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The results of long-term experiments of influence of basic treatment of soil, in particular moldboard and moldboardless plowing on 22-24 cm and shallow tillage on 10-12 cm in combination with one, two and three spring pre-sowing cultivations, on the dynamics of productive moisture reserves and water-resistant aggregates, its structure, volume weight and hardness are given. Agricultural machines for shallow tillage and moldboard and moldboardless plowing are recommended. The recommendations on mineral fertilization and terms of sowing are given. The yield of sweet corn cobs and grains of popcorn is shown. The dynamics of rejection depending on the type of tillage and its depth is analyzed. 
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Statement of the problem. Recent years the areas of sowing of edible subspecies of corn in the steppe zones of Ukraine have increased significantly, in particular sweet corn, bursting corn, flint corn, waxy corn and other, from which more than 600 kinds of foodstuffs are produced. However, the beginning of the extensive cultivation of these subspecies of corn has caused many problems in the technology of its cultivation in particular systems of tillage, terms of sowing, etc.

Analysis of recent achievements and publications, which are based on the solution to this problem. During growing of edible subspecies of corn the major role in creating favorable conditions of growth and development of crop plants belongs to basic techniques and pre-sowing soil treatment [6, 10, 11].

Scientific basis for the choice of methods, depth and systems of tillage are agrophysical properties of soil fertility, in particular its structure, volume mass, hardness, water permeability and other indicators, which are regulated  by tillage machines and tools [7, 10]. They play the major role in creating favorable water-air and food modes, incorporation of crop residues, destruction of weeds, reducing the number of pests and corn diseases [10].

A number of researches points out that methods of the main treatment of soil for corn on food and feed purposes don't differ  [4, 5, 8].  At the same time, many other experiments show significant differences in the basic techniques and, especially, pre-sowing tillage for growing fodder (dent and flint dent) and food (sweet and bursting) subspecies of corn [2, 6, 9, 11]. 

Substandard conduct or formal transfer methods of the basic and pre-sowing soil treatment of sweet corn and popcorn with technologies of growing dent corn for fodder aims has led to losses from 13 to 58% of yield [2, 6].  

But, despite this, questions of the main and pre-sowing tillage for edible corn subspecies, in particular sugar and bursting,  remain insufficiently studied, and data on the impact on water and physical properties, in practice, is not available.

Objectives of the research. We studied complex influence of basic and pre-sowing treatment of soil on the agrophysical indicators of its fertility and the yield of sugar and popcorn for food purposes in the Left bank part of the northern Steppes of Ukraine.

Tasks of the research. Show the results of long-term experiments of influence of basic treatment of soil, in particular moldboard and moldboardless plowing on 22-24 cm and shallow tillage on 10-12 cm in combination with one to three pre-sowing cultivations, on the dynamics of productive moisture reserves and water-resistant aggregates, its structure, volume weight and hardness. Draw conclusions and make proposals for the optimal treatment of soil on the basis of studies.
Objects, methods and conditions of the research. Experiments were carried out during the 2006-2012 years at Starobelsk experimental farm of Luhansk Taras Shevchenko National University and agrobusiness "Agro-Butovo". Soil of experimental plots typical chernozems with humus content in the plow layer 3.5 - 3.6%, hydrolyzed nitrogen - 10.4 - 11.2 mg, mobile phosphorus - 10.1 - 10.8 mg, exchangeable potassium - 14.4 - 15.3 mg per 100 g of soil. Precursor of corn was winter wheat after fallow. Plowing the soil was conducted with a plow PLN-4-35, blade loosening - CPU-200, shallow tillage - BDT-3.0, pre-sowing cultivation - CPS-4.0. Fertilizers norm N60P60K40 were applied under the basic treatment of the soil and as additional feeding. Sowing corn was conducted at warming up of 0-10 cm of layer of soil to 12-14 ºС. Hybrid sweet corn Fragrant, popcorn - Dnepr 925 was seeded. Density of standing of plants was formed at a rate of 50 thousands per hectare. The row-spacing cultivations were performed in a phase of 4-5 and 7-8 leaves of a corn. Experiments, surveys, observations were carried out by common and special techniques [1, 3].

          Results of the research. When growing food subspecies of corn different ways and depth of basic and spring tillage significantly influenced on the change in its water-physical indicators. First of all, the most important factor in receiving stable high yields in the Steppe of Ukraine was the accumulation and preservation of autumn-winter-spring moisture. The main way of water regulating in the technology of its cultivation was both basic and pre-sowing soil treatment.

