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			Abstract

			According to the upward zonality the forest brown soils occupy the northeastern part of the republic; the mountain slopes of 1300-2250m above sea level. The criteria presented in the World Reference Base for Soil Resources (WRB) have been adopted as the classification criteria for all genetic soil-types and subtypes of the Republic. According to this classification, the brown soils of the forest correspond to the name cambisols.

			The humus of Republic of Armenia cambisols has been studied. It turned out that these soils are characterized by high content of humus; up to 11,2%, which gradually decreases parallel with the soil profile depth. The humus content in plant litter reaches up to the 21,8%. One of the most important features in the cambisols is a high hydrolysis character of humus. The total balance of carbon of humus substances is 17.0-43.6%, which shows the weak linkage of humus with the mineral part of the soil. In general the presence of black HA in the content of humin acids is not typical for cambisols. It is well known that in forest grey soil prevail FA and grey FA and the absence of HA, which are combined with exchanging Ca, moving R2O3- as well as with the acid reaction of the soil, which consider being main connectors of humic substances.

			Fulvic acids and brown humic acids prevail in the content of humic acids. The soils are characterized with considerable amount of black humic acids and low optical density of humic acids in the low horizons. There are subtypes differences in the content and features of forest grey soils, which is due to the narrow ratio of Cha: Cfa in strong unsaturated subtype soils. Grey humic acids prevail in the content of humic acids, and the humic acids have low optical density.
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			Introduction

			In the modern era of climate global change, one of the primary issues facing the society is the effective use of land resources, their improvement and preservation. For our scarce-soil republic thorough investigations of soil humus fund has a great importance. Clarification of these and other similar issues are of particular importance especially for mountainous forest grey soils of the country. One of the most urgent issues in the territory of the Republic of Armenia is research on mitigation of negative phenomena caused on the soil by climate changes and anthropogenic impacts. Despite the fact that changes in the soil due to climate changes and anthropogenic effects are very different, one of the important factors contributing to the degradation of the forest grey soil is the reduction of the total content of humus and the stockpile, which negatively affects the fertility of soil and crop yields. From the results of the research, it becomes clear that humus content in these lands is generally quite high, but anyhow a certain decrease in humus and humin substances is observed in the sub-species.

			In order to improve the humus of the cambisols, increase fertility, effective use and conservation of lands, it is necessary to 

develop and implement a comprehensive scientifically justified agro-technical system.

			The Material, Object and Method

			As a research material served changes in humus and humin substances in the cambisols of the Republic of Armenia, which occur because of economic reasons, unreasonable activities and climate global change.

			The object of the research was the cambisols the republic. The research has been carried out by the method of comparing weak unsaturated and strong unsaturated soil sub-types of forest brown soils. Fieldworks had been carried out by the method of soil field extraction and the laboratory researches by modern methods of soil-science [1].

			The humus content of the soil was determined by Tyurin method and the humus group composition by the methods of Kononova and Belchikova [2, 3].

			Discussion of Results

			The Republic of Armenia is a typically mountainous country with poor soil resources. Depending on the difference of the surfaces of high dimensional levels, the entire complex of soil-formatting factors is changing in the territory of the republic, conditioning the upward zoning distribution of soils. In the unique physico-geographical conditions of each upward zonality various genetic types, subtypes, genes, species have been developed by their own origin, composition, structure and agro-industrial characteristics, which follow each other from lower places to the high mountain peaks [4].

			According to the upward zonality the forest brown soils occupy the northeastern part of the republic; the mountain slopes of 1300-2250m above sea level. The criteria presented in the World Reference Base for Soil Resources (WRB) have been adopted as the classification criteria for all genetic soil-types and subtypes of the Republic. According to this classification, the brown soils of the forest correspond to the name Cambisols [5, 6]. In the territory of the Republic of Armenia the forest brown soils were formed under beech and hornbeam forests, where besides these there are also highland maple, common ash (Fraxinus excelsior), highland elm, and from the bushes junipers, Sambucus, hawthorn, etc. In the area of these soils Coniferous trees meet rarely. 

