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The article deals with the influence of inoculation and foliar feeding with multi-chelate complex and colloidal solution of metal nanoparticles on the yield performance of ultra and early ripening varieties of soybean. It had been found, that pre-inoculation of seeds with «HayKot Super» inoculant provides additional 2–4 t/ha yield allowances. Carrying out foliar feeding with chelated micro-fertilizers increases soybean yield performance by 10–15 %. Use of nano-metals for spraying soy at the stage of budding as a solution (240 mg/l) while mineral fertilizers applying at a rate of N30P60K60 increases the yield performance of a crop at 2,8 t/ha. The maximum yield performance indicators of soybean were obtained by combining the seeds inoculation, mineral fertilizers application at a rate of N30P60K60 and use of complex fertilizers «Rostock bean» (2 l/ha) for the foliar feeding.
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Statement of the problem. Soybean (Glycine hispida Moench.) is a perspective legumes which can decide the problem of vegetable albumen and fat, improve nitric balance of soil and increase the production of food products. It takes away the far of nutritives from soil, that is why needs balanced system of fertilizer taking into account variety biology and present ground-climatic resources. Only the system of fertilizer is correctly built will allow to form the high and valuable soybean yield  [1, 7]. 
Pre-sowing preparation to sowing deserves on the special attention among the measures directed on realization of genetic potential of modern varieties of soy of intensive type. We found a part of sowing material is 
10–15 % in the structure of charges on growing of soybean. Therefore for the receipt of even and healthy sprouts with high nitrogen-fixing ability of sowing, you need to pay attention to the seeds, especially concerning pre-sowing preparation [2, 8]. The important feature of soy is its ability to endosymbiosis with nitrogen-fixing  subbacteria – rhizobia. Due to nitrogen-fixing, which passes in formed in symbiosis with rhizobia nodules, soy can considerably or even fully to satisfy the requirement in nitrogen through symbiotropin feed. That enables to rear soy without bringing or with the minimum doses of nitric fertilizers what are expensive and ecologically dangerous [13]. Soy as nitrogen-fixing plant enrich soil nitrogen, improve its structure. The increase of the productivity of grain reared after soy makes 3–4 hundred weight per hectare [14, 16].
Analysis of the last researches and publications on this problem. Preparations which contain nitrogen fixative bacteria, knows a long ago in Ukraine but their using  poorly developed yet. In some measure it is related to the got once negative experience of the use finished bacterial fertilizer. Because the error cost expensive in bacterization of soy plants. Abroad there are three basic methods of inoculation: before sowing together with disinfectants, in the moment of sowing straight in seed drill and after sowing into the root [2, 11]. In our country most use the inoculum in the moment of sowing, although with appearance of preparations with the prolonged action the amount of farms which use liquid inoculum in the moment of seed treatment is increased. Basal fertilizing doesn’t used in Ukraine for lack of necessary technique. Using of inoculums with modern, effective, specialized cultures of rhizobia bacteria with the promoted viability in high concentrations, provides formation of maximal amount of nodules on the plants root system [5, 12, 20].
As known, the practice of the using of mineral fertilizers long time included only such methods of incorporation in soil: in basic treatment or under the pre-sowing cultivating, at sowing or during basal fertilizing by different instruments in the overhead layer of soil, which in the second half of summer in most cases dried up with formation of deep cracks through which intensively evaporated moisture and introduced mineral fertilizers in such terms became inaccessible for plants. Fertilizers which are brought in for a half-year or a few months prior to beginning of intensive absorption by plants unavoidable contacting with soil. Thus, considerable part of salts in fertilizers composition disintegrates on ions, enters in the reaction of hydrolysis, taken in the ground colloids and passes to the insoluble or poorly soluble forms, mastered ground microflora and to the plants a small percent reaches only from their initial amount [6, 9, 19].
