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Abstract: Determining the spacing of ridge ter-
races on arable land in central and south-western
Poland. The practice of many countries has shown
that terraces can significantly prevent land degra-
dation processes such as excessive soil erosion,
landslides. Condition is good layout, proper con-
struction, and then proper maintenance. Practical
application in many countries showed that terraces
can significantly prevent processes leading to the
degradation of land, such as the excessive erosion
of soils and landslides. The requirement for this is
well-planned, adequate construction, and later —
proper conservation. In Poland this is a little popu-
lar method. In the article, the dorsal spacing terraces
were calculated for two catchments — in the central
and south-western parts of Poland. Meteorological
and soil data were used for Puczniew station (Ner
catchment) and Bolescin station (Mielnica catch-
ment). Kolmogorov—Smirnov test was performed
to assess the compatibility of a given feature with
a normal distribution, then the distribution of the
probability distribution was developed. For prob-
ability 1, 50 and 90% the spacing of terraces was
calculated using Ramser and Morgan method. The
results obtained were combined with the results
from the USLE model. Hydraulic methods have
shown greater spacing for the Mielnica catchment
(loess soils) compared to the Ner basin (clay loam).
For the USLE model, the larger spacing was calcu-
lated for the Ner basin. From the practical applica-
tion to the acceptance of land user will be the maxi-
mum distance calculated by different methods. The
highest terrace spacing values were obtained using
the Morgan method for the Mielnica catchment, for
the Ner catchment model USLE.
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INTRODUCTION

Conservation-effective measures, which
brought about the desired reduction in
erosion and sedimentation, enhanced soil
resilience and resorted eroded/degraded
soils, include no-till (NT) farming, CRP,
cover cropping, strip cropping, vegeta-
tion barriers, elimination of summer fal-
low, and the installation of conservation
devices such as terraces, waterways, di-
version ditches, gabions, and drop struc-
tures (Gassel 1982, Wawer et al. 2013).
The conservation of water (increasing
infiltration, decreasing runoff, reducing
evaporation and increasing soil water
storage) and that of soil go hand-in-hand;
therefore, practices which conserve water
also conserve soil (Arnaez et al. 2015).
Numerous publications in countries such
as Spain (Douglas et al. 1994, Gallart
et al. 1994, Cerda 1998), Italy (Mauro
2011, Tarolli et al. 2014), Germany (Loc-
zy 1998), Mexico (Mountjoy and Gliess-
man 1988), Nepal (Gardner and Gerrard
2003), and China (Quine et al. 1999, Cao
et al. 2013, Yi et al. 2017), as well as
numerous conferences, confirm the sig-
nificance of both the threat posed by the
erosion process, as well as the methods
of protection against this phenomenon
(Arnaez et al. 2015). Terracing is one
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possible way to stop or reduce the de-
grading effect of soil erosion. It is one of
the oldest means of saving soil and water
(Dorren and Rey 1998, Patro et al. 2008,
Schonbrodt-Stit et al. 2013). Moreover, it
is the most widely used soil conservation
practice throughout the world (Hanway
and Laflen 1974, Mountjoy and Gliess-
man 1988, Sutikto and Chikamori 1993,
Franti et al. 1998, Ruecker et al. 1998,
Quine et al. 1999, Kasai et al. 2001, Yi et
al. 2017). Nowadays, terracing is still, in
many cases, promoted as being the best
management practice for effective soil
and water conservation (Ramos and Por-
ta 1997, Wheaton and Monke 2001, Hus-
sain et al. 2016). Terraces are one of the
tools for directing the circulation of wa-
ter in a catchment, facilitating the change
of surface runoff into baseflow runoft or
facilitating the retention of water in reser-
voirs. In this way, the concept of slowing
water circulation, contributing to mini-
mizing the so-called fast means of wa-
ter runoff from a geomorphological hill
environment, or closing this cycle within
an area of a river water catchment was
realized (Baryta and Pierzgalski 2001).
In Poland, ridge terraces on agricultural
soils are basically not applied. One of
the reasons behind such a state of things
may be the lack of theoretical and practi-
cal bases for designing them. Including
ridge terraces in the arsenal of tools used
for the protection of arable land against
erosion is intentional, considering that
in the climatic conditions of our country,
in periods of snowmelts and heavy sum-
mer rainfalls, arable lands, as a result of
inadequate coverage with vegetation, are
especially at risk of the water erosion of
soil. By limiting water runoff from agri-
cultural fields or forest areas, ridge ter-

races could significantly influence how
water resources are shaped. The problem
subjected to analysis in this work was
calculating the spacing of terraces for
various rainfall probabilities under con-
ditions of loess and clay soils. The cal-
culations were carried out on the basis of
own research results. It was assumed that
the popularity and application of ridge
terraces in Poland, as one of the techni-
cal means of protecting arable lands from
erosion, is possible and justified. This has
been demonstrated by their practical ap-
plication in many countries, where such
terraces have been used to as tools for
preventing erosion.

