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In Poland, water erosion of soils occurs not only in the mountains,
where the inclination of slopes is sharper and the rainfall higher, but
also on undulating areas, where the average rainfall is 550 mm. a year.
On mountain slopes which have been under cultivation for centuries the
arrangement of fields is often the right one, i.e. horizontal, and the indi-
vidual fields are separated by scarps, forming terraces with sloping ben-
ches whose inclination of which is much smaller than the original in-
clination of the slope. The scarps are more than 2 m. high, and are
reinforced with grass, occasionally with trees or shrubs. The spontaneous
formation of scarps and the part which the plough takes in it as an imple-
ment which not only turns over, but also dislocates the soil, have been
pointed out by Bac [1].

However, it was not possible for him to determine the rate of increase
of the scarps. Relevant measurements have been carried out on experi-
mental fields arranged by the present writer. The first experiment was
performed at Stawin, near Lublin, in 1948 {3]. On a slope whose incli-
nation was 30%,, with strongly eroded loess soil, fields 15—18 m. wide
were marked out, their boundaries running horizontally. The plots were
ploughed with a reversible (one-way) plough, and the furrow slices were
turned downwards. After 10 years, the scarps were more than 2 m. high,
and the inclination of the banks was reduced to 20% [7]. In addition, the
arrangements of the scarps and their importance for the stabilization of
the soil were studied [5, 6]. Ziemnicki and Mazur [4] compared
in mountainous regions soils on a terraced slope cultivated horizontally
and on a slope on which the direction of ploughing was from top to
bottom. It was found that, in spite of differences in the depth of the soil
within a single bench, the total soil volume on a terraced slope was twice
that of a non-terraced slope. Similar investigations in mountainous regions
were conducted later on by Glinski and Dobrzanski [2].



Fig. 1 Elizéwka. Section through a sunny (A—B) and a shady (B—C) slope. Above it, a graph showing changes in the depth of the
humus layer in the years 1958— 1963
Sections through the highest scaps are included: 1 — humus layer, 2 — transition layer, 3 — lloess, 4 — extent of humus layer in 19G3, 5 — extent

of humus layer in 1958, 6 — boundary line between transition layer and loess in 1963, 7 — sodded scarp, 8 — height of scarp in 1963, 9 — height
of scarp in 1958
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The studies mentioned above concerned slopes the inclination of which
was more than 30%,. Agricultural utilization of such slopes cannot be
recommended both because of difficulty in tillage and the risk of erosion.
That was the reason why the present writer transferred his further expe-
riments on the strip arrangement of fields to slopes less inclined. The
boundaries of the fields were grown with grass were transformed into
scarps. Eventually, ploughed-on terraces were obtained, and the inclina-
tion was reduced, though on a smaller scale than on steep slopes. The
experiments were carried out at Elizéwka, near Lublin, on deep loess, at
Stawin, also on loess, but on a slope different from that mentioned before,
and at Nowosiolki on rendzina soil. All these places are situated in the
Lublin Upland.

ELIZOWKA

Measures against soil erosion were applied in 1957 [8]. On each slope
two strip fields, each 20 m. wide, were marked out. To obtain fields of
the same width it was necessary to give up a strictly horizontal arrange-
ment of the boundaries. However, these deviations were not great and
did not exceed 3%, The area was characterized by intense soil erosion,
which resulted in exposing the loess parent rcck on the steeper slopes.
The relief of the area was typical of the undulating loess regions of
Poland. The inclination of the slopes reached 20906, and their length but
rarely exceeded 100 m. The slopes were of convex shape. Photograph 1
shows ploughed-on terraces 6 years after the beginnig of the experi-
ment. Soil studies were carried out in 1958 and repeated in 1963, and
the height of the scarps was measured in 1960 and 1963. The fields were
ploughed with a reversible plough, and the furrow slices were turned
downwards.

Changes in the relief are shown in Fig. 1. Besides the cross-section, it
presents the depth of the soil, related to the level. This makes it easier
to follow the changes. The rate of the increase of the scarps was especially
correlated with the inclination. On both slopes shown in the Fig. 1, the
highest scarps were formed between the 1-st and 2-nd strip. On a slope
with = 15% inclination the scarp increased by 27 cm. in the years
1957—1960 (9 cm. a year), and during the whole experiment, i.e. in the
years 1957—1963 the increase was 64 cm. (10 cm. a year). This means
that the rate of increase of the scarp was uniform during the whole
experimental period. On a slope with a 24% inclination the increase of
the highest scarp was 43 cm. in the years 1957-—1960, and 122 cm. in the
years 1957—1963, the rate of increase being 14 cm. and 20 cm, a year
respectively. The rate of increase may be different in different periods,
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Fig. 2. Arrangement of ploughed-on terraces at Elizdwka. Two strips are seen.
Below the scarp, on which a man stands, lies the bottom of the valley, used as
a meadow.

which depends mainly on the number of tillage operations. Generally
speaking, the rate of increase of the scarps depended on the inclination
of the slope, and was 10 cm. a year on a 15% slope, and 20 cm. a year
on a 24% slope.

