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Abstract

The study was carried out on three representative small watersheds in Tutova
Rolling Hills, Eastern Romania, which include the whole range of natural conditions,
slopes, soils and soil conservation practices. The land use of the study area was, for more
than 40 years, annual and perennial cropping. Soil erosion was determined on standard
runoff plots located in Upper Tarnii Valley, all with a cropping history, and fully
instrumented for measuring runoff and soil loss under different conditions concerning
vegetative cover.
As an alternative of conventional measurements, the 137-Cs technique has been
used for determining soil loss and sediment accumulation.
The role of conservation measures during a couple of low frequency - high intensity
historical rain events has been studied, illustrating both the damages and positive aspects.
A comparative study has been done regarding soil erosion processes under two
distinct types of land management, after almost 14 years. Data concerning soil erosion rates
from up-and-down oriented plots and from plots protected by soil conservation measures
are presented.
The results of 20 years experiments dealing with different cropping systems (seed
bed preparation systems) ranging from conventional to No tillage, are revised as alternative
methods for soil protection in Crang watershed.
The results of 10 years experiments regarding soil compaction by wheel traffic in an
experimental field located on the westerly looking hillside of Tarnii Valley are presented in
order to illustrate potential relationships between climate, soil compaction and land
management.

Key-words: soil erosion, land use management, nutrients balance,
soil compaction
Introduction
The problem of soil erosion control within Tutova Rolling Hills,
Eastern Romania, has been for many years the main concern of the
researchers working with the Research and Development Centre for Soil
Erosion Control Perieni. Through the years many different approaches have
been involved in order to find the optimum solutions for soil conservation
and land management. The experimental techniques included both the
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classical standard check plots and, as an alternative to conventional
measurements, the 137-Cs technique for determining soil losses and
sediment accumulation.
Experiments dealing with different cropping systems (seed bed
preparation systems) ranging from conventional to No tillage, which even
today have a very low extent in Romania, have also been carried out at
RDCSEC Perieni.
As long as soil compaction by wheel traffic is widely considered as a
threat when day after day, more powerful, but more heavy machinery is
involved, experiments dealing with soil compaction due to the most
common tractor in Romania were performed.
The study territory, including the three representative watersheds, was
highly fragmented, containing a large number of small plots, long and
narrow, and up-and-down hill oriented, according to local tradition (Figure
1). During the `60s and some of them during the `70s, the selected
watersheds have undergone land reclamation works, levelling, moulding,
and have been instrumented for soil erosion control. Depending on hill
slope, the conservation practices included: contour strip cropping, bench
terraces, shelter belts, grassed waterways, different drainage systems, and
serpentine and contour technological agricultural roads. In Tarnii Valley,
originally, the main conservation practice was contour strip cropping. After
more than forty years of adequate conservation exploitation, because of
what is sometimes called tillage erosion, agro-terraces occurred. Their
rhythm of development was subject to mathematical modelling.

Figure 1. The territory of RDCSEC Perieni before and after
application of conservation practices
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Experimental site and method
The study was carried out on three representative small watersheds in
Tutova Rolling Hills, Eastern Romania, which include the whole range of
natural conditions, slopes, soils and soil conservation practices. The selected
watersheds are as follows: Upper Tarnii Valley (300 ha), with hillsides
ranging from gentle to moderate slopes, Crang watershed (30 ha), with
gentle to hilly slopes and Gheltag basin (100 ha), with a wider range of
slopes going (ranking between) from gentle-flat to steep slopes. Depending
on hill slope, the conservation practices included: stripcropping, bench
terraces, shelter belts, grassed waterways, different drainage systems, and
serpentine and contour technological agricultural roads. The land use of the
study area was, for more than 40 years, annual and perennial cropping.
The experimental sites are located on mollisols (Cambic Chernozem),
developed on top of sandy loams (Table 1 and figure 3), moderately to
highly eroded. Within the cultivated topsoil the nutrient content is as
follows: 2.33% organic matter, 0.105% total nitrogen, 0.039% total
phosphorus.
Table 1 Cambic Chernozem, moderately to highly eroded in Tarnii Valley
Particle size
Bulk
distribution
Color
Humus
Horizon
Depth
density
(moist)
(%)
San
3
(g/cm )
Clay
Silt
d
Am
0-30
10YR 3/1
15.7
9.0
75.3
1.34
2.33
A/B
31-62
10YR 4/4
16.3
9.9
73.8
1.46
1.54
Bv
62-93
10YR 6/4
15.5
11.0 73.5
1.51
C
93-110 2.5YR 8/4
19.6
16.0 64.4
1.63

