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The publication presents the results of long-term studies and summarizes the current condition of soil fertility of agricultural land in Poltava Region.  The dynamics of providing soils of the Poltava area with the boron is analyzed and the recommendations in relation to their further stopping degradation and to renewal is given. During 2001–2010 laboratory researches detected, that content of the boron in soils of area for two last rounds of inspection did not change. According to the information of the VIII round of inspection, the average content of the boron is made by 1,05 mgs/kg of soil, against a 1,11 mg/kg in the IX round.
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Statement of the Problem:  Changes of humus content in soil depend on two mutually contradictory processes – humification (humus formation) and mineralization of organic matter. The intensity of the processes will influence the level of humus concentration (accumulation or loss).  In the areas of intensive agriculture the transformation of soils began to correspond not just the intensity of natural soil formation process but highly exceeds it.

In order to accurately access this type of transformations, and as well directly manage of soil processes there is a need to systematically monitor changes in soil processes, i.e. to organise a Monitoring Service.

The State Scientific and Technological Centre of Soil Productivity is the only state authority responsible for regular monitoring of the soil fertility at present.  Regional Centres “Oblderzhrodyuchist” carry out works for agrochemical land classification every 5 years.

Poltava Centre “Oblderzhrodyuchist” has compiled significant materials regarding agrochemical properties of the 20cm topsoil (arable layer) of the agricultural land in the Region.

Analysis of major studies and publications which discuss the problem. According to the agrochemical certification of agricultural land soil fertility deteriorates each year.  Every 5 years Ukrainian soils lose 0.04-0.05 % of humus, 4-7 mg of migrating phosphorus compounds per kg of soil and 5-7 mg/kg of potassium.  If these figures are converted into physical values the average annual losses from soils are as follows: 300-350kg of humus, 2.6-4.5kg of migrating phosphorus compounds and 3.2-4.5 kg of potassium.  In addition, either deficit or access of microelements has been detected on the large areas of Ukraine [4].

One of the main indicators of soil fertility is the content of organic matter in soil and in particular, humus, which represents its most valuable component.  The primary significance of humus is its role in the circulation of minerals.  It also serves as a reserve fund for the nitrogen content and other macro- and microelements. Agrophysical, physical, chemical, biological and agrochemical properties of soil, its water, temperature and air conditions are closely related to the humus concentration in soil.  As a result, humus content in soil is strongly linked to the yielding productivity of the crops.  The amount of humus is significantly important for both intensive and extensive agricultural techniques.

Unfortunately, changes in types of agricultural management and land ownership in Ukraine’s agricultural sector over the last few years had negative impact on soil productivity.  As a result soils lost significant amount of humus and chornozems, the most fertile soils in the world became soils with average level of productivity.  Their conditions continue to deteriorate.

The comparison between the humus contents in soils in Dokuchaev times (1882) and current situation indicates that fractional loss of humus in this almost 120-year period reached 22%, 19.5% and about 19% in Forest-Steppe, Steppe and Woodland areas of Ukraine respectively[6].

The biggest loss of humus occurred in the 60s-80s period of the last century. This was caused by the growing rate of intensive agriculture leading to increase of tillage crops areas, in particular sugar beet and corn. During this period the annual loss of humus reached 0.55-0.60 t/ha. According to the results of agrochemical land classification survey continual tendency for the decrease of humus in soil has been noted during the last 4 monitoring periods. Over the last 20 years humus content in soils of Ukraine dropped by 0.5 %. The biggest loss of humus has occurred during the 6th monitoring period (1991–1995), at the same time, when application of organic fertilisers and production of crops using soil natural productive capability were significantly reduced [7].

Analysis of the humus content dynamics based on soil climatic zones concluded that the most significant loss of humus occurred in Steppe [3].

 Purpose.  The aim of the study was to investigate the state of top soil in Poltava region over the last two periods of agrochemical monitoring (VIII – 2001-2005 and IX – 2006-2010). 