MATERIAL AND METHODS

The studies were carried out in the area
of two catchments: the Ner river and
the Mielnica waterflow in Lower Si-
lesia Province (Polish wojewodztwo
dolnoslaskie). Detailed soil and meteoro-
logical studies were carried out in Pucz-
niew (Ner catchment) and in Bolescin
(Mielnica catchment).

The Mielnica catchment is located
in the region of Trzebnica Hills (Polish
Wzgorza Trzebnickie) (Lower Silesia
Province). The climate of Trzebnica
Hills as a mesoregion of the Trzebnica
Embankment (Polish Wat Trzebnicki),
according to Romer, is considered as
the climate of the basin and mountain
plain regions (quoted from Bac et al.
1993). The annual rain totals range from,
on average from 650 to 800 mm, while
the average number of rainy days (with
rainfalls exceeding 0.1 mm) ranges from
140 to 160. In the period between April
and November, there are an average of



3.52 days with rainfalls of over 20 mm.
Thunderstorms occur on average during
a period of 20.1 days (Zmuda 2006). The
geological makeup of Trzebnica Hills is
dominated by tertiary and quaternary soil
deposits. Surface deposits are mainly
quaternary sediments, such as: loesses,
glacial clays and glaciofluvial deposits.
Studies carried out by Zmuda (1998) in
the Mielnica catchment showed the dom-
inant soil type to be loesses (Table 1).
This area, in terms of altitude, ranges be-
tween the values of 169.38 and 246.10 m
above sea level. The average slope of the
catchment is 2.9%, whereas the average
gradient of slope is 7—8%.

The climate of the Ner catchment is
characteristic of the Land of Great Val-
leys (Polish Kraina Wielkich Dolin),
included in areas of a temperate climate
with transitional features between a con-
tinental (dry, with a high amplitude of
yearly temperatures) climate of Eastern
Europe and an oceanic (humid, with
a lower amplitude of temperatures) cli-
mate of Western Europe, with the influ-
ence of the continental climate being
quite pronounced (Romer 1949). The
annual total of rainfalls falls within 600
mm. The majority of rainfalls are noted
in July, while in winter, these amount to
approximately 100 mm. Arable lands of
the Ner catchment are located on qua-
ternary deposits, created as a result of
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a glacier, mainly from boulder-clays of
ground moraine of ancient glaciations,
and sands of glacial aggradations on
boulder clay. The land is slightly undu-
lating, with considerable slopes to the
north and south and a slight slope to the
north-west. The altitude of the land is ap-
proximately 143—153 m above sea level
(Wanke 1977). The agricultural land
of Puczniew can be representative of a
large share of arable lands in Poland, i.e.
clay soils, and thus soils characterized by
poor permeability.

Rainfall data from the period of
1971-2002 of the Puczniew meteorolo-
gical station, made available by IMGW
in Warsaw, as well as rainfall data from
19762005 from the meteorological sta-
tion in Bolescin of the Wroclaw Univer-
sity of Environmental and Life Sciences
(Institute of Environmental Protection
and Development). Maximum values for
each year were selected from daily rain-
fall totals. The Kotomogorov—Smirnov
test was carried out in a further analysis
in order to assess whether a given feature
follows a normal distribution pattern.
The spacing of terraces was determined
according to Ramser’s (after Ostromecki
1947) and Morgan’s formulas for the
given probabilities of maximum daily
rainfalls of 1, 20 and 50%. The obtained
results were then compared to NRCS
guidelines (2011).

TABLE 1. Granulometric content of soil samples of surface layers of soil (0-25 cm) of the Mielnica
river (Bolescin) and Ner river (Puchniew) catchments

Content of fractions (% .
Catchment 0.1 0.05- 0.02- 0.006— Soil
120 Imm |6 65 mm | —0.02 mm |~0.006 mm | ~0.002 mm | ~0-002mm | texture
Mielnica 7.0 9.1 46.3 20.5 8.6 8.5 loesses
Ner 62 8 6 6 6 12 clays
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Using Ramser’s method (after Ostro-
mecki 1947), the capacity of the reser-
voir collecting water above the embank-
ment is determined. The capacity of the
reservoir depends on the height of the
embankment and the slope of the land
above the place where it is located. In
the case of identical embankment height
— the lower the slope of the hillside, the
higher the capacity. The spacing of ridge
terraces (L) is calculated according to the
formula:

U
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where:

L — horizontal terrace spacing;

h — height of embankment [m];

o — runoff coefficient (-);

R — rainfall (m);

d — width of foot of the ridge (m);
S — slope of terrain (-).

