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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause

serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using

laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and

phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes

in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant

decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day

tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most

profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue

fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses

suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
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Introduction

The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),

has been extensively used for over 100 years, and this

persistent toxic organic compound has resulted in soil

contamination and environmental problems at many

former explosives and ammunition plants, as well as

military areas (Stenuit, Agathos 2010). TNT has been

reported to have mutagenic and carcinogenic potential

in studies with several organisms, including bacteria

(Lachance et al. 1999), which has led environmental

agencies to declare a high priority for its removal from

soils (van Dillewijn et al. 2007).

Both bacteria and fungi have been shown to

possess the capacity to degrade TNT (Kalderis et al.

2011). Bacteria may degrade TNT under aerobic or

anaerobic conditions directly (TNT is source of carbon

and/or nitrogen) or via co-metabolism where addi-

tional substrates are needed (Rylott et al. 2011). Fungi

degrade TNT via the actions of nonspecific extracel-

lular enzymes and for production of these enzymes

growth substrates (cellulose, lignin) are needed. Con-

trary to bioremediation technologies using bacteria or

bioaugmentation, fungal bioremediation requires

an ex situ approach instead of in situ treatment (i.e.

soil is excavated, homogenised and supplemented

with nutrients) (Baldrian 2008). This limits applicabil-

ity of bioremediation of TNT by fungi in situ at a field

scale.
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the spatial distribution of soils and topography. They also 
assumed that summits are a point of maximum erosion. 
However, it is sufficient to use a simple five-unit (i.e. sum-
mit, shoulder, backslope, toeslope and footslope) model 
based on slope form, because in reality not all hillslope 
elements necessarily exist along any given hillslope (Birke-
land 1984; Thompson et al. 2012).

Olson et al. (2002) and Jankauskas (2012) indicated 
that soil erosion causes irreversible processes in chemi-
cal properties of soil along hillslopes by thinning the Ap 
thickness. The major expenses related to soil erosion in a 
farm are from the soil nutrients, productivity and qual-
ity restoration (Bucur et al. 2011; Lal 2001). Erosion has 
a marked impact on soil physico-chemical properties 
(Maetens et al. 2012; Cerdan et al. 2010; Šurda et al. 2007) 
and increase a cost of soil conservation measures in ag-
ricultural areas characterised by hilly topography (Leyva 
et al. 2007).
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abstract. The objective of this study was to evaluate the impact of different land use systems on soil erosion rates, sur-
face evolution processes and physico-chemical properties on a moraine hilly topography in Lithuania. The soil of the 
experimental site is Bathihypogleyi – Eutric Albeluvisols (ABe–gld–w) whose texture is a sandy loam. After a 27-year 
use of different land conservation systems, three critical slope segments (slightly eroded, active erosion and accumula-
tion) were formed. Soil physical properties of the soil texture and particle sizes distribution were examined. Chemical 
properties analysed for were soil pH, available phosphorus (P) and potassium (K), soil organic carbon (SOC) and to-
tal nitrogen (N). We estimated the variation in thickness of the soil Ap horizon and soil physico-chemical properties 
prone to a sustained erosion process. During the study period (2010–2012) water erosion occurred under the grain–
grass and grass–grain crop rotations, at rates of 1.38 and 0.11 m3 ha–1 yr–1, respectively. Soil exhumed due to erosion 
from elevated positions accumulated in the slope bottom. As a result, topographic transfiguration of hills and changes 
in soil properties occurred. However, the accumulation segments of slopes had significantly higher silt/clay ratios and 
SOC content. In the active erosion segments a lighter soil texture and lower soil pH were recorded. Only long-term 
grassland completely stopped soil erosion effects; therefore geomorphologic change and degradation of hills was esti-
mated there as minimal.

Keywords: erosion processes, hilly landscape, long–term land use, crop rotations, transects, slope segments, soil losses.

Introduction

Soil erosion is a natural process, but its rate has been 
increased by human activities. Soil erosion is one of the 
most relevant agro-environmental processes in slope ar-
eas. In the EU, over 150 million hectares of soil are af-
fected by erosion (Bucur et al. 2011) and implementation 
of appropriate measures at the European scale has been 
estimated to cost ~€9.3 billion per year (Kuhlmann et al. 
2010). Unfortunately, until recently soil conservation 
in Europe has generally not received sufficient attention 
(Boardman, Evans 2006).

Numerous studies have shown that many soil prop-
erties are related to slope gradient and to the particular 
position of soil on slopes (Birkeland 1984; Zirlewagen, 
von Wilpert 2010). Conacher and Dalrymple (1977) dis-
cussed soil-slope relations in considerable detail and pro-
posed a nine-unit landsurface model based on process 
and response. They found strong relationships between 
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Vegetation cover reduces runoff and nutrient losses 
(Morgan 2007). In addition, generic soil quality under vege-
tative cover is improved with a larger amount of plant roots 
reinforcing the soil body to resist to erosion and nutrients 
leaching (Kinderienė et al. 2013). Several studies have in-
dicated that application of suitable cropping systems (crop 
rotations) significant mitigates land degradation in sloping 
areas (Jankauskas 2012; Cerdan et al. 2010). 

Soil erosion on the hilly agricultural landscape is a 
complex phenomenon, involving land degradation in Lith-
uania (Jankauskas 2012). Soil erosion is the most intensive 
factor of Lithuanian relief transformation, given that the 
estimated volume of all deposits re-deposited by erosion 
reaches 47.6 million m3 sediments per year (česnulevičius 
2011). The depth of denudation reaches ≤0.5 mm–1 yr–1 
(česnulevičius 2011), thus in conformity with Dėnas et al. 
(2006) varies from 0.12–3.5 mm–1 yr–1, with maximum 
values in uplands and river valleys, respectively. The main 
problems requiring agro-environmental land manage-
ment measures in Lithuanian uplands are the degradation 
degree of fields by erosion, deterioration of soil structure 
and compaction. Seventeen per cent of Lithuania′s agricul-
tural land is eroded with levels of ≤43–58% in hilly regions 
(Lietuvos dirvožemiai 2001). Surface runoff generation and 
soil erosion in the Žemaičiai Uplands mostly depend on 
the erodible glacial parent material, precipitation intensity, 
land use and cover condition. 

The aim of investigations is to study the long–term 
land use impact of soil erosion in several slope positions, 
surface evolution processes and soil properties in different 
agro–environmental systems located on hilly landscape in 
Western Lithuania.

