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We explicated results of the ecological examination of technologies for growing winter wheat in the Northern Forest-Steppe on the indicators of fertility and the effect on the migration of heavy metals in the genetic horizons of dark-gray podzolized soil. According to the results of environmental assessment, it is established that for the introduction of technologies in production, it is necessary to improve certain technological operations.
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Formulation of the problem. It is proved that fertilizers include heavy metals that are potentially capable of contaminating the soil, altering its microbiological and biological activity, migrating to groundwater, migrating to plants, and adversely affecting the quality of agricultural products [3, 7].

In this regard, a topical issue is an ecological expertise of winter wheat growing technologies based on the main fertility indices, as well as the migration of heavy metals in the genetic horizons of dark gray, podzolized soil.

An analysis of the latest research and publications on this problem. Modern wheat cultivation technologies can negatively influence on the technological, biochemical and hygienic indicators of grain quality, as well as lead to contamination of soil and related environments with harmful substances, reduce its biological activity, promote the activation of chemical substances in groundwater, etc. [4, 5].
Terms and conditions of the study. The research was carried out at the Institute of Agroecology and Nature Management with winter wheat of the Lada Odes’ka variety on a dark gray podzolized light clay soils. 
The scheme of the experiment envisaged the study of fertilizer variants against the background of the minimum and intensive system of plant protection: control (without fertilizers), N60N30, P135K135+N80+N55, by-products, P90K90+N60+N30.

We studied in the experiment technology with intensive plant protection, which included the use of pesticides: «Amistar Extra», 0.5 l/ha, «Karate Zeon», 0.2 l/ha, «Alto Super», 0.5 l/ha, «Lintur», 0.15 g/ha, and etchant «Maxim Star», 1,5 l/ton.
Moving forms of heavy metals from the soil were extracted by extraction of 1 n HCl, and their quantitative determination was carried out by the atomic-adsorption method [6].

Research results. Ecological expertise of winter wheat growing technologies was carried out according to the methodology of ecological expertise of crop growing technologies [2].

The evaluation of the technologies was carried out by the influence on soil fertility indices. According to this comparison, an ecological evaluation of the technology of agrochemicals application for the influence on the state of dark gray podzolized soil on the background of intensive and minimum protection was carried out (table 1).

1. Ecological evaluation of the dark gray podzolized soil condition regarding the requirements of growing winter wheat to fertility

	Ecological State
	Indicator of Soil Condition
	Ecological State
	Score, points

	Humus Content

	Control
	2,2*/2,4**
	unsatisfactory / unsatisfactory
	0/0

	N60N30
	2,6/2,4
	unsatisfactory / unsatisfactory
	0/0

	P135K135+N80+N55
	2,9/2,2
	unsatisfactory / unsatisfactory
	0/0

	by-products
	2,5/2,2
	unsatisfactory / unsatisfactory
	0/0

	P90K90+N60+N30
	2,5/2,3
	unsatisfactory / unsatisfactory
	0/0

	Easily Hydrolyzed Nitrogen Content 

	Control
	77/72
	normal / satisfactory
	2/1

	N60N30
	74/74
	satisfactory / satisfactory
	1/1

	P135K135+N80+N55
	88/81
	optimal / normal
	3/2

	  by-products
	77/74
	normal / satisfactory
	2/1

	P90K90+N60+N30
	89//75
	optimal / satisfactory
	2/1

	Mobile Phosphorus Content

	Control
	81/75
	unsatisfactory / unsatisfactory
	0/0

	                 N60N30
	110/127
	satisfactory / satisfactory
	1/1

	P135K135+N80+N55
	173/196
	optimal / optimal
	3/3

	by-products
	148/137
	optimal / normal
	3/2

	P90K90+N60 + N30
	241/228
	optimal / optimal
	3/3

	Exchangeable Potassium Content

	Control
	69/64
	unsatisfactory / unsatisfactory
	0/0

	N60N30
	138/134
	normal / normal
	2/2

	 P135K135+N80+N55
	162/141
	optimal / normal
	3/2

	  by-products
	153/125
	optimal / satisfactory
	3/1

	P90K90+N60 + N30
	224/204
	optimal / optimal
	3/3

	Reaction of Soil Solution

	Control
	6,6/6,7
	optimal / optimal
	3/3

	N60N30
	6,8/6,2
	optimal / optimal
	3/3

	 P135K135+N80+N55
	6,0/6,3
	optimal / optimal
	3/3

	by-products
	6,7/6,5
	optimal / optimal
	3/3

	P90K90+N60 + N30
	6,0/6,2
	optimal / optimal
	3/3


       Note: *  - Intense protection, ** - Minimal protection.
The obtained results have shown that all technologies against the background of intensive and minimal protection by the humus content lead to unsatisfactory ecological condition; by the easily hydrolysed nitrogen content on both phones is an optimal and normal ecological state; by the content of mobile phosphorus and exchangeable potassium, these technologies provide the optimal, normal, satisfactory ecological status.

