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A field experiment on the use of biogeotextiles for the conservation
of sand-dunes of the Baltic coast in Lithuania

BenepikTas JANKAUSKAS,! GEnovarte JANKAUSKIENE!
and MicHAteL A. FULLEN?

Abstract

Extreme damage was caused by wave and wind erosion on sand dunes on the Baltic
coast near Palanga in Lithuania. Waves breached a wide ‘corridor” or ‘blowout’ through
the coastal sand dune. A progressively widening breached blowout developed. There
was a need to protect boundaries (walls) of the blowout from deflation and to encourage
sand-dune accretion. The field experiment was performed to establish vegetation on the
‘walls” and base of the blowout to stabilize the feature and stimulate sand-dune accretion.
The hypothesis was tested that biogeotextiles could act as complementary measures for
possible re-vegetation and temporary prevention of deflation.

The application of biogeotextile mats, constructed from the palm-leaves of Borassus
aethiopum (Borassus) and Mauritia flexuosa (Buriti), has been investigated in field experi-
ments on coastal sand dunes. Biogeotextiles effectively stored soil moisture during dry
summer periods. Covering sand-dune slopes with biogeotextiles and planting local species
of grasses, shrubs and trees enabled the stabilization of a breached ‘corridor” through the
sand-dune and a mean sand-dune accretion rate of 24.7 cm per year, over three years. The
results of investigations show biogeotextile cover enabled stabilization and restoration of
vulnerable ecosystems on the Baltic coastal sand-dune.

Geotextile cover prevented further deflation of the blowout; biogeotextile cover
increased moisture storage and encouraged vegetation growth (planted shrubs and grasses);
and biogeotextiles improved microclimatic and moisture conditions for the development
of planted sprouts of plants communities. In turn, these changes encouraged rapid sand
accretion and ‘growth’ of the basal sand dune. These processes contributed to the restoration
of the breached sand-dune, sand accumulation and improved ecosystem functioning.

Keywords: biological geotextiles, coastal sand-dunes, landscape evolution, soil moisture,
vegetation cover, wind erosion
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Introduction

Soil degradation by erosion is one of the world’s most serious environmental
problems, causing extensive loss of cultivated and potentially productive
soil and crop yields (FuLLeN, M.A. and CartT, J.A. 2004; Morcan, R.P.C. 2006;
KertEsz, A. 2009). It has been estimated that some 6,000 million tonnes of
soil per year have been washed off the croplands of India (FuLLEn, M.A. and
Carr, J.A. 2004). During the last 50 years, erosion has increased about 30-fold
on some soils in Russia and crop production on these soils has decreased by
50-60% (AnDproNIKOV, S. 2000). The erosion-resisting capacity of the soil is
disturbed by removing vegetation cover. About 17% of Lithuania’s agricultural
land is eroded, increasing to 43-58% in hilly regions. Water and wind erosion
occurs mostly on arable soils and wind erosion occurs on the Baltic coast.
There are many inexpensive potential soil conservation measures on arable
soils in Lithuania (Jankauskas, B. et al. 2004, 2008a; MazviLa, J. et al. 2010).
Vegetation cover is often undervalued in terms of its control over landscape
incision (Howarp, A. D. 1997; PogskN, J. et al., 2003). Conservation agriculture
is a very successful method for retaining soil moisture and for decreasing the
sediment load of surface waters. Adequate soil moisture can encourage both
soil flora and fauna (MaparAsz, B. et al. 2011).

The drift sands of the Holocene are an important component of the
European Sand Belt. They have been described by several authors (H6csom,
I. 1923; MaNikowska, B. 1995; SeEppALA, M. 1995; ZEEBERG, J.J. 1998; GOLLNITZ,
D. 1999; MANGERUD, J. et al. 1999; Bitinas, A. 2004; KosTer, E.A. 2005, 2009;
Satkunas, J. 2009). The youngest cover sands contain little silt and clay (Hokk,
W. Z. 1997), which makes them susceptible to wind erosion.