The subject of the study involved examining the amount of humus (organic matter) in the soils of Poltava Region.
Studies. The study was undertaken by the special certified analytical laboratory equipped with modern monitoring facilities and testing tools. Highly qualified experts, especially trained in sampling techniques, carried out the investigation. Chemical and analytical research was undertaken according to the officially approved methods.
Soil samples collected by specialists of Poltava Centre “Oblderzhrodyuchist” on Poltava agricultural land during 2001-2010 were examined. 
Humus content of soil is a matrix, which determines all soil properties including all soil regimes.  Therefore, the content of humus in soil is an integral indicator of soil potential and effective productivity rate.  According to the results of the 9th monitoring period a decrease in organic matter in the soil of arable land has been observed.  The weighted average is 3.26 %, which is lower by 0.13 % compared to the previous monitoring period (See Table 1). Soils with low (166.2 thousand ha – 30.4%) and average (204.5 thousand ha - 37.4%) humus content dominated in Poltava region. Soil erosion and mineralization of the organic matter are the main causes for the decrease of humus content. These processes intensify as a result of low organic manuring.

In our opinion, one of the key reasons for decreasing organic matter in the soils of Poltava region is significant reduction in organic fertiliser application. Since 1990, due to various reasons, the scale of organic fertiliser application for the tillage crops was dramatically reduced in Poltava region. If in 1996 every hectare of the cultivated area received 8.8 tonnes of organic fertilisers, in 1997 this amount was reduced down to 3.7 tonnes, and in 2010 and 2011 the totals of organic fertilisers per hectare were only 1.3 and 1.0 tonnes respectively; whereas 9-10 tonnes of organic fertilisers per tonne are required to provide sufficient humus balance in soil.

Since 2001 humus (organic matter) content in soil became stable to some extent: 3.39% (2005), 3.26 % (2006–2010).

The study results in the IX monitoring period show that humus content was 3.26%, including – 4.33% in Karlivka district, 4.21 in Mashivka district and, 3.94% in Chutiv district.  These are higher than the average levels in the Region, whereas they only represent 68.8–41.9 % of the optimal rate. In some areas of the studied districts the figures are much lower than the weighted average. 
In comparison with the previous period the value of humus content dropped by 0.13%.  However in Chornuhi, Semenivka, Kremenchug, Kozelshchina and Grebinkivska districts a 0.01–0.09 % rise was noted.

This could be explained by the arrival of new cultivating equipment used for subsurface tillage, direct seeding and grain harvesting facilities. This equipment enables better crushing and even spreading of crop remains in the fields. In recent years the level of humus reduction has been stopped due to the increasing amount of organic plant remains in fields.
However in some districts more rapid tendency in humus content reduction has been observed.  For example, the humus losses in this period in Horol, Dikanka, Velika Bagachka and Novosanzhari districts were 0.49%, 0.44%, 0.36% and 0.39% respectively.  At the same time there is a slight increase in the humus content in eight districts (between 0.01 and 0.09%). On comparison of humus amounts in areas of different agricultural land formations, the same situation could be observed in individual districts.

The result of the IX monitoring period (2006–2010) show the following class distribution for the humus content in soils:

	1st class (less than 1.1%)
	None of the total studied areas

	2nd class (1.1–2.0 %)
	21.7 thousand ha, representing 2% of the total studied areas

	3rd class (2.1–3.0 %)
	435 thousand ha, 40.7 % of the total studied areas

	Soils with slightly high humus content (3.1–4%)
	493.7 thousand ha, 46.2 % of the total studied areas

	Soils with high humus content (4.1–5.0%)
	117.1 thousand ha, 10.9 % of the total studied areas

	Soils with very high humus content
	2.3 thousand ha, 0.2 % of the total studied areas


The surveys of the IX monitoring period of the agrochemical land classification established that the soils of the outermost eastern districts of the region are the richest in humus contents and the western districts contain the lowest amount. The areas of the central districts take an “in-between” position of the humus content in soil.

