliar concentrate»
	277
	10487
	94.8

	
	2 kg/ha «4R Foliar concentrate»
	262
	11992
	105.8

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	250
	13316
	116.6

	3.5 million pcs/ha
	without spraying
	282
	9196
	91.2

	
	1.5 kg/ha «4R Foliar concentrate»
	265
	11116
	103.4

	
	2 kg/ha «4R Foliar concentrate»
	254
	12418
	112.7

	
	1 kg/ha + 1 kg/ha «4R Foliar concentrate»
	243
	13589
	122.6


Reducing seed rates to 4 million pounds per hectare and applying «4R Foliar concentrate» can increase profitability by 12.3–34.1 %. If the use of sowing rates is 3.5 million pounds per hectare, then in the middle of the experiment, the profitability growth will be 8.2–31.4 %, but these indicators will be much higher than the highest standards.

The results of the economic efficiency of spring barley cultivation suggest that the inflated and often commonly accepted standards for seeding seeds may prove to be ineffective in achieving the planned yields and economic indicators of barley grain production. Instead, the introduction of modern medicines that stimulate organogenesis and crop yield formation has a significantly greater biological and economic effect in the technology of growing modern crops. The use of stimulants of humic origin is a rather significant evidence and allows them to be differentiated in order to achieve better efficacy.
An analysis of the economic efficiency of conducted experiments shows that the use of growth stimulants is a very significant indicator of increasing the profitability of barley grain production. Growth stimulators of humic origin should also be referred to well-known Ukrainian producers of drugs that may prove necessary to improve the technology of growing barley.

With this technique, significantly better conditions for the implementation of the varietal potential are achieved, as well as the costs for the purchase of seed material are reduced, as in the studies conducted, the yield of barley varied insignificantly in variants without processing, although the saving of seed material was 11–22 %. Application of the same stimulator «4R Foliar concentrate» contributed to the increase in yield and improvement of economic growth rates of the spring.

Conclusion. The use of modern stimulants of humic origin makes it possible to obtain stable increases in the yield of barley grains and promotes improvement of its physical quality indices. In order to better realize the potential of the variety and increase the profitability of production, it is expedient to use non-ruminant preparations of humic origin, in particular, «4R Foliar concentrate», which will allow to reduce costs for the purchase of seed material by 11–22 %, increasing in this case the profitability of production by more than 30 %.
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