The problem of coastal erosion is becoming increasingly evident on the
south-east Baltic coast. Its fine-textured sandy beaches were heavy affected by
storms in the late 20" century. Extreme damage, caused by wave and wind ero-
sion on dunes, was exacerbated by anthropogenic activities. Waves breached a
wide blowout through the coastal sand dune. Damage was even more serious
after the stormy winter of 2001-2002: the coastal strip south of the town of
Palanga was heavy eroded and the loss of sand exceeded 20,000 m® (12.5 m®
m™) (ZiLinskas, G. 2005). A ~30 m wide ‘blowout’ through the coastal sand-
dune near Nemirseta was breached by pressure of natural (intense storm activ-
ity) and anthropogenic (footpath) activities and subsequently progressively
widened. Therefore, there was a need to protect boundaries (walls) of this
blowout from deflation and to encourage sand-dune accretion. The dynamics
of the dunes preconditions the distribution of plant communities in aeolian
systems (MorkuNAITE, R.-CesnuULEvICIUS, A. 2005). However, we attempted to
establish vegetation on the “walls” and on the bottom of the blowout to stabilize
the feature and stimulate sand-dune accretion. The hypothesis was tested that



biogeotextiles could act as complementary measures for possible re-vegetation
and for temporary prevention of deflation.

Geotextiles are potentially excellent biodegradable and environmen-
tally-friendly materials useful for soil conservation. The results obtained under
UK rainfall intensities suggest that palm-mat application is highly effective
for soil conservation. Water erosion rates equated to 0.45 Mg ha™ from bare
soil, 0.09 Mg ha™ from grassed plots and 0.17 Mg ha™ from both covered and
buffer zone plots (Davies, K. et al. 2006). Geotextiles from leaves of the Lala
palm (Hyphaene coriacea) reduced sediment yield from tailing dam slopes in
South Africa by 55% (Btnmann, C. et al. 2010). The application of geotextile
mats, constructed from the palm leaves of Borassus aethiopum (Borassus) and
Mauritia flexuosa (Buriti), has been investigated at Kaltinenai Research Station
of the Lithuanian Research Centre of Agriculture and Forestry. The geotextiles
(Borassus and Buruti, respectively) decreased soil losses from bare fallow soil
by 91% and 82% and from plots covered by perennial grasses by 88% and 79%,
respectively. This illustrates that geotextiles have considerable potential as a bi-
otechnical soil conservation method for slope stabilization and protection from
water erosion on steep industrial slopes and may be integrated with the use of
perennial grasses to optimize protection from water erosion (JANKAUskas, B. et
al. 2008b). Thus, we assessed the rehabilitation of degraded area on a breached
sand-dune in the Pajurio Regional Park on the Baltic coast near Nemirseta
(Lithuania) and the results of these investigations are presented.

It is postulated that biological geotextiles could act as a complemen-
tary measure for temporary prevention of deflation and to temporarily in-
crease moisture storage, creating better conditions for re-vegetation. Of course,
widespread adoption or dune stabilization measures are neither feasible nor
desirable, considering the dynamic nature of the dune pedo-environment.
However, carefully considered and targeted stabilization may make a balanced
contribution to specific coastal sites.

Area descriptions, materials and methods

The European Commission funded the BORASSUS Project (Contract Number
INCO-CT-2005-510745) for over three-years (2005-2009) to investigate “The En-
vironmental and Socio-economic Contribution of Palm Geotextiles to Sustainable
Development and Soil Conservation.” Project objectives were deliverable to both
‘developing’ and “industrialized’ countries. The BORASSUS team was based in 10
countries (in Europe, Africa, South East Asia and South America) and scientifically
tested four hypotheses, one of which is: palm-mat geotextiles efficiently conserve
soil. To test this hypothesis, field experiments were conducted on the sand-dunes
of the Baltic coast. The duration of the field experiment was three years.



Meteorological conditions during the three year project (2006-2008) are
demonstrated in Figure 1. The mean monthly precipitation and temperatures
present moisture and temperature conditions compared with the long-term
mean. The highest monthly temperature was 20.1 °C in July 2006 and the lowest
(-7.7 °C) in January 2006. Unusually high precipitation (170 mm) and mean air
temperatures (1.9 °C) occurred in January 2007. Unusually high precipitation
in July 2007 influenced lower temperatures compared with June and August.
The winter of 2007-2008 was unusually warm, when average temperatures in
December, January and February were >0 °C. Very dry periods in April and May
occurred during each year of investigations. These conditions were unfavour-
able for the germination of seeds of perennial grasses sown in early spring.

Field experiments were conducted on the slope of a breached sand
dune in Pajurio Regional Park on the Baltic coast, near Nemirseta (55°52"22"N;
21°03'25" E). The soil is a Hapli-Calcaric Arenosol (ARc-ha) (MazviLa, J. et al.
2006). Particle size analysis shows that most material is sand (1.0-0.05 mm:
96.1%). The silt fraction is only 1.7 % and clay fraction 0.4% (Table 1). These
data accord with general observations that young cover sands contain little
silt and clay (e.g. Hoex, W.Z. 1997).
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Fig. 1. Monthly precipitation and temperatures during the project
(2006-2008)
Table 1. Particle size analysis* of dune sands (fractions in % by weight)
Soil Fractions, mm
depth, | 1.0-0.25 | 0.25-0.05 | 0.05-0.01 | 0.01-0.005 | 0.005-0.001 | <0.001
cm Sand Silt Clay
0-20 88 | 881 04 | 04 | 09 0.4
Mean sand = 96.1% Mean silt = 1.7% M:zz)n;/lay

*Particle size analysis by the Kachinskiy method, n = 12 samples.