1. Material and methods

1.1. study site 

The erodible ground moraine material, abundance and 
intensity of precipitation have created favourable natu-
ral conditions for erosion of parent materials by water in 
the Žemaičiai Uplands (Kudaba 1983). Sandy clay loams 
and sandy loams Gleyic Albeluvisols and Luvisols pre-
vail in the upland (Lietuvos dirvožemiai 2001). The mean 
and maximum elevations in the Žemaičiai Uplands are 
119.0 and 234.6 m a.s.l., respectively. The topography of 
Kaltinėnai catchment area consists of large and steeply 
dissected hills (≥8–12°) where the average slope length is 
≥100 m (Lietuvos dirvožemiai 2001). Major crops cultivat-
ed in the catchments are wheat, barley and oats with mean 
annual yields of 3.75, 4.27 and 2.0 t–1 ha–1 y–1, respectively. 

The Lithuanian climate is conducive to the occur-
rence of water erosion (Jankauskas 2012). Based on 52-year 
cumulative precipitation data from the nearest meteoro-
logical station based in Laukuva (55°61′N, 22°23′E, 166 m 
a.s.l.), annual precipitation is estimated to be 837 mm, with 

summer and autumn dominance. Mean annual precipita-
tion in the area during the study period was 831–966 mm. 
The mean annual air temperature is estimated to be 6.5 °C 
(–2.5  °C in January and 17.3  °C in July) (Meteorological 
bulletin of Laukuva meteorological station 1960–2012).

The study was conducted in the fields of a 27-year 
long experiment on moraine hilly terrain of the south-
ern–central Žemaičiai Uplands (55°34′N, 22°29′E) in 
Western Lithuania. Research data were obtained in 
2010–2012 on a sandy loam Bathihypogleyi–Eutric Al-
beluvisol (ABe–gld–w) at the Kaltinėnai Research Station 
of the Lithuanian Research Centre for Agriculture and 
Forestry. The catchment area has a maximum elevation 
of 174.2 m a.s.l. The field experiments investigating water 
erosion rates under different agro-environmental systems 
in the sloping area have been carried out since 1983. The 
field experiments (environmental monitoring) are part of 
the Core Research Programme of the Global Change and 
Terrestrial Ecosystem (GCTE) Project, a component of the 
International Geosphere Biosphere Programme (IGBP).

1.2. General methodological framework

The formed critical slope segments (slightly eroded, active 
erosion and accumulation) and sustained erosion process-
es were investigated on sloping agricultural lands. Indi-
cators used to estimate formed slope segments included 
estimated transects of Ap horizon thickness and confor-
mity to topographic attributes. In most cases, differences 
in thickness of the Ap horizon in hilly areas may be due to 
soil erosion (Lal 1998). The use of transects is well known 
in field research (Gillison, Brewer 1985). Nine downslope 
transects (three replicates within each study plot) 98 m in 
length were set up along the northern slope with a width 
of 3.60 m; the relative elevation of slope transects ranged 
between 13.64–15.02 m. 

Based on the spatial heterogeneity of Ap horizon 
thickness, the studied transects were divided into three 
slope segments on each study field. Relative flat summit 
form-unit of slope is called slightly eroded segment and it 
could serve as a control site due to very weak soil erosion. 
Meanwhile, the shoulder (under the long-term grassland) 
and backslope form-units (under the grain-grass and 
grass-grain crop rotations) served as a strongly eroding 
site and was entitled as active erosion segments. Finally, 
the footslope form–unit acted as accumulation segment 
because all sediment, induced down by the throughflow 
of water, is trapped in this topographic low.

1.3. agro-environmental systems and field 
measurements 

The erosion preventive agro-environmental systems (crop 
rotations) were developed for a 6-course (years). In this 
study we represent results obtained during 3-course 
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(years). More detailed descriptions and explanations of 
crop rotations are given in Jankauskas et al. (2009). The 
three crop rotations of the long-term field experiment 
were compared:

The grain-grass crop rotation (containing 33% grass-
es and 67% cereal grains): winter rye (Secale cereale L.) 
(in 2010); spring barley (Hordeum vulgare L.) (during 
2011–2012).

The long-term grassland: multi–species mixture of 
perennial grasses which contribute to soil humus forma-
tion. This grass mixture consisted of 20% each of com-
mon timothy (Phelum pratense L.), red fescue (Festuca 
rubra  L.), white clover (Trifolium repens L.), Kentucky 
bluegrass (Poa pratensis L.) and birdsfoot trefoil (Lotus 
corniculatus L.) (during the period 2010–2012). Multi-
species mixtures of perennial grasses for long-term use as 
sod–forming grasses.

The grass-grain crop rotation (containing 67% grass-
es and 33% cereal grains): winter rye (Secale cereale L.) (in 
2010); spring barley (Hordeum vulgare L.), undercrop of 
cocksfoot and red fescue mixture (Dactylis glomerata L. – 
Festuca rubra L.) (in 2011), and one year of red clover and 
timothy mixture (Trifolium pratense L. – Phleum pratense 
L.) (in 2012).

The topographic attributes (elevations, distances and 
angles) of study fields (Fig. 1) were measured using preci-
sion geometrical land levelling methods (equipment Zeiss 
Ni002®), providing measurement accuracy of ±0.03 m, ac-
cording to Kriaučiūnaitė–Neklejonovienė et al. (2008).

The topographic measurements showed the slope 
inclination of each experimental field to be 8.0° (17.8%) 
(the grain-grass crop rotation), 8.9° (19.8%) (the long-
term grassland) and 8.7° (19.3%) (the grass-grain crop 
rotation) (Table 1). Data of soil erosion rate for the period 
1983–2009 was obtained by Jankauskas (2012).

