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The results of the field experiments of the influence of seed inoculation by biologics on growth, development and yield of popcorn hybrids have been given. The possibility of yield increase and product quality by seed treatment with microbial preparations as «Diazofit», «CL-9», «Fosfoenteryn» + «Diazofit» has been identified. The data on consumption of minerals and water have been presented. The rules of the use of biologics have been recommended. The yield of popcorn grain has been shown. The dynamics of deviation depending on the used preparation has been analyzed.
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Statement of the problem. Corn takes one of the first places among the crops in the gross grain harvest in Ukraine. In recent years, in the Steppe zones of Ukraine the areas of popcorn sowing have been expanded considerably. The value of corn is determined by high level of productivity as well as biochemical composition of the grain, which includes proteins, fats, carbohydrates, sugars, minerals, vitamins. A lot of valuable foods are made from corn grain after factory processing.
Analysis of recent research and publications on the issue. The implementation of an effective cultivation technology is the guarantee of obtaining high yields and product quality, in particular of popcorn. The rational use of fertilizers, growth regulators, biological products should be attributed to important elements of agrotechnics [3, 5]. Microbiological preparations for strengthening fixation of nitrogen from the air and mobilization of phosphorus compounds in the soil play a significant role among them, thereby mineral fertilizer costs decrease and realization of the genetic potential of plants increases [4].
Seed treatment (inoculation) is the most common method of applying microbiological preparations. In the presence of various drugs their mixtures can be obtained, in the case of using which synergetic effect takes place. Using such mixtures, it is possible to reduce the doses of fertilizers and the number of treatments and thereby reduce the environmental load. Stimulation of plant growth lasts just due to the synthesis of growth regulators, organic acids, vitamins or by the displacement of pathogenic microorganisms from the rhizosphere of roots [6].
Nitrogen-fixing capacity in conjunction of corn grain with existing forms in the soil has low activity and their number is insufficient in the area of seed germination. By improving nitrogen fixation of free existing bacteria, it’s possible to improve the nitrogen balance, reduce the amount of use of mineral nitrogen and increase significantly yield of popcorn grain [4,9].
The research on biologization of popcorn nutrition with phosphorus deserves special attention [3, 8]. Due to biologics, difficulty soluble organic and mineral  phosphorus compounds transform into forms that are easily absorbed by plants.
Aims of the research: to set features of popcorn yield formation under the influence of a combination of different types of biological agents in a left-bank part of northern Steppe of Ukraine.

Tasks of the research: to show the results of practical experiments of the influence of various types of biological preparations and their combinations on the growth, development, yield and quality of popcorn. Draw conclusions and make offers on the use of biological products on the basis of the research.
Objects, methods and conditions of the research. Three hybrids of popcorn: three-way middle-early hybrid Volcano, simple interlinear mid mature hybrid Fairing and three-way cross middle-early hybrid Furore have been the object of the study. Originators: Institute of Agriculture of the Steppe zone of NAAS of Ukraine, Sinelnikov’s selection and experimental station IASZ of NAAS of Ukraine [7]. On the background of hybrids bacterial preparations such as «Diazofit», «CL-9», biocomplex («Diazofit» + «Fosfoenterin») for seed treatment directly before planting have been studied.
Preparations «Diazofit» and «CL-9» contribute to the accumulation of nitrogen and distribution of it throughout the vegetation period of popcorn plants, and «Fosfoenterin» contributes to the use of undigested phosphorus and arduous soil phosphate by the precursor, which allows better to realize the potential of hybrids, improve grain quality.
Investigations were carried out in 2013–2014 years at the Department of production technologies and vocational education of Luhansk National University named after Taras Shevchenko and on the fields of the farm «Venus-2005» of Starobelsk district, Luhansk region, located in the north-central moderately arid subzone of the northern Steppe zone. Soils of experimental plots – ordinary black-earth, average humus accumulative, with the content of humus in the arable soil layer – 3,8–4,2 % by Tyurin, total nitrogen – 0,21–0,26 %, easily hydrolyzed nitrogen (by Cornfield) – 105–150 mg/kg of soil, mobile phosphorus by Chirikov – 84–115 mg, exchangeable potassium by Chirikov – 81–120 mg/kg of soil.
During the experiments, observations and records common and special methodical recommendations on conducting field experiments have been used [1, 2]. The predecessor of corn is winter wheat. Tillage – disking UDA – 4,5 on two tracks, plowing at a depth of 25–27 cm, early spring harrowing and pre-sowing cultivation by 7–8 cm, under which the fertilizer N40P60 have been applied. Corn seeds were sown by a sowing machine SUPN-8 on April 27 and 29. Seeds were etched with «Derozen» 2–3 weeks before planting (1,5 l/t) and they were treated with biological agents on the day of planting.
Results of the research. When growing popcorn it was established that biologics at an early stage of plant development insignificantly affected the growth rates. Later drugs had a significant influence on the plant height and leaf area. Comparative assessment of popcorn on the growth of hybrids depending on the influence of biological products can be seen in table 1.
1. Influence of biological preparations on plant height and leaf area of popcorn 
	Option
	Plant height, cm
	Leaf area of one plant, сm2 

