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Everywhere in the world where people change a natural 
ecosystem into agriculture, the land degrades. The visible 
effect is erosion, when soil particles leave their primary 
position on the land, transported by soil tillage or other 
implements, gravity, water or wind. Highly eroded soils 
tend to have reduced productivity, degraded soil struc-
ture, lower soil organic matter and a poor environment 
for root growth. Soil erosion on the hilly undulating ag-
ricultural landscape is a complex phenomenon involving 
the detachment and transport of soil particles by tillage, 
water (Figures 31.1 and 31.2) and wind , storage and run-
off of rainwater and infiltration. Some erosion is natu-
ral but current rates of accelerated erosion are more than 
worrying. Fortunately, there are many ways to reduce soil 
erosion (Boile, 2002). 

Soil Erosion in the Nordic countries.
Conditions for soil erosion in different Nordic and Baltic 
countries are very different, and therefore the risk of ero-
sion as well as erosion prevention measures are different 
too. In Norway, Sweden, Finland and Denmark, water 
erosion is considered to be the main problem, not only 
because of the negative impact it may have on soils and 
agriculture, but also because of its significant contribu-
tion to the phosphorus loading of freshwater bodies. 

Mountains and lakes cover 75% of Norway, farmland 
only 3%. The agricultural areas are concentrated in south-
ern and south-eastern parts, as well as in some areas of 

central Norway. The highest soil erosion risk to agricul-
tural land in Norway mainly occurs in autumn through 
heavy rainfall, and in spring through heavy snowmelt 
(Oygarden et al., 2006). Therefore, extremely different 
measures have been used: from artificial land levelling as 
a form of mechanical soil erosion (1970-85), leading to 
increased rates of water erosion, to increasing areas under 
perennial grasses, avoiding autumn ploughing, establish-
ment of vegetative buffer zones and sedimentation ponds 
as erosion resisting measures (Njos, 1991; Oygarden et 
al., 2006) leading to decreasing soil erosion rates.

There have been very few studies of soil erosion in 
Sweden. Various amounts of eroded material, between 
0.5 and 300 Mg ha-1, are lost from the fields. High relative 
erosion risk areas, calculated using the USLE (Universal 
Soil Loss Equation) equation and large-scale topographi-
cal data, indicate the erosion risk areas to be situated in 
the east and west of Sweden (Ulen, 2006). 

In Finland, the loss of eroded material and nutrients is 
highly dependent on the hydrological cycle. The actual 
effects of snowmelt and rain-induced erosion on annual 
sediment loss and the efficiency of different management 
methods for reducing erosion and nutrient losses are 
currently being studied in long-term field experiments. 
Erosion rates vary between 0.03 and 3.3 Mg ha-1 yr-1 in 
agricultural areas, while the corresponding figures in for-
ested catchments are considerably lower, namely 0.02-
0.2 (Tattari and Rekolainen, 2006). 
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The Climate of Lithuania
The climate of Lithuania is transitional between mari-
time and continental. Weather conditions are unstable, 
with frequent thawing in winter, and cloudy skies, damp 
and cool weather in summer. There is a characteristic 
abundance of moisture and lack of warm temperatures. 
The average annual temperature is +6oC: the average for 
January is -4.8oC, and that for July +17.2oC. Average 
annual precipitation is 675 mm, with precipitation be-
ing highest (920 mm) in the south-western part of the 
Zemaiciai Upland and lowest (520 mm) in the northern 
part of the Central Lithuanian Lowland. The Lithuanian 
climate is favourable for the occurrence of water erosion. 
Heavy showers cause most danger. The average wind 
speed on the Baltic Sea coast is 5.5-6.0 m s-1, and on dry 
land it decreases to 2.9-3.5 m s-1. In the cold season, due 

Figure 31.2. The samples of water erosion on the arable land of the hilly-rolling relief (Kaltinenai municipality, Silale district, Lithuania): rill’s format-
ted after snow melting and after runoff on the slope under early stage of rye crop (top); rill erosion on the slope and buried crop of the barley on 
the foot-slope after runoff (below). Photo: B. Jankauskas.

Figure 31.1. Gully erosion (Kaltinenai municipality, Silale district, Lithuania): gully formatted after the Glacial Period (left) and early stage of gully 
formation on the road-side slope. (right). Photo: B. Jankauskas.
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to active cyclonic activity, the wind speed is 1-2 m s-1 
greater than in summer (Jankauskas and Fullen, 2002).