Changes in the properties of the soil, partly shown in Fig. 1, are
presented in Tabs. 1, 2 and 3. The tables contain data on characteristic
properties, determined in 1958 and 1963. Table | shows the mechanical
composition of the loess soil. There can be noticed a certain decrease in
the amount of floatable parts both above and below the scarp, which can
be explained by the fact that coarser soil particles are deposited above
the scarp (Fig. 3), and below it the washing-out or exposition of lower
layers by the plough are going on. Table 2 presents the physical properties
of the soil. A reduced permeability and low water capacity of the soils
cam be obsetrved at the bottom of the valley. Essential differences are
found in the humus content; this is shown in Table 3. It is a remarkable
finding that a half of the total humus content per 1sg.on. above and below
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Table 1
Mechanical composition of soils
S o . | Diameter of soil particles in mm. |G g8q
Place | Situstion |Year |3y | ToB'" 381 To]o.05]0.02. | 0.006] < PEE
gg SR | 0-1 | 0.05)0.02 | 0.006 | 0.002 | 0-002 | § G/
%
Elizéwka | topland 1958| I 5-15 3111 | 49 22 6 9 37
1963| 1 5-15 4 |10 49 21 8 8 37
30-40 S| 9 |41 | 24 8 13 45
80-90 8 8 48 20 5 11 36
135-145 3 52 21 6 11 38
145-150 6 |10 |45 | 25 17 17 39
south-westerly
slope
(inclination | 1958 II 5-15 4 |14 |41 | 2 6 14 41
gg;’:ve scarp 1963 | IIa | 5-15 8 |10 |44 | 19 1 12 38
below scarp 1963 IIb | 5-15 10 (51 | 19 6 11 36
bottom of
velley 1958 | I1I 5-15 4 9 49 22 6 10 38
1963 | 111 | 5-15 11 |51 | 19 7 9 35
north-easterly
slope
ié;t;lination 1958 | 1V 5-15 110 46 24 8 11 43
above scarp 1963 | IVa 5-15 5 (10 |48 21 7 11 39
below scarp 1963 | IVb | 5-15 2| 8 52 25 5 8 38
Stewin above scarp 1363 | 1a 0-25 9 | 8 |46 21 5 11 37
25-35 5 (13 41 23 6 12 41
below scarp 1963| Ib 0-20 4 113 | 44 | 22 7 10 39
above scarp 1963} 1la 5-20 7110 | 46 20 6 11 37
32-40 5110 44 22 1 12 41
below scarp 1963| 1Ib | 5-20 5|12 | 44 | 20 7 11 38
above scerp 1963 | 11la| 5-20 4 |11 | 49 20 6 10 36
40-50 3113 44 24 8 8 40
below scarp 1963 | IIIb| 5-20 4 110 | 48 23 6 9 38
Nowosidiki| topland 1963 | 1 5-15| 2.5| 63 | 5 17 6 8 15
25-35 (16.3] 58 | 1 | 14 | 10 12 | 27
southen slope
above scarp 1963 | Ila | 5-15 {14.7) 53 | 5 | 13 8 5 16 29
30-40 | 6.5| 62 2 10 11 3 10 24
below scarp 1963 | IIb | 5-15 | 5.8 57 | 4 13 8 5 13 26
25-35 | 7.5 | 59 5 12 10 4 10 24
foot of slope |1963|III [ 5-15| 1.8 51 | 2 |15 | 10 6 16 32
35-45 | 0.5 25 | 1 6 1 7 54 68
70-80 | 5.7 9 | 3 8 |1 |5 |8




Table 2
Physical properties of soils
Excavation| Depth Specific gravity Capfllary capac;tz{ g;:gi. c.::.r_ Pemeeb:}lity
Place Situation Year Nugber cn. real volume | Weight | volume | sity city coefficient
g./cm.3 % cm. /sek.
Elizéwka topland 1958 1 .5-15 2.62 1.28 39.71 50.72 51.22 0.50 0.000303
1963 I 5-15 2.62 l.21 33.85 40.92 53.92 13.00 0.000737
30-40 2.65 1.42 28.19 40.17 46.29 6.12 0.000073
south-westerly slope
(inclination 15%) 1958 11 5-15 2.65 1.46 28.87 42.30 44.67 2.37 0.000021
above scarp 1963 I1a 5-15 2.64 1.16 38.54 44.57 56.16 11.59 0.001157
below scarp 1963 1Ib 5-15 2.62 1.32 32.16 42.31 49.83 1.46 0.000579
bottem of valley 1958 111 5-15 2.63 1.56 23.84 37.28 40.60 3.32 0.000008
1960 111 5-15 2.61 1.53 24,67 31.79 41.40 3.61 0.000042
north-easterly slope
(inclination 18%) 1958 Iv 5-15 2.66 1.51 27.49 41.55 43.24 1.69 0.000022
above scarp 1963 1Va 5-15 2,65 1.37 29.40 40.31 48.24 7.93 0.000124
below scarp 1963 IVb 5-15 2.67 1.40 29.56 41.27 47.64 6.37 0.000209
Nowosiéiki| toplend 1963 1 5-15 2.59 1.38 29.96 41.33 46.84 5.51 0.001279
25-35 2.61 1.48 23.53 44,79 43.46 8.67 0.000568
southern slope above scarp 1963 1la 5-15 2.55 1.22 37.71 45.92 52.19 6.27 0.001208
3 30-40 | 2.59 1.57 | 20.90 | 32.83 | 39.47 | 6.64 0.000141
below scarp 1963 1Ib 5-15 | 2.58 1.35 | 32.05 | 43.15 | 47.83 | 4.68 0.000255
25-35 2.62 1.54 21.76 33.50 41.19 7.69 0.000404
foot of slope 1963 III 5-15 2.60 1.55 23.56 36.47 40.46 3.99 0.001066
35-45 2.67 1.39 32.90 49.15 51.64 2.49 0.000519
70-80 2.68 1.28 38.97 50.09 52.09 2.00 0.000014
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Table 3
Cortent of humus and celcium carbonate
' Humus CaCo3
Place Situation Ex;:;::ion D:;’fh year 1358 year 1963 year | year
% |kem?| % ke/m? 1958 | 1963
Slizéwka | topland 1 5-15 | 1.58 | 4.6b | 1.62| 5.49 | 0.0 0.0
south-westerly
slope
(inclination 15%)  II 5-15 | 1.41 [ 3.91 0.1
above scarp 1la 5-15 1.13| 5.80 1.1
25-35 0.84 0.7
below scarp IIb 5-15 1.19| 2.83 0.9
bottom of valley 111 5-15 | 1.21 | 15.10 | .37 13.80 | 0.1 0.1
50-60 | 0.56 0.61 0.0 0.1
100-110 | 0.28 0.22 0.0 0.0
north-easterly
slope
(inolination 18%)| IV 5.15 | 0.68 | 2.05 7.7
above scarp Ve 5-15 0.69( 4.41 8.0
30-40 0.60 8.6
below scarp 1vb 5-15 0.22| 0.46 12.4
Stawin above scarp Ia 0-25 1.39| 5.49 0.0
25-35 0.69 0.0
below scarp Ib 0-20 0.90| 3.15 | o©.0
above scarp Ila 5-20 1.55] 9.07 0.0
32-40 0.88 0.0
below scarp 1Ib 5-20 0.98]| 2.94 0.0
above scarp 111a 5-20 1.21| 8.79 0.0
40-50 0.78 0.0
below scarp I1Ib 5-20 1.24| 7.44 0.0
Nowosidlki| topland I 5-15 1.24| 3.47 0.03
25-35 0.0
southern slope
above scarp 1la 5-15 1.90f 7.60 0.43
30-40 0.0
below scarp 1Ib 5-15 1.56( 4.80 0.04
25-35 ' 0.0
foot of ‘slope 111 5-15 2,00 13.46 0.09
35-45 0.73 0.06
) 70-80 25.28
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the scarp is bigger than the initial value. Changes in depth of the humus
layer were as follows. Excavation II: 19 cm. in 1958; in 1963 above the
scarp 45 cm., below it 18 cm. Excavation IV: 20 cm. in 1958; in 1963
above the scarp 50 cm., below it 15 cm.

