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Abstract. The soil cover is the national wealth, natural resource and the principal means of production in the Republic of Moldova 
agriculture. Purpose and research tasks consist in setting up the changes made by erosion on the chemical characteristics of the ordinary 
chernozems. Were conducted the necessary investigations on the territory of the reception basin “Negrea”. In this paper are assessed humus 
content, carbonates, pH, nitrogen, phosphorus, potassium and their distribution on the soil profile. From the data obtained on the changes of 
the chemical characteristics of investigated soils, it has been noted that appears significant quantitative and qualitative differentiation of these, 
depending on the degree of erosion. The research has shown that the chemical characteristics of soils with different degree of erosion are more 
strongly influenced by erosion. All this has led to the acceleration of erosion, including linear (Andrieş et al, 2003). Experiments were located 
within the perimeter of the village Negrea, Hincesti district, in the hydrographic basin of Lapuşna river. We have studied four main profiles of 
ordinary chernozem with different degrees of erosion, characterized by different type of profile (Cojocaru, 2015). Soil samples collected in the 
laboratories of the Institute of Pedology, Agrochemistry and Soil Protection „Nicolae Dimo” were analyzed, and the results demonstrated the 
influence of the erosion process on the chemical characteristics of investigated soil (Arinushkina, 1970; Kauricev, 1980; Mineev, 2001; Sokolov 
1965, 1975). In this article, we present data determining the humus content by the method Tiurin layers 0-30 cm for not eroded and weakly 
eroded soils, which are characterized as moderately humiferous with humus content of 3.1 - 3.7%. Soil reaction determined by potentiometric 
method of the not eroded soils, often the weakly eroded soils are neutral for the Ah and Bh1 horizons with values ranging from 6.9 to 7.2 and 
weak alkaline for the Bh2, BC and C horizons. According to calculations, by the investigated soils crops cultivated with hoes, nitrogen loss is 18 
kg/ha. For poorly eroded soils lost 23 kg/ha of nitrogen, and the moderately eroded withto 28 kg/ha. Highly eroded soils lose - about 40 kg/ha 
of nitrogen (Cojocaru, 2015).
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INTRODUCTION

Soil is the main natural resource and national wealth of the Republic of Moldova, which is based on the 
use of 75% of the national economy (Cerbari et al., 2001). In recent decades, chernozems with high fertility are 
subjected to more intensive accelerated degradation due to inappropriate human activities, decreasing forest 
belts' surfaces and other factors, which led to a drop of essential productive capacity of agricultural crops. 
Within the limits the Central Moldova Plateau, the ordinary chernozem is widespread and soil quality on the 
majority of agricultural land is unsatisfactory (Andrieş et al., 2004). In the village of Negrea, continues to expand 
the area of lands affected by erosion, dehumification, damage and compaction, their share being higher. It is 
known that soil erosion presents a fairly widespread phenomenon in the country. Soil degradation processes 
are conditioned both by natural conditions and by inadequate human activity. Such degradation leads to the 
deterioration of physical, chemical and biological properties of soils (Andrieş et al., 2003). Today, the problem 
of the first order is in their rational use. Therefore, the knowledge of the chemical characteristics changes of 
the ordinary chernozem subjected of the erosion process is the important mainstay in determining the most 
effective anti-erosion measures. In order to estimate changes, the most characteristic of soil properties have 
been used as the most significant chemical indicators: humus content, pH, nitrogen, phosphorus, potassium 
and carbonates.

MATERIALS AND METHODS

Were highlighted forms of soil degradation and damage caused to the national economy as a result of 
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their extent? Instability of climate, especially precipitation regime, conditions such as the droughts and the 
floods and torrential character of rains in the warmer seasons present a decisive factor of soil erosion. Clearing 
forests, grubbing up steppes, land fund privatization led to excessive fragmentation and the division of quotas 
hill on valley. All this has led to the acceleration of erosion, including linear erosion (Andrieş et al., 2003). To 
accomplish the purpose of the research, it was conducted a field study by collecting soil samples and distributing, 
then, for detailed analysis in the laboratory. Harvesting of soil for analysis is a very important operation that 
depends largely on the accuracy of research results. The soil is collected in special containers.

The cylinders for the collected soil samples were rinsed with distilled water and then dried. The cylinders 
are normally used with a diameter of 5 cm and a height of 10 cm, which can comprise about 250 g of soil. The 
number of samples is fixed by the size of surface analyzed, evenness of ground, crop condition and the nature 
of analyzes performed. In laboratory, samples are made immediately, fresh or air-dried, put in cardboard boxes 
and stored in the laboratory evidence locker.