Soil Erosion in Lithuania

Lithuania is mainly a lowland country, but has two up-
land regions, the ‘island-like’ Zemaiciai Upland in the 
west and the western edge of the Baltic Uplands in the 
east and south (Figure 31.3). About 52% of Lithuania’s 
relief consists of undulating hills, where the soil is erod-
ible (Kudaba, 1983). About 17% of Lithuania’s agricul-
tural land is eroded, increasing to 43-58% in hilly re-
gions (Jankauskas, 1996; Jankauskas and Fullen, 2002). 
Erosion processes affect the majority of the overall roll-
ing terrain of Lithuania by over 20-30% and by more 
than 30%. Different soil types are affected by soil ero-
sion: Albeluvisols, Cambisols, Luvisols and Regosols 
are affected mostly by tillage and water erosion, while 
Arenosols and Histosols are affected by wind erosion, 
when they are under tillage and dried.

Tillage Erosion
Soil erosion intensity in Lithuania de-
pends mainly on tillage erosion, which 
has been identified as the main cause of 
accelerated soil erosion on arable slopes 
(Kiburys, 1989; Jankauskas, 1996). The 
rate of soil translocation under tillage 
erosion depends on slope steepness, till-
age equipment and the direction of tillage 
operations. For example, the mass of soil 
moved downslope was 17.6 Mg ha-1 af-
ter a single mouldboard ploughing across 
the slope (along the contour) on a 100 
m length and 10o (17.7%) slope and the 
mass of soil moved upslope was 1.9 Mg 
ha-1. Therefore, the net rate of tillage ero-
sion (difference between downslope and 
upslope movement) was 15.7 Mg ha-1. 
Tillage erosion was 11.4 Mg ha-1 when 
ploughing slantwise across the slope to 
the left and 8 Mg ha-1 when ploughing 

slantwise to the right. Tillage erosion was only 5.2 Mg 
ha-1, when ploughing up and down the slope (Kiburys, 
1989). Tillage erosion rates due to a single sequence of 
mouldboard ploughing on slopes from 3-15o (5-26.3%) 
were from 1.0-7.2 Mg ha-1 when ploughing up and down 
the slope, or from 11.2 to 16.8 Mg ha-1 when ploughing 
across the slope (Figure 31.4). 

Figure 31.4. Dependence of tillage soil erosion (Mg ha-1) on slope 
steepness after single mouldboard ploughing in different directions 
(Jankauskas and Kiburys, 2000). I: up and down the slope, II: along the 
contour III: slantwise across the slope to the right, IV: slantwise across 
the slope to the left.

Figure 31.3. The map of Lithuania: islandlike Zemaiciai upland in western part; prolonged 
Baltic uplands in eastern part.
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According to the data presented in Figure 31.4, the 
relationship between slope steepness and tillage erosion 
can be expressed by the equations:

yI = -0.09x2 + 1.67x + 9.63, R2 = 0.987, P <0.05;
yII = -0.03x2 + 1.22x + 0.04, R2 = 0.987, P <0.05;
yIII = 0.18x2 + 0.53x + 1.1, R2 = 0.987, P <0.01;
yIV = 0.3x2 - 0.28x + 5.6, R2 = 0.986, P <0.01.

where y is soil losses (Mg ha-1) and x is slope inclination 
(degrees).

Tillage erosion is a direct consequence of soil profile 
truncation on arable sloping land. Soil profile trunca-
tion increased with increasing slope steepness up to 100 

(17.7%) (Figure 31.5). A plausible explanation for the sta-
bilisation by soil profile truncation on the steeper slopes 
is the tendency to avoid use of slopes >18% for crop rota-
tions in Lithuania. These slopes are usually pastures with 
perennial grasses (Jankauskas and Fullen, 2002).

Tillage erosion only moves soil over a short distance 
(75-85 cm), whereas water and wind erosion transports 
soil over much greater distances (Kiburys and Jankauskas, 
1997). Therefore, formation of natural agro-terraces near 
natural or artificial boundaries is characteristic for arable 
hillslopes (Jankauskas and Kiburys, 2000). 

Water erosion
Investigations of water erosion on 5-7o slopes of the 
Baltic uplands (Eastern Lithuania) show that runoff and 
losses of clay loam soil due to water erosion range mark-
edly: from 6.6 mm of runoff water under wasteland to 
151 mm under bare fallow, or from 4.5 Mg ha-1 yr-1 of 
soil under cereal crops to 46.6 Mg ha-1 yr-1 on bare fallow 
(Bundinienė and Paukštė, 2002). 