pH
6.9
7.3
7.9
8.0

The standard check plots used for soil erosion measurements were
located on the westerly looking hill slope of Tarnii Valley, on the upper part
of the watershed. The experimatal site consists of ten plots, eight having
100 sq. meters (4 x 25 m) and two 150 sq. m (4 x 37,5 m). Two of them, the
one of 100 m2 and the other of 150 m2, respectively, are maintained as black
fallow, and the other eight are cultivated with different crops in the
following crop rotation: winter wheat – corn – beans – soy beans – brome
grass. The installation used to collect runoff consists of three tanks of 900,
300 and 100 litres, the first two having 1/5 dividers. Based on water and soil
samples taken from the collected material in the tanks, erosion per hectare
and fertilizers losses associated with the storm events are determined.
Samples taken by this occasion were also analized in order to determine the
nutrient losses.
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Figure 2. Tarnii Valley in 1966

Figure 3. Soil profile in Cambic Chernozem, Tarnii Valley, Eastern
Romania
406

Soil compaction by wheel traffic tests were performed on the
background of two different categories of experiments during ten or even 20
years long. First of these experiments was dealing with different cropping
systems (seed bed preparation systems) ranging from conventional to No
Tillage. The second was carried out on the experimental site instrumented
with runoff check plots and collecting tanks, which was complicated by
additional compaction by different numbers of wheel by wheel passes of the
most usual tractor in Romania (U-650). In both cases soil compaction was
determined by means of Eijkelkamp penetrometers and penetrographs, to
the depth of 80 cm, on a geostatistically optimized network of sampling
points.
Figures 4, 5 and 6 illustrate the climate conditions (precipitation and
temperatures) recorded at Barlad weather station during 1941 – 2006.
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Figure 4. Precipitation and average monthly temperatures during
1941-2006, as recorded at weather station Barlad
As an alternative to conventional measurements, the 137-Cs technique
has been used for determining soil losses and sediment accumulation. Both
“in-situ” and laboratory measurements of fallout radionuclides have been
done. An intercomparison between measured and simulated data by
different conversional models and ROMSEM (M. Motoc, e.g., 1979) has
also been performed.
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Figure 5. Annual precipitation during 1941-2006, as recorded at Barlad
weather station
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Figure 6. Average multiannual temperatures during 1941-2006, at Barlad
weather station
The following models for converting radionuclide (137Cs)
measurements into soil erosion and deposition rates have been used:
408

- proportional model that is based on the premise that 137Cs fallout
inputs are completely mixed within the plough or cultivation layer and that
the soil loss is directly proportional to the amount of 137Cs removed from
the soil profile since the beginning of 137Cs accumulation or the onset of
cultivation, whichever is later. Thus, if half of the 137Cs input has been
removed, the total soil loss over the period is assumed to be 50% of the
plough depth.
- mass balance model 1 takes into account the progressive reduction in
the 137Cs concentration of the soil within the plough layer due to the
incorporation of soil containing negligible 137Cs from below the original
plough depth and thus represents an improvement over the proportional
model.
Measurements of 137-Cs activity on a significant number of soil
samples have been made by NIPNE Bucharest, using reliable detectors
according with IAEA Vienna requirements.
The Romanian model ROMSEM has the same structure as
Wischmeier‟s USLE, but notation and significance of terms is different: E =
K S Lm in C Cs, where: E (t/ha/year) – surface (sheet) erosion; K (t/ha/year)
– climatic factor, representing zonal erosivity, i.e. soil losses per zone of
pluvial aggressiveness, depending on index of pluvial aggressiveness H I15;
S (adimensional) – soil erodibility, S = 1 for Cambic Chernozem with high