The dune sand had pH (KCI) 6.8, base saturation 92.4-92.5% and 0
available Al. The amount of organic matter (0.4 g kg™') and available K (15.8-
24.1 mg kg™) accords with sandy soil properties. High concentrations of avail-
able P (168.2-185.3 mg kg™) can be attributed to periodic marine inundation.

For historical reasons, soil analytical techniques were mainly Russian
procedures (Jankauskas, B. and FurLLex, M. A. 2002). Soil textural classes were
determined by the N. Kacinskij method (Micaumanova, A.I. and Dotrcoy, S.I.
1966; Motuzas, A.J. et al. 1996), which is commonly used in Eastern Europe.

Soil reaction (pH, ) was determined in 1M KCl soil sample extracts
using a calibrated digital pH meter. Hydrolytic acidity (H), which was used
for calculation of base saturation, was determined in 1M CH,COONa on soil
sample extracts (ratio sample: extract, 1:25 for mineral soil) by titrating with
1M NaOH (Askinazi, D.L. 1975).

Exchangeable bases (S) and base saturation (V) were determined by
the Kappen-Hilkovic method, which is based on hot titration of 0.1M HCl and
soil sample filtrate (ratio sample:extract 1:5) with 0.1 M NaOH (Askinazi, D.L.
1975). Ca*, Mg™, K, Na" and NH," concentrations (meq kg™) were determined
on filtrates and base saturation (V) calculated using the formula:

V=[S:(S+H)] x 100,

where V = % base saturation, S = concentration of bases (meq kg"') and H =
hydrolytic acidity (meq kg™).

Exchangeable Al was determined in the solution using the Sokolov
method (AskiNazi, D.L. 1975). Soil samples were mixed with 1M KCl (ra-
tio 1:6.25), boiled to remove CO, and hot titrated using 0.01M NaOH. The
amount of NaOH used for titrating corresponds to exchangeable acidity, which
contains the total amount of H* and Al*® in the soil absorbing complex. The
second analytical phase involves fixation and precipitation of Al*® as a com-
plex silt of kriolit (Na,AlF,), with NaF added to parallel solution samples and
repeated titration with 0.01M NaOH. The difference represents exchangeable
Al (cmol(+) kg™).

Exchangeable P,O, and K,O (mg kg") were extracted with ammonium
acetate-lactate (A-L solution, pH 3.7; ratio 1:20). Exchangeable P,O, was de-
termined by spectrophotometry and K,O determined by flame photometry
(EgNERr, H. ef al. 1960; Vazenin, 1.G. 1975; Ginzsurg, K.E. 1975).

Soil humus (%) was determined by the Tiurin method (BiELcHikova,
N.P. 1975; Orrov, S.I. and Grisina, L.A. 1981), which is a wet combustion
technique similar to the Walkley-Black method (USDA, 1995). Humified soil
organic matter was oxidized by solution of potassium dichromate with sul-
phuric acid; ratio 1:50(25); and excess dichromate determined by titration with
ferrous sulphate (Mohr solution). However, the protocol determines 'humus'



rather than soil organic matter or organic carbon, because only humified or-
ganic matter remains after thorough exclusion of un-decomposed plant and
animal residues. Percentage humus was converted to % soil organic matter
by multiplying by 1.724 (USDA, 1995).

The design of the field experiment on the sand-dune slope with a north-
erly aspect included the treatments: I. Perennial grasses (without geotextile mats,
covered by shrub branches); II. Perennial grasses covered by Buriti mats; III
Perennial grasses covered by Borassus mats; and IV. Perennial grasses covered
by coir carpet (Photo 1). Slope length was 5 m and the covered area 30 m*

The physical properties of the biogeotextiles show that the Borassus
mats were somewhat thicker, had higher mass per unit area and smaller mesh
sizes than Buriti mats (Table 2). The width of coir and straw-coir carpet was 2
m and thickness was only 1-3 mm.

