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LAND DEGRADATION AND MANAGEMENT
WITHIN UPPER RACOVA CATCHMENT
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Abstract.Land degradation has been recognized as an important environmental
threat in the Moldavian Plateau of eastern Romania. This study was designed to
estimate the magnitude of land degradation and to review land management in a
small catchment in the Central Moldavian Plateau. Several methods were deployed
to estimate soil erosion losses, gully distribution, landslide inventory and reservoir
sedimentation rates. Results obtained in the study area of 7,766 ha, of which 31% is
arable and 32% native forest, show that the mean value of soil losses by water
erosion on agricultural land is 19.0 t ha'y!. By adding the woodland contribution,
this value significantly decreases to 12.8 t ha'y!'. Then, a large proportion of land
(58%) is covered by landslides. Most of them are shallow and dormant (stable), and
the active ones form only ~2% of the total landslide area. Siltation rates determined
using '3’Cs reflect the impact of land management on deposition patterns in
reservoirs. Proper conservation measures were applied over a 20-year time-span
from 1970-1990. Since 1991 the contour farming system collapsed and returned to
the traditional ‘up-and-down slope’ farming system on very small plots.

1. Introduction

Land degradation by soil erosion, gully erosion and mass movements is an
important environmental threat in the Moldavian Plateau of eastern Romania,
including the Upper Racova Catchment. Since multiple soil and land functions
have been severely affected, the implementation of effective soil conservation
practises is imperative.

Previous studies focused on larger areas within the Moldavian Plateau and
provided insufficient information about land degradation and land improvements at
the smaller catchment scale.
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Many publications discuss environmental characteristics (e.g. Bacauanu ef al.,
1980; Ungureanu, 1993), whereas others focused on specific issues. Based on
various sources, Motoc (1983) estimated total erosion on agricultural lands in
Romania and suggested rates were especially high on the Barlad Plateau, with an
average value of 20-30 t ha' y' The large extent of landslides within three
catchments (Upper Barlad upstream of Bacesti, Sacovat and Crasna) on the Central
Moldavian Plateau was emphasized by Ilonita er al (2014). Reservoir
sedimentation is also problematic in the central and southern Moldavian Plateau.
Ionita et al. (2000) conducted a preliminary study using the '*’Cs technique to
estimate sedimentation rates at two sites on the floor of the Puscasi and Pungesti-
Garceana reservoirs.

About three-quarters of degraded agricultural land on the Moldavian Plateau
were adequately treated during the short-lived period of proper soil conservation
measures. In this context, the aim of the present study is to present both the current
state of land degradation and the development of soil conservation measures in the
Upper Racova Catchment.

2. Study area

Racova Catchment upstream of Pungesti, Vaslui County, is located in the
south-west section of the Central Moldavian Plateau (Figure 1). It is orientated in a
north-west — south-east direction and covers 7,766 ha where live 4,851 inhabitants.
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Fig. 1. Location of the study area in Central Moldavian Plateau.
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From the stack of Paleozoic, Mesozoic and Tertiary sedimentary strata, Late
Miocene (Upper Sarmatian/Kersonian) layers have outcropped due to erosion.
Racova Catchment is sculptured in clayey-sandy and sandy-clayey formations,
exclusively deposited in deltaic facies. The thickness of the Kersonian cross-
bedded strata at Pungesti is ~250 m. The Late Miocene sedimentary strata lie in a
general homocline structure, with a gentle dip of 7-8 m km™' towards the south-east
(Jeanrenaud, 1961, 1971; Ionesi, 1994). There are also recent Quaternary
formations, including eluvia, diluvia, colluvia, proluvia and alluvia.

The local relief is typically hilly, with extreme altitudes of 460.6 m a.s.l. on
Schitului Hill in the northern watershed and 165.7 m a.s.l. on the Racova
floodplain. About 3,946 ha, representing half of the catchment area, range from
200-300 m a.s.l. (Figure 2).
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Fig. 2. Hypsometric map in the Upper Racova Catchment.