Figure 7. Comparative study on soil erosion by Cs-137 technique on
two different systems of agriculture, Valea Seaca, Eastern Romania
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erosion; Lm (m) – plot length, on the direction of flow, m=3; in (%) –
medium slope of plot, n = 1,4; C (adimensional) – factor of vegetation
cover, data obtained on check plots. C=1 corn in monoculture; Cs
(adimensional) – tillage factor and depending on erosion control methods.
In order to highlight the effectiveness of conservation practices
compared with the “traditional” up and down hill system of long and narrow
strips, an experimental site located on the right hillside of Valea Seaca was
chosen, with 8-9% slope, used as arable land (figure 7), and where two
different situations were identified:
1. The terrain has undergone land reclamation works during the „60s –
„70s, mainly by contour stripcropping, and managed continuously by
RDCSEC Perieni. Here a performant system of agriculture was applied
(adequate crop rotation, fertilization, weed control, etc.);
2. The land has undergone the same conservation works, but, after
1992 was reassigned to the original landowners, according to Law 18/1991
and divided in small long and narrow plots, up and down hill oriented. Here
a archaic, subsistence system of agriculture was applied.
The survey was intended to estimate the soil losses by means of Cs137 technique, following two transects located on either of the previously
described situations. On each transect 5 sampling points were established in
which, based on the Cs-137 inventory, the annual rate of soil erosion was
calculated.
One may notice that the average monthly precipitation is maximum
in June (79.7 mm) and the minimum is in March (24.0 mm). A secondary
minimum was recorded in October, after which, a secondary maximum
may be noticed in November (36.2 mm).
The values of maximum and minimum annual precipitation are
clearly separated. The most rainy years were 1972 (778.9 mm) and 1968
(790.8 mm). The lowest values of precipitation were recorded in 1945
(259.8 mm) and 1994 (264.5 mm).
The analysis of multi year average records of temperatures show a
minimum in January of -3.2oC, and a maximum in July of 21.3oC. The
monthly multi year average is 9.7oC with a minimum of -11.5oC in January
1942 and maximum of 25.5oC in August 1946. The absolute maximum
temperature (39.7oC ) was recorded on the 25th of July, 1942.
Results and discussion
Figure 8 illustrates the values of yearly runoff from the control plot
which was maintained as permanent black fallow, recorded for 36 years
(1970 – 2006). These data may be compared with values of annual
precipitation which triggered runoff but also with those of total annual
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precipitation. By analyzing the chart one may notice a great variability of
runoff from one year to another. However, not always their size is correlated
with the amount of precipitation. In other words, there is a moderate
correlation between runoff and precipitation that provoked them. The chart
illustrates extremely clear the amount of water which is lost by runoff, in
comparison with water coming from precipitation, when soil is no longer
protected by vegetation.

Figure 8. Annual sum of runoff and precipitation, as well as precipitation
which triggered runoff during 1970-2006; the plot maintained as
permanent black fallow
The statistical analysis show a decrease of correlation coefficient, of
r2 = 0.671 for black fallow, r2 = 0.507 for corn, and r2 = 0.202 for winter
wheat. This explains the different influence of mass of vegetation and of
rainstorm intensity over surface runoff. As a matter of fact, even among
precipitation that provoked runoff and total annual precipitation there is a
very weak correlation (r2 = 0.429), because of non uniform distribution of
rainstorm events throughout the year, and also because of different
intensities of those events. Moreover, by following the way the populations
of points are grouped in all scatter charts, there is a greater spreading (cast)
of maximum values of the analyzed parameters. That means, the most
unforeseeable situations referring to liquid runoff on shallow ground, occur
(take place) in the years with large amounts of precipitation.
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Figure 9. Annual sum of precipitation and runoff, as well as precipitation
which triggered runoff during 1970-2006; plot cultivated with corn
Figure 9 illustrates the annual runoff from the plot cultivated with
corn. The same great variability of runoff occurs, but not always depending
on absolute annual precipitation. Therefore, records from the years 1978 and
1998 are relevant, when no runoff occurred, even though the annual
precipitation of 650 mm and 550 mm, respectively, have overcome the multi
year value of 492 mm, which was calculated for Barlad weather station. By
the same time, the years in which annual precipitation reached the maximum
values of over 700 mm, runoff was relatively small, by 24 – 27 mm.
On the opposite pole is placed the data from the years 1983, 1985
and 1987, which are considered dry, when the sum of precipitation was
between 330 and 388 mm, way under the multi year value of 492 mm, and
runoff was between 9.6 and 54.4 mm. The explanation stands in that, during
the dry years, rainstorm events with a high degree of torrentiality occur,
even though they are not very significant quantitatively. On the background
of a terrain on which vegetation is scarcely developed because of lack of
water, relatively great runoff can occur. Paradoxically, during these dry
periods, instead of water to infiltrate entirely into the soil in order to be used
by plants, a large amount is lost by shallow runoff. This is the reason why,
conservation systems must be adopted specially there where the climate
passes through excessively dry periods, like is the case of Barlad Tableland.
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Figure 10 illustrates the liquid runoff measured between 1970 –
2006, on the plot cultivated with winter wheat. Obviously, looking back at
the two cases previously discussed, the level of runoff is, with some
exceptions, almost negligible. The years in which large amounts of water
flew on the surface of the soil, are in fact years in which precipitation with
torrential characteristics occurred mainly in July when winter wheat was
already harvested (ripped off). During these periods when the soil is
compacted because the vegetation is generally removed, a moderate
protection against erosion is realized. In this way, the year of 1987 is
conclusive, when in July several torrential rainstorms were recorded.