Phot. S. Ziemnicki

Pig. 3. Above the scarp, which crosses a slope depression a part of the material
eroded from higher, unprotected fields has been detained. Elizéwka, summer 1963.

As it results from Fig. 1, the inclination of the bench, though reduced
in comparison with that of the original slope, is not uniform. Just above
the scarp it is slight, but further from the scarp it remains almost
unchanged. To counteract this and to give the whole bench uniform
inclination, it is planned, beginning from 1963, to plough the fields with
an ordinary plough, and to turn the furrow slices to the line where the
inclination of the bench is broken (about 6 m. above the scarp).

Besides measurements of the increase of the scarps, the experiments
at Elizowka comprise an evaluation of yields obtained from ploughed-on
terraces and from control fields tilled in the direction from top to bottom.
No difference was observed on the lower strip, but on the upper one,
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which covers the most intensely eroded parts of the slope, the average

yield in the years 1960—1963 was by 30%g higher from the terraced
slope than from the control one.

SEAWIN

Th»e intensity of errosion on the slope with a 10% inclination, deter-
mined on the strength of direct phenomena and of soil differentiation,
is medium. The slope is more than 150 m. long and straight-lined in shape.
To protect the slope, strip fields, 60 m., 43 m., and 36 m. wide, were
delineated. Differences in the width of the fields resulted from the
necessity to obtain crop-rotation fields of the same area. The fields were
ploughed with an ordinary plough.

The change in relief is shown in Fig. 4. The boundaries of the fields
have been transformed into scarps, the height of which, beginning with
the uppermost one, is 30 cm., 56 cm., and 30 cm. respectively. These
scarps are of no major importance in reducing the inclination of the
slope, but they are indicators of soil displacement on the field caused by
erosion and tillage operations. The period during which the growth of
the scarps was observed was 10 years (1953—1963). The growth rate of
the scarps was on an average 3 cm. a year. Although the scarps were of
little importance in reducing slope inclination, they were seen to interrupt
the course of erosion furrows and to help in depositing the material above
the scarp. This means that even such small scarps have a definite part
in protecting the soil against erosion.

Changes in soil properties were confined to differentiation in depth
of the humus layer and in humus content per 1 sq.m. above and below
the scarp; this is shown in Table 3. Of other soil properties, the mechanical
composition is given in Table 1. The physical properties do not differ
from those pertaining to the soils of Elizowka.

NOWOSIOLKI

Erosion phenomena were studied on a soil described as rendzina.
However, it is not a typical rendzina soil because the limestone rock,
which lies about 50 cm. below the surface, is covered by glacial clay.
Both in the humus layer and in the underlying clay there occur numerous
fragments of limestone. Erosion has caused much damage, which is the
more dangerous in that after the removal of the upper soil layer the dead
limestone rock has been exposed.

Changes in the relief are presented in Fig. 5, which also shows the
arrangement of the strip fields. The fields are 20 m. wide each and are
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divided by grassy boundaries 1 m. wide as well as by a belt covered
with trees, 5 m. wide. The slope is concavoconvex in shape, its greatest
inclination is 17%,, and its length 130 m.

The changes in the relief were not great. The fields were ploughed
with an ordinary plough because the shallow soil layer made it impossible
to accelerate the growth of the scarps, as it was done at Elizowka. The
height of the scarps and the configuration of the surrounding area are
shown in Fig. 6. Fig. 5 shows besides the slope itself also its most
intensely eroded part in magnification. The inclination of the slope de-
creased from 17°/oi to 15°/0. The highest measurements of the scarps were
38 cm. and 45 cm. The period of formation of the scarp lasted from 1954
till 1963, so that the average yearly increase in height was 5 cm.

