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ABSTRACT

The paper presents the ecological effects of land consolidation carried out in upland loess areas. The design of
a large plot of land on a slope with a gradient of up to 18% and its impact on the intensity of water erosion were
investigated. The analyzed plot was created by consolidation 12 smaller plots. Before the consolidation, all plots
had a cross-slope layout and direction of agrotechnical operations. Exactly the same arrangement remained after
the consolidation. The WEPP simulation model was used for the comparison of the pre-consolidation and post-
consolidation state. The amount of soil loss and sediment yield was estimated under different scenarios of slope
management. It was found that after consolidation (creation of a plot with the width of more than 130 m), as a
result of removing of terraces and sodded cross-slope scarps, the intensity of erosion increased many times. In
order to restore the anti-erosion effect of cross-slope cultivation on such a slope without increasing the difficulties
of agrotechnics, it is necessary to restore the sodded scarps that existed before consolidation. The simulation re-
sults show that the scarps should be located transversely to the slope (along the plot) in the middle and lower parts
of the slope, in the place of the highest inclination. As advantage of the consolidation project was considered the

elimination of longitudinal balks which were focuses of linear erosion on the slope.
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INTRODUCTION

The economic conditions of Poland, as well
as strong international competition in agricul-
ture, force the agricultural producers to obtain
the products that are relatively cheaper and, at the
same time, of better quality. In order to remedy
this, the rural areas require numerous changes in
terms of agricultural production and farm organi-
zation. Particularly great needs arise in the scope
of organizing the optimal layouts for agriculture,
where the land is as close to the farm as possi-
ble, in the largest possible shaped plots of land
[Woch 2006].

A tool enabling the improvement and ratio-
nalization of the agricultural production space,
facilitating the management of agriculture and
forestry, are agricultural management works, in
particular land consolidation [Sayilan 2014; So-
bolewska-Mikulska and Putecka 2007]. The main
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purpose of these measures is to create more fa-
vorable conditions for farming by improving the
area structure of farms, recovering new arable
land by eliminating unnecessary balks, scarps,
dirt roads and fallow land, rational shaping of
land layouts, as well as adjusting the real estate
boundaries to the system of water facilities, roads
(including highways) and the relief [Journal of
Laws 11, item 80]. The advantages of building a
fully-fledged real estate cadaster are also impor-
tant [Len and Krél 2016; Moravcova et al. 2017].
The agricultural management works are designed
to nurture, raise, and, if necessary, restore soil
production capacity, take care of the aesthetics of
the rural landscape and adapt the rural areas to
modern forms of farming [Przegon 2007; Sobo-
lewska-Mikulska and Putecka 2007]. Therefore,
these measures are one of the most complex, cost-
ly and responsible works, generating measurable
benefits in the development of the rural areas over
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a longer time horizon [Pasakarnis and Maliene
2010; Przegon 2007].

The upland areas located in the south-eastern
part of Poland, due to the high production poten-
tial of soils, have been included to the areas of
intensive agricultural development [Kondracki
2002]. However, there are many negative factors
limiting the agricultural production in this area.
The most important ones include the surface and
ravine water erosion with all its effects. In addi-
tion, these areas have long been characterized by
high population density, which results in a large
fragmentation and dispersion of land of individu-
al farms, additionally hindering management and
reducing its efficiency. For this reason, there is
a great need for consolidation works also in the
eroded areas. Due to the varied relief and micro
relief of the terrain, i.e. the presence of valleys
and slopes of various exposures, suffusion dips
and other post-erosion wastelands, it may be ex-
tremely difficult to prepare a land consolidation
project [Jozefaciuk et al. 1991]. At the same time,
the fragmentation of the land and the related dense
structure of balks and scarps, trees, sodding, and
mosaic of crops mean that the occurrence and
intensity of water erosion is limited [Koreleski
1991]. If consolidation works are carried out in a
classic way, without taking into account the prin-
ciples of anti-erosion protection, the erosion pro-
cesses are triggered, including surface washes of
soil and the formation of gullies [J6zefaciuk et al.
1991; Koreleski 1991; Uiszczak 1960]. Similar
conclusions are put forward in foreign literature
[Bucher and Demuth 1986; Bronstert et al. 1995;
Chartin et al. 2013; Evrard et al. 2010; Van Dijk
2007]. The most intense erosive processes occur
in the first years after the end of the consolidation
process [Uiszczak 1960; Evrard et al. 2010]. This
is due to many factors, in particular:

e creation of larger plots, rarely in a transverse
arrangement

e liquidation of almost all balks and scarps,
which function as anti-erosion forms

e creating of a new network of agricultural
roads without their hardening and anti-erosion
protection.

In the conducted classical consolidation, the
losses caused by erosive soil degradation may
often exceed the effects of consolidation result-
ing from the improvement of land layout [Joze-
faciuk et al. 1991; Koreleski 1991; Shuai et al.
2011]. Therefore, in the upland loess areas, land

consolidation should be performed only as com-

prehensive consolidation, taking into account the

principles of anti-erosion melioration [Woch and

Jézefaciuk 1999], especially that the use of spe-

cial preventive and reclamation measures during

consolidation, even in large areas, is associated
with a relatively small, additional expenditure

of effort and resources [Jozefaciuk et al. 1999;

Nowocien 2006].

The main goals of the implemented anti-ero-
sion melioration in complex consolidation are:

e limiting the occurrence and reducing the in-
tensity of erosive processes,

e maintaining the productive potential of soils
and preventing its reduction,

e extending the water cycle in the landscape and
counteracting the deformational changes in
hydrography and hydrology of river courses,

e improvement of the eco-technical land use
conditions, including reclamation of devas-
tated land [Kadlec et al. 2014; Konecna et al.
2011; Lisec and Pintar 2005; Nowocien 2006;
Podhrazska and Jenickova 2011].

Therefore, the consolidation of eroded areas
requires a specialized approach and a series of
works, divided into several stages (analysis, con-
ceptual and design phase, task implementation)
[Jozefaciuk et al. 1999; Nowocien 2006].

The concept of such comprehensive mergers
developed and implemented by [UNG in Putawy
showed that in addition to the positive economic
and agricultural effects that are achieved during
classic mergers, it is also possible to obtain posi-
tive environmental and ecological effects.

Despite the positive results of the conceptual
work, the Regional Bureau of Geodesy in Lub-
lin does not currently perform comprehensive
consolidations, and classic consolidation works
are concentrated mainly in flat areas (counties:
Leczna, Lukow, Lubartéw, Wlodawa, Chetm
and Krasnystaw). Nevertheless, several objects
located in the high differentiated relief areas
were also merged. One of them is Latyczyn in
West Roztocze.

Due to the risk of water erosion, the assump-
tions for the consolidation project, apart from the
classic ones, also included the anti-erosion mea-
sures. In addition to the strengthening of agricul-
tural transport roads, these measures also includ-
ed the adaptation of new boundaries of plots to
relief or in the case of the correct layout — leaving
it unchanged [Jabtonski 2012, Rybicki 2017].

241



Journal of Ecological Engineering Vol. 22(1), 2021

The aim of the study is to evaluate the en-
vironmental effect of consolidation of 12 small
plots located on a slope with a gradient of up to
18% into one large plot.

From an agricultural point of view, the cre-
ation of large plots of land during land consoli-
dation is advisable. This facilitates the agrotech-
nical operations and contributes to the reduction
of labor consumption and agricultural production
inputs. However, in loess highlands, due to the
type of soil and topography, the designed plots of
large areas should be assessed in terms of the wa-
ter erosion risk.