Figure 10. Annual sum of precipitation and runoff, as well as
precipitation which triggered runoff during 1970-2006; plot cultivated
with winter wheat
The chart in figure 11, which illustrates the soil losses from the black
fallow plot during the same 36 years, demonstrates that in the case of liquid
runoff, the sum of precipitation does not decide the annual level of erosion,
but the intensity of torrential rainstorms. It is interesting to notice and to
compare the evolution of runoff coefficient with annual erosion. An
additional remark is that, in the case of permanent black fallow, the runoff
coefficient has great values, being in most years between 0.2 and 0.4.
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Figure 11. Sum of annual erosion and average runoff coefficients,
during 1970-2006; plot maintained as black fallow

Figure 12. Sum of annual erosion and average runoff coefficients
during 1970-2006; plot cultivated with corn
The maximum value of erosion was in 1999 and that is due to a
storm event that occurred during the same day when the loosening
operations of the soil were performed, to break the crust and to remove the
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weeds. The high intensity rainstorm washed almost all the mobilized soil,
resulting in an extremely high record of soil loss.
In the case of corn plot (figure 12) the erosion values are smaller
than in the case of black fallow, but they are still high during certain years
which succeed with a 6 -7 years periodicity. The average runoff coefficient
hesitates between larger limits than in the case of black fallow, and that is
between 0 and 0.4, the average being still high. This variation is explained
by the influence of vegetation cover which is variable during the warm
season.

Figure 13. Sum of annual erosion and average runoff coefficients, during
1970-2006; plot cultivated with winter wheat
From those three cases analyzed, the winter wheat crop has the lowest
values of soil losses (figure 13). In most years, erosion is practically zero,
and during the years in which erosion was visible, this took place, usually,
during the periods in which the plants were sufficiently developed to be able
to protect the soil against water from precipitation. The runoff coefficient
has low levels, except cases when rainstorm events occurred after
harvesting.
The following two charts (figures 14 and 15) show the dynamics of
liquid runoff and of erosion during the vegetation period (April –
November), calculated as multi annual average values. The maximum
values of runoff and erosion correspond to the month of July for winter
wheat and permanent black fallow plots, and to the month of June for corn.
There is a secondary maximum in October, at winter wheat, when any
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important rainstorm event finds the soil freshly prepared in order to be
sown, situation which is favorable to erosion processes.

Figure 14. Monthly distribution of average liquid runoff during
1970-2006 on plots cultivated with winter wheat, corn and permanent
black fallow

Figure 15. Monthly distribution of average erosion during 1970-2006
on plots cultivated with winter wheat, corn and permanent black fallow
The evolution of runoff coefficient during the warm season is
distinctively different in the four cases analyzed (figure 16). In the case of
black fallow plot, a rapid increase is noticed during April – May, of 0.25, an
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absolute maximum of 0.31 in July, a decrease to the value of 0.25 in August
and, once again a increase to the value of 0.265 in September.