Phot. S. Ziemnichi

Fig. 6. Scarp a Nowosiotki. Effects of water erosion after a hevay shower are seen.
Summer 1963

Changes in soil properties above and below the scarps are characte-
rized in Tabs. 1, 2, 3. Studies on the mechanical composition revealed
a considerable content of skeleton and sandy particles in the humus
'layer. Table 3 shows the content of humus and CaC03. A higher humus
content is observed on the slope and at its foot than in its upper part.
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The distance to the limestone rock is 67 cm. above the scarp (IIa), and
40 cm. below it.

Like in the case of the Stawin slope, the scarps are of little importance
in reducing the inclination of the slope. Nevertheless, the favourable
influence of the scarps, consisting in interrupting the continuous flow of
rain water and in stopping the transportation of water-borne material,
was observed at Nowosi6tki as well.

The question of the tillage should be included into the present discus-
sion because of its primary importance for the formation and growth of
scarps. The use the reversible plough and the practice of turning the
furrow slice downward accelerate the growth of the scarp, but at the
same time exposes the parent rock in the upper part of the bench. These
measures should be therefore applied only on deep soils, or where it is
possible to till the parent rock (e.g. loess). This method of ploughing can
be recommended as a temporary measure aimed at reducing the incli-
nation of the bench to a degree which will make it possible to plough the
land turning the furrow slice upwards. The plough will then move
upwards the soil which has been carried down by flowing water.

It should be noted that during the observation period there was no
instance of increased water erosion on the studied areas since 1954. There
occurred only a stronger waterflow at Stawin after the thawing of snow
and after a summer shower in 1956; in 1963 there was a heavy summer
shower (40 mm. during 30 minutes) a Nowosiélki, and an equally heavy
shower at Elizowka. Although the height of the scarps at Nowosiélki and
Elizowka rarely exceeded 50 cm., a favourable effect of scarps as low
as 30 cm. could be noticed. This can be explained by the fact that any
decrease in slope inclination contributes to the detention of a part of the
eroded material. The formation of scarps in the strip arrangement of
fields must therefore be considered as a positive phenomenon. Ploughed-
on terraces, even if formed on gentle slopes, help to reduce erosion
damage. Since they are formed spontaneously and do not necessitate
special investments, such terraces can be regarded as a useful anti-
erosion measure, to be applied on a large scale under Polish soil and
climatic conditicns.
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S. ZIEMNICKI

ANGEPFLUGTE TERRASSEN

Lehrstuhl fiir Landwirtschalftliche Meliorationen der Landwirtschaftlicher Hochschule
in Lublin

Zusammenfassung

Die Bodenabtragung durch Wasser tritt in Polen sowohl im Bergland als auch
im welligen Tiefland auf. Die Berghidnge haben eine betrdchtliche Geldneneigung
sowie bedeutend mehr Niederschlidge als das Tiefland. Daher werden im Bergland
verschiedenartige Schutzmittel gegen Bodenerosion angewandt; am oftesten sind es
Terrasen. Diese Kulturterrassen oder angepfliigte Terrassen sind durch Anbau an
den Abhidngen von schmalen, bis 20 m breiten horizontalen Feldern bei Uberlassen
von Grasrainen an den Feldgrenzen entstanden. Der iiber 100 Jahre lang betriebene
Ackerbau und die stets andauernde Bodenabtragung haben zur Entstehung von
Boéschungen von iliber 2 m Ho6he beigetragen. Diese Boschungen haben das Gefille
der Hiange und daher auch die Bodenabtragung durch Wasser wesentlich vermin-
dert.

Im Tiefland Polens sind die Niederschlige geringer als im Bergland und be-
tragen in Durchschnitt 550 mm jidhrlich. Die Hange haben eine Gelidndeneigung
bis 20%0 und sind betrédchtlich kiirzer als im Gebirge. Doch ist die Empfindlichkeit
der Boden, und vor allem die der Loessbocen, fiir Abtragung mehrfach groBer als
die der Bergbdden.

Zum Schutz der auf Loess gelegenen Ackerbdden und der Rendzinen hat der
Verfasser eine Reihe von Versuchen auf Versuchsfeldern der Hochebene von Lu-
blin (Wyzyna Lubelska) eingefiihrt. Auf den Hingen wurden dazu horizontal
verlaufende Felder angelegt, die Feldraine wurden mit Rasen beleget und auf

22 Roczniki Gleboznawcze
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diese Weise verstdrkt. Spdter wurden Kontrollmessungen der Entwicklungszeit
der Bdschungen sowie der Gefilleabnahme und der im Boden stattfincenden
Verdnderungen, durchgefiihrt,

ELIZOWKA

Fig. 1 stellt ein Profil von 2 Hingen dar sowie die Michtigkeit der Boden-
schichten. Das Hangsgefille betriagt bis 24%. An den Hingen wurden je 2 Bandfelder
abgesteckt (Fig. 2 und 3). Die Versuchsarbeiten wurden in 1957, die H6henmessungen
an den Boschungen in 1960 und 1563 durchgefiihrt. Die auf Loess gelegenen Acker-
boden wurden in 1958 und 1963 untersucht. Die Felder sind mit einem Kippflug
gepfliigt worden, wobei die Scholle nach unten umgeworfen wurde, was selbstver-
stdndlich auch die Verlagerung ces Bodens nach unten beschleunigte. An einem
Hang mit 15% Gefédlle betrug die Hohenzunahme der Béschung 10 em im Jahr;
bei 24%/0 Gefdlle waren es 20 cm im Jahr. Doch erfuhr die Gelindeneigung keinen
betridchtlichen Riickang, da die Felder kein geradliniges Gefille, aber eine konkave
Bodensenkung aufwiesen. Daher wird ab 1963 mit einem gewdhnlichen, landestibli-
chen Pflug geackert und die obengenannte Konkavitdt wird auf diese Weise
ausgeglichen. Die Tabellen I, II, III stellen die Bodeneigenschaften an allen unter-
suchten Punkten dar. Besonders ersichtlich ist die Zunahme der Humusschicht
oberhalb der BoOschung.