CHARACTERISTICS OF THE FACILITY
AND METHODS

The study area — Latyczyn village (with an
area of 972.85 ha) is located in the Radecznica
municipality, Zamos¢ district. Land consolida-
tion was conducted in the years 2012-2014.
The object is located in the area of the Szc-
zebrzeszyn Landscape Park in West Roztocze
and should be considered as typical for this re-
gion. A very diverse relief, reaching the height
differences of 100 m, is also typical. Hills are
crossed by numerous well-developed gullies.
Over 80% of the area is occupied by the deep
loess soils. Because of the type of the soils and
the slope of land, which exceeds even 20%, as
well as the type of climate (cold winters with
the rapid thawing of snow and warm dry sum-
mers with heavy rain), about 25% of the area is
threatened by medium to strong grade of water
erosion [Rybicki 2017].

For this reason, the surveyors-designers,
while improving the spatial and economic param-
eters of land, took into account the need to pre-
serve the existing contour layout of plots and to
leave, if possible, high balks with shrubs or shel-
terbelts intact [Jabtonski 2012].Where the layout
of the parcels was disadvantageous (longitudi-
nal), it was changed into a cross-slope (adapted
to the principle of anti-erosion land development)
[Rybicki 2017].

In the investigated village, as a result of con-
solidation, several quite large plots of arable land
were designed, including those located on steep
slopes. Most of them have such a system that al-
lows or even forces the cross-slope cultivation.
One of such plots is the subject of research in
this work.
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On the studied part of the slope, all the plots
before consolidation had the cross-slope arrange-
ment with the same direction of agrotechnical
operations (Fig. 1). The same layout remained af-
ter consolidation. Merging several plots into one
large, as a rule, is associated with the removal of
balks and scarps, which could constitute anti-ero-
sion obstacles.

The creation of large plots in the areas with
small slopes (up to 6%) is considered correct.
However, creation the same plots on steep slopes
may turn out to be erosive and dangerous to the
environmental resources, mainly soil and water.

It was investigated how the decision of sur-
veyors-designers to create a large plot of land
in eroded area may influence the occurrence of
potential water erosion. The WEPP (Water Ero-
sion Prediction Project) simulation model was
used for this purpose. For the comparison of
the pre-merge state with the post-merge state,
the soil loss and sediment yield were examined.
The methodology presented in the author’s ear-
lier work [Rybicki 2017] was used, in which,
the effect of changing the layout of plots from
along to across slope was investigated for the
same object (Latyczyn). At the slope scale, the
soil loss means the detachment and movement
of topsoil by flowing water, while the sediment
yield means the amount of material eroded from
the land surface by runoff and delivered to a
channel or a stream system [Singh et al. 2011].
Moreover, in order to compare the influence of
different arrangement of scarps on the slope on
the intensity of erosion, the tests were carried
out along two sections, i.e. s.1 and s.2 (Fig. 1).
In both sections, the shape of the slope and its
gradient are almost the same, but the location
of the scarps before consolidation were differ-
ent (Fig. 2). On the section s.1, the scarps were
located in the upper part (about 35 m from the
road on the plateau) and in the middle part of
the slope (about 67 m from the road on the pla-
teau). On the section s.2, the scarps were located
in the middle (about 55 m from the road on the
plateau) and in the lower part of the slope (about
88 m from the road on the plateau).

The data for the WEPP model, such as mean
annual temperature and annual precipitation, were
taken from work of Rybicki [2017]. The soil or-
ganic matter content is 1.48% and bulk density of
1.55 Mg-m™ with 11% clay content (<0.002 mm).
The land use structure is typical for Roztocze. Ar-
able land constitutes 60% of the area, grassland
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occupies about 13% of the area whereas forests
and woodlands represent 22% of total area.

The data on the relief for the state before
and after the consolidation were obtained from
the DEM, created on the basis of altitude data
obtained in the LIDAR technology (license no.
DI0.7211.943.2016_PL_N). For the soil loss and
sediment yield simulation, winter wheat was used
as the main grain crop in this region and alfalfa
as the crop with the best soil erosion protection.