	
	2013 
	2014 
	average
	2013 
	2014 
	average

	Volcano

	Control
	190
	196
	193
	3200
	3220
	3210

	«Diazofit»
	191
	199
	195
	3270
	3330
	4300

	«CL-9»
	195
	199
	197
	3380
	3420
	3400

	«Diazofit» + «Fosfoenterin»
	206
	211
	208
	3490
	3510
	3500

	Fairing 

	Control
	210
	220
	215
	3530
	3630
	3580

	«Diazofit»
	212
	220
	216
	3590
	3610
	3600

	«CL-9»
	222
	230
	226
	3770
	3790
	3780

	«Diazofit» + «Fosfoenterin»
	227
	233
	230
	3810
	3890
	3850

	Furore

	Control
	230
	236
	233
	3630
	3730
	3680

	«Diazofit»
	234
	238
	236
	3690
	3710
	3700

	«CL-9»
	240
	248
	244
	3870
	3890
	3880

	«Diazofit» + «Fosfoenterin»
	242
	250
	246
	3870
	3890
	3880


Especially positive effect of seed treatment of popcorn we got with «CL-9» and biocomplex. After processing seeds with CL-9, on the average leaf area on a plant and plant height were characterized by such indicators: 3400–3880 cm2 and 197–244 cm, and they presented in the control 3210–3680 cm2 and 193–233 cm respectively. As for the results after treatment with biocomplex, the leaf area on a plant and plant height were characterized by the following indicators: 3500–3880 cm2 and 208–246 cm respectively. 

The increase in mass of a plant by the use of biologics in hybrids of popcorn Volcano represented – 16 %, Fairing – 14 %, and the hybrid Furore – 12 %.

In general, microbiological preparations positively affected the structural elements of popcorn yield. During the experiment, such factors as size of the cob, its diameter, number of grains and grain weight on the cob were increased. If on the average in 2013–2014 years in popcorn hybrid Volcano in control the number of corn rows on the cob was 15–16, while applying preparations it was 16–17, in hybrid Fairing – 17–18 and 18–19, and in hybrid Furore – 15–16 and 16–17 respectively. On the average the coefficient of increase in volume of grain in the preparation of popcorn grew by 4–8 %.
Hybrids of popcorn Volcano, Fairing and Furore on the same conditions of cultivation showed almost identical yield results and depended only on their own genetic potential.

The highest total water consumption was at plants of popcorn Furore – 1285–1343 m3/ha. Hybrid of popcorn Volcano used ground moisture reserves most effectively. The coefficient of its water consumption was 1149–1222 m3/ha, which was 9 % less than of hybrid Furore. Hybrid of popcorn Fairing had average indicators on water consumption. Among the biological agents on this indicator «Diazofit» provided the best results in crops of popcorn hybrid Volcano and biocomplex – in crops of hybrids Fairing and Furore. 
The growth and development of popcorn plants significantly changed, as evidenced by the indicators of grain yield (table 2).
2. The yield of popcorn depending on the action of biologics, t/ha 
	Drug name
	Yield of hybrids in the years, t/ha 

	
	Volcano
	Fairing
	Furore

	
	2013 
	2014 
	average
	2013 
	2014 
	average
	2013 
	2014 
	average

	Control
	2,34
	2,44
	2,39
	2,60
	2,70
	2,65
	2,76
	2,88
	2,82

	«Diazofit»
	2,50
	2,66
	2,58
	2,80
	2,90
	2,85
	2,88
	3,06
	2,97

	«CL-9»
	2,70
	2,88
	2,79
	2,90
	3,00
	3,95
	3,00
	3,16
	3,08

	«Diazofit» + «Fosfoenterin»
	3,06
	3,16
	3,11
	3,05
	3,15
	3,10
	3,22
	3,40
	3,31


It should be noted that Furore was the best on productivity among the hybrids of popcorn. On the average in the years of study the yield of this hybrid was 3,22–3,40 t/ha, which was 0,17–0,25 t/ha more than of the hybrid Fairing and 0,16–0,24 t/ha more than of the hybrid Volcano. When using biocomplex of «Diazofit» + «Fosfoenterin» the yield of popcorn hybrids Volcano and Fairing was almost the same. «CL-9» and biocomplex were the best among the microbiological agents. Undoubtedly, productivity growth is the result of improving popcorn feeding conditions, as evidenced by the reserves of nutrients in the soil and plants. In 2013, on the control areas at the end of the growing season of popcorn 1 kg of soil contained 6,6 mg of nitrate nitrogen, while making «CL-9» – 8,7 mg, «Diazofit» – 10,5 mg, biocomplex – 10,7 mg; in 2014 – 6,5; 6,9; 8,3; 6,5 mg respectively.
Conclusion. Thus, treatment of popcorn seeds with biologics as «Diazofit», «CL-9», «Fosfoenterin» and complex «Diazofit» + «Fosfoenterin» activates soil microflora, promotes the mobilization and optimization of corn plants nutrition with nitrogen and phosphorus, the improvement of their growth processes, the formation of high grain productivity and improvement of the grain quality. 
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