Table 1. Experimental agro-environmental plots description

Variables Grain-grass 
crop rotation

Long-term
grassland

Grass-grain 
crop rotation

Altitude
range (m) 170.54–156.91 171.05–156.02 171.73–157.06

Slope 
gradient (°) 8.0 8.9 8.7

Slope 
length (m) 98 98 98

Slope
width (m) 3.60 3.60 3.60

Aspect north north north

Textural
class

Sandy
loam

Sandy
loam

Sandy
loam

Soil erosion rate (m3 ha–1 yr–1)

2010–2012 1.38 0 0.11

1983–2009 15.88 0.01 4.69

1.4. soil laboratory analyses

Soil samples (~500 g) were taken annually from top-
soil (200 mm) using a sterile soil corer. The samples 
were taken randomly from the studied slope segments 
across the slope. Three soil samples per slope segment 
were collected considering the entire slope. A total of 27 
composite soil samples were collected for determination 
of soil properties. Soil samples were examined for tex-
tural class, particle size (sand 2000–63 µm; silt 63–2 µm 
and clay <2 µm) distribution and chemical properties 
(soil pHKCl, available phosphorus (P) and potassium (K), 
soil organic carbon (SOC) and total nitrogen (N)). Soil 
particle size distribution was established at the Agro-
chemical Research Laboratory of the LRCAF using the 
particle-size analysis method (ISO 11277: 2009). Soil pH 

Fig. 1. The localization and topographical attributes of the 
slope segments: transects in the experimental sites under: a) all 
agro-environmental systems, b) the grain-grass crop rotation, 
c) long–term grassland, and d) grass-grain crop rotation.  
Abbreviations: SES – Slightly eroded segment; AES – Active 
erosion segment; AccS – Accumulation segment.
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was determined in 1 M KCl soil sample extracts using a 
calibrated digital pH meter (ISO 10390: 1994), mobile 
P2O5 and K2O extracted using the A–L method (avail-
able P and K were extracted with ammonium acetate–
lactate solution, pH 3.7, ratio 1:20) (GOST 26208-91: 
1993). SOC content was determined by the Tyurin di-
chromate–oxidation method (Nikitin 1999; ISO 14235: 
1998) and total N by the Kjeldahl method (ISO 11261: 
1995). The silt/clay ratio, an index of soil weathering, 
was calculating according to FAO (1988).

1.5. assessment of water erosion

Water erosion rates on environmental monitoring site 
were assessed by measuring the length and cross–sectional 
area of rills, to calculate soil loss volume (Chambers et al. 
2000; Jankauskas et al. 2008). Lost soil volume was calcu-
lated using the formula (1):

 x = [(Σl1p1 + Σl2p2 + ... Σlnpn) : n] : y,   (1)

where: x – volume of erosion rills (m–3 ha–1); l, l1, … ln – 
rill depth (cm–1); p, p1, … pn – rill width (cm–1, accuracy 
±0.1 cm–1; n – number of rills on the measured plot width; 
y – measured plot width (m–1), and Σ – sum of performed 
measurements from selected 1 m length segments located 
at equal distances on the experimental plot. 

Methods of rill volume measurements may be per-
formed relatively well in areas where rill erosion rep-
resents the dominant sediment source (Govers, Poesen 
1988; Vanmaercke et  al. 2012). Plot runoff and erosion 
were measured on a regular basis, up to weekly after rain-
fall and sowing. Measurements were taken from spring 
sowing (typically late April or early May) to mid-June for 
cereals. During the research period 72 rill volume mea-
surements were performed.

1.6. statistical analysis

One-way analysis of variance (ANOVA) was used to es-
timate significance of differences at P ≤ 0.05 between 
treatment means using Fisher᾽s LSD test and correlations 
among soil properties were determined using Pearson 
correlation coefficients on a significance levels of p ≤ 0.05 
using the statistical programme STAT ENG from the soft-
ware package Selekcija (Tarakanovas, Raudonius 2003). 

2. results

2.1. plot topography change and soil texture

Variations in the soil Ap layer thickness and soil proper-
ties prone to long-term erosion process are potentially in-
dicative of the relative effects of both accelerated (human 
induced) and natural erosion. In experimental fields, mea-
surements of Ap layer thickness showed a great variation 
under various erosion preventive agro–environmental sys-
tems by slope segments (Table 2).

Under the influence of erosive processes on cultivated 
study plots higher soil weathering and thinner Ap horizon 
at a higher altitude was observed, therefore as after-effect 
the thicker accumulation segments were determinate as 
well. The silt/clay ratios were highest in the accumulation 
segments under all crop rotations. 

Soil texture was classified as sandy loamy in all agro-
environmental systems and slope segments. The results 
showed a strong correlation between sand and silt con-
tents (r = –0.95, p ≤ 0.05, n = 27) under the grain–grass 
crop rotation. However, sand content under the long-term 
grassland strongly correlated with clay and silt contents 
(r = –0.85–0.86, p ≤ 0.05, n = 27). Sand and clay particles 
under the grass–grain crop rotation were significantly cor-
related (r = –0.96, p ≤ 0.05, n = 27). 

Table 2. Topography and soil properties of the slope segments in the different agro–environmental systems after 27-years of study

Variables
Grain-grass crop rotation Long-term grassland Grass-grain crop rotation

SES AES AccS SES AES AccS SES AES AccS

Topography
Gradient (°) 3.3 10.9 0.8 3.5 13.8 8.5 5.5 7.4 7.3
Length (m) 14 21 7 8.9 17.3 7 28 13 12.8
Area (m–2) 50.40 75.60 25.20 32.04 62.28 25.20 100.80 46.80 46.08
Soil properties
Ap horizon thickness (cm) 18.3±4.26 14.6±0.84 75.7±4.72 25.3±2.17 23.3±0.68 46.3±2.26 21.4±2.53 18.8±0.59 63.7±2.11
Sand (%) 69.6±1.11 64.5±0.39 62.7±1.23 70.3±2.85 60.9±0.35 65.2±0.29 66.2±0.59 65.2±2.18 69.5±0.36
Silt (%) 16.0±0.44 19.7±0.50 22.6±0.73 16.1±1.50 20.8±0.46 21.2±0.09 18.5±0.49 18.8±0.67 19.1±0.23
Clay (%) 14.2±0.82 15.8±0.13 14.7±0.55 13.6±1.43 18.3±0.81 13.6±0.27 15.3±0.09 16.0±1.51 11.4±0.23
Silt/clay ratio (%) 1.15 1.25 1.55 1.20 1.14 1.60 1.21 1.21 1.70

Abbreviations: SES – Slightly eroded segment; AES – Active erosion segment; AccS – Accumulation segment. 
Mean ± standard error.
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The silt/clay ratio varied from 1.14–1.25% on slightly 
eroded and active erosion segments to 1.55–1.70% in ac-
cumulation segments (Fig. 2). 