It is necessary to give foliar application with micronutrient fertilizers which contain microelements in a biologically active form, in those phases of soy plants vegetation when it is especially sensible to the lack of feed elements for support and stimulation of physiology processes of development of soy [3, 18]. The most critical phases of development of soy are phase of 4–6th leaves, budding and formings of bobs. We can solve a problem of the complete providing of plants accessible forms macroelements and microelements in the process of vegetation by application in the system of soy fertilizer the multi-chelate complex of foliar feeding as «Polifid», «Kristalon», «Reakom», «Vuksal», «Plantafol» and other, which are characterized the high coefficient of feed elements absorption. Bringing of micronutrient fertilizers can be combined with the small amount of urea (5–10 kg in physical mass), it stimulates growth of plants with preserving of nitrogen fixation [10, 17, 20]. 
A research purpose was determination of influence of inoculation and foliar feeding with multi-chelate complex on the yield of soy on black earths typical of Right-Bank Forest-Steppe of Ukraine. The task of research consisted in the study of productivity potential of the ultra and early ripening varieties of soybean in condition of inoculation seed by «HayKot Super» + «HayKot Super Extender» and micronutrient fertilizers «Rostock bean», «Vuksal Kombi Plus» and solution of nanoparticles of metals complex. 
Materials and method of researches. The field researches conducted in 2013–2015 in stationary experience of plant-grower department on the fields of «Agronomical experimental station» of National University of Life and Environmental Sciences of Ukraine (Kyiv region). Soil of experimental areas is black earth typical humus on a loess, rich on carbonates, the arable layer contains 4,43 % of humus (by Tiurin), maintenance of carbonates in horizon 130–140 cm is 10,5 %, maintenance of mobile phosphorus (by Machigin) is 6,2–6,5 mg/100 gramme of soil, exchange potassium (by the Chirikov) – 8,9–10,6 mg/100 gramme of soil, hydrolyzable nitrogen (by Kornfild) – 10,6–11,4 mg/100 gramme of soil. 
An agrotechnics in experience is generally accepted for the area of Forest-Steppe except studied factors. General surface of elementary parcel is 84 m2, registration parcel is 52,8 m2 [6]. The repeated of experience is fourfold. In researches we studied the ultra ripening varieties of soybean (80–90 days): Annushka, Legend, Tanais  and early ripening varieties of soybean (100–110 days): Goldish, Desna, Khorol. We sown the soy by the seeder  «Greatplaints» with space between rows 15 cm at the soil temperature on the depth of wrapping of seed 10–12 °С. A norm of soy sowing is 900 thousands of seeds on 1 hectare. From autumn we brought a granular superphosphate (P2O5 – 19 %) and potassium salt (K2O – 40 %) in the norm 60 kg/ha under ploughing.  In spring conducted closing of moisture and brought in ammoniac saltpetre (N – 30 %) in the norm of 30 kg/ha. For protecting from weeds we applied the ground herbicide «Kharnes» (2,0 l/ha), before the phase of the third sheet is mixture of herbicides «Bazagran» (2,0 l/ha) and «Aramo» (1,5 l/ha).
We conducted innoculate of seeds with modern highly effective pre-inoculat for treatment of seed of soy with extender that prolongs the terms of application of the treated seed «HayKot Super» + «HayKot Super Extender» (Bradyrhizobiumjaponicum, culture 532 C) from a company «BASF» with the norm of expense of preparation 
1,42 liter + 1,42 liter for 1 ton of seed. 
We carried out application with multi-chelate complex of micronutrient fertilizers «Vuksal Kombi Plus» 
(2 l/ha) and «Rostock bean» (2 l/ha) and patented [19] colloidal solution of metal nanoparticles (Fe, Mn, Mo, Co, Cu, Zn, Ag) (240 mg/1 liter/ha) on sows of soy at the beginning of budding. The account of harvest we conducted by the method of direct harvesting.
Results of researches. Forming of high harvest of soy is arrived at the scientifically grounded  complex of agrotechnical receptions which unite in integral technology of growing. Variety is one of deciding factors of forming of harvest of culture among the elements of soy growing technology (see table). 
Productivity (t/ha) of soy depending on inoculation and foliar feeding (average data for 2013–2015)