The overall mean slope of Racova Catchment is estimated to be 19.7%. The
highest slope values >27% are on the cuesta fronts, in a series of heavily degraded
cuesta back-slopes, and in the upper catchment of the tributaries. According to the
slope histogram, 85% of the study area exceeds 5%, which indicates that Upper
Racova Catchment has high erosion potential (Figure 3).
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All major relief types typically for the platform areas have been identified,
namely: structural, sculptural and accumulation relief. The sculptural (fluvio-
denudational) topography within the homocline is the prevailing relief type and
covers 6,891 ha, representing 88.7% of the total catchment area. It occurs as two
landforms: sculptural hilltops and slopes (4.1% and 84.6%, respectively of Upper
Racova Catchment). Slopes (valley-sides) usually play the role of cuesta front
and/or cuesta back-slope underlining extension of the cuesta relief in the study
area (Samoila Claudia & Ionita 1., 2017).

Overall, the right side of Upper Racova Catchment is narrow (1,651 ha, 21%
of the total) and mostly consists in a slightly dissected cuesta front and its
amplitude does not exceeds 160 m. On the contrary, the left side of Upper Racova
Catchment initially represented a broad cuesta back-slope occupying 79% of the
catchment, where Garceneanca valley and its tributaries later incised and
developed.
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Fig. 3. Slope map (%) of the Upper Racova Catchment.

Then, the lower eastward dip of ~3 m km™, induced by the more intense
tectonic uplifting at the contact with the Carpathian Orogen, resulted in the second
order morpho-structural asymmetry. This includes reconsequent valleys, north-
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south oriented (e. g. Racovita, Hartag, Recea, Dumbravita) which contain smaller
cuestas with west-facing fronts and east-facing back-slopes. Figure 4 illustrates the
double morpho-structural asymmetry within Racova Valley, where the first order
asymmetry appears in the foreground (Racova village is located on a south facing
cuesta back-slope) and the second order asymmetry is visible in the background.

The continental temperate climate is characterized by a mean annual
temperature rising from 7.5°C on the highest hilltops to ~9.1°C at the junction of
Racova and Garceneanca valleys. Mean annual precipitation for the period 1986-
2016 varied from 574 mm at Lipova, Bacau County, at 250 m a.s.l to ~700 mm in
the area >400 m a.s.l. Usually, 65% of precipitation falls during the warm season
(April-September), with the monthly maximum falling in June, with typical totals
of 87-98 mm.

Fig. 4. Double morpho-structural asymmetry within Racova Valley at Racova
(02 June 2015)

Racova River is a right tributary of the Barlad Catchment. Mean monthly
water discharge of the Upper Racova River does not exceed 0.31 m’s™ and shows
significant pulses in connection with the climatic conditions.

Bio-pedo-geographically, the study area is covered with deciduous forest,
where there is a gradual transition from common beech (Fagus silvatica) to the
prevalent durmast (Quercus petraea). Accordingly, the zonal soils are Luvisols,
where Entic Luvisols prevail and alternate with Luvisols. A large proportion of
slopes is mantled by less productive soils (Erodosols and Regosols), depending on
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the stage of land degradation processes. Most floodplain soils are Alluviosols and
Hydrisols.

Agricultural land covers 62.7% (4,871 ha) of the catchment area. Some
31.2% is arable and 30.8% is pasture. The proportion of non-agricultural land is
37.3% (2,895 ha), of which native forest covers 31.8% (2,472 ha). Initially, this
area was entirely under forest. Then, it was severely deforested during the 18" and
especially the 19™ Century, and the forest has remained fairly constant since the
late 19™ Century.

3. Methods

Several methods were deployed to estimate soil erosion losses, gully
distribution, landslide inventory and reservoir sedimentation rates. Firstly, a Digital
Elevation Model (DEM) was created by digitizing the national 1:5,000 topographic
maps using TNT Mips version 6.9 software. The Universal Soil Loss Equation
(USLE) developed by Wischmeier & Smith (1960, 1978) with its six factors, as
adopted for Romanian conditions (Motoc, 1970; Motoc et al., 1975), was used to
estimate long-term average annual soil loss from Upper Racova Catchment.

Information for present-day land use was abstracted from the 2009 aerial
orthorectified imagery and the 1:5,000 topographic maps. These sources, together
with the 2012 LiDAR images, have been successfully used to draw gully outlines
and especially land covered by landslides.

A topographic survey was made using a Leica 407 TCR and GPS South 82V-
Trimble in spring 2018, when Pungesti Reservoir was temporarily almost emptied.
The "*'Cs technique was effectively used to estimate sedimentation rate in the
Pungesti Reservoir and to provide chronological measures of soil conservation
practises. Gamma spectroscopy, associated with the Canberra MCA S100 system
equipped with a Ge (Li) detector, was used to determine '*’Cs concentrations in
sediments. Data processing was performed using Microsoft Office 2010 and
particular attention was given to ‘ground truth’ cartographic information.