In comparison with the set standard (6.2%) – the average content of humus in soils of the region makes up only 52.5 %. Therefore, mitigation/protection measures are required for all soils, including means to increase humus content in all soils. 
The data found in Table 1 demonstrate the tendency of the decrease in both humus content of specific soils and its general amount on agricultural land.  On comparing the data of monitoring periods VIII and IX, it is evident that the percentage ratio of total areas with low, high and very high humus content dropped as follows:

	low humus content -
	from 3.5 % down to 2.0%,

	high humus content - 
	from 18.4 % down to 10.9 %,

	very high humus content - 
	from 0.5 % down to 0.2%


Similarly this ratio increased on
	average humus content -
	from 31.8 % до 40.7 %

	slightly high humus content - 
	from 45.8 % up to 46.2 %)


A particular problem lies in the loss of organic matter in such naturally productive soils as chornozems. Poltava region is not the only region where this problem exists. The loss of organic matter (humus) has been observed from almost all chornozems of Ukraine. This problem is quite significant.  9-10 tonnes of organic matter per hectare along is required to restore the productive losses of humus and replenish deficit-free balance of humus. 

Taking out of use the plough-lands and formation of natural agrophytocenosis will create favourable conditions for the revival of soil processes. The research proves that over the 15-year period of such soil condition the amount of organic substances, as well as of migrating phosphorus and potassium compounds in top soil significantly increases. Thus, the current scope of soil monitoring needs expending in terms of natural self-regulation of soil productivity issues at different directions of their use.

It has been proved that 25 years are required to increase the content of humus by 0.1% under the conditions that the area is taken out of use.  In natural conditions it will take 100 years to create 1 cm of fertile topsoil.

	Table 1. Agrochemical Properties of the Studied  Land Areas According to the Humus Content in Soil in Poltava Region 
	

	District
	Monitoring Period Number
	Monitoring Year
	Studied Area, thousand ha
	Areas According to the Humus Content in Soil
	Weighted Average %
	 +/-  in relation to the previous period 

	
	
	
	
	Very Low          < 1.0%
	Low         1.1-2.0%
	Average        2.1-3.0%
	Slightly High   3.1-4.0%
	High           4.1-5.0%
	Very High       >5.0%
	
	

	
	
	
	
	Thousand  ha
	%
	Thousand  ha
	%
	Thousand  ha
	%
	Thousand  ha
	%
	Thousand  ha
	%
	Thousand  ha
	%
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Velika Bagachka
	VIII
	2001
	26.6
	-
	-
	1.1
	4.1
	2.9
	10.9
	13.8
	51.9
	8.8
	33.1
	-
	-
	3.66
	-0.36

	
	IX
	2006
	38.4
	-
	-
	0.7
	1.8
	13.4
	34.9
	23.3
	60.7
	1.0
	2.6
	-
	-
	3.30
	

	Gadyach
	VIII
	2001
	50.1
	-
	-
	3.6
	7.2
	12.7
	25.3
	28.1
	56.1
	5.7
	11.4
	-
	-
	3.24
	-0.23

	
	IX
	2006
	67.3
	-
	-
	2.7
	4.0
	38.7
	57.5
	25.1
	37.3
	0.8
	1.2
	-
	-
	3.01
	

	Globino
	VIII
	2002
	71.1
	-
	-
	0.3
	0.4
	12.0
	16.9
	48.9
	68.8
	9.9
	13.9
	-
	-
	3.49
	-0.19

	
	IX
	2007
	64.9
	-
	-
	-
	-
	26.5
	40.9
	33.7
	51.9
	4.5
	6.9
	0.2
	0.3
	3.30
	

	Grebinka
	VIII
	2003
	23.9
	-
	-
	-
	-
	4.5
	18.8
	18.4
	77.0
	1.0
	4.2
	-
	-
	3.42
	0.05

