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 7 
Abstract. Analyzes of chemical and biological properties of the eroded 8 
soil and the soil from the middle part of the slope were performed for four years. 9 
On average for the period of study, lower pH values (by 0.24 units), increased 10 
electrical conductivity (by 95.35µS/cm), as well as higher amount of total organic 11 
carbon (by 0.13%), with reduced amount of total nitrogen were observed 12 
in the eroded soil. Eroded soil contained higher concentrations of available forms 13 
of phosphorus and potassium and mineral nitrogen and higher amount of micro-14 
bial biomass carbon (by 149.38 mg/kg) and permanganate-oxidizable carbon (by 15 
0.06 mg/g on average), as well as lower activity of polyphenol oxidase and pe-16 
roxidase than the soil from the middle part of the slope. The lower amounts of 17 
extractable in sodium pyrophosphate and sodium hydroxide solutions organic 18 
carbon and higher amount of insoluble organic fractions (by 0.17%) are measured 19 
in the eroded soil in the base of the slope, compared to the soil on the 20 
slope. The results point to two simultaneous processes in the eroded soil, accu-21 
mulated at the lower parts of the field between the hills, such as increased frac-22 
tions of labile carbon, which is associated with more intensive decomposition of 23 
organic matter and greenhouse gases emissions, as well as higher amount of in-24 
soluble organic matter, translocated with the surface runoff, which is difficult to 25 
degrade and accumulates. 26 
 27 
Keywords: water erosion, eroded organic carbon, chemical and biological prop-28 
erties of eroded soil  29 

1 Introduction  30 

Soil organic carbon (SOC) is a key element of the global carbon cycle, and this cycle 31 

includes the atmosphere, vegetation, soil, water basins.  Globally, soil erosion is an 32 

important and widespread flow in the C cycle, which redistributed in the range of 75 33 

Gt of soil and 1–5 Gt of soil organic carbon per year [1, 13]. The related biogeochemi-34 

cal cycles of carbon (C) and nitrogen (N) are strongly influenced by water erosion, as 35 

their flows, storage, distribution and residence time in the soil are affected [1]. Erosion 36 

redistributes large amounts of sediment and soil organic carbon (SOC) in agricultural 37 

landscapes and this has led to contrasting conclusions if agricultural soils are either a 38 

carbon sink or a source [7].  39 

The study was conducted on Calcic Chernozem soil, and determines some chemical 40 

and biological properties of eroded soil and soil from the middle part of the slope, in 41 

order to get some clarity about the fate of eroded organic matter. The Calcic 42 

Chernozems in Bulgaria occupy 448 056 ha of the arable land, mostly in Danube plain. 43 
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Soft soil-forming rocks, deterioration of the structure, loss of organic matter, hilly 44 

relief are prerequisites for intensive erosion processes [14].  45 

2 Materials and Methods  46 

Experimental station for erosion control, Ruse, where the current research was 47 

conducted, is in the northern climatic region of the Danube plain. The soil type and 48 

cultivated crops are typical for the region of Calcic Chernozems. The soil-forming rock 49 

is represented by loess and sandy-clay materials with high calcium content. The 50 

reaction of the soils is slightly alkaline - pH 7.7-8.2. 51 

 The samples were taken after erosive precipitations, which caused runoff, reaching 52 

the foot of the hills, during four years of study (2017-2020yr.). The cultivated crops 53 

were: 2017 – sunflower, 2018- wheat, 2019 – maize, 2020 – milk thistle (Silybum 54 

marianum).  The samples were taken from the soil collected between the hills, and also 55 

from the middle part of the slope (fig.1). Total organic carbon was measured by wet 56 

digestion. Total nitrogen, ammonium and nitrate nitrogen were determined according 57 

to Kjeldal. Acetate-lactate method was used for the determination of phosphorus and 58 

potassium forms available for plants. Soil organic matter composition was determined 59 

by the method of Kononova-Belchikova [8]. Potassium permanganate oxidizable 60 

carbon (POXC) was determined by Culman, 2012 [3]. For microbial biomass 61 

measuring it was used the substrate-induced respiration method (SIR) [5]. The enzyme 62 

activity was determined by the Galstyan method (1974) using pyrogallol (1,2,3-63 

Trihydroxybenzene) as a substrate, expressed in relative units mg of purpurogallin 64 

(PPG) obtained per g of dry soil for 30 min (mgPPG/g/30min).  65 

 66 
Fig. 1. Soil profile (a), soil erosion caused by water, village Trastenik, Ruse region (b, c, d). 67 

3 Results  68 

A decrease of pH by 0.24 units on average for four years was observed in eroded soil 69 

(tabl.1). In the periods of and after erosive precipitation, the soils in the low places 70 

between the hills were over wetted and there occurred anaerobic processes. The elec-71 

trical conductivity was increased and available forms of phosphorus and potassium, 72 

mineral nitrogen were higher in the sediment, compared to the soil on the hill.  73 
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Samples of eroded soil were characterized by a higher content of total carbon but the 74 

content of total nitrogen was lower and the C/N ratio was lower in the soil on the hill 75 

and higher in the sediments. In terms of humus composition, the organic carbon ex-76 

tracted with sodium pyrophosphate of eroded soil was less as well as the content of 77 

humic acids than in the soil on the slope. Insoluble in pyrophosphate and sodium hy-78 

droxide residue was on average of all samples lower in the soil on the slope, while in 79 

the sediment between the hills this humus fraction was higher with 0.175% C on aver-80 

age for four years. The E4/E6 ratio had very low differences, but this ratio was always 81 

higher in the samples of eroded soil, which is associated with lower molecular weight 82 

and lower aromaticity of the humic acids in these samples in comparison with the soil 83 

in the middle of the slope. 84 

The permanganate oxidizable carbon (POXC) and microbial biomass carbon (MBC) 85 

in the eroded soil was higher in all samples, than in the middle part of the slope. There 86 

was a significant difference in the MBC/SOC ratio (%), as it was higher in samples of 87 

eroded soil. Тhe activity of enzymes peroxidase (PP) and polyphenol oxidase (PPO)  in 88 

the eroded sediment was lower, as the ratio of the two enzymes. 89 

 90 

Table 1. Chemical and biological characteristics of soil from the middle of the slope and 91 
eroded soil (sediment) samples for four years (2017-2020). 92 