The seeds from different wild plants, such us beach-grass (Ammophila
arenaria L.), lyme-grass (Elymus arenarius L.), wood-reed (Calamagrostis epigeios
L.), sedge (Carex arenaria L.), mugwort (Artemisia campestris L.), kidney vetch
(Anthyllis maritima Schweigg) and baby’s breath (Gypsophila paniculata L.) grow-
ing on the sand-dunes were collected in August and September 2006. Attempts
to grow cultured seeds (orchard-grass (Dactilis glomerata L.), fescue red (Festuca
rubra L.), Kentucky bluegrass (Poa pratensis L.), white clover (Tripholium repens

Photo 1. Field experiment on the sand-dune slope with a northerly aspect



Table 2. Selected physical properties of geotextile mats

Property Borassus mats Buriti mats

Material Strips of Borassus palm Fibres of Buriti palm
(Borassus aethiopum) leaves (Mauritia flexuosa) leaves

Mean thickness (mm) 16 12
Size (m x m) ~0.60 x 0.60 ~0.50 x 0.50
Mesh size (mm x mm) 30 x 30 40 x 40
Mass per unit area (g m?) | 950 520
Characteristics Stiff, deformable Flexible, deformable

L.) and alfalfa (Medicago lupulina L.)) in May 2006 proved unsuccessful. The
cultured crops were unable to germinate due to the demanding edaphic con-
ditions on the sand-dunes. The design of field experiment on the sand-dune
slope with the southerly aspect contained the treatments:

I. Planting of cereal perennial grasses in May 2006, covered by shrub
branches.

II. Planting of other perennials in May 2006, covered by shrub branches.

III. Planting of shrubs in November 2006, covered by shrub branches.

IV. Wild perennial grasses, sown in early spring 2007, covered by coir
carpet.

V. Wild perennial grasses, sown in early spring 2007, covered by
Borassus mats.

VI. Wild perennial grasses, sown in early spring 2007, covered by
Buriti mats.

VII. Wild perennial grasses, sown in early spring 2007, covered by
shrub branches.

VIII. Wild perennial grasses, sown in early spring 2007, covered by
straw-coir carpet. Slope length was 7-10 m and the planted area was 48 m?
(Photo 2).

The planted grasses were: beach-grass, kidney vetch and sedge, and
planted shrubs or trees were: vilet willow (Salix daphnoides Vill.), currant (Ribes
alpinum L.), rose (Rosa dumalis Bechst.), rowan (Sorbus aucuparia L.) and bird
cherry (Padus avium Mill).

Two belts of palm-mats biogeotextiles were located on the front of the
breached blowout, where the formation of an embryo sand-dune had com-
menced before spring 2006. The belts were designed as a checkerboard form
from three rows of mats (Figure 4). One belt was located on the top of the high-
est newly formed sand-dune, while the other one was parallel with the first
and 5 m inland. In total, 110 Borassus mats and 30 Buriti mats were used. The
72 sprouts of wood-reed, 80 sprouts of lyme-grass and 18 sprouts of beach-
grass were planted on the squares of belts not covered by biogeotextile mats on



Photo 2. Field experiment on the sand-dune slope with the southerly aspect

31/06/06. Six graduated (every 10 cm) markers were inserted into sand-dunes
at 5 m intervals in the middle of belts (Figure 2). These markers were used for
periodic (every 10 days) measurement of topographic changes.

The white squares were covered by biogeotextile mats; the sprout ®
of wood-reed, lyme-grass or beach-grass were planted on the checkerboard
squares as well as on the space between the belts. The markers (1-6) were
inserted into the centre of dark squares.

T*biogeotextile belt
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Fig. 2. The belts with biogeotextile mats located on the bottom of the breached “corridor’
and the slopes (‘walls’) of the breached sand-dune
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Borassus mats, coir carpet and straw-coir carpet were used in the first
set of field experiments in May 2006. A multi-species mixture of perennial
grasses (Pg) consisted of 20% each of: orchard-grass, red fescue, Kentucky
bluegrass, white clover and alfalfa. The mixture was sown into topsoil (0-5 cm).
Soil sampling for soil moisture (% by volume) was determined using a Delta-
T soil moisture meter type HH2. Measurements (6 individual measurements
from each plot) were taken every 10 days on topsoil (0-6 cm) samples.

The data were analysed using the computer programs ANOVA, STAT
and SPLIT-PLOT from the package SELKCIJA and IRRISTAT (TARAKANOVAS,
P. and Raupontus, S. 2003).