			In the well-lit areas of the forest, grass vegetation is well developed, where dominate Salvia, Mentha (mint), Campanula, sweetbrier, etc. [7]. The efficient plant coverage of the forest is 338-612 c/ha, including the surface area of 155 c / ha, and the roots of 182-457c / ha. The amount of vegetable splinter varies in 42-99 c / ha and makes 10-23% of the vegetable mass. The accumulation of vegetable mass is being realized in sufficient acidic and non-carbonate profile [8]. The humus content in the republic cambisols varies widely from 2.8 to 11.2%. The highest content of humus is noticeable in the forest lands close to Alpian zone of Lori region. The minimum content of humus is noticeable in weak saturated subtype soil near the town of Vanadzor. In the upper horizons of the above-mentioned lands, parallel with the content of humus, the nitrogen content also changes and varies in the frames of 0.16-0.53%.

			Table 1: Тhe nutrition and balance of humus and nitrogen in cambisols.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Soil subtype

						
							
							Horizone, depth cm
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							1
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							4

						
							
							5

						
							
							6

						
							
							7
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							slightly unsaturated

						
							
							A1 2-20
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							10.81
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							B1 20-45

						
							
							2.83

						
							
							4.87

						
							
							0.308

						
							
							9.1

						
					

					
							
							slightly unsaturated

						
							
							A1 0-16
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							A2 16-33

						
							
							2.46

						
							
							4.25

						
							
							0.306

						
							
							7.9

						
					

					
							
							B33-65

						
							
							1.16

						
							
							2.1

						
							
							0.165
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							silly- unsaturated
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							A2 10-31
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							B1 31-58
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							B2 58-107

						
							
							0.41

						
							
							0.72
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							silly- unsaturated
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							AB 12-32
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							BC 32-87
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							0.042
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							C87-103

						
							
							0.27

						
							
							0.48

						
							
							0.026

						
							
							10.7

						
					

				
			

			Numerator 0-100cm, denominator 0-20 cm.

			In upper humus cumulating layers of the soil the ratio C: N varies widely, it forms 7.0 (Table 1). As in all other soils of the republic, in the forest brown soils the upper horizons of the soil are distinguished by the highest content of humus, especially the 10-20 cm deep layer of soil, including the plant litter humus with its high humus content, where it reaches 21.8%. Humus content in 30-40 cm layers of these lands sharply decreases, and in deeper layers, especially at depths of 60-70 cm, it decreases gradually. Humus content in the upper horizons of soil is correlated with the total stock of humus in 1m of soil.

			As far as the potential and energetic fertility of the soil is determined by high content of humus, so the high indices of total humus reserves are also important like the percentage content of humus is important [9-11]. The total amount of humus in the 1-meter layer of soil is 160.0 400.0 t / ha, and the total nitrogen reserves are 7.5-23.4 t / ha (Table 1). By the way 1/5 of humus and nitrogen resources, in some cases, also 1/2 of them are concentrated in the upper layer of the soil 0-20 cm [12,13].

			Processes of humus formation in weak as well as strong unsaturated subtypes cambisols are realized by dominance of Fulvic Acids (FA) over Humin Acids (HA). The content of humin acids varies widely in the frames of 15-37%, and the content of fulvic acids in the frames of 24-50% in the whole profile of the soil, especially in humus cumulative horizons. Parallel with the soil profile depth the content of humin acids decreases, and the content of fulvic acids increases. Cha: Cfa ratio in weak unsaturated subtypes of soil total profile varies from 0.83-0.40, and in strong unsaturated sub-types of soil from 0,70 up to 0,32 (Figure 1&2). Cha:Cfa ratio is quite wide especially in those subtypes of weak unsaturated soil, which have been formed on the maternal rocks of carbonate origin [14]. The dominance of fulvic acids over humin acids in forest grey soils conditioned the presence of humin-fulvic (Cha:Cfa <1) type humus in upper horizons and the presence of fulvic (Cha:Cfa <0,5) type in lower horizons.
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			One of the most important features in the cambisols is a high hydrolysis character of humus. The total balance of carbon of humus substances is 17.0-43.6%, which shows the weak linkage of humus with the mineral part of the soil (Figure 1, 3, 4). In the fractional content of humin acids, in weak unsaturated as well as strong unsaturated subtypes soils, prevails HA-1 fraction). However, they cannot be migrated in the soil profile because of their water non- solubility properties and are mostly accumulated in humus horizons.