4. Results and discussion

4.1. Land degradation

Land degradation has been recognized as the major cause of environmental
degradation worldwide and, in particular, in the Moldavian Plateau of eastern
Romania. A map of soil losses by erosion from agricultural land, with five erosion
classes, was created by using the USLE as adapted to Romanian conditions (Figure
5).

The classes between 7-25 t ha y! contribute an estimated 62% of the total,
and 19% of soil loss is assigned to class >25 t ha™ y'. The mean estimated soil loss
by water erosion (rill and inter-rill) on agricultural land is 19.0 t ha™ y"'. Adjusting
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for the sediment contribution from woodlands, the mean specific sediment yield
(SSY) significantly decreases to 12.8 t ha™y'.

The most numerous gullies from Upper Racova Catchment are discontinuous
and occur on slopes and along valley-bottoms. In study area the present total gully
length is 103.7 km and thus gully density is 1.34 km km™. The high value,
exceeding 1.0 km km™, typifies a northern gully strip located in the upper
catchment of the valley network (Figure 6). By combining information from
LiDAR images, ortophotoplans delivered in 2009 and field observations, it was
estimated that the area covered by gullies is small (2.4% of the total, 184 ha).
However, they play important roles both in the triggering or reactivation of
landslides and sediment detachment and transport.
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Fig. 5. Map of soil losses from agricultural land in Upper Racova Catchment.

By far, landslides represent the most representative geomorphic process
contributing to land degradation within Upper Racova Catchment. The landslide
inventory and map (Figure 7) shows that landslides are highly variable in size, age
and form, and total 58% (4,505 ha) of the catchment area. Most of the landslides
are shallow and dormant (stable). The active ones form only ~2% of the total
landslide area (TLA), which is a typical value for the Central Moldavian Plateau.
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However, after the rainier 1986-1973 period, active landslides occupied 21.4% of
the TLA (lonita et al., 2014).
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Fig. 6. Map of gully density in Upper Racova Catchment.
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Fig. 7. Landslide distribution in Upper Racova Catchment.
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Sedimentation represents another geomorphic process with special
implications on the local environment and targets floodplain aggradation and
reservoir siltation, especially. In the context of more precipitation over 1968-
March 1973, two dams were built in the study area, namely: Pungesti on
Garceneanca floodplain and Trohan on Racova floodplain. They became
operational in 1976 and 1982, respectively (Figure 8).

Sediment deposition is uneven and adopts a deltaic shape as suggested by
Figures 9 & 10. The initial area of Puscasi Reservoir at normal retention level
(NRL) of 46.2 ha has decreased by 17.5% to its current area of 38.1 ha.

Fig. 8. Pungesti Reservoir on Garceneanca floodplain (05 April 2018).
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Fig. 9. Longitudinal profile on the floor of Pungesti Reservoir on May 11, 2018.
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Fig. 10. Cross-section through the Pungesti Reservoir, 830 m upstream of dam.

During field measurements carried out in spring 2018, when Pungesti
Reservoir was temporarily almost emptied, three soil profiles were dug and
sampled at 5 cm depth interval to investigate *’Cs depth distribution. Figure 11
illustrates that the peak value of Cs-137 from one profile occurs at 60-65 ¢cm and,
therefore, the mean sedimentation rate over 32 years (1986-2018) is 2 cm yr'.
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Fig. 11. Depth profile of Cs-137 in the Pungesti Reservoir on 31 March 2018
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The Cs-137 values decrease between 65-30 cm depth and a revival of the Cs-
137 content is noticeable in the top 30 cm. This distribution resulted from
implementing the provisions of Act No. 18/1991, since the contour farming has
been replaced by the traditional ‘up-and-down slope’ farming under small plots.

Overall, the Cs-137 depth profile is very similar to that reported by Ionita et
al. (2000) located in the same spot, but the mean sedimentation rate over 12-years
(1986-1998) was surprisingly higher, 3.2 cm yr'. The decreasing siltation rate in
the Pungesti Reservoir (estimated at ca. 1 cm yr' since 1998) depends on
increasing the share of both abandoned land and the high degree of weeding.