According to the intention of Mor-
gan’s formula (1986), being the result of
transforming Manning’s hydraulic for-
mula to determine the amount of water
running off in the form of surface runoff,
the distribution of ridge terraces is calcu-
lated as follows:
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where:
v — the acceptable speed of runoff water
(ms™);

n — coefficient dependent on the rough-
ness of the surface (m 3-s7);
R —rainfall (mm-h™);
i — infiltration (mm-h™");
6 — inclination angle of slope (°).
The calculations for the above-men-
tioned objects were carried out assum-
ing the following dimensions of terraces:
height of embankment (#) — 0.3 m, width
of embankment (d) — 3 m (Fig. 1). More-
over, the following assumptions were
made: the runoff coefficient using Ram-
ser’s method for loamy-sandy soil and
impermeable subsoil as equal to 0.70 for
a slope of up to 5%, and 0.75 for a slope
of over 5% under conditions present in
Puczniew, and for loess soil — equal to
0.50 for a slope of up to 5% and 0.55 for
a slope of over 5% under conditions of
the Mielnica watercourse catchment.
Applying Morgan’s formula (1986)
calls for carrying out an evaluation of
the values of features constituting the
bases for the calculation. The following
assumptions were made for the condi-
tions of the catchment in Puczniew: ac-
ceptable speed of water flowing down the
surface of land — 0.75 m's™!. For condi-
tions present in Bolescin in the area of

FIGURE 1. Diagram of ridge terrace: H — vertical spacing — height of terrace (m), L — horizontal spacing
(m), d — width of embankment (m), / — height of embankment (m), @ — inclination angle of slope (°)



Trzebnica Hills, the following were ac-
cepted: speed of water flowing down the
surface of the land — 1.0 m's™', roughness
coefficient accepted as 0.01 (soils without
covering). Soil permeability were deter-
mined by filtration coefficient. The size of
this parameter was determined by labora-
tory analysis of soil samples in de Wita
equipments (Stapel 1982). The filtration
coefficient for the Mielnica catchment
was 11.63 mm-hﬁl, for Ner catchment
6.25 mm-h™'. Spacing calculation Ram-
ser’s and Morgan’s formula was carried
out for various probabilities (1, 50, 90%)
of rainfalls occurring in both catchments.

The spacing of terraces can be calcu-
lated using models, but a large amount of
data needs to be verified. An alternative
may be the USLE equation (Wischmeier
and Smith 1978). The slope length used
when checking soil loss for a proposed
terrace spacing is the distance from the
terrace ridge to the next lower terrace
channel measured along the natural flow
direction (NRCS 2010).

In the past few decades, the USLE
was applied in many regions of the world
where an estimation of its factors became
available (Hussein et al. 2016). On gen-
tly sloping land, anticipated runoff and
the economical terrace cross section size
may determine spacing rather than soil
loss tolerance between terraces (ASAE
1989). The USLE is:

A = RKLSCP 3)

where:

A —mean annual (seasonal) soil loss
(tha '-year™);

R —rainfall-runoff  erosivity
(MJ-ha l-mm-h™");

K —soil erodibility factor (th™'-MJ -
mm );

factor
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L —length of slope factor (-);

S — steepness of slope factor (-);
C — cover-management factor (-);
P — supporting practice factor (-).

The horizontal terrace spacing — 4
(horizontal projection of the slope length
parallel to the soil surface) is calculated
from:

L =A/RKSCP = (2/22.1)" 4

where:

A —horizontal terrace spacing (m);

m —slope length exponent (Stone and
Hilborn 2000): m = 0,2, if s <1.0%;
m=0.3,if1.0<s<3.0%; m=0.4,if
3.0<5<5.0%; m=0.5,if s >5.0%.

In the USLE equation R was used
for Wroclaw calculated by Licznar and
Rojek (2002) and R for Puczniew cal-
culated by Baryta (2012). Parameter K
was determined using nomogram [FAO
1996b]. By converting to SI units, the
value obtained was multiplied by Kg; =
=0.1317 Kyjs. The plant cover ratio was
C =1 (Koreleski 1992, Molnar and Ju-
lien 1998), parameter P was used for ter-
racing P = 0.3. Parameter S is calculated
according to the equations proposed by
Wischmeier and Smith (1978).