Heavy losses of Eutric Albeluvisols occur due to water 
erosion on the Zemaiciai Uplands (Western Lithuania). 
At the long-term monitoring sites, soil losses were 3.2-
8.6 Mg ha-1 under winter rye, 9.0-27.1 Mg ha-1 under 
spring barley and 24.2-87.1 Mg ha-1 under potatoes, on 
slopes of 2-5o (3.5-8.3%), 5-10o (8.3-17.7%) and 10-14o 
(17.7-24.5%), respectively, increasing with slope steep-
ness. Perennial grasses completely stabilised soil ero-
sion (Jankauskas et al., 2004). The extent of water ero-

Figure 31.6. The long-term (24 year) soil erosion sites of Kaltinenai Research Station of Lithuanian Institute of Agriculture (Silale district, Lithuania). 
Photo: B. Jankauskas.

Figure 31.5. Relationship between slope steepness (X) and soil trunca-
tion (Y).
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sion rates depends on the erosion prevention capabilities 
of different crop rotations, on land use systems and on 
slope gradient (Figure 31.6). According to the mean data 
of 36 experiments (duration 18 years), the mean annual 
erosion rates under the grass-grain rotation decreased 
by 75-80% compared with the field crop rotation, while 
under the grain-grass crop rotation it decreased by 23-
24%. However, even the grass-grain crop rotation could 
not completely prevent water erosion, with mean annual 
rates of 7.2-7.4 Mg ha-1 on the 10-14o slopes. 

The heights of the pyramids in Figure 31.7 represent 
the mean of 18 years of data on the slopes: A. 2-5o (3.5-
8.3%), B. 5-10o (8.3-17.7%), C. 10-14o (17.7-26.3%). 
Crop rotations: a) field, b) grain-grass, c) grass-grain I, 

Figure 31.7. Annual water erosion rates under different crop rotations. 

Table 31.1. Dependence of barley yield on slope steepness and soil erosion severity.

Landscape segment Severity of soil erosion Yield* from 48 study plots

in Mg ha-1 in relative numbers decrease Mg ha-1

Flat land Non-eroded 18.9 100 -

Slopes of 2-5o (3.5-8.3%) Slightly eroded 14.8 78.3 4.1

Slopes of 5-10o (8.3-17.7%) Moderately eroded 11.4 60.3 7.5

Slopes of 10-14o (17.7-26.3%) Severely eroded 7.1 37.6 11.8

Footslopes Deposited soil 19.5 103.2 -

LSD05 1.1
* Mean of 3-year grain and straw gross yield.

d) grass-grain II. *On the 10-14o slope (17.7-26.3%) po-
tatoes were not grown. The data were calculated by the 
method of group comparison.

Soil erosion has led to significant deterioration in the 
physical and chemical properties of loamy sand and clay 
loam Albeluvisols. Dry bulk density and percentage of 
clay-silt and clay fractions have increased and the per-
centage total porosity and water field capacity decreased. 
Strong acidity of E, EB and B1 soil horizons, exhumed 
due to soil erosion, is a characteristic feature of eroded 
Albeluvisols. Deterioration of soil attributes leads to de-
creased soil fertility (Jankauskas and Fullen, 2002). The 
natural fertility (using barley yield as a surrogate meas-
ure) is lower on eroded soils. On slopes of 2-5o (3.5-
8.3%), 5-10o (8.3-17.7%) and 10-14o (11.7–24.5%), bar-
ley yield decreased by 21.7-22.1, 38.9-39.7 and 62.4%, 
respectively (Table 31.1). These results demonstrate the 
need for soil conservation measures on arable undulating 
environments in Lithuania. 

Erosion-resisting Measures

Erosion-resisting land use systems have been suggested 
for the vulnerable hilly-undulating terrains of Lithuania 
to combat soil degradation due to soil erosion. Analysis 
of the complex rolling relief of Lithuanian Uplands has 
revealed different conditions for water erosion on the 
arable slopes with different inclination and containing 
different soil textures. The most vulnerable to water ero-
sion are terrains having light soil texture on steep slopes. 
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I . Minimum grass 80% II. Minimum grass 74% III. Minimum grass 67%