RESULTS AND DISCUSSION

The changes made as a result of consolidation
on the slope being the subject of this study seem
to have no effect on the erosion risk. Here, in the
consolidation project, one large plot with the num-
ber 5810 (4.59 ha) was created from 12 smaller
plots — see fig. 1. Before the consolidation, all

plots had a cross-slope layout and a cross-slope
direction of agrotechnical operations. Exactly the
same arrangement remained after the merging.
The resulting plot begins on the plateau (water-
shed) and extends down the slope, reaching the
edge of the forest. Before the consolidation, there
were sodded dirt roads, both on the plateau and
on the border of arable land and forest. Moreover,
in the case of these roads, no changes were made
as a result of consolidation. These roads have not
been liquidated and they constitute some kind
of anti-erosion obstacles, counteracting the con-
tinuous, linear runoff of water down the slope.
Thus, the only changes related to the creation of
such a large plot of land were liquidated borders
of the old plots, including those constituting the
sodded scarps.

The results of the soil loss and sediment
yield simulation for the state before and after

Figure 1. Location of the study area and examined sections of the slope. Own elaboration based on a map
of assumption for the project of land consolidation made by the Provincial Bureau of Surveying in Lublin

Notation: s.1 — section 1; s.2 —section 2
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consolidation on the examined slope (sections)
are shown in Figure 2 and summarized in Table 1.

When the simulated crop is winter wheat, the
expected annual soil losses before consolidation,
on the slope with the scarps located in the upper
and middle part of it (s.1), amounted to 3.71 kg-m=,
while on the slope with scarps in the middle and
lower parts (s.2), the annual soil losses were slight-
ly lower and amounted to 3.25 kg-m™. At the same
time, the outflow of soil outside the slope during the
year amounted to 34.88 Mg-ha' and 30.91 Mg-ha!,
respectively. It means that the soil losses on the
slope s.2 were lower than on the slope s.1 by 12.4%
and the outflow of soil outside the slope was lower
by 11.4%. This proves that better protection against
erosion is provided by the arrangement of scarps
in the middle and bottom of the slope, especially
if the top of the slope has a slight gradient. This is
also confirmed by the results of the erosion simu-
lation for the alfalfa cultivation, where the differ-
ences between both slopes are similar. However, it
should be noted that the simulated amount of ero-
sion damage to the alfalfa cultivation, compared to
the cultivation of winter wheat, is approximately
30% lower, which proves that alfalfa protects the
soil against erosion better than wheat.

A completely different, dangerous situation is
presented by the simulation results for the state
after consolidation. After removing the sodded
scarps, despite the unchanged cross-slope di-
rection of cultivation, the predicted annual soil
loss for the winter wheat cultivation increased
to 190.32 kg'm? on s.1 and to 183.17 kg'm™ on
s.2. The annual sediment yield values increased
to 894.50 and 860.92 Mg-ha’', respectively. This
means that the erosion losses, in comparison to
the state before the consolidation, increased many
times, and the small differences between both sec-
tions (also in the case of alfalfa — Table 1) confirm
only slight differences in the shape and decline

of the examined fragments of the slopes after re-
moving the scarps. When analyzing the observed
increase in erosion risk, it should be stated that
several reasons are responsible for this state. First
of all, this slope is characterized by a significant
decline, exceeding 18% in its lower parts. Ac-
cording to the agrotechnical recommendations
for eroded areas [Rybicki 2006], slopes steeper
than 15% should be excluded from the tradi-
tional plow cultivation and designated for other
development, for example for afforestation. Such
method of management would protect the soil
against further degradation. In the case of plow
management, such large erosion is also caused by
too wide a plot cultivated transversely. Before the
consolidation, when there were scarps, the slope
was divided into three sections, with a width of
about 30 to 60 m. After consolidation, the created
plot has a width exceeding 130 m. According to
Ziemnicki [1967], the width of the cross-slope
fields over 100 m, even at a 5% slope, may be too
large to counteract erosion. With a slope exceed-
ing 15%, the same author recommends that the
planned plots should be no more than 30 m wide.
Therefore, when assessing the situation on the ex-
amined slope, it should be stated that the benefits
of the transverse arrangement and the transverse
cultivation have disappeared. The water runoff
and the resulting erosion are almost like in the
case of longitudinal cultivation.