An ecological expertise of technologies of winter wheat cultivation was conducted by the influence on the processes of migration of  heavy metals in the genetic horizons of the soil.
Investigation of the influence of mineral and organic fertilizers with minimal and intensive plant protection on the accumulation of lead and copper in the soil showed that the introduction of fertilizers for a long time is not accompanied by its content significant increase in dark gray podzolized soils.

In the cultivation of winter wheat, the content of heavy metals in the soil layers was uneven. In the lower layers of the soil, their number decreased compared with the upper layers. After application of P135K135+N80+N55, N60N30 there was an increase of lead and copper in layers of 20–40, 40–60 cm in the background of intense protection. In other variants, with a background of intense and minimal protection throughout the profile of the soil a significant increase is not noticeable.

An ecological evaluation of dark gray podzolized soil was conducted on the basis of the concentration factor when applying various wheat growing technologies (table 2).
2. Ecological evaluation of dark gray podzolized soils by coefficients of concentration of lead and copper with application of various technologies of wheat cultivation
	Experiment Option
	Genetic Horizon
	Ecological State
	Score, points

	
	Не
	Ні
	ІНgi
	Pigl
	Pkgl
	
	

	Coefficient of  Lead  Concentration

	N60N30
	1,3*/1,0**
	1,2/1,0
	1,1/1,0
	1,2/1,0
	1,2/1,0
	normal / optimal
	2/3

	P135K135

+N80+N55
	1,3/1,1
	1,2/1,0
	1,2/1,0
	1,2/1,1
	1,2/1,0
	normal / optimal
	2/2

	P90K90

+N60+N30
	1,0/1,1
	1,0/1.1
	1,1/1,0
	1,0/1,1
	1,0/1,0
	optimal / normal
	2/2

	by-products
	1,0/1,1
	1,1/0,9
	1,1/0,8
	1,0/0,9
	1,0/0,9
	optimal / optimal
	3/3

	Coefficient of Copper Concentration

	N60N30
	1,1/1,1
	1,2/0,9
	1,2/1,0
	1,3/1,0
	1,2/1,0
	normal / optimal
	2/3

	P135K135

+N80+N55
	1,2/1,1
	1,4/1,0
	1,3/1,1
	1,2/1,1
	1,2/1,0
	normal / normal
	2/3

	P90K90

+N60+N30
	1,1/1,1
	1,1/1,0
	1,0/1,0
	1,0/1,0
	1,0/1,0
	optimal / optimal
	3/3

	by-products
	1,1/0,9
	1,0/1,0
	0,9/0,9
	1,0/1,0
	0,9/0,9
	optimal / optimal
	2/3


Note: * - Intense protection, ** - Minimal protection
The ecological evaluation of dark gray podzolized soil by the copper concentration coefficient showed that N60N30, P135K135+N80+N55 against the background of intensive protection and P135K135+N80+N55 on the background of minimal protection corresponded to the normal ecological state, the coefficient of concentration of which varied within 1.1–1.5. It testifies that there was a slight accumulation of copper in the genetic horizons of dark gray podzolized soil. Most of the options on both phonons corresponded to the optimal ecological state.

   We conducted an comprehensive assessment and establish the degree of technological processes taking into account all the indicators studied during the testing of technologies (table 3).
3. Comprehensive ecological assessment of winter wheat growing technologies
in the Northern Forest-Steppe zone of Ukraine

	Experiment Option
	Plant Protection System

	
	Intense
	Minimal

	1. Control
	1.8
	1.4

	2. N60N30
	1.5
	1.8

	3. P135K135+N80+N55
	2.2
	2.2

	4. By-product
	2.5
	2.0

	5. P90K90+N60+N30
	2.5
	2.2


The results of ecological evaluation of winter wheat growing technologies by the indexes of fertility and heavy metals migration in the genetic horizons of dark gray podzolized soil showed that technologies involving intensive plant protection and fertilizer P90K90+N60+N30 and by-products need to be improved by some technological operations, but technologies that require the use of N60N30 and P135K135+N80+N55 prior to implementation require significant improvement. All technologies involving the use of fertilizers against the background of minimal plant protection need further improvement, since they do not provide optimal agrochemical state of dark gray podzolized soil.

Conclusion. The obtained data testify that ecological expertise of technologies of growing of winter wheat in the conditions of the Northern Forest-Steppe zone of Ukraine by the agro-chemical parameters of the soil should provide fertilization with ensure optimal fertility parameters of the soil. The use of the concentration coefficient to characterize the ecological state of the dark gray podzolized soil by the parameters of accumulation and leaching of heavy metals in the genetic horizons allows us to evaluate the technology of fertilizer application, remedies and, if necessary, to make appropriate improvements.
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