Results

The dynamics of soil moisture were investigated every 10 days during the veg-
etation growth period on the sand-dunes each year, but is represented by the
mean data for 2007. The highest mean soil moisture content during the vegetation
growth period in 2007 was under cover of Borassus and Buriti mats (Table 3).
However, there was some time (23/05/07-22/06/07) when topsoil (0—6 cm) mois-
ture under the branches fell to 0.6-1.4%. Moisture content was a little greater on
the slope with the northerly aspect. Linear correlation coefficients of soil moisture
values among treatments were: r = 0.888-0.974 (P <0.001, n = 19) (Table 3).

Planting of grasses (treatments I and II) on the slope with the southerly
aspect was performed on 31/05/06, and was followed by the planting of shrubs
and trees (treatment III) on 23/10/06. The survival of planted species was high
(Table 4), but growth rates were very low during the summers of 2007 and 2008.
Very dry conditions in May and June impeded the development of young
sprouts of sown plants, but most planted species survived this extremely dry
period (Figure 1). Cover of the breached ‘corridor” slopes on the sand-dune
using biogeotextiles and established plants enabled the stabilization of the
blowout and impeded further deflation.

A further objective was to nurture the accretion of the sand-dune basal
‘floor” along the blowout. Planting sprouts of wood-reed, lime-grass and beach

Table 3. Soil moisture (% in 06 cm soil) on the sand-dune slope, southerly aspect, 2007

Treatments Mean (n = 19%) SE Max. Min. SD
Pg (no cover) 2.46 0.38 7.40 0.60 1.62
Pg+Borassus 2.67 0.82 4.20 1.40 1.42
Pg+Buriti 2.52 0.38 7.60 0.30 1.60
Pg+straw-coir 2.16 0.41 7.80 0.10 1.75

*Soil moisture measurements taken every 10 days during the vegetation growth period.
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grass was successful. The sprouts developed root systems and promoted herba-
ceous cover, both under geotextile belts and outside these belts. The cumulative
curves (Figure 3) show evident changes in sand accumulation on belt I after
winter 2006-2007 and much greater changes on belt II after winter 2007-2008.
Most visible changes in sand-dune development were during warm periods
(spring-summer-autumn) in 2006 and especially during 2008. Correlation among
the mean data from three measurements every 10 days from biogeotextile belt I
(x) and biogeotextile belt II (y) was r=0.90 + 0.058, P <0.001 (multiple regression
R =0.96 and regression coefficient R%y/x = 91.31% (n = 56-3 = 168). More rapid
accretion occurred on biogeotextile belt I (mean 26.7 cm) compared with 22.8 cm
on biogeotextile belt II, with a mean accretion of 24.7 cm yr (Table 5). The most
evident accretion phases were during winter and, in some cases, in June and
August. Significantly more accretion occurred in 2008, when herbaceous cover
became dense. There was a significant (P <0.001) modified power regression (R*=
89.96%; t = 5.45) among sand-dune accretion under biogeotextile belts I and II.
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Fig. 3. Cumulative curves of sand-dune accretion on the areas of biogeotextile belts I and II.
(Roman numerals represent months)

Table 5. Accretion (cm) of sand dunes on the breached blowout near Nemirseta

Biogeotextile belt I, no. of Biogeotextile belt II, no. of

Year of markers markers Total

index 1 | 2 | 3 [Mean| 4 | 5 | 6 |Mean|
2006 38 26 17 27.0 14 11 11 12.0 | 19.5a
2007 15 26 20 20.3 18 20 21 19.7 | 20.0a
2008 23 35 40 32.7 62 26 22 36.7 | 34.7b
LSD . Among sand dune accretion in different years 7.80
Mean - | 267a | - 28a | 247
LSD,. Among sand dune accretion under biogeotextile belts I and II| 7.85 -

Note: values with a different letter denote significant difference (P <0.05).
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Discussion

Zarowmskis, R. and Guirsinskas, S. (2010) identified three dynamically dif-
ferent shore segments of the Curonian Spit of Lithuania: relatively stable,
transitional and accumulative. Our investigations were on the accumulative
zone of the northern Curonian Spit on the slopes of a breached sand dune in
Pajurio Regional Park on the Baltic coast near Nemirseta. Kask, A. et al. (2010)
considered that “waves and currents sort the abraded material so that coarser mate-
rial accumulates closer to the outcrop of parent sediment and finer material is carried
further. The sedimentation area is determined by hydrodynamic conditions and water
depth. The depth and mean grain size correlation has confirmed that finer sediments
accumulate in deeper and coarser ones in shallow areas. The glacial till in coastal
areas and on shallow sills is subject to erosion by currents and waves which rework
and redistribute the sand and silt components, while coarser particles (boulders and
gravel) remain as lag sediments. Along the transport path to deeper areas, the sediment
becomes progressively finer. Silt and clay particles settle in the deepest parts of the
shelf. Sand forms deposits on the slopes of shallows where the equilibrium conditions
for settling of sand particles exist.”