Moreover, the scarps existed before the con-
solidation, with a height locally exceeding 2 m
(Fig. 2), apart from dividing the slope into nar-
rower fields, caused that the transverse gradient of
the slope (terrace shelves) was smaller. According
to the studies by Ahmad et al. [2006], on a terraced
slope, the speed of the flowing water is much slow-
er; therefore the erosion caused by it is also lower.

The scarps were also covered with turf. The
turf protects the soil very well against washing

Table 1. Predicted amounts of soil loss and sediment yield under different scenarios of slope management

The way of land developing Average ig-nrl;il soil loss Average anr,:/lu;Ihs;diment yield
Type of crop — Winter wheat
s.1 before consolidation 34.88
s.1 after consolidation 190.32 894.50
s.2 before consolidation 30.91
s.2 after consolidation 183.17 860.92
Type of crop — Alfalfa
s.1 before consolidation 11.51
s.1 after consolidation 73.42 345.09
s.2 before consolidation 10.20
s.2 after consolidation 70.82 332.86
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Figure 2. WEPP model window — simulation of erosive soil losses on the examined slope for winter wheat
cultivation: a) section s.1, state before consolidation, b) section s.1, state after consolidation,
¢) section s.2, state before consolidation, d) section s.2, state after consolidation;
Source: own elaboration. Markings of the section as in figure 1.

caused by flowing water from spring thaws and
heavy rains [Kone¢na et al. 2011; Liu et al. 2013]

Accurate field observations show that apart
from the disadvantages of the adopted solution
in the consolidation project, there are also advan-
tages. In addition to transverse balks and scarps,
before the consolidation, there were also those
along the slope, dividing long bands of fields into
smaller, short plots. As a result of plowing the
end of the field along that boundary strip, local,
longitudinal land depressions were created (plow
cultivation causes a strong soil displacement and
can shape the relief [Govers et al. 1994; Rybicki
et al. 2016]). Such places allowed for the concen-
tration of the runoff rainwater, causing groove
erosion. Moreover, the bounds located along the
slopes constitute a serious erosive hazard and are
not recommended in the proper organization of
eroded areas [Ziemnicki 1967]. Liquidation of
such longitudinal bounds by consolidation should
eliminate the problem of linear erosion. Despite
the carried out reclamation (liquidation of all
boundaries inside the plot), slight depressions of
the land still exist, which cause that locally, even

under the conditions of cross-slope cultivation,
linear erosion is observed (Photo 1a). It should
be assumed that with the passage of time during
cultivation, these depressions will be leveled out;
thus, the concentrated water runoff will be gradu-
ally eliminated.

In addition, field observations have also
shown that the accumulation of water in larger
streams along the furrows and erosion on arable
land, in the case of the study area, are not the only
problems. Exactly on the extension of the runoff
line, just beyond the forest line (Photo 1a), ero-
sive indentation was formed, leading up to the
axis of the main ravine (Photo 1b). The concen-
trated runoff of rainwater from the adjacent field
is responsible for its formation. Therefore, the
elimination of longitudinal furrows, contributing
to a partial elimination of the erosion center on
arable lands, will reduce the amount of concen-
trated water runoff directly reaching the erosion
indentations, limiting their further development.