1. Winter grain or spring barley. 1. Winter grain 1. Winter grain

2. Perennial grasses 2. Spring barley 2. Spring barley

3. Perennial grasses 3. Perennial grasses 3. Perennial grasses

4. Perennial grasses 4. Perennial grasses 4. Perennial grasses

5. Perennial grasses 5. Perennial grasses 5. Perennial

6. Perennial grasses 6. Perennial grasses

7. Perennial grasses

IV. Minimum grass 63% V. Minimum grass 63% VI. Minimum grass 60%

1. Winter grain 1. Winter grain 1. Winter grain

2. Winter grain 2. Spring barley 2. Spring barley

3. Spring barley 3. Spring barley 3. Perennial grasses

4. Perennial grasses 4. Perennial grasses 4. Perennial grasses

5. Perennial grasses 5. Perennial grasses 5. Perennial grasses

6. Perennial grasses 6. Perennial grasses

7. Perennial grasses 7. Perennial grasses

8. Perennial grasses 8. Perennial grasses

Table 31.3. Erosion-resisting crop rotations for the fields of Group II (see Table 31.2).

†S – sand, LS – loamy sand, G – gravel, L – loam, C – clay.

Groups Soil texture† Type of 
land use

Requirements for group formation Recommended erosion-resisting measures

S, LS, G L, C

I < 10o < 15o Woodland Pick out slopes over 10o and 15o. Slopes over 
10o of heavy texture and over 5o of light tex-
ture are unsuitable for land reclamation

Plant trees or shrubs, carefully maintain peren-
nial grasses

II 7-10o 10-15o Grassland Along with the indicated slopes, land incon-
venient for tillage, more plain arable plots and 
establishment of pasture or grassland

Plant perennial grasses for long-term use. 
Renovate by using a mixture of another compo-
sition. Cover crop must be annual grasses

III 5-7o 7-10o Arable land 
or grassland

Similar to Group II, only indicated plots must 
be in a suitable form for tillage

Introduce the erosion-preventing grass-grain 
crop rotation. Apply erosion-preventing tillage 
means

IV 2-5o 3-7o Arable land Similar to Group III, only 10% of light soil 
slopes up to 7o can be annexed

Introduce the erosion-preventing grain-grass 
crop rotation. Apply erosion-preventing tillage 
means. Avoid growing tillage crops and flax

V Up to 2o Up to 3o Arable land Plains, suitable for tillage practice, that remain 
after forming groups I-V

Use intensive field crop rotations. On the slopes 
of 2-3o, apply soil conserving tillage practices

Table 31.2. Grouping erodible terrain for better erosion control and erosion-resisting measures.

However, cover crops determine water erosion rates on 
the different soil and relief conditions. Therefore, the 
main attributes of the proposed land conservation and 
sustainable land use system are the careful selection of 
optimum erosion-preventing agri-phytocenoses (sod-
forming perennial grasses or erosion-preventing crop 
rotations) with high erosion-resisting capabilities. These 

systems would vary in response to slope and soil condi-
tions. Such ecosystems assist erosion control and thus the 
ecological stability of undulating topography, the main 
component in a soil protection strategy for the undulating 
relief of the Temperate Climate zone of Lithuania.

The erosion-resisting grouping of the erodible undu-
lating terrain contains 5 groups of reliefs depending on 
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slope gradient and soil texture (Table 31.2). The require-
ments for identifying groups and recommending soil con-
servation measures were decided using research data from 
field experiments. Group I includes the highly erodible 
soils that are on slopes <10o having sandy, loamy sand or 
gravel texture (light soils) or on slopes <15o with loamy 
or clay texture (heavy soils). We suggest planting trees on 
such slopes, increasing woodland and biodiversity, ena-
bling accumulation CO2 and decreasing the greenhouse 
effect (Jankauskas et al., 2006; Jankauskas et al., 2007).

Growing long-term perennial grasses is recommend-
ed (Table 31.3) on light soils with prevailing 7-10o slopes 
and heavy soils with 10-15o slopes, and on surrounding 
soil that is unsuitable for any other land use (Group II). 
Because perennial grasses provide full protection from 
soil erosion, even on the 10-15o slopes, the grass mix-
tures with a high percentage (90%) of common alfalfa 
are recommended for hilly pastures, if soils are suitable 
for growing alfalfa. The annual average yield has been 
found to be 6.12 Mg ha-1 dry matter or 0.92 Mg ha-1 di-
gestible protein. However, the majority of soils on the 
Zemaiciai Upland are not suitable for growing alfalfa 
due to excess soil acidity and a high percentage of water-
logged subsoil. Therefore, grass mixtures of high fertility 
for early, medium and late hay making or grazing should 

be established. The annual average productivity of the 
most fertile hay meadow mixture during a 6-year study 
period was 7.9-9.2 Mg ha-1 dry matter. The productivity 
of the pasture land was 5.6-7.1 Mg ha-1. The productiv-
ity of these grass mixtures did not decrease during the 
6-year period, indicating that the duration of these grass 
mixtures might be longer (Norgailiene and Zableckiene, 
1994). These long-term perennial grass mixtures can be 
used for grasslands on the areas in Group II with erod-
ible terrain.