Similar characteristics of sand sorting were observed by JARmALAvICIUS,
D. and Zirinskas, G. (2006). Particle size analysis reported in Table 1 can be
interpreted within this conceptual framework. The investigated sand dunes
consisted of 96.1% sand, therefore soil moisture conditions were inimical for
the growth of sown perennial grasses during dry summers (Table 3). Moisture
conditions were better for the growth of planted local species on the bottom
of breached sand-dunes. The planted species survived excellently and on the
blowout slopes, but growth rates were very low during the summers of 2007
and 2008 (Table 4).

Biogeotextile cover enabled stabilization and restoration of vulnerable
ecosystems on the Baltic coastal sand-dune. Firstly, geotextile cover prevented
further deflation of the blowout. Biogeotextile cover increased moisture stor-
age and encouraged vegetation growth (planted shrubs and grasses) (Table 3).
Biogeotextiles also improved microclimatic and moisture conditions for the
development of planted sprouts of wood-reed, lime-grass and beach grass
communities.

In turn, this encouraged rapid sand accretion on the sand dune (Figure
3, Table 5). These processes contributed to the restoration of the breached sand-
dune, sand accumulation and improved ecosystem functioning.

Time sequences of dune photographs are a useful means of studying
dune dynamics (FuLLeN, M.A. and Moorg, G.M. 1999). Further progressively
rapid accretion of sand occurred on the ‘basal floor” of the blowout some two
years later after the completion of field measurements. Photo 3 shows evidence
of both sand accretion and the progressive thickening of plant cover.
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Photo 3. The breached blowout in the sand dune on the coast of Baltic Sea near Nemirseta.
- A=2006; B=2008; C=2011

Conclusions

Two important conclusions must be drawn:

1. Covering breached sand-dune slopes with Borassus and Buriti geo-
textile mats, straw-coir and coir carpets and with branches of shrubs as well
as planting local species of grasses, shrubs and trees enabled the stabilization
of a blowout within a coastal sand-dune.

2. Covering the blowout floor using Borassus and Buriti mats and
planting local species of perennial grasses enabled sand dune accretion by a
mean of 24.7 cm per year over three years. This accelerated the restoration of
a breached coastal sand dune.

Acknowledgements: The authors thank the European Commission for funding this research
(contract number: INCO-CT-2005-510745) as a Specific Targeted Research Project (FP6-
STREPs) within the Developing Countries (INCO-DEV) Programme.

15



REFERENCES

ANDRONIKOV, S. 2000. The present status of the soil environment in Russia. In Soil quality,
sustainable agriculture and environmental security in Central and Eastern Europe. NATO
Science Series, Environmental Security 69. 87-95.

AsxkiNazi, D.L. 1975. The methods for determination of liming needs of soddy-podzolic soils. In
The agro-chemical methods of soil investigation. Moscow, Nauka, 228-243. (In Russian)

Biercuikova, N.P. 1975. Determination of soil humus by method of I.V. Tiurin. In The agro-
chemical methods of soil investigation. Moscow, Nauka, 56-62. (In Russian)

Brrinas, A.2004. Lietuvos eoliniy nuoguly amzius (The age of aeolian deposits of Lithuania).
Geologija 45, 1-5. (In Lithuanian)

Btonmann, C., Paterson, D.G., PienNar, G.M.E., NEiL, ].P., MuLiBana, N.E., van DEVENTER, PW.,
FurLen, M.A,, Susepi, M. and Sarssy, R.W. 2010. Rainfall simulator study of the erosion
control potential of palm geotextiles for mine dam slope stabilization. In Construction for a
sustainable environment Eds. Sarssy, R.W. and Mecayes, T. CRC Press, Balkema, 443-451.

Davies, K., FuLLen, M.A. and Boors, C.A. 2006. A pilot project on the potential contribution
of palm-mat geotextiles to soil conservation. Earth Surface Processes and Landforms
31. 561-569.

EcneR, H., Rienm, H. and Dominco, W.R. 1960. Untersuchungen iiber die shemische boden-
analyse als grundlage fiir die beurteilung des nihrstoffzustandes der boden. 11. Chemische
extractionsmethoden zur phosphor- und kaliumbestimmung. Uppsala.

FurLen, M.A. and Moorg, G.M. 1999. Photographing dune dynamics. Geography Review
13. (2): 14-17.