The correlation between silt/clay ratios and Ap thick-
ness values showed that under all crop rotations the active 
erosion segments have lighter soil textures than the other 
segments (r = 0.93, p ≤ 0.05, n = 27).

2.2. soil chemical properties

The results showed that under all crop rotations the active 
erosion segments had significantly (P ≤ 0.05) lower soil 
pH compared with other segments. Slope gradient values 
were correlated negatively with soil pH values (r = –0.68, 

p ≤ 0.05, n = 27). Mean soil pH ranged from 5.8–6.5. The 
lowest soil pH was established under the grain-grass crop 
rotation and long-term grassland in active erosion seg-
ments, where relatively acidic soils prevailed. 

It was found that under all crop rotations accumu-
lation segments had significantly (P ≤ 0.05) higher SOC 
content compared with the other slope segments. The SOC 
under the grain–grass crop rotation varied from 0.85% in 
the slightly eroded segment to 0.93 and 1.25% in the ac-
tive erosion and accumulation segments, respectively. The 
SOC under the long-term grassland and grass-grain crop 
rotations was higher in the slightly eroded segment and 
lower under the grain-grass crop rotation (decrease 38% 

Fig. 2. The comparison of mean values by slope segments under separate crop rotations for: a) Silt/clay ratio, b) Soil pH, c) SOC, 
d) Total N, e) Available K, and f) Available P. Different letters represent significant differences among treatments at p ≤ 0.05; n = 27
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in relative value), respectively. The SOC was generally 
high under long-term grassland compared to the other 
crop rotations. Under the grain-grass crop rotation and 
long-term grassland the slightly eroded segments had less 
SOC, only under the grass-grain crop rotation there was 
recorded lower SOC in the active erosion segment. 

Analysis of total N showed that the upper mean 
(0.28%) was obtained under the grain-grass crop rotation 
in the accumulation segment, the lower (0.13%) under the 
grass-grain crop rotation in the accumulation segment. 
Under the grass-grain crop rotation there was identified 
significantly (P ≤ 0.05) lower total N content than under 
other crop rotations. 

Under all crop rotations was observed significant (P ≤ 
0.05) differences between slope segments with higher avail-
able P in slightly eroded segments. Under the long–term 
grassland the accumulation and active erosion segments 
had 55 and 29% lower means of available P versus slightly 
eroded segment. The highest concentration of available K 
(139–224 mg kg–1) under all crop rotations was in slightly 
eroded segments; the least mean (57 mg kg–1) was under 
the long-term grassland in the accumulation segment. The 
higher (P ≤ 0.05) available K was estimated under the grain-
grass crop rotation and long-term grassland in the slightly 
eroded segments. Significantly (P ≤ 0.05) lower available 
K was determined under the grass-grain crop rotation in 
slightly eroded and accumulation segments.

2.3. soil erosion rate under the crop rotations 

Rill erosion prevailed in the study fields. The streams of 
water runoff developed small and large rills on slopes. In 
this form of erosion, soil and particles displaced by wa-
ter were intensively separated and sorted. The soil erosion 
rate during three-year experimental period was estimated 
under the grain-grass and grass-grain crop rotations of 
1.38 and 0.11 m3 ha–1 yr–1, respectively. Tillage erosion was 
a dominant process of soil redistribution. However, even 
the grass-grain crop rotation could not completely prevent 
soil erosion. Only long-term grassland prevented water 
erosion where there was no evidence of rilling.

3. discussion

The erosion-preventive agro-environmental systems de-
veloped over a 27-year period, tillage practice and influ-
ence of annual rainfall indicate important impacts on 
land degradation processes on the moraine hilly terrain 
in Western Lithuania. Soil was differentially eroded along 
the slopes. Soil erosion was mainly caused by tillage and 
water under continuous intensive cropping. Variations in 
the Ap thickness and soil properties prone to erosion are 
potentially indicative of the relative effects of both accel-
erated and natural erosion. Thinner Ap horizons not only 
reflect soil erosion rates. Soil compaction by agricultural 

machinery may also play a significant role. The results 
from this study suggested that transects of Ap thickness 
and the same agro–chemical soil properties can be suc-
cessfully adapted determining critical slope segments.

The silt content was a very meaningful indicator of 
the extent of soil erosion along the slope. Eroded soil oc-
curred in accumulation segments on footslope consider-
ing to increased silt quantity. Bronick and Lal (2004) ob-
served that on sloping soils erosion tends to preferentially 
remove light particles, including silts. Grasses exhibit high 
resistance to soil erosion and sediment accumulation, 
while cereals perform poorly in this respect (Račinskas 
1990). Actually, when soil erosion occurs, silt particles 
are suspended in surface water and are transported 
downslope, thus leaving coarser material at the top slope 
positions (Halim et al. 2007). Previous studies (Morgan 
2007; Aksoy, Kavvas 2005) have also reported that eroded 
materials are enriched by silt sized particles relative to the 
original soil where the erosion event commenced. Bronick 
and Lal (2004) reported that elevation influences the rate 
of weathering in soils. Sand content under the grain-grass 
crop rotation decreased with decreasing elevation, while 
the silt increased with decreasing elevation. Clay content 
was significantly higher in active erosion segments. Silt 
content under the long-term grassland increased with de-
creasing elevation. It was found, that more weathered soils 
(e.g. in active erosion segments) contained more clay than 
less weathered ones. Where the rills eroded through the 
topsoil, there was a marked reduction in SOC, from 2.4–
3.9 to <0.9%. Clay content was reduced from 7–9 to 3–4%. 
The fraction 0.002–0.1 mm (silt+very fine sand) increased 
from 84–90 to about 92%. Especially the reduction in SOC 
makes the soil more erodible and gives a sudden decrease 
in the resistance to erosion when concentrated water flows 
into the layer with a high silt and sand content. 

Higher silt/clay ratios in accumulation segments 
compared with others can be explained by their lower 
locality on slopes, where silt particles can be washed out 
by runoff and might be deposited in the topographic low 
(Zachar 1982; Øygarden 2003). Thus, silts, as SOC, were 
probably eroded, which occurred at more severe rates on 
the higher elevation segments. Similar results were ob-
tained in Nordic countries on silt loam and clay loam soil. 
Silt is very vulnerable to water erosion, since it is small 
and has low resistance to both cohesion and friction (Ulen 
et al. 2012; Bechmann 2012). Combined with a high silt/
sand content, more severe rilling and ephemeral gullies 
develop (Øygarden 2003). 