4.2. Land management

By 1960, the traditional agricultural system on the hills of the Moldavian
Plateau consisted of ‘up-and-down-slope’ farming, with ~90% of agricultural land
divided into small (<1 ha) plots. After 1960, these areas were turned into co-
operative farms. The remaining larger plots (~10% of the area) were transferred
from farmers to State farms. After several decades of quiescence, many new,
innovative research studies on soil erosion control were initiated (Motoc et al.,
1975 & 1992; Nistor & lonita, 2002; Tonita et al., 2006). The first priority consisted
of implementing one or more conservation practises starting with contour
ploughing.

Fig. 12. Remnants of bench terraces on the left side of Racova Valley at Pungesti
(31 May 2018).
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Land changes within Racova Catchment mirrored the general changes within
the entire Moldavian Plateau. During the 20 year period (1970-1989) much soil
conservation work was accomplished, especially by IEELIF Vaslui (Enterprise for
Performing and Exploiting the Land Improvement Works), namely:

- The design and construction of dams and reservoirs, as already mentioned.

- Design and construction of check-dams to control gully erosion in the
tributaries of the River Racova.

- Design and implementing soil conservation practises on slopes in large
farms, namely: strip-cropping, buffer strip cropping and bench terraces (Figure 12).

- Design and construction of the agricultural road network.
- Design and building drainage systems.
- Filling small gullies, land reshaping using topsoil and improving pastures.

- Large-scale afforestation.

After implementing provisions of Act No. 18/1991 (of the Agricultural Real
Estate), the former short-lived contour farming system almost disappeared and the
‘up-and-down slope’ farming under small plots is prevalent again (Figure 13).

Fig. 13. The impact of implementing provisions of Act No. 18/1991 in Dumbravita Valley
(05 April 2018).

The case of the 869 ha Dumbravita sub-catchment, a left tributary of
Garceneanca Catchment, illustrates this surprising evolution. Thus, a combination
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of contour strip cropping system and bench terraces were implemented on 122 ha
of arable land on the right side (east facing cuesta back-slope) of Dumbravita
Valley. Here, on a field with average slope of 13.3%, fifteen bench terraces, spaced
at 55-90 m intervals, were combined with sixteen strip crops, each covering 1.1-
15.4 ha (7.6 ha in average) as shown in Figure 14.

Currently, the same field comprises 139 small individual plots of 0.88 ha in
average size, most of them orientated up-and-down slope (Figure 15). Similar
examples can be readily identified throughout the study area, since there have been
identified 2,402 small plots on slopes and their average size is 0.77 ha. Under these
circumstances it is difficult to design and implement the best management practises
to control soil erosion and improve the quality of local environment.

Conclusions

The 7,766 ha Upper Racova Catchment on the Central Moldavian Plateau is
highly susceptible to land degradation, due to both natural conditions and human
impacts. The local relief is typically hilly and half of the catchment area (3,946 ha)
range from 200-300 m a.s.L.

Most of the study area is comprised of slopes (6,242 ha, 80.4% of Upper
Racova Catchment) and they usually represent cuesta fronts and/or cuesta back-
slopes.

The mean value of soil losses by water erosion on agricultural land is
estimated to be 19.0 t ha''y"'. By adding the woodland contribution, this value
significantly decreases to 12.8 t ha™y™! but remains problematically high.

Area under gullies is relatively small (184 ha and 2.4% of the total) but
gullying plays important roles, both in the triggering or reactivation of landslides
and sediment detachment and transport.

The most characteristic feature of the study area is the large proportion of land
(58%) covered by landslides. Most of them are shallow and dormant (stable), and
the active ones form only ~2% of the total landslide area, which is a typical value
for the Central Moldavian Plateau.

The mean sedimentation rate over 32 years (1986-2018) in the Pungesti

Reservoir is 2 cm yr''. The decreasing siltation rate since 1998 (estimated at ca. 1
cm yr'') depends on increasing the share of both abandoned land and the high
degree of weeding.

Proper conservation measures were designed and applied over a 20-year time-
span from 1970-1990. After implementing the provisions of Act No. 18/1991, the
contour farming system collapsed and returned to the traditional ‘up-and-down
slope’ farming system on very small plots.
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Fig. 14. Former combination of strip-
cropping and bench terraces in Dumbravita
Valley.
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