SLAWIN

Hanggefille 10°%. Die Ackerbdden sind dhnlich wie in Elizowka auf tiefem
Loess entstanden. Die Breite der horizontalen Felder war betrdchtlich und betrug
iiber 50 m. Die Erosionsintensitit war geringer im Vergleich mit Elizéwka. Die
Versuchsarbeiten wurden in 1953, die Kontrollmessungen 1963 ausgefiihrt. An den
Feldgrenzen entstanden hier Boschungen von 30 cm Durchschnittshhe. Das Pfliigen
wurde mittels eines gewohnlichen Pfluges durchgefiihrt. Die HOhenzunahme der
Boschungen betrug 3 cm im Jahr. Niedrige Boschungen haben keine wesentliche
‘Bedeutung fiir die Abnahme cdes Gefilles, doch wurde deren Einwirkung auf die
Bodenfestigung und auf die Vertreibung der herabflieBenden Wasserbiache beo-
pachtet.

NOWOSIOLKI

Hier trit ein Rendzinaboden mit Einschlégen von Sand- und Lehmboden zutage.
Das Hanggefille betrdagt 17%. Die Boden sind von der Erosion stark beeintrdch-
tigt worden. Um die Erosionseinwirkung zu schwichen, wurden Felder von 20 m
Breite abgesteckt (Fig. 5 und 6). Gepfligt wurde mit einem gewohnlichen FPflug.
Die Arbeiten wurden in 1954, die Kontrollmessungen in 1963 durchgefiihrt. Die
grofte Boschungshohe betrug 45 cm, die durchschnittliche jihrliche Hohenzunahme
5 cm.

Als Folge der Boschungsbildung entstehen Terrassen. Dieselben wurcden hier
als Anbauterrassen oder angepfliigte Terrassen bezeichnet, da der Pflug eine
entscheidende Rolle bei deren Entstehung spielt, indem er die Erdscholle besser
und weiter nach unten umwendet als nach oben. Wo cer Kippflug benutzt worden
ist, um das Anwachsen der Boschung zu beschleunigen, wurde nach Abnahme des
Hanggefidlles ein einfacher landesiliblicher Pflug gebraucht oder aber ein Kip-
pflug, doch mit Umwendung der Erdscholle nach obern. Dann wdchst die Bdschung
zwar nicht in cie Hohe, aber der von der Erosion nach unten geschwemmte Boden
wird jetzt mit dem Pflug nach oben verlagert.
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Die angepfliigten Terrassen oder Anbauterrassen haben sich als ein billiges
Verfahren erwiesen und bei den klimatischen Gegebenheiten Polens erscheinen
diese Terrassen als wirksam genug, um die intensive Entwicklung der Bodenerosion
einzuschranken.

S. ZIEMNICKI

LES TERRASSES LABOUREES, MESURE DE PROTECTION
DES SOLS CONTRE L'’EROSION PAR L’EAU

Résumé

L’érosion des sols par l’eau apparait en Pologne dans la montagne ainsi que
sur les terrains onduleux du pays bas. Les versants des montagnes présentent des
pentes considérables, et recoivent beaucoup plus de précipitations que le pays bas.
C’est donc & la région de montagnes que sont appliquées de nombreuses mesures
de protection des sols et, parmi ces derniéres, les terrasses de culture ou terrasses
labourées sont les plus fréquentes. Ces terrasses sont formées a la suite de lin-
stallation sur les versants d’étroits champs ce culture (jusqu'a 20 métres de largeur)
suivant les lignes de niveau. Les champs sont limités par des lisiéres de gazon.
Plus de cent ans de culture agricole et le glissement continuel du terrain ont con-
tribué a la formation d’éscarpements ou talus, hauts de plus de 2 m. Ces escarpe-
ments ont sensiblement réduit les pentes des versants et l'intensité de 1'érosion par
Teau.

Dans la pays bas de Pologne (Niz Polski), les précipitations sont bien moins
abondantes qu’en montagne et elles s’é¢lévent a la moyenne annuelle de 550 mm.
Les versants présentent jusqu’a 20%o ¢’inclinaison et ils sont beaucoup plus courts
qu’en pays de montagnes. Mais la susceptibilité des sols, surtout des loess, a 'abla-
tion est de plusieurs fois plus importante que celle des sols de la région mon-
tagneuse.

En vue de protéger les sols arables sur loess et les sols de rendzine, l'auteur
a effectué cdes expériences en sériess sur les champs d’essai situés sur le haut
plateau de Lublin (Wyzyna Lubelska). Sur les versants furent établis des champs
en systéme horizontal et leurs limites furent consolidées avec du gazon. Par la
suite, on contréla la durée de formation des escarpements, la réduction des pentes
et les modifications se produisant dans les sols.

ELIZOWKA

La fig. 1 représente une coupe & travers de deux versants et 1’épaisseur des
couches du sol. La pente des versants atteint 24%. Sur chaque versant, on a établi
deux champs en bandes (photos 2 et 3). Ces opérations furent effectuées en 1957.
En 1960 et 1963, on faisait les mesurages de la hauteur des escarpements. Les sols
arables sur loess ont été analysés en 1958 et 1963. L.es champs ont été labourés
a la charrue-balance retournant les mottes vers le bas, ce qui accélérait évidemment
le déplacement du sol vers le bas. Sur un versant de 15% d’inclinaison, la hauteur
de l'escarpement a augmenté ce 10 cm au cours d’'une année; sur un autre a pente
de 24%, l'accroissement de la hauteur s’élevait a 20 cm. La pente cependant ne
subit pas de réduction importante, puisque les champs présentaient une superfi-
cie concave (et non rectiligne a pente uniforme). C’est pour cela qu’a partir de

22*
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1963, le labourage se fera-t-il au moyen d’une charrue de type courant et les con-
cavités seront comblées. Les tableaux I, II, III représentent les caractéristiques
des sols de tous les points étudiés. L’accroissement d’épaisseur e la couche humique
est particuliérement manifeste au-dessus de 'escarpement.