Nutrient dynamics are closely linked to soil move-
ment by tillage (Ni, Zhang 2007). Soil pH could become 
one of very sensitive and suitable criteria for identifying 
critical slope segments on moraine hilly terrain in agri-
cultural areas affected by erosion. This could be because 
eroding soils are exhuming calcareous subsoils. Variations 
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of soil pH and SOC changes prone to the erosion process 
and are potentially indicative of the relative extent of ero-
sion along the slopes. Soil pH and SOC strongly correlated 
(r = 0.81, p ≤ 0.05, n = 27). We also estimated a positive 
correlation (r = 0.80, p ≤ 0.05, n = 27) between soil pH 
and total N within each slope segment. 

Apparently, the accumulation segments in all agro-
environmental systems showed higher SOC contents than 
in other vulnerable erosion headland segments. In general, 
the SOC of slightly eroded and active erosion segments 
were redistributed and deposited in the accumulation seg-
ments. These differences may be due to finest soil particles 
and SOC translocation caused by tillage and water ero-
sion from upper to lower parts of the slope. As confirma-
tion, significant correlation (r = 0.50, p ≤  0.05, n = 27) 
between the SOC and silt contents was indicated. Fullen 
et al. (2006) and Jankauskas et al. (2009) also reported that 
silt can play an important role in influencing SOC storage. 
The higher SOC content under long–term grassland com-
pared to the grain–grass and grass–grain crop rotations 
are impacted by differences in soil erosion, vegetation 
cover, biomass return and it provides evidence of effective 
SOC sequestration in soil. 

Results regarding total N under the grain–grass crop 
rotation revealed an increasing trend from slightly eroded 
slope segment, which might be due to their downward 
movement with surface runoff from top slopes and ac-
cumulation on basal slopes. Birkinshaw and Ewen (2000) 
and Aksoy and Kavvas (2005) have confirmed that on up-
land areas total N is transported with sediments by surface 
runoff to topographic lows. The difference found in total 
N content by slope segments can be also justified by their 
difference in SOC content (Dercon et al. 2006; Pennock 
et al. 1994). Our investigations established significant cor-
relation bettwen SOC and total N under the grain-grass 
crop rotation (r = 0.86, p ≤ 0.05, n = 9) and the long-term 
grassland (r = 0.79, p ≤ 0.05, n = 9). Only under the grass-
grain crop rotation these relationship was not observed. It 
could be so because under the grass-grain crop rotation, 
where grasses predominate, the fertilizer of nitrogen on 
the soil surface is spreading and as a result nitrogen be-
came more mobile and relation with SOC is incoherent. 
Though under the grain-grass crop rotation the nitrogen 
in the soil are inserted as well. In general, different soil 
cover (vegetation), water runoff volume and methods of 
fertilization have influence to agrochemical properties of 
soil on eroded and steep slopes. The significant correlative 
occurrence of total N and SOC was confirmed in eroded 
agricultural fields by Haag and Kaupenjohann (2001). 

The soil under the long-term grassland was richest in 
available P. The influence of the SOC explains available P 
retention and supply under this highly vegetated cover. It 
was estimated that only under the grass-grain crop rota-
tion all slope segments contained sufficient available P. 

Previous researchers (Brubaker et al. 1993; Kinderi-
ene, Karcauskiene 2012) argued that erosion hazard on 
eroded lands is the main factor of controlling potassium 
(K) and other soil fertility parameters. Our study data 
showed an decreasing trend in soil available K down the 
slopes under grain-grass crop rotation and long-term 
grassland. Thus, contents of available K under grass-grain 
crop rotation in all slope segments were similar. Accord-
ing to Jankauskas (2003) due to water erosion on a sandy 
loam Bathihypogleyi – Eutric Albeluvisols losses of K with 
soil are 20 kg t–1.

In Europe, soil erosion caused mainly by water and 
rill erosion affects the largest area (Gobin et al. 2004). The 
upland area is usually considered to have rill erosion (Ak-
soy, Kavvas 2005). Soil loss due to rill erosion is important 
processes of soil degradation that cause significant on-site 
and off-site problems (Montgomery 2007). 

In Lithuania vegetation have a great influence on soil 
erodibility. In the study the anti-erosion agro-environ-
mental system (grass-grain crop rotation) decreased soil 
losses due to erosion by ninety-two per cent compared 
with those of the grain-grass crop rotation. This shows 
the importance of applying soil conservation measures on 
hilly terrain and agrees with Van Rompaey et al. (2001; 
2002) idea that the potential for surface runoff and soil 
erosion is mostly affected by land use and cultivation. The 
surface of the long-term grassland was not subject to rill 
erosion. Kinderienė et al. (2013) observed that the slopes 
occupied with permanent grasses, where slightly and 
moderately eroded Eutric Albeluvisol (AB–e) prevailed, 
were also resistant to soil erosion. It should be mentioned, 
that according to data collected in 1983–2000 in the long-
term experiments at the Kaltinėnai Experimental Station, 
under the perennial grasses, winter rye and spring barley 
the annual soil losses amounted to 0.15, 34.44 and 108.35 
m3 ha–1, respectively (Jankauskas, Jankauskienė 2003). The 
risk of erosion of agricultural land is an important fac-
tor for land abandonment (Koulouri, Giourga 2007; Poin-
tereau et al. 2008). 

conclusions

The findings of the current study suggested that after 
27-years of use of different erosion preventive agro-envi-
ronmental systems on moraine hilly landscape, sustained 
soil erosion resulted in micro-topographic landscape 
changes. Erosion processes can affect spatial variability 
of soil particle distribution, thus resulting in soil texture 
becoming lighter in active erosion and increasing the silt/
clay ratios in accumulation segments. 

Soil pH was significantly negatively correlated with 
slope gradient. Thus, soil pH was the lowest in active 
erosion segments. The highest concentration of available 
P and K was in slightly eroded segments. Higher SOC 
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content was in the accumulation segments compared with 
others. The SOC content was generally higher under the 
long-term grassland. 

During the experimental period water erosion oc-
curred under the grain-grass and grass-grain crop rotation 
fields. The grass-grain crop rotation decreased rill erosion 
and soil erosion rate by ninety-two per cent compared to 
grain-grass crop rotation. Only long-term grassland com-
pletely stopped soil erosion. 