Figure 16. Monthly distribution of average runoff coefficients,
during 1970-2006 on plots cultivated with winter wheat, corn and
permanent black fallow
This variation is reflecting clearly the evolution of rainstorm
aggressiveness in the area of Barlad Tableland through the year. In the case
of corn, the maximum value of runoff coefficient occurs even beginning
from the second month of the warm season (0.2), and after that it shows a
continuous decreasing trend.
Finally, in the case of winter wheat, the chart of evolution of runoff
coefficient shows three peaks: one smaller in the month of May (0.04),
another one medium in the month of August (0.5) when the land is
“covered” by vegetal remains (mulch), and the most prominent in October
(0.9), when the land is practically unprotected against relatively more
important rainstorms, specific to the autumn season.
Gheltag I (Crang I) watershed has undergone conservation works at
the beginning of „70s and, because of variety of slopes, it included: contour
stripcropping, buffer strips, bench terraces, grassed waterways and runoff
check dams (Figure 17 and 18).
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Figure 17. Bird eye view of Gheltag I watershed

Figure 18. Conservation works in Gheltag I watershed
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Figure 19. Rainstorm event in August 27, 2004
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Two historical rainstorm events have marked the study period by the
intensity of erosion processes (Figure 19 and 20).

Due to their low frequency high intensity characteristics, it was
interesting to estimate the effectiveness of conservation practices within the
studied watersheds. Some of them behaved quite well (Tarnii Valley, figure
21 and 22), some good, and where no conservation measures were involved,
disastrous (Gheltag I, figure 23 and 24).

Figure 21. Tarnii Valley in 2007
Liquid runoff and erosion in Gheltag watershed
after rainstorm event in August 27, 2004
In low slope areas of Gheltag watershed, where contour stripcropping
system was applied, the most important soil losses occurred during
rainstorm event in August, 2004 on micro depressions in the relief which
originated in the former system of agriculture, before 1975, with up and
down hill tillage. Once again it is demonstrated that tillage from up and
down hill influences the future agriculture even after many years since it
was no longer applied, because microwaves in the relief cannot be removed
completely by moulding and leveling. For the sake of comparison,
measurements were done on some neighboring private plots, close to
Crangul Nou watershed, with different crops, up and down hill oriented.
It was estimated that soil losses from plots cultivated with corn in
Gheltag watershed were under 1.5 t/ha, while from plots without
conservation practices (up and down hill tillage) soil erosion was over 6.5
t/ha on the median zone of a hillslope of 300 m long, and over 14 t/ha within
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the area of maximum concentration of runoff, close toe. Moreover, at the
base of hill slope, in the glacis area, siltation took place.

Figure 22. Tarnii Valley in 2007
On plots cultivated with soybeans, erosion had moderate values of 0.1
– 0.3 t/ha on strips located on the upper third and middle area of the slope,
and 0.5 – 0.8 t/ha on strips located on the lower third of the slope.
On strips with stubble field after winter wheat erosion was
insignificant because remains of straw, as well as the newly appeared
vegetation, protected very well the soil, no matter the direction of tillage or
sowing.
The most unfortunate situation was where soil was recently mobilized
by ploughing and disking. On plough-land previously occupied by grasses,
four days before the rainstorm, it was estimated an average erosion of 20 –
24.5 t/ha on contour strip crops, and 35.0 – 45.0 t/ha on plots ploughed from
up and down hill, where soil was washed in places close to plough pan.
During 2005, the exceeding 127.0 mm of rain (compared with 53.9
mm – multi year average) ad its climax on the 7th of May. Erosion process
was however limited because the strips sown in autumn with winter wheat
alternated with those sowed in spring. At that time, most of the land was
recently sown with corn, soybeans and yellow mustard. Therefore, not only
that the land was unprotected by vegetation but the shallow land was freshly
tilled.
421