SLAWIN

La pente du versant est de 10%. Les sols arables se sont formés, comme a Eli-
z6wka, sur des loess profonds. Les champs situés suivant les lignes de niveau,
présentaient plus de 50 m de largeur. L’intensité de l’érosion n’égalait pas celle
abservée a Elizowka. Les opérations culturales ont été effectuées en 1953, les
measurages de contréle en 1963. Sur les limites des champs, des escarpements
d’une hauteur moyenne de 30 cm se sont formés. Le labourage avait été fait a l’aide
d’une charrue ordinaire, de type courant. La hauteur des escarpements a augmenté
de 3 cm par an. Ces escarpements bas n’ont pas d’importance essentielle pour la
réduction des pentes. Néanmoins, on observe leur efficacité pour le maintien du
sol ainsi que pour la dispersion des filets d’eau ruisselante.

NOWOSIOLKI

Le sol est un sol de rendzine mélangé avec du sable et l'argile. La pente du
versant s’éléve a 17%. Les sols sont fortement dégradés par 1’érosion. Pour récuire
T'action et l'intensité de l’érosion, les champs d’une largeur de 20 m ont été établis
(fig. 5, photo 6). On les a labourés avec une charrue du type courant. Les opérations
culturales ont été effectuées en 1954, les mesurages de contrdle en 1963. Le maxi-
mum de hauteur des escarpements s’élevait a 45 cm, la moyenne annuelle d’accrois-
sement en hauteur de l'escarpement était de 5 em.

Par suite a la formation d’escarpements, des terrasses se produisent. On leur
a donné le nom de terrasses labourées, parce que le rbéle décisif pour leur formation
incombe a la charrue qui retourne la motte de terre mieux et plus loin vers le
bas que vers en haut. La ou la charrue-balance avait été employée pour accélérer
laccroissement de l’escarpement, on laboure, aprés réduction de la pente, avec une
charrue du type courant ou bien encore avec une charrue balance, mais alors en
retournant la motte de terre vers le haut. Ainsi la hauteur de l’escarpement n’aug-
mente pas, mais le sol entrainé par 1’érosion vers le bas, est repoussé en haut par
la charrue.

Les terrasses labourées se sont avérées utiles et peu onéreuses et, dans les
conditions climatiques de la Pologne, elles représentent une mesure efficace pour
réduire l'intensité de 1’érosion par l’eau.

S. ZIEMNICKI

TARASY NAORYWANE JAKO ZABIEG OCHRONNY GLEBY
PRZED EROZJA WODNA

Katedra Melioracji Rolnych WSR, Lublin

Streszczenie

Erozja wodna gleb wystepuje w Polsce w gorach oraz na terenach falistych
Nizu. Zbocza gorskie posiadajg nachylenie duze oraz znacznie wiecej opadéw niz
na Nizu. W goérach réwniez istnieje wiele zabiegéw ochrony gleby, wéréd ktérych
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najczesciej mozna spotkaé tarasy. Tarasy te powstaly wskutek pozostawiania za-
darnionych granic pél. Uprawa rolna trwajgca od ponad 100 lat i stale zachodzace
przemieszczanie gleby ku dotowi przyczynily sie do powstawania skarp o wyso-
koSci ponad 2 m. Skarpy te znacznie zmniejszyly spadek zboczy i zmniejszyly row-
niez natezenie erozji wodnej.

Na Nizu Polski opady sg mniejsze niz w gérach i wynoszg $rednio rocznie
550 mm. Zbocza majg spadki do 20% i sg znacznie krétsze niz w gérach. Ale po-
datno$é gleb, a przede wszystkim lesséw na rozmywy jest kilkakrotnie wieksza niz
gleb gérskich.

W celu ochrony gleb nalessowych oraz redzin wprowadzil autor na polach
doswiadczalnych na Wyzynie Lubelskiej szereg dosSwiadczen. Na zboczach wydzie-
lano pola o ukladzie poziomym, a granice tych pdl umacniano darnig. Nastepnie
mierzono szybko$¢ powstawania skarp, zmniejszanie si¢ spadku i zmiany zachodzgce
w glebie.

ELIZOWKA

Rysunek 1 pokazuje przekr6j przez 2 zbocza oraz migzszo$é warstw glebowych.
Nachylenie zboczy dochodzi do 24°%. Wydzielono na zboczach po 2 pola wstegowe
(rys. 2 i 3). Zabiegi wykonano w 1957 r., a wysoko$¢ skarp mierzono w 1960 i 1963 r.
Gleby nalessowe badano w 1958 i 1963 r. Orano pola plugiem obracalnym z odkla-
daniem skiby ku dolowi, co oczywiscie przyspieszalo przemieszczenie gleby ku do-
towi. Na zboczu o nachyleniu 15% szybkosé wzrostu wysoko$ci skarpy wyniosta
10 ecm w ciggu roku, przy nachyleniu 249 wyniosta 20 cm. Spadek jednak nie
ulegl wiekszemu zmniejszeniu, gdyz pola otrzymaty ksztalt nie prostolinijny, o jed-
nolitym spadku, lecz wklesty. Dlatego juz od 1963 r. bedzie wykonywana orka
plugiem zwyklym i wkleéniecie to zostanie wyréwnane. WtasnoSci gleb dla wszyst-
kich badanych punktéw przedstawiono w tab. 1, 2 i 3. Specjalnie uwidacznia sie
wzrost migzszo$ci warstwy préchnicznej powyzej skarpy.