Soil conserving grass-grain crop rotations, including 
50-80% of perennial grasses (Table 31.4), are suggested 
for soils in Group III on 5-7o slopes with light soils and 
on 7-10o slopes with heavy soils. These slopes should be 
arranged into fields suitable for tillage.

Group IV includes 2-5o slopes with light soils and 3-7o 
slopes with heavy soils, and utilises the soil conserving 
grain-grass crop rotation, including 33-50% perennial 
grasses (Table 31.5). When growing grain crops, it is im-
portant to use soil conservation tillage and fertilisers on 
the undulating and rolling relief. 

Group V includes the remaining fields with flat to gen-
tly undulating relief. Common field crop rotations, con-
taining tillage crops, can be used on these soils. However, 
using conservation tillage on 2-3oslopes is useful.

I. Minimum grass 57% II. Minimum grass 57% III. Minimum grass 50%

1. Winter grain 1. Winter grain 1. Winter grain

2. Winter grain 2. Spring barley 2. Spring barley

3. Spring barley 3. Spring barley 3. Spring barley

4. Perennial grasses 4. Perennial grasses 4. Perennial grasses

5. Perennial grasses 5. Perennial grasses 5. Perennial grasses

6. Perennial grasses 6. Perennial grasses 6. Perennial grasses

7. Perennial grasses 7. Perennial grasses

IV. Minimum grass 50% V. Minimum grass 43% VI. Minimum grass 40%

1. Winter grain 1. Winter grain 1. Winter grain

2. Cereal grains with legumes 2. Cereal grains with legumes 2. Cereal grains with legumes

3. Spring barley 3. Cereal grains 3. Spring barley

4. Perennial grasses 4. Spring barley 5. Perennial grasses

5. Perennial grasses 5. Perennial grasses 6. Perennial grasses

6. Perennial grasses 6. Perennial grasses

7. Perennial grasses

Table 31.4. Erosion-resisting crop rotations for the fields of Group III (see Table 31.2).
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I. Minimum grass 38% II. Minimum grass 33% III. Minimum grass 33%

1. Winter grain 1. Winter grain 1. Winter grain

2. Cereal grains with legumes 2. Spring grains 2. Winter grain

3. Spring barley 3. Cereal grains with legumes 3. Cereal grains with legumes

4. Winter or spring grain 4. Spring barley 4. Spring barley

5. Spring barley 5. Perennial grasses 5. Perennial grasses

6. Perennial grasses 6. Perennial grasses 6. Perennial grasses

7. Perennial grasses

8. Perennial grasses

Table 31.5. Erosion-resisting crop rotations for the fields of Group IV (see Table 31.2).

Deep soil chisel tillage can be used instead of deep 
mouldboard ploughing, and stubble can be sprayed with 
the herbicide glyphosate (C3H8O5NP) instead of the stub-
ble tillage and deep ploughing common in autumn soil 
tillage systems. Soil erosion rates can be reduced 2-9 fold 
by using these measures while productivity is maintained 
at the same level (Feiza et al., 2004). Differentiation of 
nitrogen fertiliser rates on various parts of hilly-undulat-
ing landscapes (Feiziene, 1996) and matching fertiliser 
and liming rates to the sensitivity of the crops to soil acid-
ity and erodibility (Jankauskas, 1996) are also important 
parts of this erosion control system.

Conclusions

Soil erosion in Lithuania becomes a risk when the plant 
cover has been disturbed. This can be caused by fire, 
overgrazing of pastures and by tillage equipment on ar-
able soils. Therefore, tillage erosion is a primary cause of 
water and wind erosion on arable soils. 

The mean annual erosion rates under a field crop rota-
tion were 9.9, 23.4 and 32.2 Mg ha-1 yr-1 from 2-5o, 5-10o 
and 10-14o slopes, respectively. A grass-grain crop rota-
tion decreased the mean annual erosion rates by 75-80% 
compared with a field crop rotation, while a grain-grass 
crop rotation decreased erosion by 23-24%. 

The need for soil conservation measures on the roll-
ing landscape increases with increasing slope gradient 
and with increasing human activities. The erosion control 
system presented above is able to minimise surface run-

off and erosion and to combat physical soil degradation in 
the temperate climate zone.
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