Indexes 

Mean, 

sediment 

Mean, soil, 

middle of 

the slope 

Std.Dev., 

sediment 

Std.Dev., 

middle of 

the slope 

pH 7,46* 7,70* 0,19 0,08 

EC 207,13** 109,78** 70,62 35,38 

Available K, mg.100g-1 41,97 34,14 11,13 7,39 

N-NH4, mg.kg-1 73,31 40,32 24,12 34,22 

N-NO3, mg.kg-1 35,86 34,30 9,41 9,96 

Mineral N, mg.kg-1 109,17 74,61 30,03 33,23 

SOC, % 1,59 1,46 0,25 0,17 

Total N, % 0,14 0,15 0,01 0,01 

C/N 11,53*** 9,69*** 0,73 0,61 

Extracted org. carbon,% 0,34 0,38 0,06 0,04 

C%, HA 0,19 0,23 0,03 0,04 

C%, FA 0,14 0,15 0,04 0,05 

Insoluble residue, C% 1,25 1,08 0,23 0,18 

POXC, mg.g-1 0,70 0,64 0,05 0,05 

MBC, mg.kg-1 388,93** 239,56** 72,33 78,45 

MBC/SOC 2,51 1,66 0,74 0,44 

Peroxidase (PP) 2,55 3,01 0,68 1,19 

Polyphenol oxidase (PPO) 1,54 2,22 0,37 0,73 

Factor of accumulation (PPO/PP)  0,62 0,76 0,14 0,07 

 E4/E6 3,73 3,63 0,10 0,10 

Significant at *p<0.1, **p<0.05, ***p<0.01 93 
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4 Discussion   94 

Regarding the role of erosion in increasing atmospheric CO2, some authors [10] esti-95 

mate erosion as a source of about 1 Pg yr 
− 1

, while others consider that soil erosion 96 

causes carbon storage of the same rate [1]. According to Polyakov and Lal (2008), 97 

significant amounts of SOC mobilized by erosion at the upper part of the slope during 98 

the season could be lost to the atmosphere and transported off site [12]. The destruction 99 

of the initial soil aggregates by erosive forces is responsible for the increased CO2 100 

emissions [12]. Thus, soil erosion has a strong impact on the global C cycle and this 101 

component must be considered while assessing the global C budget [10].  102 

  Anaerobic processes occur in period of erosive precipitation at lower parts of the 103 

field and lead to denitrification, fermentation, nitrate respiration, dissimilatory nitrate 104 

reduction to ammonium, sulfate reduction, carbon dioxide reduction [17], and there 105 

was observed lower pH values. In the stationary experiments on this field it was estab-106 

lished that most of the mineral nitrogen is transported by surface water runoff (90-107 

96%) and is more in nitrate form [9]. Opposite to this in the soil at the base of hills 108 

there were larger amounts of ammonium forms of mineral nitrogen. In general, there 109 

was an increase in mineral nitrogen with lower amounts of nitrate forms and higher in 110 

ammonium forms in the soil in the base of the slope. Anaerobic conditions at the low-111 

est parts lead to increased denitrification and the eroded soil could be a source of N2O 112 

for the time with high humidity, as considered by a number of authors [6, 11].  113 

Organic carbon was higher in the eroded soil compared to the soil in the middle of 114 

the slope, but there were less extractable humic substances, and more insoluble organic 115 

matter. In general, this fraction is considered more resistant to decomposition [4]. As 116 

this fraction is greater amount into eroded soil, it can be assumed that it actually re-117 

mains undecomposed and accumulates. 118 

Higher MBC in eroded soil were established and it can be related with the rate of the 119 

mineralization process [18] and with CO2 emissions [16]. Also, CO2 emissions have 120 

shown a high correlation between different fractions of labile organic carbon, including 121 

MBC and POXC [2]. 122 

 In recent years, a number of evidences have been published [15], showing the 123 

connection of polyphenol oxidase with the synthesis of humus and peroxidase - with 124 

its mineralization. The ratio of polyphenol oxidase activity to peroxidase activity is 125 

called the factor of accumulation. Peroxidase and polyphenol oxidase activity were 126 

lower in eroded soil and the ratio between them was lower than in the middle part of 127 

the hill, which could be associated with slower humification processes. 128 

5  Conclusions  129 

In conditions of Calcic Chernozem  in the Danube plain, Northern Bulgaria,  in the 130 

periods of intense rainfalls and overwetting of the soil at the base of the slope, there are 131 

high content of labile carbon forms, anaerobic conditions and eroded soil is assumed to 132 

be  a source of greenhouse gases. At the same time, a higher amount of alkali-insoluble 133 

organic matter, which is considered resistant to degradation, was translocated with the 134 

solid runoff. There were both increased amounts of labile substance and an increase in 135 



5 

insoluble fraction in the eroded organic matter.  Two processes are assumed, one of the 136 

more intensive decomposition of organic matter and increased greenhouse gas 137 

emissions, as well as the accumulation of stable organic matter, occurring 138 

simultaneously.  139 
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