In many countries, empirical equa-
tions based on the formula L = (xs + y)
(100-s7") are used (SCS, NRCS 1982).
Determining the spacing of terraces ac-
cording to ASAE (1989), it was assumed
that x — variable dependant on the geo-
graphical zone equal to 0.12 and 0.24
and y (variable dependant on the suscep-
tibility of soil to erosion) equal to 0.3 and
1.2, s — decrease in %. In calculations it
was adopted for Mielnica catchment area
x=0.12, y = 0.3, for Ner catchment x =
=0.20,y=1.0.
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RESULTS AND DISCUSSION

The basic parameters of the normal dis-
tribution as well as the results of the
Kolgomorov—Smirnov test for the ana-
lyzed set of maximum daily rainfall to-
tals have been compiled in Table 2.

TABLE 2. Describing parameters analyzed popula-
tions and values of the Kolgomorov—Smirnov test

Mean | SD
Parameter (mm) | (mm) M Msa
Pax Puczniew | 36.90 | 13.77 | 1.04 | 1.354
Pax Miclnica | 40.70 | 12.15 | 0.53 | 1.354

The empirical value of the test (A)
was lower than the critical value (A,),
and thus, there is no basis to reject the
hypothesis regarding the empirical
aconsistency of the distribution func-
tion with the class of normal distribution
functions (Fig. 2).

The spacing of terraces calculated
according to Ramser’s formula (Fig. 3)

showed great differences in their di-
mensioning. For a rainfall of 1% under
conditions of the Mielnica Catchment
in Trzebnica Hills for a slope of 5% was
33 m, whereas for the Ner river catch-
ment — the spacing was 17 m. The occur-
rence of such a difference in the values
of calculated spacing is connected main-
ly with the input parameters assumed in
Ramser’s formula. The calculated values
spacing of the terraces by the Morgan’s
method (Fig. 4) for the probability of 1%
for a slope of 5% in the Mielnica catch-
ment was 33 m, in the Ner catchment
was 23 m. For the Mielnica catchment
area, for the probability of 1%, the cal-
culated spacing for a slopes 5 and 10%
Morgan’s and Ramser’s method was the
same (33 and 20 m). In the Ner catch-
ment however, the spacing calculated
with the Ramser’s and Mogan’s models
for the probability of 1% was different.
The results of calculating the spacing
of terraces for the greatest rainfall event
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FIGURE 2. Graph of the distribution function for maximum daily sums of precipitation for Puczniew

(Baryta 2012) and Bolescin
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FIGURE 3. Terrace spacing calculated using Ramser’s formula for conditions of the Mielnica (a) and

Ner (b) river catchments

observed in Puczniew, determined using
Morgan’s and Ramser’s methods, were
compared with the spacing determined us-
ing the USLE method. In this method, the
indicator of the erosiveness of the rainfall
and surface runoff (R) is used to deter-
mine the dimensions of terraces. For the
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catchment in Puczniew, its average value
was 48.3 Je (Baryla 2012), whereas for
the one in BoleScin, the value of 63.7 Je
calculated by Licznara and Rojka (2002)
for Wroclaw was assumed.

The spacings calculated for the USLE
method of loss 5 tha'-year!' shows
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FIGURE 4. Terrace spacing calculated using Morgan’s formula for conditions of the Mielnica (a) and

Ner (b) river catchments



64 A. Baryla, R. Zmuda

significant differences in spacing be-
tween the two catchments. For a 5%
slope gradient in the Mielnica catchment
the spacing was 26 m, for the Ner catch-
ment 75 m. The Ner catchment area is
nearly double that of the hydraulic model
(Ramser’s and Morgan’s).

A specific type of indicator for intro-
ducing ridge terraces to eroded areas are
the recommendations of Prochal (1984).
On the basis of research carried out in
the USA, he recommends the follow-
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ing spacing for small slopes: 38 m — for
a slope of 2%, 22 m — for 5%, 20 m for
6%, and 16 m for 10%. These are values
similar to the values obtained by the Mor-
gan’s method for the probability of a 1%.
The length of the constructed terraces
should not exceed 300 m [Hudson 1995].