	Varieties
	Presowing treatment of seed

	
	Without inoculation
	Inoculation «HayKot Super» + 
«HayKot Super Extender»

	
	Foliar Application1

	
	С1
	W
	± tо С
	RB
	± tо С
	СNM
	± tо С
	С
	W
	± tо С
	RB
	± tо С
	СNM
	± tо С

	Ultra Ripening Group

	Annushka
	1,66
	1,97
	0,30
	2,00
	0,34
	1,91
	0,24
	1,82
	2,27
	0,45
	2,30
	0,48
	1,97
	0,15

	Legend
	1,60
	1,75
	0,15
	1,75
	0,16
	1,67
	0,08
	1,76
	2,09
	0,33
	2,17
	0,41
	1,90
	0,14

	Tanais  
	1,59
	1,85
	0,26
	1,89
	0,30
	1,77
	0,18
	1,80
	2,05
	0,24
	2,28
	0,48
	1,86
	0,06

	Early Ripening Group 

	Desna
	2,22
	2,38
	0,16
	2,49
	0,28
	2,24
	0,03
	2,33
	2,71
	0,38
	2,88
	0,56
	2,55
	0,22

	Goldish
	2,05
	2,34
	0,28
	2,45
	0,17
	2,18
	0,13
	2,16
	2,55
	0,38
	2,63
	0,47
	2,37
	0,21

	Khorol
	2,56
	2,73
	0,17
	2,79
	0,23
	2,60
	0,05
	2,69
	3,23
	0,55
	3,28
	0,59
	2,86
	0,17

	НІР0,5
	0,15
	0,16
	-
	0,23
	-
	0,08
	-
	0,11
	0,24
	-
	0,05
	-
	0,22
	-


Notes: 1С – control, W – «Vuksal Kombi Plus», RB – «Rostock Bean», СNM – complex of nanoparticles of metals 