FuriLen, M.A. and Cartr, J.A. 2004. Soil Management: Problems and Solutions. London, Arnold
Publishers.

Ginzeurg, K.E. 1975. The methods for determination of phosphorus in soil. In The agro-
chemical methods of soil investigation. Moscow, Nauka, 106-190. (In Russian)

GorrniTz, D. 1999. Das Diinenkataster des Landes Brandenburg. Brandenburger
Geowissenschaften Beitriige 6. (2): 39—-41.

Hoex, W.Z. 1997. Paleogeography of Lateglacial vegetation. Aspects of Lateglacial and Early
Holocene vegetation, abiotic landscape and climate in The Netherlands. KNA/ICG/VUA.
Nederlandse Geografische Studies 230, Utrecht/Amsterdam, The Netherlands, 160 p.

Hocsowm, 1. 1923. Ancient inland dunes of northern and middle Europe. Geografiska Annaler
5.113-243.

Howarp, A.D. 1997. Simulation of gully erosion and bistable landforms. In Proceedings of
the Conference on Management of Landscapes Disturbed by Channel Incision. Oxford
MS, Center for Computational Hydroscience and Engineering, The University of
Mississippi, 516-521.

Jankauskas, B., JaANkaUskiENE, G. and FuLLEn, M. A. 2002. Erosion-preventive crop rotations
and water erosion rates on undulating slopes of Lithuania. Canadian Journal of Soil
Science 84. (2): 177-186.

Jankauskas, B., JANKAUSKIENE, G., and Tikn1us, A. 2008a. The contribution of quality as-
sessment of eroded agricultural soil on hilly-undulating landscapes to sustainable
community development. In Use of landscape sciences for the assessment of environmental
security. Eds: PETrOsILO, I., MULLER, E,, JoNEs, K.B., ZurLing, G., Kravzg, K., VicTorov,
S., Bar-Lian, L. and Kepner, W.G., Dordrecht, Springer, 431-451.

Jankauskas, B., JaNkaUskIENE, G., FuLLEN, M. A. and Bootn, C.A. 2008b. Utilizing palm leaf
geotextiles to control soil erosion on roadside slopes in Lithuania. Zemés ukio mokslai
(Agricultural Sciences) 15. (3): 22-28.

16



JarmaravicCius, D. and ZiLinskas, G. 2006. Peculiarities of sand sorting in the Lithuanian
coast of the Baltic Sea. Geologija 56. 36—42.

Kask, A., SooMeRg, T., SUUROJ4, S. and Kask, J. 2010. Sand accumulation under varying
lithohydrodynamic conditions in the coastal area. Baltica 23. (2): 157-164.

Kertisz, A. 2009. The global problem of land degradation and desertification. Hungarian
Geographical Bulletin 58. (1): 19-31.

KosTER, E.A.2005. Aeolian environments. In The Physical Geography of Western Europe. Oxford
Regional Environments. Ed. KosteRr, E.A. Oxford, Oxford University Press, 139-160.

KosTER, E.A. 2009. The “European Aeolian Sand Belt”: Geoconservation of drift sand land-
scapes. Geoheritage 1. 93-110.

MabarAsz, B., BAponyi, K., Cserinszky, B., Mika, J. and KertEsz, A. 2011. Conservation
tillage for rational water management and soil conservation. Hungarian Geographical
Bulletin 60. (2): 117-133.

MANGERUD, J., SVENDSEN, J.I. and Astaknov, V.I. 1999. Age and extent of the Barents and
Kara ice sheets in Northern Russia. Boreas 28. 46-80.

Manikowska, B. 1995. Aeolian activity differentiation in the area of Poland during the period
20-8 ka BP. Biuletyn Peryglacjalny 34. 125-165.

MazviLa, J., Vaicys, M. and Buivyparre, V. 2006. Lietuvos Dirvozemiy Makromorfologine
Diagnostika. LZI, Akademija.

MazviLra, J., Stavcarris, G., Kutra, G.J. and Jankauskas, B. 2010. Empiriniy modeliy
panaudojimas dirvoZemiy erozingumo jvertinimui Lietuvoje, Zemés itkio mokslai
(Agricultural Sciences). 17. (3-4): 69-78.

Micamanova, AL and Dorcov, S.I. 1966. Methods for textural and microaggregate analysis of
soil. In Methods for agro-physical investigation of soil. Moscow, Nauka, 5-41. (In Russian)

MoraaN, R.P.C. 2006. Soil Erosion and Conservation. Third Ed. Oxford, Blackwell Publishing.