Therefore, our research data relating to slope seg-
ments as the critical parts of sustained erosion process 
and experience of progressive soil conservation practices 
on the moraine hilly terrain are important for sustainable 
agricultural development in the temperate climate zone. 
The observed topographic changes and alterations in soil 
properties, resulting from land use management, would 
lead to further land degradation, with negative implica-
tions on slope use for agricultural needs.

acknowledgments

The authors thank Mrs. Vida Sodienė (Department of 
Civil Engineering, Klaipėda University, Lithuania) for as-
sistance with levelling experimental fields.

references

Aksoy, H.; Kavvas, M. L. 2005. A review of hillslope and water-
shed scale erosion and sediment transport models, Catena 
64(2–3): 247–271. 

 http://dx.doi.org/10.1016/j.catena.2005.08.008 
Bechmann, M. 2012. Effect of tillage on sediment and phospho-

rus losses from a field and a catchment in south eastern Nor-
way, Acta Agriculturae Scandinavica, Section B–Soil & Plant 
Science. Special Issue. Soil Erosion in the Nordic Countries 2: 
206–216. http://dx.doi.org/10.1080/09064710.2012.715183 

Birkeland, P. W. 1984. Soils and geomorphology. New York, Ox-
ford: Oxford University Press.

Birkinshaw, S. J.; Ewen, J. 2000. Nitrogen transformation compo-
nent for SHETRAN catchment nitrate transport modelling, 
Journal of Hydrology 230(1–2): 1–17. 

 http://dx.doi.org/10.1016/S0022-1694(00)00174-8 
Boardman, J.; Evans, R. 2006. Britain, in J. Boardman, J. Poesen 

(eds.). Soil erosion in Europe. Chicester: Wiley, 439–453.
Bronick, C. J.; Lal, R. 2004. Soil structure and management: a 

review, Geoderma 124(1–2): 3–22. 
 http://dx.doi.org/10.1016/j.geoderma.2004.03.005 
Brubaker, S. C.; Jones, A. J.; Lewis, D. T.; Frank, K. 1993. Soil 

properties associated with landscape positions and manage-
ment, Soil Science Society of America Journal 57: 235–239.

Bucur, D.; Jitareanu, G.; Ailincai, C. 2011. Effects of long-term 
soil and crop management on the yield and on the fertility 
of eroded soil, Journal of Food, Agriculture & Environment 
9(2): 207–209.

Cerdan, O.; Govers, G.; Le Bissonnais, Y.; Van Oost, K.; Poe-
sen,  J.; Saby, N.; Gobin, A.; Vacca, A.; Quinton, J.; Auer-
swald, K.; Klik, A.; Kwaad, F. J. P. M.; Raclot, D.; Nonita, I.; 

Rejman, J.; Rousseva, S.; Muxart, T.; Roxo, M. J.; Dostal, T. 
2010. Rates and spatial variations of soil erosion in Europe: a 
study based on erosion plot data, Geomorphology 122(1–2): 
167–177. http://dx.doi.org/10.1016/j.geomorph.2010.06.011 

Chambers, B. J.; Garwood, T. W. D.; Unwin, R. J. 2000. Con-
trolling soil water erosion and phosphorus losses from ar-
able land in England and Wales, Journal of Environmen-
tal Quality 29(1): 145–150. http://dx.doi.org/10.2134/
jeq2000.00472425002900010018x 

Conacher, A. J.; Dalrymple, J. B. 1977. The nine-unit land surface 
model: and approach to pedogeomorphic research, Geoder-
ma 18: 1–154.

česnulevičius, A. 2011. The morphometric structure of Lithu-
anian relief and its influence on erosion processes, Baltica, 
Special Issue//Geosciences in Lithuania: challenges and per-
spectives 24: 137–142.

Dėnas, Ž.; Kumetaitis, A.; Šliaupa, S.; Zakarevičius, A.; Šliau pie-
nė, R. 2006. GIS model of the erosion potential of Lithuania, 
Geodesy and Cartography 32(3): 57–61 (in Lithuanian).

Dercon, G.; Clymans, E.; Diels, J.; Merckx, R.; Deckers, J. 2006. 
Differential 13C isotopic discrimination in maize at varying 
water stress and at low to high nitrogen availability, Plant and 
Soil 282(1–2): 313–326. 

 http://dx.doi.org/10.1007/s11104-006-0001-8 
FAO. 1988. Soil map of the world. Revised Legend, World Soil 

Resources. Report 60. Rome. 119 p.
Fullen, M. A.; Arnalds, A.; Bazzoffi, P.; Booth, C. A.; Castillo, V.; 

Kertész, Á.; Martin, P.; Ritsema, C.; Benet, A. S.; Souchére, V.; 
Vandekerckhove, L.; Verstraeten, G. 2006. Government and 
agency response to soil erosion risk in Europe, in J. Board-
man, J. Poesen (Eds.). Soil erosion in Europe. Chicester: John 
Wiley,  805–828.

Gillison, A. N.; Brewer, K. R. W. 1985. The use of gradient direct-
ed transects or gradsects in natural resource surveys, Journal 
of Environmental Management 20: 103–127.

Gobin, A.; Jones, R.; Kirkby, M.; Campling, P.; Govers, G.; Kos-
mas, C.; Gentile, A. R. 2004. Indicators for pan-European 
assessment and monitoring of soil erosion by water, Environ-
mental Science & Policy 7(1): 25–38. 

 http://dx.doi.org/10.1016/j.envsci.2003.09.004 
GOST 26208-91: 1993. Soils. Determination of mobile compounds 

of phosphorus and potassium by Egner-Riem-Domingo method 
(AL-method). Moscow, Russia.

Govers, G.; Poesen, J. 1988. Assessment of the interrill and rill 
contributions to total soil loss from an upland field plot, Geo-
morphology 1(4): 343–354. 

 http://dx.doi.org/10.1016/0169-555X(88)90006-2 
Haag, D.; Kaupenjohann, M. 2001. Landscape fate of nitrate flux-

es emissions in Central Europe: a critical review of concepts, 
data, and models for transport and retention, Agriculture, 
Ecosystems and Environment 86(1): 1–21.