           In the spring, before the start of field work, in the areas treated to a depth of 22-24 cm by moldboard and moldboardless instruments accumulated on 8-11 mm of moisture more than shallow processing by 10-12 mm. In dry years, the difference was even greater, and reached 12-17 mm. At the time of sowing corn, despite a slight decrease in soil moisture from the first time of sowing at the end of April at a pre-sowing cultivation until the last time of sowing at the end of May and 3 pre-sowing cultivations, moisture of sowing layer remained sufficient for the receipt of corn crops, growth and development of plants in the first periods of vegetation (table 1).
1. The dynamics of reserves of productive moisture in the soil, depending on the depth and the method of its treatment, 2006-2008.

	Ways of basic treatment
	Number of 
pre-sowing cultivations
	Term of sowing corn
	Moisture reserves, mm, before:

	
	
	
	the start of field work
	sowing corn in a layer

	
	
	
	
	0-10 сm
	10-20 сm
	0-100 сm

	Plowing 
on 22-24 cm.
	1
	30.04
	153
	12,1
	20,8
	149

	
	2
	10.05
	153
	10,8
	19,8
	145

	
	3
	20.05
	153
	9,6
	18,1
	141

	Flat cutting treatment 
on 22-24 cm.
	1
	30.04
	157
	14,0
	21,2
	156

	
	2
	10.05
	157
	13,3
	20,6
	152

	
	3
	20.05
	157
	11,9
	18,6
	149

	Shallow treatment on 10-12 cm.
	1
	30.04
	142
	13,6
	20,1
	141

	
	2
	10.05
	142
	12,8
	19,6
	136

	
	3
	20.05
	142
	11,4
	17,8
	135


Such distribution of moisture in the soil was related to the structure of arable and meter soil layers. The data of dry sieving soil showed that specific gravity of agronomical valuable aggregates size 0.25-10 mm was highest (66-72%), and dust particles - the smallest (11-17%) by flat cutting treatment with one pre-sowing cultivation. The number of agronomical valuable aggregates at plowing and shallow treatment was the same - 65-70%. Increasing the number of pre-sowing cultivations from one to three a bit worsened structuring of the upper 0-10 cm soil layer and resulted in a decrease of agronomical valuable aggregates for plowing on 22-24 cm on average by 6.1%, blade loosening - by 7.8%, shallow tillage on 10-12 cm - by 5.7 - 7.3% and resulted in an increase in dust particles (less than 0.25 mm) by 4.8, 5.4 and 8.5%, respectively. Structuring factor for blade loosening reached respectively 0.8, plowing - 0.7, shallow treatment - 0.6. 

Some of the differences in the aggregate composition of the seed layer of the soil by years of research were obvious determined by differences in soil moisture at the time of treatment and the presence of different amounts of crop-root residues. The content of water-stable aggregates larger than 0.25 mm in the seed layer of the soil before sowing corn was highest for plowing and reached 56.3%, whereas in the blade loosening - 48.5%, and shallow treatment - only 43.3%. The content of water-stable aggregates size 0.25-1.0 mm was also the highest for plowing, and the lowest - in shallow tillage 
(table 2).

2. The content of water-stable aggregates in the 0-10 cm soil layer (%) before planting corn depending on the depth and methods of basic tillage

	Methods and depth of treatment of soil
	The size of water-stable aggregates, mm

	
	≥3,0
	3,0-1,0
	1,0-0,25
	≤0,25
	all in ≥0,25

	Before sowing corn

	Plowing on 22-24 сm.
	3,5
	8,6
	40,1
	43,7
	56,3

	Flat cutting treatment on 22-24 cm.
	3,1
	6,6
	38,8
	51,5
	48,5

	Shallow treatment on 10-12 сm.
	2,0
	5,6
	35,7
	56,7
	43,3

	Before harvesting corn

	Plowing on 22-24 сm.
	1,5
	4,3
	37,8
	56,4
	43,6

	Flat cutting treatment on 22-24 сm.
	1,6
	5,8
	35,2
	57,4
	42,6

	Shallow treatment on 10-12 сm.
	1,5
	5,5
	34,0
	59,0
	41,0


From sowing to harvesting the amount of water-stable aggregates on plowing decreased by 12.7%, flat cutting - by 5,9%, whereas on shallow soil treatment the destruction of water-stable structure occurred some slower and the amount of water-stable lumps of soil diminished only on 2,3 %. The change of water-stable structure of soil from sowing to cleaning up of corn took place mainly due to the decrease in size of lumps 3,0-1,0 mm and to a lesser extent due to aggregates more than 3, 0 mm and 1,0-0,25 mm. The destruction of them obviously occurred under the influence of seeding and tillage machines and implements, as well as rainfall and other environmental factors.