MoRrkUNAITE, R. and CesnuLevicius, A. 2005. Changes in blowout segments of the ridge in
the Curonian Spit in 1999-2003. Acta Zoologica Lithuanica 15. (2): 145-150.

Motuzas, A.J., Burvypartg, V., DaniLevicius, V. and SLeiNys, R. 1996. Pedology. Vilnius,
Mokslas, (In Lithuanian)

Orrov, D.S. and Grisina, L.A. 1981. Guide in chemistry of humus. MGU, Moscow. (In Russian)

PoESEN, ]., NACHTERGAELE, ]., VERSTRAETEN, G. and VALENTIN, C. 2003. Gully erosion and
environmental change: importance and research needs. Catena 50. 91-133.

Satkunas, J. 2009. Pleistocene and Holocene palaeo-environments and recent processes
across NE Europe. Quaternary International 207. 1-3.

SEPPALA, M. 1995. Deflation and redeposition of sand dunes in Finnish Lapland. Quaternary
Science Reviews 14. 799-809.

Tarakanovas, P. and Raupontus, S. 2003. Agronominiu Tyrimu Duomenu Statistine Analize
Taikant Kompiuterines Programas ANOVA, STAT, SPLIT-PLOT Is Paketo Selekcija Ir
IRISTAT. LZUU, Akademija.

USDA NRCS, 1995. Soil survey laboratory information manual. Lincoln, National Soil Survey
Center, Soil Survey Laboratory. Nebraska.

VazeniN, I.G. 1975. The methods for determination of potassium in soil. In The agro-chemical
methods of soil investigation. Moscow, Nauka, 191-218. (In Russian)

ZaroMskis, R. and GuLrsinskas, S. 2010. Main patterns of coastal zone development of the
Curonian Spit, Lithuania. Baltica 23. (2): 149-156.

ZEEBERG, ].J. 1998. The European sand belt in Eastern Europe and comparison of Late Glacial
dune orientation with GCM simulation results. Boreas 27. 127-139.

Zmnskas, G. 2005. Trends in dynamic processes along the Lithuanian Baltic coast. Acta
Zoologica Lituanica 15. (2): 204-207.

17



Hungary in Maps

Edited by
Karoly Kocsis and Ferenc SCHWEITZER

Geographical Research Institute Hungarian Academy of Sciences
Budapest, 2009. 212 p.

‘Hungary in Maps' is the latest volume in a series of atlases published by the Geographical
Research Institute of the Hungarian Academy of Sciences. A unique publication, it combines
the best features of the books and atlases that have been published in Hungary during the last
decades. This work provides a clear, masterly and comprehensive overview of present-day
Hungary by a distinguished team of contributors, presenting the results of research in the fields
of geography, demography, economics, history, geophysics, geology, hydrology, meteorology,
pedology and other earth sciences. The 172 lavish, full-colour maps and diagrams, along with
52 tables are complemented by clear, authoritative explanatory notes, revealing a fresh per-
spective on the anatomy of modern day Hungary. Although the emphasis is largely placed on
contemporary Hungary, important sections are devoted to the historical development of the
natural and human environment as well.

In its concentration and focus, this atlas was intended to act as Hungary's 'busi-
ness card', as the country's résumé, to serve as an information resource for the sophisticated
general reader and to inform the international scientific community about the foremost chal-
lenges facing Hungary today, both in a European context and on a global scale. Examples
of such intriguing topics are: stability and change in the ethnic and state territory, natural
hazards, earthquakes, urgent flood control and water management tasks, land degradation,
the state of nature conservation, international environmental conflicts, the general popula-
tion decline, ageing, the increase in unemployment, the Roma population at home and the
situation of Hungarian minorities abroad, new trends in urban development, controversial
economic and social consequences as a result of the transition to a market economy, pri-
vatisation, the massive influx of foreign direct invest-
ment, perspectives on the exploitation of mineral re-
sources, problems in the energy supply and electricity
generation, increasing spatial concentration focused
on Budapest in the field of services (e.g. in banking,
retail, transport and telecommunications networks),
and finally the shaping of an internationally competi-
tive tourism industry, thus making Hungary more
attractive to visit.

This project serves as a preliminary study for
the new, 3rd edition of the National Atlas of Hungary,
that is to be co-ordinated by the Geographical Research
Institute of the Hungarian Academy of Sciences.

Price: EUR 20.00

Order: Geographical Institute RCAES HAS Library
H-1112 Budapest, Budadrsi 1t 45.

E-mail: magyar@sparc.core.hu





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