Among the methods used for the determination of total soil humus, best known are:
Calcination method - is simple, easy to execute, but imprecise. It is based on elimination by ignition of 

organic sample due to carbon oxidation with atmospheric oxygen. The weight loss by burning is determined by 
weighing (Аринушкина, 1970). 

Schollenberger-Jackson method (wet oxidation method) that is based on the oxidation of carbon in the 
organic matter of the soil sample with a mixed oxidant potassium dichromate (K2Cr2O7) and sulfuric acid 
(sulfochromic solution).

The principle of the Tiurin method (Аринушкина, 1970; Кауричев, 1980; Минеев, 2001; Соколов, 1965, 
1975) to determine the content of humus in the soil consists in the oxidation of humus carbonate with a solution 
of chromic anhydride or potassium dichromate in presence of sulfuric acid.

Experiments were located within the perimeter of the village Negrea, Hincesti district, in the hydrographic 
basin of the Lapuşna river. We have studied four main profiles of ordinary chernozem with different degrees of 
erosion, characterized by the following type of profile (Cojocaru, 2015):

– not eroded – (Ah+Bhk1)d→Bhk1→Bhk2→BCk→Ck; 
– poorly eroded - (Ah+Bhk1)d→Bhk2→BCk→Ck; 
– moderately eroded - (Bhk1+Bhk2)d→BCk→Ck; 
– strongly eroded - (Bhk2+BCk)d→BCk→Ck.

From soil samples collected in the laboratories of the Institute of Pedology, Agrochemistry and Soil 
Protection ”Nicolae Dimo”, we examined the following chemical properties of investigated soil (Аринушкина, 
1970; Кауричев, 1980; Минеев, 2001; Соколов, 1965, 1975): 

a) the quantity of humus from the soil calculated by the Tiurin method;
b) pH determined by potentiometric method;
c) total nitrogen determined by Kjeldahl method;
d) mobile phosphorus, by Macighin method;
e) mobile potassium Macighin method, flame photometry;
f) carbonates by volumetric-gaseous method.

Based on this analysis, the amendment of chemical characteristics was pursued of ordinary chernozems 
depending on the degree of erosion.

RESULTS AND DISCUSSIONS
The research done in this direction has established the degree of change through erosion of the main 

chemical properties of the soil and the first modification of nutritive substance content.
Humus is the most important component of soil as it gives the health of soil and plants, ensures an 

excellent quality food, which increases their resistance to disease and pests. Humus content can be appreciated 
visually or can be determined exactly by chemical analysis in laboratory. The appreciation humus content is 
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performed according to the color of the soil. Soils rich in humus are darker, thus absorbing heat with greater 
ease than those lighter. This is an important factor which is largely dependent on the buffering capacity of the 
soil, its relationship with water, air, temperature and other properties of the soil. By determining the reserve 
of humus in the soil organic matter, it is highlighted the content of nutrients, especially nitrogen, the element 
most affected by erosion. Losses of humus in agricultural soils are related to several factors, of which the most 
important are practical crop rotation, soil tillage, the amount of organic matter returned with organic fertilizers 
etc. (Andrieş, 2004).

After the humus content determined by the Tiurin method (Кауричев, 1980; Минеев, 2001), in layers 
0-30 cm (Fig. 1), not eroded and poorly eroded soils are characterized as moderately humiferous with a humus 
content of 3.1 - 3.7%. Moderately eroded soils have a humus content of 2.4 - 2.7%, considered humiferous 
submoderately and strongly eroded soils - poorly humiferous by 2 - 2.4% humus content (Cojocaru, 2015).

Figure 1. Humus content, % on ordinary chernozems 

The created situation further favors the development of more prominent erosion phenomenon. The most 
important of humus losses have occurred in most cases in the depth of 30 cm. This variation is produced both 
by type of soil and the erosion process intensity (Аринушкина, 1970; Кауричев, 1980; Минеев, 2001). Based 
on the results, it was stated that the issue of increasing the flow of organic matter so, in eroded as well as in the 
not eroded soils is the main condition for maintaining their quality and production capacity (Cerbari, 2010). 
The ratio of C: N in the humus layer of arable soils investigated is fairly narrow - about 8-9. Thus (Table No. 1), 
the soils are poorly insured with mobile phosphorus and ensured optimally with mobile potassium (Cojocaru, 
2015).