	
	IX
	2008
	24.7
	-
	-
	-
	-
	0.9
	3.7
	23.3
	94.3
	0.5
	2.0
	-
	-
	3.47
	

	Dikanka
	VIII
	2004
	22.8
	-
	-
	-
	-
	5.0
	21.9
	10.4
	45.6
	7.2
	31.6
	0.2
	0.9
	3.69
	-0.44

	
	IX
	2009
	31.5
	-
	-
	0.2
	0.6
	10.3
	32.7
	18.9
	60.0
	2.1
	6.7
	-
	 
	3.25
	

	Zinkiv
	VIII
	2005
	52.6
	-
	-
	-
	-
	16.4
	31.2
	29.3
	55.7
	6.9
	13.1
	-
	-
	3.39
	-0.33

	
	IX
	2010
	43.1
	-
	-
	-
	-
	24.4
	56.6
	16.8
	39.0
	1.9
	4.4
	-
	 
	3.06
	

	Karlivka
	VIII
	2005
	29.0
	-
	-
	-
	-
	0.5
	1.7
	7.4
	25.5
	20.4
	70.4
	0.7
	2.4
	4.27
	0.06

	
	IX
	2010
	29.1
	-
	-
	-
	-
	0.3
	1.0
	8.4
	28.9
	19.5
	67.0
	0.9
	3.1
	4.33
	

	Kobelyaki
	VIII
	2003
	45.2
	-
	-
	2.0
	4.4
	25.3
	56.0
	17.1
	37.8
	0.8
	1.8
	-
	-
	3.01
	-0.09

	
	IX
	2008
	48.4
	-
	-
	1.8
	3.7
	29.5
	61.0
	16.9
	34.9
	0.2
	0.4
	-
	-
	2.92
	

	Kozelshchina
	VIII
	2004
	30.1
	-
	-
	2.5
	8.3
	16.8
	55.8
	10.6
	35.2
	0.2
	0.7
	-
	-
	2.90
	0.06

	
	IX
	2009
	27.8
	-
	-
	0.5
	1.8
	16.6
	59.7
	9.9
	35.6
	0.8
	2.9
	-
	-
	2.96
	

	Kotelva
	VIII
	2004
	31.4
	-
	-
	-
	-
	14.6
	46.5
	14.9
	47.5
	1.9
	6.0
	-
	-
	3.23
	-0.20

	
	IX
	2009
	34.5
	-
	-
	1.2
	3.5
	16.7
	48.4
	16.4
	47.5
	0.2
	0.6
	-
	-
	3.03
	

	Kremenchug
	VIII
	2005
	28.2
	-
	-
	0.1
	0.4
	24.2
	85.8
	3.9
	13.8
	-
	-
	-
	-
	2.75
	0.07

	
	IX
	2010
	33.9
	-
	-
	0.1
	0.3
	28.7
	84.7
	5.1
	15.0
	-
	-
	-
	-
	2.82
	

	Lohvitsa
	VIII
	2001
	51.3
	-
	-
	7.9
	15.4
	17.0
	33.1
	17.3
	33.7
	9.0
	17.6
	0.1
	0.2
	3.10
	-0.01

	
	IX
	2006
	56.4
	-
	-
	3.5
	6.2
	28.7
	50.9
	21.2
	37.6
	3.0
	5.3
	-
	-
	3.09
	

	Lubni
	VIII
	2005
	51.9
	-
	-
	4.5
	8.7
	32.3
	62.2
	14.9
	28.7
	0.2
	0.4
	-
	-
	2.92
	0.01

	
	IX
	2010
	48.1
	-
	-
	2.0
	4.2
	26.6
	55.3
	18.0
	37.4
	1.5
	3.1
	-
	-
	2.93
	

	Continued (Table 1)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Mashivka
	VIII
	2002
	37.2
	-
	-
	-
	-
	0.2
	0.5
	5.5
	14.8
	28.0
	75.3
	3.5
	9.4
	4.44
	-0.23