SLAWIN

Spadek zbocza wynosi tu 10%,, gleby podobnie jak w Elizéwce powstaly na
lessie glebokim. Szerokos$é pol poziomych byla znaczna i przekroczyla 50 m. Nate-
zenie erozji w poréwnaniu do Elizowki bylo mniejsze. Zabiegi wykonano w 1953 r,,
a pomiary kontrolne w 1963 r. Na granicach pdl powstaly skarpy o przecietnej wy-
sokosci 30 em. Orka byla wykonana piugiem zwyklym. Szybkos¢ wzrostu skarp
wynosila 3 cm na rok. Niskie skarpy nie posiadajg istotnego znaczenia w zmniej-
szeniu spadku. Niemniej jednak obserwuje sie ich dzialanie zaréwno w zatrzymywa-
niu gleby, jak i rozpraszaniu strug plynacej wody.

NOWOSIOLKI

Gleba jest redzina z domieszka piasku i gliny. Spadek zbocza wynosi 17%o.
Erozja silnie zniszczyla gleby. W celu zmniejszenia natezenia erozji wydzielono
pola o szeroko$ci po 20 m (rys. 5). Stosowano orke plugiem zwyklym. Zabiegi wy-
konano w 1954 r., a pomiary kontrolne w 1963 r. Najwieksza wysoko$¢ skarpy wy-
niosta 45 cm, a Sredni roczny wzrost skarpy 5 cm na rok.

Wskutek powstania skarp tworzg sie tarasy. Nazwano je tarasami naorywanymi,
gdyz zasadniczg role w ich powstawaniu odgrywa plug, ktéry obraca lepiej i dalej
skibe w do6t niz ku gérze. Tam gdzie zastosowano ptug obracalny w celu przyspie-
szenia wzrostu skarpy stosuje sie po zmniejszeniu spadku plug zwykly lub tez orze
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sie ptugiem obracalnym, ale z odkladaniem skiby ku goérze. Wtedy wysoko$é skiby
nie wzrasta, ale gleba przemieszczana w doét przez erozje jest przesuwana plugiem
ku gérze. Tarasy naorywane okazaly sie zabiegiem tanim, a w warunkach klimatu
Polski dostatecznie skutecznym dla zmniejszenia natezenia erozji wodnej.

C. BEMHUIIKIL

HATIAIIHBEIE TEPPACBI KAK MEPOIIPUMATUE 3AIMUTEL IIOYBEL
OT BOJHOM 3PO3UU

Kadpepa CenbCKOXO03ANCTBEHHO MeJjuopaunm

Peszome

Bopgnaa 3po3ma o4 nposBiadercd B Iloablle B ropax M B BOJHUCTOM peiabede
HU3MEHHOCTHM. I'OpHBIE CKJOHBI OTJAMYAIOTCA KPYTBIMM YKJOHaMM 31 ropasmo Gosriumy
KOJIMUECTBOM OCaAKOB YeM HM3MeHHble, B ropax mpMMEHSIOT MHOI0 Pa3JMYHBIX ME-
PONPMATMIL IO 3alUTE IOYBBI, HO Hallle BCETr0 BCTPEYAIOTCA TEPPAchl. DTU Teppachl
BO3HMKJIM BCJIE[CTBIIE BBIACIEHMUA Ha CKJIOHE YCKMX (o 20 M) rOpM30HTaJBHBLIX I10-
JIell ¥ OCTaBJIEHMS Ha TIPaHMIe IIoJell 3aJepPHOBAHHOM MCeIKU. IIPOMO/MKAIOTCSA CBLIILIE
100 seT 06paboTKa 3€MaM M IOCTOAHHOE NEPEMEICHNE IT0YBbI KHI3Y COAEICTBOBAJM
BO3HMKHOBEHMIO OTKOCOB (YCTYIOB) CBEpPX 2 ™M BBICOTBI. OTH OTKOCHI 3HAUMUTEIBLHO
MOHM3MJIM YKJIOH CKJIOHOB M YMEHBIIMJM TaK3Ke VHTEHCUBHOCTH BOJNHOM 3PO3MIN.

B HM3MEHHBIX pajlioHax TeppuToprM IToAbIUM OCAaJKOB MEHLIIIE YeM B TIOPaxX
U CHU B cpenHeM paBHAKOTCA 50 MM B rox. CKIOHBI ¢ yKJOHOM no 20°%o ropasmo Ko-
poYe 4YeM B ropax, HO IIOJATAMBOCTB ITOUB, OCOOEHHO JI€CCOB, H& pPa3MbIB B He-
CKOJBKO pa3 0oJbllle 4eM TOPHBIX IIOYB,

Ha onbITHBIX nonax JIIOGAMHCKOM BO3BBIIUIEHHOCTM aBTOPOM IIPOBENCH PSJ ONbI-
TOB MO NPOTMBO3PO3MOHHO 3AIUMTE JIECCOBBIX IIOYB M pPeHA3MH, Ha CcKJI0HAX BbI-
AEJSANN IIONA BAOJL FOPYM3OHTANM, a IPAHMILI 3TUX IOJIEH YKPEIUIday HepHOBaHNIEM.
3aTteM u3MepAaU OBICTPOTY (POPMMPOBAHMA OTKOCOB, YMEHBIIIEHME YKJINHA M M3Me-
HEeHMA IPOMUCXOALIMEC B IOYBE.