Table 3 shows the horizontal and
vertical interval distances between ter-
races for several design criteria for 5 and
10% slope gradient, probability 50%.
Calculated spacing values were differnt
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FIGURE. 5 Vertical spacing (H) calculated using Ramser’s formula for Mielnica (a) and Ner (b) catch-

ments

TABLE 3. Horizontal and vertical interval distances between terraces following several design criteria

Horizontal distance (m) Vertical interval (m)
0,
Method Slope (%) Mielnica Ner Mielnica Ner
SCS-USDA 5 18 40 0.9 2.0
L= (xs +y)(100:s") 10 15 30 1.5 3.0
5 49 34 25 2.0
> — 5090
Ramser’s p = 50% 10 30 20 3.0 2.4
5 55 54 2.8 2.7
> — 5()9,
Morgan’s p = 50% 10 33 32 33 32
USLE from L-factor 5 26 75 1.3 3.8
A=5tha! 10 4 17 0.4 1.7
5 22 22 1.1 1.1
Prochal (1984) 10 16 16 1.6 1.6




for different patterns for the two catch-
ments. In literature many authors show
problem in which equation should be
used to calculate tarraces at a distance
(Ramos and Porta 1997). Standard de-
sign criteria commonly used in several
geographic areas lead to very diverse re-
sults as shown in this article. In practical
use for acceptable land use will be the
maximum distances of the terraces. The
calculated horizontal distance of the ter-
races by the Morgan’s method (based on
hydraulic calculations) showed the high-
est values, for a 5% slope gradient in the
Mielnica catchment (55 m). For the Ner
catchment the highest spacing was for
the USLE’s method (75 m).

CONCLUSIONS

Practical application in many countries
showed that terraces can significantly
prevent processes leading to the degra-
dation of land, such as the excessive ero-
sion of soils and landslides. The require-
ment for this is well-planned, adequate
construction, and later — proper conser-
vation. There are many types of terraces,
and it cannot be unanimously determined
whether this type of terrace is the best,
since the type as well as amount of ter-
race spacing depends on local, climatic,
and soil conditions in the given area (as
demonstrated in the present article). The
terrace spacing calculated in this arti-
cle for two catchments revealed differ-
ent values. The region of the Mielnica
catchment was dominated by loess soils,
whereas the Ner catchment — clay soils.
The meteorological conditions of the
two catchments were also dissimilar. An
important aspect of constructing terraces
is the fact that they must be connected
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with additional soil protection practic-
es, the easiest of which is maintaining
plant cover year-round. Attention should
be drawn to the fact that, in regards to
terraces or any form of soil protection,
most farmers, in practice, focus mainly
on production rather than protection.
Ideal solutions would be to combine
these two aspects; however, terraces do
not increase crop yield, though an impor-
tant aspect is the efficiency they exhibit
when it comes to protecting soil against
erosion and increasing soil retention, by
which they decelerate the water cycle in
the river catchment.
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Streszczenie: Dobor rozstawy tarasow grzbie-
towych na gruntach ornych w srodkowej i po-
tudniowo-zachodniej czesci Polski. Praktyka
wielu krajow wykazata, ze tarasy moga znacznie
zapobiega¢ procesom prowadzacym do degra-
dacji gruntow, takich jak nadmierna erozja gleb,
osuwiska. Warunkiem jest dobre rozplanowanie,
wlasciwa konstrukcja, a potem prawidtowa kon-
serwacja. W Polsce jest to metoda mato popu-
larna. W artykule wyliczono rozstaweg taraséw
grzbietowych dla dwoch zlewni — w §rodkowe;j
i poludniowo-zachodniej czgs$ci Polski. Wyko-
rzystano dane meteorologiczne i glebowe dla
stacji Puczniew (zlewnia Ner) i stacji Bolescin
(zlewnia Mielnica). Wykonano test Kotmogoro-
wa-Smirnowa, aby oceni¢ zgodno$¢ danej cechy
z rozktadem normalnym, nast¢pnie opracowano
dystrybuante rozkltadu prawdopodobienstwa.
Dla prawdopodobienstwa 1, 50 i 90% wyliczono
rozstawg tarasow za pomoca wzorOw Ramsera
i Morgana. Uzyskane wyniki zestawiono z wy-
nikami z modelu USLE. Hydrauliczne metody

wykazaty wigksze rozstawy dla zlewni Mielnicy
(gleby lessowe) w poréwnaniu ze zlewnig Ner
(gleby gliniaste). W przypadku modelu USLE
wigksze rozstawy wyliczono dla zlewni Ner.
Z punktu widzenia praktycznego zastosowania
do zaakceptowania przez uzytkownika gruntéw
beda odlegtosci maksymalne, jakie wyliczono
r6znymi metodami. Najwigksze warto$ci rozsta-
wy tarasow otrzymano, wykorzystujac metodeg
Morgana dla zlewni Mielnica, a dla zlewni Ner
stosujac model USLE.
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