	
	IX
	2007
	48.2
	-
	-
	-
	-
	0.4
	0.8
	16.0
	33.2
	30.9
	64.1
	0.9
	1.9
	4.21
	

	Mirgorod
	VIII
	2002
	61.2
	-
	-
	0.3
	0.49
	5.0
	8.2
	42.3
	69.1
	13.5
	22.0
	0.1
	0.2
	3.65
	-0.26

	
	IX
	2007
	71.9
	-
	-
	0.1
	0.2
	19.5
	27.1
	46.3
	64.4
	6.0
	8.3
	-
	-
	3.39
	

	Novi Sanzhari
	VIII
	2003
	42.6
	-
	-
	0.2
	0.5
	8.2
	19.2
	26.5
	62.2
	7.7
	18.1
	-
	-
	3.55
	-0.39

	
	IX
	2008
	43.0
	-
	-
	0.5
	1.2
	18.6
	43.2
	22.3
	51.9
	1.6
	3.7
	-
	-
	3.16
	

	Orzhitsa
	VIII
	2005
	42.2
	-
	-
	0.5
	1.2
	25.2
	59.7
	16.5
	39.1
	-
	-
	-
	-
	3.07
	0.05

	
	IX
	2010
	41.7
	-
	-
	-
	-
	18.7
	44.8
	21.5
	51.6
	1.5
	3.6
	-
	-
	3.12
	

	Piryatin
	VIII
	2004
	33.3
	-
	-
	0.3
	0.9
	29.2
	87.7
	3.8
	11.4
	-
	-
	-
	-
	2.82
	-0.01

	
	IX
	2009
	36.2
	-
	-
	1.3
	3.6
	25.1
	69.3
	9.5
	26.3
	0.3
	0.8
	-
	-
	2.81
	

	Poltava
	VIII
	2003
	35.0
	-
	-
	1.8
	5.1
	9.0
	25.7
	15.1
	43.2
	9.1
	26.0
	-
	-
	3.48
	-0.06

	
	IX
	2008
	40.8
	-
	-
	1.2
	2.9
	13.5
	33.1
	15.2
	37.3
	10.9
	26.7
	-
	-
	3.42
	

	Reshetilivka
	VIII
	2004
	42.7
	-
	-
	-
	-
	19.7
	46.1
	19.5
	45.7
	3.5
	8.2
	-
	-
	3.28
	-0.03

	
	IX
	2009
	29.3
	-
	-
	0.2
	0.7
	10.2
	34.8
	16.7
	57.0
	2.2
	4.3
	-
	-
	3.25
	

	Semenivka
	VIII
	2004
	28,9
	-
	-
	-
	-
	9.7
	33.5
	16.2
	56.1
	2.8
	9.7
	0.2
	0.7
	3.40
	0.09

	
	IX
	2009
	55.9
	-
	-
	-
	-
	14.1
	25.2
	34.0
	60.8
	7.5
	13.4
	0.3
	0.6
	3.49
	

	Horol
	VIII
	2002
	47.7
	-
	-
	1.3
	2.7
	4.1
	8.6
	30.3
	63.5
	12.0
	25.2
	-
	-
	3.63
	-0.49

	
	IX
	2007
	58.4
	-
	-
	1.6
	2.7
	26.5
	45.4
	27.7
	47.4
	2.6
	4.5
	-
	-
	3.14
	

	Chornuhi
	VIII
	2001
	23.9
	-
	-
	7.6
	31.8
	10.0
	41.8
	6.3
	26.4
	-
	-
	-
	-
	2.51
	0.09