Halim, R.; Clemente, R. S.; Routray, J. K.; Shrestha, R. P. 2007. 
Integration of biophysical and socio-economic factors to as-
sess soil erosion hazard in the Upper Kaligarang watershed, 
Indonesia, Land Degradation & Development 18(4): 453–469. 
http://dx.doi.org/10.1002/ldr.774 

ISO 11277: 2009. Soil quality – Determination of particle size 
distribution in mineral soil material – Method by sieving and 
sedimentation. International Organization for Standardiza-
tion. Geneva, Switzerland. 46 p. 

http://dx.doi.org/10.1016/j.catena.2005.08.008
http://dx.doi.org/10.1080/09064710.2012.715183
http://dx.doi.org/10.1016/S0022-1694(00)00174-8
http://dx.doi.org/10.1016/j.geoderma.2004.03.005
http://dx.doi.org/10.1016/j.geomorph.2010.06.011
http://dx.doi.org/10.2134/jeq2000.00472425002900010018x
http://dx.doi.org/10.2134/jeq2000.00472425002900010018x
http://dx.doi.org/10.1007/s11104-006-0001-8
http://dx.doi.org/10.1016/j.envsci.2003.09.004
http://dx.doi.org/10.1016/0169-555X(88)90006-2
http://dx.doi.org/10.1002/ldr.774


G. Jarašiūnas, I. Kinderienė. Impact of agro-environmental systems on soil erosion processes and soil properties...68

ISO 10390: 1994. Soil quality. Determination of pH. TC 190/SC 3.
ISO 14235: 1998. Soil quality. Determination of organic carbon by 

sulfochromic oxidation. TC 190/SC 3.
ISO 11261: 1995. Soil quality. Determination of total nitrogen – 

Modified Kjeldahl method. TC 190/SC 3.
Jankauskas, B. 2012. Soil erosion: case study, Lithuania, in C. Jakob-

sson (Ed.). Sustainable agriculture. Ecosystem health and sus-
tainable agriculture. Uppsala: Baltic University Press, 231–238.

Jankauskas, B.; Jankauskienė, G. 2003. Erosion-preventive crop 
rotations for landscape ecological stability in upland regions 
of Lithuania, Agriculture, Ecosystems and Environment 95: 
129–142.

Jankauskas, B.; Jankauskienė, G.; Fullen, M. A.; Booth, C. A.; 
Šlepetienė, A. 2009. Soil organic matter changes in Lithu-
anian soils: experiences and results, Zemdirbyste–Agriculture 
96(1): 85–97.

Jankauskas, B.; Jankauskienė, G.; Tiknius, A. 2008. The contri-
bution of quality assessment of eroded agricultural soil on 
hilly-undulating landscapes to sustainable community devel-
opment, in I. Petrosillo et al. (Eds.). Use of landscape sciences 
for the assessment of environmental security. Netherlands: 
Springer, 431–451.

Kinderienė, I.; Jarašiūnas, G.; Karčauskienė, D. 2013. Augalų 
maisto medžiagų (N, P, K) nuo kalvų šlaitų praradimas su 
dirvožemiu ir vandeniu [Loss of plant nutrients (N, P, K) 
with soil loss and water runoff from hill slopes], Žemės ūkio 
mokslai 20(1): 10–19 (in Lithuanian). 

 http://dx.doi.org/10.6001/zemesukiomokslai.v20i1.2634 
Kinderiene, I.; Karcauskiene, D. 2012. Effects of different crop 

rotations on soil erosion and nutrient losses under natural 
rainfall conditions in Western Lithuania, Acta Agriculturae 
Scandinavica, Section B – Soil & Plant Science, 62(sup2): 199–
205. http://dx.doi.org/10.1080/09064710.2012.714400 

Koulouri, M.; Giourga, C. 2007. Land abandonment and slope 
gradient as key factors of soil erosion in Mediterranean ter-
raced lands, Catena 69(3): 274–281. 

 http://dx.doi.org/10.1016/j.catena.2006.07.001 
Kriaučiūnaitė–Neklejonovienė, V.; Šližienė, G.; Šližys, J.; Stravins-

kie nė, V.; Venckus, S.; Zivatkauskas, A. 2008. Geodezija [Ge-
odesy]. Vilnius: Vaistų žinios. 329 p. (in Lithuanian).

Kudaba, č. 1983. Lietuvos aukštumos. [Lithuanian Uplands]. Vil-
nius: Mokslas. 186 p. (in Lithuanian).

Kuhlmann, T.; Reinhard, S.; Gaaff, A. 2010. Estimating the costs 
and benefits of soil conservation in Europe, Land Use Policy 
27(1): 22–32. 

 http://dx.doi.org/10.1016/j.landusepol.2008.08.002 
Lal, R. 1998. Soil erosion impact on agronomic productivity and 

environment quality, Critical Reviews in Plant Sciences, 17(4): 
319–464. http://dx.doi.org/10.1080/07352689891304249 

Lal, R. 2001. Soil degradation by erosion, Land Degradation & 
Development 12(6): 519–539. 

 http://dx.doi.org/10.1002/ldr.472 
Leyva, J. C.; Martínez, J. A. F.; Roa, M. C. G. 2007. Analysis of the 

adoption of soil conservation practices in olive groves: the 
case of mountainous areas in southern Spain, Spanish Journal 
of Agricultural Research 5(3): 249–258.

Lietuvos dirvožemiai. 2001. Vilnius: Lietuvos mokslas. 1244 p. (in 
Lithuanian).

Maetens, W.; Vanmaercke, M.; Poesen, J.; Jankauskas, B.; 
Jankauskienė, G.; Ionita, I. 2012. Effects of land use on 
annual runoff and soil loss in Europe and the Mediterranean: 

A meta-analysis of plot data, Progress in Physical Geography 
36(5): 12–55. http://.doi.org/10.1177/0309133312451303

Meteorological bulletin of Laukuva meteorological station. 1960–
2012. Vilnius: Lietuvos hidrometeorologijos tarnyba.

Montgomery, D. R. 2007. Soil erosion and agricultural sustain-
ability, Proceedings of the National Academy of Sciences of the 
United States of America 104(33): 13268–13272.

Morgan, R. P. C. 2007. Vegetative-based technologies for erosion 
control, in A. Stokes, I. Spanos, J. E. Norris, E. Cammeraat 
(Eds.). Eco- and Ground Bio-Engineering: The use of vegeta-
tion to improve slope stability, Developments in Plant and Soil 
Sciences 103: 265–272.