			The content of HA-2 that is connected with the Ca considerably increases out of the border of humus horizons [15]. In the cambisols of RA there is an increase of black HA-2 share in the group of HA from strong unsaturated soils to the weak unsaturated soils. This phenomenon is noticeable especially in those soils, which are formed on carbon rocks, where the HA-2 fraction in the whole profile of the soils prevails over grey HA-2 fraction.

			In general, the presence of black HA in the content of humin acids is not typical for cambisols. It is well known that in cambisols prevail FA and grey FA and the absence of HA, which are combined with exchanging Ca, moving R2O3- as well as with the acid reaction of the soil, which consider being main connectors of humic substances [16]. To the most characteristic features of cambisols the closest is the strong unsaturated subtype humus, where the narrowest is the Cha: Cfa ratio, and in the content of solid acids the part of grey HA is 73-83%.

			HA-3 solid bonded fraction of humin acids, as a rule is the least. It follows from this that HA of cambisols, especially of strong unsaturated subtypes’ soils belong to the HA of very low optical density, where the Ec = 3.1-3.6 mg/ml, which is characteristic to the HA color specifications and shows the low molecular weight condensation of the molecules. Exceptions are the soils formed on carbonate rocks, where the optical density of HA in B horizons is 10,5, which is largely due to the presence of quite high optical density HA-2 in the content of the humus (Figures 3, 4). In the whole profile of cambisols in the fractional content of the FA prevail 1 a and 1 fractions.

			In the content of plant litter organic substances dominate humines (43% of total C, and 36% of FA), and Cha:Cfa ratio is 0,6, [17,18]. Thus, the forest brown soils are characterized by sufficient or high content of organic substances, which gradually decreases along with the profile depth. Fulvic acids and grey humic acids prevail in the content of humic acids. In low horizons they are with the considerable amount of humin acids and low optical concentration of humin acids. The difference of the content and characteristics of cambisols’ is that in strong unsaturated subtype soils the ratio Cha:Cfa is quite narrow, in the content of humin acids prevail grey humic acids and humic acids have a low optical density.

			[image: ]

			[image: ]

			Conclusion

			a.	The efficient plant coverage of the forest is 338-612 c/ha, including the surface area of 155 c / ha, and the roots of 182-457c / ha. 

			b.	The amount of vegetable splinter varies in 42-99 c / ha and makes 10-23% of the vegetable mass.

			c.	The accumulation of plant mass is realized in enough acidic and non-carbonate profile of the soil.

			d.	The total amount of humus in the 1-meter layer of soil is 160.0 400.0 t / ha, and the total nitrogen reserves are 7.5-23.4 t / ha

			e.	The humus content in cambisols varies in wide ranges from 2.8 to 11.2%.

			f.	In high humus accumulative horizons of soils, the ratio C:N varies in wide range; 7,1-9,1.

			g.	The humus content in plant litter reaches to 21,8%.

			h.	The highest content of humus is found in the upper horizons of the soil, especially the 10-20 cm deep layer.

			i.	Fulvic acids (FA) dominate over humin acids (HA) both in weak and strong unsaturated subtypes of forest brown soils.

			j.	The ratio Cha:Cfa in the whole profile of the soil varies from 0,83 up to the 0,82.

			k.	The dominance of fulvic acids over humic acids in cambisols conditioned the presence of humin-fulvic (Cha: Cfa <1) type humus in upper horizons and the presence of fulvic (Cha: Cfa <0,5) type in lower horizons.

			l.	In the cambisols there is an increase of black HA-2 share in the group of HA from strong unsaturated soils to the weak unsaturated soils.

			m.	One of the most important features in the cambisols is a high hydrolysis character of humus.
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Figure: 2 Humus composition of cambisols slightly unsaturated soils (C, % of total organic carbon).
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Figure: 4 The composition of the humus content of cambisols silly-unsaturated soils (C,% of total organic carbohydrates)
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