The conducted research confirmed the the-
sis known from the literature [Ziemnicki 1967,
Jozefaciuk et al. 1991; 1999; Bozek et al. 2016]
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a)

Photo 1. Linear erosion: a) on arable land — slight depression of the land in the place of the longitudinal balk
existing before consolidation; b) on wooded ground — erosive indentation formed on the extension of the water
runoff line from arable land; Photo: R. Rybicki

that one of the most important recommendations
for consolidation in eroded areas is to design
fields in such a way as to enable the cross-slope
cultivation. Nevertheless, it may not be enough.
In order to protect the soil from degradation as
much as possible, the existing bounds and trans-
verse scarps should be kept intact. In the case
of designing new plots of land, and the related
design of new borders (in particular the trans-
verse ones), these borders should be absolutely
strengthened by turf or bush, which was con-
firmed by previous studies [Rybicki 2017]. In the
case of the analyzed slope, it should be stated that
the conducted land consolidation and the related
removal of sodded balks and scarps contributed
to the acceleration of soil erosion by transform-
ing the deposition areas into the areas generat-
ing sediments. The same conclusions were drawn
from a study by Chartin et al. [2013] in France.
In order to strengthen the anti-erosion effect of
the cross-slope cultivation, without increasing
the difficulties in carrying out of the agrotechni-
cal measures, it is necessary to restore the sod-
ded scarps existed before the consolidation, lo-
cated crosswise to the slope (along the plot). As
the simulation results show, for the tested slope,
these should be scarps in the middle and lower
parts of the slope, in the place of the highest in-
clination. The results of the studies by Xue et al.
[2011] and Zhang et al. [2008] prove that in such
cases, in addition to reducing erosion, one should
also expect an improvement in the soil quality
and an increase in the yield of cultivated plants.
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CONCLUSIONS

1. The cross-slope arrangement of arable land
and the cross-slope direction of agrotechnical
measures are an important element of the land
protection strategy against the water erosion.

2. Designing large (wide) plots on slopes during

land consolidation may result in the need of
liquidating the previously existing balks and
transverse scarps.

3. On the slope under study, as a result of de-
signing a plot of land with a width of up to
130 m and the removing of two sodded scarps
in the upper and middle part of the slope, the
expected average annual soil loss (in the case
of winter wheat cultivation) increased from
3.71 to 190.32 kg'm™, and the average an-
nual sediment yield increased from 34.88 to
894.50 Mg-ha'l.

4. Designing the same plot and the related re-

moving of two sodded scarps in the middle
and lower part of the slope increased the av-
erage annual soil loss (in the case of winter
wheat cultivation) from 3.25 to 183.17 kg-m™,
while the average annual sediment yield in-
creased from 30.91 to 860.92 Mg ha'..

5. The predicted erosion losses in the case of
the simulated alfalfa cultivation compared
to winter wheat were lower by about three
times, while the differences between the
two variants of the scarps distribution on the
slope were similar to that in the cultivation of
winter wheat.
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6. The average annual soil loss before consolida-
tion was lower by 12.4—13.0% on the s.2 slope
than on the s.1 slope. Average annual sediment
yield was lower by 11.4% respectively.

7. After consolidation, the values of average an-
nual soil loss and average annual sediment
yield for the two variants of scarps placement
differed by no more than 3.7%.

8. The smallest erosive soil losses occurred be-
fore consolidation, when the scarps were lo-
cated in the middle and lower part of the slope.

9. Elimination of longitudinal balks as a result
of land consolidation limited the focuses of
linear erosion, while the previously formed
depressions of the land require careful rec-
lamation in order to reduce the possibility of
concentration of rainwater runoff, causing lin-
ear erosion, even with transverse development
and cultivation or afforestation of the land.

10.0On the slope under study, in order to enhance
the anti-erosion effect of cross-slope cultiva-
tion, the sodded scarps existing before the
consolidation should be reconstructed. These
scarps should be located in the middle and
lower part of the slope, in the places of the
highest inclination.
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