	
	IX
	2006
	24.0
	-
	-
	4.1
	17.1
	16.2
	67.5
	3.7
	15.4
	-
	-
	-
	-
	2.60
	

	Chutiv
	VIII
	2003
	30.6
	-
	-
	-
	-
	0.2
	0.7
	11.0
	35.9
	19.4
	63.4
	-
	-
	4.13
	-0.19

	
	IX
	2008
	35.2
	-
	-
	-
	-
	1.7
	4.8
	16.8
	47.7
	16.7
	47.5
	-
	-
	3.94
	

	Shishaki
	VIII
	2001
	30.1
	-
	-
	0.1
	0.3
	3.4
	11.3
	16.4
	54.5
	10.2
	33.9
	-
	-
	3.75
	-0.37

	
	IX
	2006
	37.1
	-
	-
	-
	-
	9.2
	24.8
	27.0
	72.8
	0.9
	2.4
	-
	-
	3.38
	

	Total in the Region (Oblast)
	VIII
	2001-2005
	969.6
	-
	-
	34.1
	3.5
	308.1
	31.8
	444.4
	45.8
	178.2
	18.4
	4.8
	0.5
	3.39
	-0.13

	
	IX
	2006-2010
	1069.8
	-
	-
	21.7
	2.0
	435.0
	40.7
	493.7
	46.2
	117.1
	10.9
	2.3
	0.2
	3.26
	


Conclusions.  Crushed by-products of the crop cultivating industry (straw, stalk, sugar beet and gourd foliage), remaining in the fields, will continue to provide the main source for replenishing soil with organic matter in the nearest future.  Straw residues in the fields with high productivity rating are supplemented with mineral nitrogen, in ratio 10 kg of nitrogen per 1 tonne of residues. Supplementing by-products with green fertilisers in the sufficiently moist soil zones or irrigation areas is an integral part of process of replenishing soil with organic matter. 
Techniques of green fertilisers and by-products involve ploughing them into the soil in order to increase the amount of migrating organic matter and improving nitrogen soil regime. The crops could be sowed onto the green fertilisers directly at the start of growing or the fertilisers could be used as supplements (additional seeding, after harvesting/cutting seeding, feeding supplements), taking into consideration the specifics of soil climatic zones.  Continuous intensive agriculture and lack of measures for replenishing humus in soils will lead to further loss in humus content and, as a result, further decrease in soil productivity and eventually will cause soil degradation.
Calculations show that humus balance in region soils is insufficient and varies between -0.13 and -0.20 tonne per hectare. The main reason is application of extremely low amount of organic fertilisers.  The qualitative indicators of soil productivity continue to drop during every monitoring period. Therefore, a rigorous regular monitoring, as well as relevant soil protection measures, is required to improve this situation. The main measures to enhance soil production and gain the maximum use of its natural fertility include rational use of organic and mineral fertilisers, liming of acidic soils, application of gypsum to the alkali soils, intensive use of green fertilisers, following the crop rotation system, systems for dealing with water erosion, growing crop varieties and hybrids, which yield the best harvest, pest, disease and weed control.  Hence agrochemical land classification is an integral part of the whole series of environmental management and mitigation measures directed to protect soil productivity.

It is essential to radically change the structure of crop rotation systems on the agricultural lands remaining under the influence of intensive agriculture in such a way, that crop growing phase was subsequently followed by soil mitigation measures. In order to achieve this, it is necessary to expand the growth of legumes crops, especially perennial leguminous grasses, introduce complete fallows into crop rotation system, reduce the areas of tillage crops down to the optimal size, increase the application of post-harvest sowing onto the green fertilisers, as well as the use of crushed straw as organic matter, switch to biological measures for soil productivity improvement, which include the utilising mineral and organic fertilisers. 
The most effective way to overcome the physical degradation of soils is minimisation of soil cultivation, even to the point of abandoning it (“zero treatment”). 

In order to stop soil degradation processes, it is essential to decrease the land ploughing, which should be between 40 and 50 %.
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