Bulk weight and hardness of 0-10 cm soil layer on all plots experience was within the optimum range for plants (1,08-1,18 g / cm 3 and 7,6-8,2 g / cm 2).

Thus, the most notable changes of the volume weight and soil hardness were observed in the upper 0-10 cm soil layer, where before sowing of corn the bulk weight on plowing and blade loosening did not exceed 1,00 g/сm3, and hardness - 9.5 g / cm 2, and in shallow treatment respectively 1.10 g / cm 3 and 10.3 g / cm 2.

In the 10-20 cm layer of soil on plowing and flat cutting treatment from sowing to harvesting the bulk weight increased from 1,20-1,21 g / cm 3 to 1,40-1,42 g / cm 3, hardness - from 14,9-15 5 g / cm 2 to 22,0-24,0 g / cm 2, and on shallow treatment respectively from 1,28 to 1,44 g/сm3 and 17,4 to 25,0 g/сm2. In the deeper layers of the soil changers of bulk weight and hardness of soil on options for its treatment were insignificant.

Tillage systems had a significant effect on the yield of corn also. So, ploughing on 22-24 cm in combination with several pre-sowing cultivations provided not only the rapid growth and development of plants, the formation of a greater leaf area, but also the formation of the maximum yield. In wet years, the grain yield of popcorn reached 3,21-3,97 t / ha, sweet corn cobs - 10,0-12,0 t / ha, and in arid years  2,20-2,47 6,50-7 00 t / ha, respectively.

Replacing the plowing with blade loosening on the same depth did not give positive results. The yield of popcorn grain reached on average only 2,32-2,59 t / ha and sweet corn 6,58-9,62 t / ha. Or 0,25-0,29 t / ha and 0,66-0,95 t / ha less than plowing.

The yield of grain and corn cobs was even less -  1,37-2,17 and 6,11-8,99 t / ha during shallow tillage to 10-12 cm.

Reducing the number of pre-sowing cultivations from two or three to one and corn planting in the early stages was ineffective, because the yield of popcorn grain and cobs of sweet corn, regardless of the method and the depth of the main treatment, was the lowest and did not exceed the average 1,37-2,28 and 6,11-7,24 t / ha (table 3).

3. Influence of the ways of basic and pre-sowing tillage on the yield of popcorn grain and cobs of sweet corn (t / ha), 2010-2012
	Basic tillage
	Grain of popcorn*
	Cobs of sweet corn dairy state**

	
	number of pre-sowing cultivations

	
	1
	2
	3
	1
	2
	3

	Plowing on 22-24 сm
	2,28
	2,61
	2,88
	7,24
	9,48
	10,6

	Blade loosening 22-24 сm
	2,03
	2,32
	2,59
	6,58
	8,75
	9,62

	Shallow treatment on 10-12 сm
	1,37
	1,78
	2,17
	6,11
	8,20
	8,99

	NSR005 for the basic tillage
	0,33
	0,55

	NSR005 for pre-sowing cultivations
	0,26
	0,74

	Notes: * The data for the period 2006-2008.


The negative effect of reducing the depth of basic tillage from 22-24 cm to 10-12 cm and the number of pre-sowing cultivations from three to one especially strongly showed up in dry years when yields of corn grains decreased to 0,87-1,29 t / ha, and cobs of milk ripeness to 3,25-4,50 t / ha.

Conclusions. In modern technologies of cultivation of food corn the choice of depth and method of tillage should be based on the account of its water-physical properties. On the black soils of the Left Bank of northern Steppe of Ukraine in the field crop rotations the most effective is the use of plowing on 22-24 cm in combination with three pre-sowing cultivations, providing the best water-physical indicators of soil fertility and obtain maximum yield of grain and cobs of dairy state popcorn.
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