Ni, S. J.; Zhang, J. H. 2007. Variation of chemical properties as 
affected by soil erosion on hillslopes and terraces, European 
Journal of Soil Science 58(6): 1285–1292. 

 http://dx.doi.org/10.1111/j.1365-2389.2007.00921.x 
Nikitin, B. A. 1999. Metod opredelenija gumusa počvy, Agrohi-

mija 5: 91–93 (in Russian). 
Øygarden, L. 2003. Rill and gully development during an ex-

treme winter runoff event in Norway, Catena 50: 217–242. 
http://dx.doi.org/10.1016/S0341-8162(02)00138-8 

Olson, K. R.; Gennadiyev, A. N.; Jones, R. L.; Chernyanskii, S. 
2002. Erosion patterns on cultivated and reforested hillslopes 
in the Moscow Region, Russia, Soil Science Society of America 
Journal 66(1): 193–201. 

 http://dx.doi.org/10.2136/sssaj2002.1930 
Pennock, D. J.; Anderson, D. W.; de Jong, E. 1994. Landscape-

scale changes in indicators of soil quality due to cultivation in 
Saskatchewan, Canada, Geoderma 64(1–2): 1–19. 

 http://dx.doi.org/10.1016/0016-7061(94)90086-8 
Pointereau, P.; Coulon, F.; Girard, P.; Lambotte, M.; Stuczyn-

ski, T.; Sanchez Ortega, V.; Del Rio, A. 2008. Analysis of farm-
land abandonment and the extent and location of agricultural 
areas that are actually abandoned or are in risk to be aban-
doned, in E. Anguiano, C. Bamps, J. M. Terres (Eds.). JRC 
Scientific and Technical Reports. 

Račinskas, A. 1990. Dirvožemio erozija [Soil erosion]. Vilnius: 
Mokslas. 136 p. (in Lithuanian).

Šurda, P.; Šimonides, I.; Antal, J. 2007. A determination of area of 
potential erosion by geographic information systems, Journal 
of Environmental Engineering and Landscape Management 
15(3): 144–152. 

 http://dx.doi.org/10.1080/16486897.2007.9636922 
Tarakanovas, P.; Raudonius, S. 2003. Agronominių tyrimų duo-

menų statistinė analizė taikant kompiuterines programas 
ANO VA, STAT, SPLIT-PLOT iš paketo SELEKCIJA ir IRRI-
STAT [The statistical analysis of agronomic research data us-
ing the software programs Anova, Stat, Split-Plot from pack-
age Selekcija and Irristat]. Akademija. 58 p. (in Lithuanian).

Thompson, J. A.; Roecker, S.; Grunwald, S.; Owens, P. R. 2012. 
Digital soil mapping: interactions with and applications for 
hydropedology, Hydropedology: 665–709. 

 http://dx.doi.org/10.1016/B978-0-12-386941-8.00021-6 
Ulen, B.; Bechmann, M.; Øygarden, L.; Kyllmar, K. 2012. Soil 

erosion in Nordic countries – future challenges and research 
needs, Acta Agriculturae Scandinavica, Section B–Soil & Plant 
Science. Special Issue. Soil Erosion in the Nordic Countries 
2: 176–184.

Van Rompaey, A. J. J.; Govers, G.; Puttemans, C. 2002. Model-
ing land use changes and their impact on soil erosion and 
sediment supply to rivers, Earth Surface Processes and Land-
forms 27(5): 481–494. http://dx.doi.org/10.1002/esp.335 

http://dx.doi.org/10.6001/zemesukiomokslai.v20i1.2634
http://dx.doi.org/10.1080/09064710.2012.714400
http://dx.doi.org/10.1016/j.catena.2006.07.001
http://dx.doi.org/10.1016/j.landusepol.2008.08.002
http://dx.doi.org/10.1080/07352689891304249
http://dx.doi.org/10.1002/ldr.472
http://.doi.org/10.1177/0309133312451303
http://dx.doi.org/10.1111/j.1365-2389.2007.00921.x
http://dx.doi.org/10.1016/S0341-8162(02)00138-8
http://dx.doi.org/10.2136/sssaj2002.1930
http://dx.doi.org/10.1016/0016-7061(94)90086-8
http://dx.doi.org/10.1080/16486897.2007.9636922
http://dx.doi.org/10.1016/B978-0-12-386941-8.00021-6
http://dx.doi.org/10.1002/esp.335


Journal of Environmental Engineering and Landscape Management, 2016, 24(1): 60–69 69

Van Rompaey, A. J. J.; Govers, G.; Van Hecke, E.; Jacobs, K. 2001. 
The impacts of land use policy on the soil erosion risk: a case 
study in central Belgium, Agriculture Ecosystems and Envi-
ronment 83(1–2): 83–94. 

 http://dx.doi.org/10.1016/S0167-8809(00)00173-0 
Vanmaercke, M.; Maetens, W.; Poesen, J.; Jankauskas, B.; Jan-

kaus kienė, G.; Verstraeten, G.; de Vente, J. 2012. A compari-
son of measured catchment sediment yields with measured 
and predicted hillslope erosion rates in Europe, Journal of 
Soils and Sediments 12(4): 586–602. 

 http://dx.doi.org/10.1007/s11368-012-0479-z 

Zachar, D. 1982. Soil erosion. Developments in soil science. New  
York: Elsevier Scientific. 547 p.

Zirlewagen, D.; von Wilpert, K. 2010. Upscaling of environmen-
tal information: support of land-use management decisions 
by spatio-temporal regionalization approaches, Environmen-
tal Management 46(6): 878–893. 

 http://dx.doi.org/10.1007/s00267-010-9468-4 

Gintaras JaraŠIŪnas. He is PhD student (Agriculture Sciences, Agronomy) at the Lithuanian Research Centre for 
Agriculture and Forestry. Author of two research articles and two presentations at scientific conference in Lithuania. 
Research interests include soil erosion processes and natural biophysical handicaps. 

Irena KIndErIEnĖ. She works as a scientist in Vėžaičiai Branch of the Lithuanian Research Centre for Agriculture and 
Forestry. She is a Doctor of Biomedical (Agronomy) Sciences. She is the author and co-author of over 50 research papers 
and author and co-author 2 scientific books. She has attended 8 international and 10 local conferences. Her research in-
terests include soil erosion processes, soil degradation, soil and water pollution, sustainable agriculture and soil properties.

http://dx.doi.org/10.1016/S0167-8809(00)00173-0
http://dx.doi.org/10.1007/s11368-012-0479-z
http://dx.doi.org/10.1007/s00267-010-9468-4