SIU3YBKA

Ha pnc. 1. noka3an BEPTMKAJbHBLIM pa3pe3 2 CKJIOHCB M MOIIHOCTL ITOYBEHHBIX
CJ10€B. YKJIOH CKJIOHOB HOXOIUT A0 24°/0. BeIfeseHbl Ha CKJIOHAX 2 KOHTYPHBIE IT0MA
(puc. 2 u 3). O™ MeponpuATUA ObliM NpoBefeHb! B 1957 r., a BBICOTY OTKOCOB M3Me-
pany B 1960 u 1963 rr. ITouBwsl oOOpa3opaBlUMecAd Ha Jécce ucciuegopamy B 1958
u 1963 rr. ITosa maxaayu oOOPOTHBIM IMJIYTOM OTKJAAbIBaA IIIACT KHM3Y, YTO CHOcob-
cTtBoBaso Bosee BeicTpoMy mnepeMereHmnio mouBbl. Ha ckiome ¢ 15% ykjoHOM mnpu-
POCT BBICOTBI OTKOca cocTasisaa 10 ¢cM B TeueHme ropa, npu 24%-om yxionme — 20 cM.
OnHAKO YKJIOH HC TOABEPTaNcs JaNbHAMIIEMY IIOHMMKEHMIO, TAaK KaK MO ITOJIYUMIIIL
dopMy He ¢ OpsAMBIM a C BOTHYTBIM IpodomieM cKJIoHa. ITosromy yxke c¢ 1963 r.
Bermaiuka Oyper npoBonuTcs OOBIKHOBEHHBIM IIIYTOM M YIOMAHyTas BOTHYTOCTH Oy-
mer orsaxkena. CBCilCTBA T0YUB BCEX HMCCIEAYEMbIX NYHKTOB INOKazaHnbl B Taba. 1, 2, 3.
Oco6eHHO HArJASHO NPOABMJIOCH YBENIMYEHME MOIIHOCTM II€PETHOMHOTO CJIOA IIOYBBI
BLILIE OTKOCA.
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CIABVH

VXI0H ckjJoHa 10%. TToyBbI Tak Ke KAaK M B OAM3yBKe 3aJI€Tal0OT Ha IIyO6oKOM
necce. IIupuHa TroOpM30HTANBHBIX IOJEJ OblIa 3HAYMTENbHAA ¥ MNpeBbILana 50 M.
VIHTEHCUBHOCTbL 9SpO3MM IO CPaBHEHMIO ¢ Dau3yBKO Oblno ciuabee. Meponpuarusa
bl mpoBexeHbl B 1953 r., a KOHTpPOJbHbIe u3MepeHua B 1963 r. Ha rpanunax
nojeit cbopMMPOBANIMCL OTKOCHI cpefHeir BbIcoTh! 30 cM. Bemamka 6blia mpoBeneHa
OOBbIKHOBEHHBIM IIIyroM. OTKOCBHI ITOBBILLIAJIMCH CO CKOPOCTBIO 3 c¢cM B rox. Husgrwme
OTKOChI HE MMEIOT CYLUECTBEHHOTO BJMAHMA Ha IIOHMIKEHMe yKJoHa. TeMm He MeHee,
Habmalofaerca ux AECTBME TAK B 3aJepPXMBAHMMN ITIOYBbI, KaK U B PacCeMBaHUM CTPYMH
CTeKarolleil BOAbI .

HOBOCIOJIKU

IlouBa peH3uHA, c IPUMECHIO IeCKAa ¥ INIMHBI. YKJOH CKJIOHa paBeH 17%. Dposusa
CUJIBHO pa3pylumia Io4Bbl, UTOGbI IOHW3UTHL MHTEHCUMBHOCTb 9SpPO3WM BBIZEJIEHO II0-
aa 20 M wmmpuHbl (puc. 5 m 6). IlpuMeHeHa Bcrallka OOLIKHOBEHHBLIM IIIYTOM.
Meponpuatua ObLv npoBefeHbl B 1954 r.,, a KOHTPOJbHbIe M3MepeHuA B 1963 r.
CaMblii BBICOKMII OTKOC MMeJa 45 cM, CPeLHNMI IPMPOCT BBICOTBI OTKOCA 5 CM B TeYC-
HHME ToAa.

BcenepcTByue BO3HMKAHMA OTKOCOB CO3ZAIOTCA Teppackl. HasBanam uxX HanalgHbI-
My TeppacaMy, TaK KaK OCHOBHYIO POJb B MX CO34aHMM MIpaeT ILIYT, KOTCPhIT 06C-
pauMBaeT IIACThI Jydlle ¥ Jajblie KHM3y 4yeMm KBepxy. Tawm, rzge npmMmeHsanu o6o-
POTHBIA IIAYT, YTOOBI YCKOPUTHL (POPMIPOBAHME OTKOCA, IIOCJHE YMEHLIUEHMSA YKJIOHA
npuMeHseTcd OObIKHOBEHHBINI IIYT MJIM IIPOBOAAT BCHAILUKY OGOPOTHBLIM IIIYTOM
¢ OoTBaJIOM Ilacta KBepxy. Torga BbICOTa OTKOCA He IIOBBIIIAETCA, a MIOYBa ICpe-
MenlaemMas BHMU3 BCJIEACTBME 3PO3UM, II€EPEIBUraeTcA IIJIYIOM KBEpPXY.

B rammaruyeckux yciaoBuAx Ilonbluy HamallHbIE Teppackl OKa3alMch Helie-
BbIM MEDPOMNPMATHUEM, YCIELIHO ITOHMKAKIMM MHTEHCUBHOCTbL BOLHOI SpPO3MI.