So, probed by us ultra ripening varieties of soy Annushka, Legend, Tanais formed the productivity 
1,59–2,3 t/ha depending on the variant of experience on black earths typical of Right-Bank Forest-Steppe of Ukraine on the average for researches years. Productivity in the group of early ripening varieties Desna, Goldish and Khorol depending on seed inoculation, foliar feeding and variety exceeded for researches years 2,0 t/ha and varied within the limits of 2,05–3,28 t/ha. In our experience on a control (without inoculation and feeding) variant and on a background bringing of mineral fertilizers in the norm of N60P30K30 on the average for researches years the productivity of ultra ripening varieties of soy was at the level of 1,6–1,66 t/ha, early ripening varieties – 2,05–2,56 t/ha.
Variety Annushka formed the higher productivity (1,66–2,30 t/ha) in the group of ultra ripening varieties depending on the variant of experience on the average for researches years. The productivity of ultra ripening variety  Annushka on the control parcels of experience exceeded by the productivity varieties Legend and Tanais on 6–7 kg/ha. Productivity of variety Tanais grew from 1,59 to 2,28 t/ha, variety Legend – from 1,60 to 2,17 t/ha, depending on seed inoculation, foliar application. In the group of early ripening varieties a difference was greater and the variety Khorol prevailed on 3–5 quintals per hectare on the productivity varieties Desna and Goldish. Variety Goldish formed the least productivity in the group of early ripening varieties. It was within the limits of 2,05–2,63 t/ha. Productivity increased depending on the inoculation of seed by «HayKot Super» + «HayKot Super Extender» and foliar application with multi-chelate complex «Vuksal Kombi Plus» (2 l/ha) and «Rostock bean» (2 l/ha). Variety Desna allowed to get the productivity 2,22–2,88 t/ha depending on the elements of growings technology.
The use of preinoculat in liquid form with extender for treatment of seed activated processes in plants, growth of the surface of the leaves promoted, to the increase of photosynthetic potential and clean productivity of photosynthesis, that on the whole positively represented on forming of the productivity of culture. Inoculation of seed with «HayKot Super» + «HayKot Super Extender» gives additional 2–4 quintals per hectare of harvest increase. Productivity of the probed ultra ripening varieties of soy grew due to the inoculation from 1,66 t/ha (control, without inoculation) to 1,82 t/ha (control, with inoculation) at the variety Annushka, from 1,6 to 1,76 t/ha at the variety Legend and  from 1,59 to 1,8 t/ha at the variety Tanais. 
Analogical conformity to the law was observed in the group of early ripening varieties of soy, where due to the inoculation productivity from unit of area was increased on the control variant from 2,22 to 2,33 t/ha at the variety Desna, from 2,05 to 2,16 at the variety Goldish and from 2,56 to 2,69 t/ha at the variety Khorol. 
Foliar application with multi-chelate complex gave the increase of the productivity of soy on 10–15 %. «Vuksal Kombi Plus» (2 l/ha) and «Rostock bean» (2 l/ha) increased the productivity of the probed varieties of soy. On these variants of experience (without inoculation) in the group of ultra ripening varieties an increase to control was 0,3 and 0,34 t/ha at the variety Annushka, 0,15 and 0,16 at the variety Legend, and 0,26 and 0,3 t/ha at varieties Tanais. Similar pattern is marked in the group of early ripening varieties, however the increase of the productivity was something more low and was 0,16–0,28 t/ha («Vuksal Kombi Plus») and 0,17–0,28 t/ha («Rostock bean»). The productivity of variety Desna on the experience variant without inoculation of seeds and with bringing micronutrient fertilizer «Vuksal Kombi Plus»  (2 l/ha) increased to 2,38 in comparison 2,22 t/ha on a control variant; at a variety Goldish the proper index was 2,34 in comparison 2,05 t/ha, at the variety Khorol it was 2,73 in comparison 2,56 t/ha on a control variant. Treatment of soy plants at the beginning of the budding with multi-chelate complex «Rostock bean» (2 l/ha) and on a background bringing of mineral fertilizers in the norm of N60P30K30 provided the increase of the productivity comparatively with control on 0,17 t/ha for the variety Goldish and on 0,23 and 0,28 t/ha for varieties Desna and Khorol accordingly. 
Inoculation of soy seed with «HayKot Super» + «HayKot Super Extender» in combination with foliar application with complex micronutrient fertilizers positively influenced on forming of the productivity of soy (as microelements which enter in the complement of these micronutrient fertilizers are instrumental in the increase of chlorophyll in leaves, to strengthening of assimilation activity of plants. We got the maximal in experience level of the soy productivity due to combination of inoculation of soy seed and use the complex of micronutrient fertilizer «Rostock bean». Increase of the productivity on the average for researches years for varieties Annushka, Legend, and Tanais was 0,64, 0,57, and 0,69 t/ha (35–43 %) in the group of ultra ripening varieties of soy with multi-chelate complex «Rostock bean» on areas with inoculation in comparing to the areas of absolute control. Ultra ripening variety Annushka promoted the productivity due to multi-chelate complex «Rostock bean» (2 l/ha) to 2,0 t/ha without inoculation and to 2,3 t/ha with inoculation («HayKot Super») in comparison to 1,66 t/ha on control. 
Increase of the productivity of early ripening varieties was higher due to combination of inoculation and multi-chelate complex «Rostock bean» and amount to 0,56, 0,47, and 0,59 t/ha (27–29 %) for varieties Desna, Goldish and Khorol accordingly. Variety Khorol gave the maximal in experience productivity due to application of multi-chelate complex «Rostock bean» (2 l/ha).  It was 2,79 t/ha without inoculation and 3,28 t/ha with inoculation («HayKot Super» + «HayKot Super Extender»). 
We found out high efficiency of influencing of metals nanoparticles on achieving the productivity of the probed culture when compared the results of influencing of nanoparticles biogenic metals on forming of the biological productivity of soy on black earth typical of Right-Bank Forest-Steppe. Application of metals nanoparticles for sprinkling of soy sowing in the phase of budding with solution in the concentration 240 mg/l on a background bringing of mineral fertilizers in the norm N30P60K60 increased the productivity of culture in the group of ultra ripening varieties to 1,97 t/ha (variety Annushka, with inoculation), in the group of early ripening – to 2,86 t/ha (variety Khorol, with inoculation). Foliar feeding with multi-chelate complex and colloidal solution of metal nanoparticles in the phase of budding increased the productivity of culture from 0,05 to 0,24 t/ha depending on varieties and seed inoculation.
Conclusion. Foliar feeding with multi-chelate complex increased the soy productivity on 10–15 % among probed elements of soy growing technology. Inoculation of seed with «HayKot Super» + «HayKot Super Extender» gives an additional increase the productivity 2–4 centners/ha. We recommend apply multicomponent colloidal solution of metal nanoparticles for the foliar feeding in the phase of budding in growing technology of ultra and early ripening varieties of soybean on black earths typical humus of Forest-Steppe of Ukraine. That allows to get   increase of the productivity of culture to 0,24 t/ha on a background mineral fertilizers in the norm N30P60K60.            Combination of seed inoculation with preinnoculant «HayKot Super» + «HayKot Super Extender» and foliar application of plants in the phase of budding with complex micronutrient fertilizers «Rostock bean» (2 l/ha) on a background bringing of mineral fertilizers in the norm N30P60K60 is optimum in the system of soy fertilizing. 
The productivity of ultra ripening variety of soy Annushka was 2,3 t/ha, for early ripening variety Khorol it was 3,28 t/ha.
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