Regarding the changes in chemical characteristics depending on the degree of erosion, various researchers 
have found that humiferous soils are less exposed to the erosion process than poorly humiferous soils.

A particular influence on soil quality exercise the soil reaction (acidic or basic degree is given by the ratio 
between the concentration of ions H + and OH-). Soil reaction (pH) serves to the agroproductive characterization 
of a soil and constitutes an important criterion of how to use the land in choosing the assortment of plants. 
When the predominant cations - the reaction is acidic and when the predominant anion - the reaction is basic 
(alkaline). When these two are in approximately equal concentrations, the reaction is neutral. Thus, the acidic 
soils are poor or sometimes totally lacking calcium - important element for plant life and also deprived of some 
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micronutrients (boron, molybdenum, cobalt). Strongly alkaline reaction of the soil determines the blocking 
of micronutrients (Zn, Cu, Mn, Bo, etc.) and therefore, deficiencies in the supply of plants. The knowledge of 
the soil reaction helps to establish the form under which chemical fertilizers shall be used on different soils 
(Аринушкина, 1970; Соколов, 1965, 1975).

The value of pH determined in aqueous suspension of soil is an analytical index easily obtained, based on 
which, it is characterized the soil reaction and properties of acid - alkaline of the system of soil – water (Florea 
et al., 1987).

Table No.1
Modification of some chemical properties of ordinary chernozems spread on the territory of reception basin 

“Negrea”
Horizon and depth 

(cm)
C : N Mobile forms (mg/100 g of soil)

P2O5 K2O
Not eroded ordinary chernozem

Ahp1      0-20 10,8 2,0 38
Ahp2     20-32 9,7 1,5 25
Ahd       32-52 10,7 1,2 20

Poorly eroded ordinary chernozem
Ahp1       0-21 10,1 1,9 28
Ahp2      21-35 8,9 1,9 18
Ahd        35-53 9,1 1,7 16

Moderately eroded ordinary chernozem
ABhp      0-21 10,6 1,9 17,0
ABhd1   21-48 10,7 1,7 13,0
BCk1     48-65 10,6 1,5 12,5

Strongly eroded ordinary chernozem
ABhp       0-20 10,7 1,9 19,5
ABhd      20-40 11,0 1,6 13,0

The reaction of not eroded soils, and often the poorly eroded is neutral Ah and Bh1 horizons, is neutral 
for the Ah and Bh1 horizons with values ranging from 6.9 to 7.2 and weak alkaline Bh2, BC and C horizons. 
Moderately and strongly eroded soils are characterized by weak alkaline reaction on the surface (Fig. 2). This 
is explained by the fact that these layers are formed from inferior carbonate horizons, brought to the surface.

Figure 2. The values of pH on ordinary chernozems Figure 3. The phosphorus content, mg/100 g of soil on 
ordinary chernozems 
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The nitrogen in the soil is in organic and inorganic forms. In most of the nitrogen in the soil is located bound 
to organic matter (90%), namely: the dead organic residues, into the humic substances and microorganisms. 
In the upper soil levels, 20-40% of organically bound nitrogen is in the form of condensed amino acids in 
organic matter and released by acid hydrolysis, and, in addition, the soil contains very low amounts of free 
aminoacids that can be extracted in water, ethyl alcohol, ammonium acetate. Another portion of the organic 
nitrogen (5-10%) is in the amino-sugar composition, which, like amino acids, can be removed from the soil by 
acid hydrolysis. 

Nitrogen plant available is formed of humus decomposition by microorganisms account. Nitrogen 
is represented as exchangeable form by ions of the NH4 

+ reversibly absorbed on the surface of soil colloids 
and in soluble form by ions of the NH4 

+ from the soil solution. These forms are readily available to plants. 
Determination of total nitrogen in the soil was carried out by the Kjeldahl method, which consists of the 
disaggregation (mineralization) of the soil with concentrated sulfuric acid, when nitrogen from the organic 
combinations is released and passed in the form of ammonium sulfate. This, by treatment with a strong base, 
releases the free ammonia that is removed from the solution by distillation and collected in a 0.1 N solution of 
sulfuric acid added into excess. The excess sulfuric acid by titration with 0.1 N sodium hydroxide and can be 
calculated from nitrogen content of the sample (Аринушкина, 1970; Соколов, 1965, 1975). 

According to calculations made on the investigated soils cultivated with hoe crops, the nitrogen loss is 
18 kg/ha. For weakly eroded soils is being lost to 23 kg/ha of nitrogen and the moderately eroded to 28 kg/ha. 
Highly eroded soils lose about 40 kg/ha (Cojocaru, 2015).

The phosphorus (P2O5) in the soil is in the form of inorganic and organic compounds (Аринушкина, 
1970; Соколов, 1965, 1975). The majority of phosphates have low solubility and are difficult to reach plants. 
The phosphates in the soil are in the form of readily soluble primary phosphates and phosphate in the form 
of secondary, tertiary, octocalcic phosphates, phosphates adsorbed on the surface of iron and aluminum 
sesquioxide, or clay, which are poorly soluble. In neutral and alkaline soils, especially, phosphates are solubilized 
by the acetic acid used in the composition acetate lactate solution (AL). On measure to increase the degree of 
erosion, decreases the amount of phosphorus and more (Fig. 3). 

The determination of assimilable potassium (mobile) was performed according to the Machighin method. 
Potassium (Аринушкина, 1970; Соколов, 1965, 1975) is one of the main elements of the earth’s crust. Many 
agrochemical laboratories have adopted the method of determining of potassium in the (AL) extract using 
flame photometry. The extract obtained for the determination of phosphorus is used also to determine other 
considered elements accessible to plants. Soil extract containing potassium is converted into an aerosol by means 
of sprayer by the flame photometer. This one, reaching the flame, loses water by evaporation and forms a gaseous 
continuous flux composed of the atoms of different elements (Fig. 4). By means of a potassium interference 
filter and through a photoelectric cell, the intensity of this radiation emission permits the determination of 
extract concentration by potassium in the soil analyzed.

Carbonates are determined by titration with H2SO4 0.01N in the presence of phenolphthalein and 
bicarbonates by titration with H2SO4 0.01N in the presence of methyl orange. It was assessed first in the field 
using a solution by hydrochloric acid (1/3 concentration). In contact, the two elements make effervescence. 
Depending on the intensity of effervescence, it was possible to approximate the carbonate content in the soil. 
But a more accurate result was received by conducting analyzes in the laboratory (Cerbari, 2010; Соколов, 
1965, 1975). 

According to data obtained, carbonate profile of the investigated soils is derogated by reversing horizons 
(fig. 5), therefore not eroded soils are non-carbonated in the layer of 0-20 cm, and the poorly and moderately 
eroded the value of 2 - 3.9% g/g – carbonated weak. Strongly eroded soils from the surface are carbonated 
moderately and with the depth in the 30 cm layer - strong carbonate with values of 20% g/g. 

Increasing the amount of carbonates and significant reduction of phosphorus, nitrogen and humus, 
directly influence the plant growth on eroded soils and level of productions achieved (Cojocaru, 2015).
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Figure 4. Potassium content, mg/100 g of soil 
on ordinary chernozem

Figure 5. Carbonate content, % on ordinary chernozems

CONCLUSIONS

1. Experiments were located within the perimeter of the village Negrea, Hincesti district, in the hydrographic 
basin of Lapusna river. There have been considered for the study four main profiles of ordinary chernozems 
with different degree of erosion, characterized different type of profile.

2. After the humus content determined by the Tiurin method, in layers 0-30 cm not eroded and poorly eroded 
soils are characterized as moderately humiferous, with a humus content of 3.1 - 3.7%. Moderately eroded 
soils have a humus content of 2.4 - 2.7%, considered humiferous submoderatly and strongly eroded soils 
- poorly humiferous by 2 - 2.4% humus content.

3. The reaction of soils, not eroded often and the poorly eroded is neutral Ah and Bh1 horizons, is neutral for 
the Ah and Bh1 horizons with values ranging from 6.9 to 7.2 and weak alkaline Bh2, BC and C horizons. 
Moderately and strongly eroded soils are characterized by weak alkaline reaction on the surface (Fig. 2). 
This is explained by the fact that these layers are formed from inferior carbonate horizons, brought to the 
surface.

4. According to calculations made on the investigated soils cultivated with hoe crops, the nitrogen loss is 
18 kg/ha. For weakly eroded soils is being lost to 23 kg/ha of nitrogen and the moderately eroded - to 28      
kg/ha. Highly eroded soils lose about 40 kg/ha.

5. Increasing the amount of carbonates and significant reduction of phosphorus, nitrogen and humus, 
directly influence the plant growth on eroded soils and level of productions achieved.
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