Generally speaking, Gheltag watershed behaved very well in extreme
situations like rainstorm events from August 27, 2004 and May, 2005. This
is particularly true when compared the land with conservation practices,
which did not overcome the value of 10 t/ha, with those ploughed from up
and down hill. On some private properties in Ivesti commune, mostly
cultivated with raw crops from up and down hill oriented, estimates
regarding soil erosion are greater than 80 t/ha.
The surface drainage network had a specially positive role, because it
evacuated quickly the excess moisture and thus preventing gullies from
appearance.
The runoff was measured on control sections (check dams) on the
drainage network within Gheltag watershed. On the main triangle shaped
section the relations used were those corresponding to this kind of weir. It
was supposed that the next parameters had fixed values (from construction):
Angle of triangle weir: = 150o;
Thickness of weir wall: Tc = 0,4m;
Measurements after rainstorm event in August 27, 2004 have shown
the following parameters of maximum runoff:
1. section receiving runoff from arable land:
h = 0.58m;
v = 2.1 m/s
2. section receiving runoff from pasture land:
h = 0.47m;
v = 2.3 m/s
Maximum discharges calculated were Qmax = 4.14 m3/s for the first
section, and Qmax = 2.81 m3/s for the second section.
It was calculated that, on control section corresponding to 100 ha
plot of arable land, after rainstorm event of August 27, 2004, about 11,000
m3 of water have flown, which represents approximately 12% of total
amount of water coming from the rainstorm event (runoff coefficient =
0,12). The amount of eroded soil from the studied watershed was estimated
to about 1000 tons, from which more than 95% originates from plots
cultivated with peas and oat mixture and have been ploughed by only a
couple of days before.
Measurement of runoff triggered by May 7, 2005 rainstorm event
indicated the following values at maximum flow:
1. section controlling runoff from arable land:
h = 0.64m; v = 2.5 m/s
2. section controlling runoff coming from pasture land:
h = 0.49m; v = 2.5 m/s
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It resulted a maximum discharge of Qmax= 4.63m3/s for the first
section, and Qmax = 3.17 m3/s for the second section, respectively. It was
calculated that, on control section corresponding to 100 ha plot of arable
land, after rainstorm event of May 7, 2005, about 9,600 m3 of water have
flown, which represents approximately 18% of total amount of water
coming from the rainstorm event (runoff coefficient = 0,18). The amount of
eroded soil from the studied watershed was estimated to about 1,600 tons,
from which more than 95% originates from plots cultivated in spring. This
demonstrates the efficiency of vegetation presence against erosion.

Figure 23. Gheltag watershed in June

Figure 24. Gheltag watershed after May 7, 2005 rainstorm event
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Agroterraces
The agroterracing process is caused by repeated execution of
agricultural operations (mainly tillage) following the contour lines and
reversing the furrows downland. Tillages mobilizes the soil and contribute
year after year to displacement of important quantities of soil which
accumulates mostly close to separation lines between strips or terraces.
Further on, successive deposition of displaced soil contribute more and
more to the agroterracing process. It seems that this process may influence
significantly the evolution of erosion process on terrains with conservation
practices by contour strip cropping or terraces.
The positive influence of agroterracing process consists of
significant reduction of land slope, which is favorable to carrying out the
tillages in significantly better conditions. Soil erosion also decreases, and
this is specially true on the platform of the terrace.
The initial topographical profiles, which started in 1988 and were
repeated in 2003 and 2007, have showed the rhythm of change of
dimensions of different parts of the agroterrace (platform and talus) due to
both tillages and erosion and sedimentation processes. The measurements in
Crang watershed have indicated an average rate of rising of the platform of
agroterraces of 36-45 mm/year.
The most important amounts of sediments retained by the platforms
have been recorded exceptional rainstorm events. An example is the rain in
August 27, 2004, when on stripcrops recently tilled after peas and oat
mixture crop in Gheltag watershed, the thickness of sediments on the
platforms of the agroterraces varied between 4 and 11 cm. As an average, on
a terrace of one meter long, about 26 kg of fertile soil have been deposited,
which means a terrace of 200 meters long, retained 5.2 tons of soil.
On cultivated stripcrops, the volume of deposited sediments on the
platform of agroterraces was much smaller and varied from 3-4 cm in the
case of corn, and 2-3 cm at soybeans and under 1 cm on fallow after winter
wheat.
After the rain in May 7, 2005, when the vegetal cover (except plots
cultivated with winter wheat) was almost inexistent, agroterraces were the
main obstacles on the way of erosion process which affected the great
majority of plots recently tilled and sown. The layer of sediments retained
by platforms was thicker than 10 cm in places.
Concerning the Cs-137 survey to determine soil erosion on two
different systems of agriculture, the following results were obtained:
Annual soil losses from the two experimental sites (figure 7) are
illustrated in figures 25 and 26 and table 2.
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Figure 25. Annual soil losses on conservation system
of agriculture

Figure 26. Annual soil losses on land in private
property, without conservation practices
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Table 2
Soil loss (t/ha/year) estimated by Cs-137 technique and ROMSEM model
(Motoc et al., 1979)
Transect
1
PM
MB1
ROMSEM
Transect
2
PM
MB1
ROMSEM

S1

S3

S5

S7

S9

1,13
1,39
1,52

1,70
2,10
2,42

1,42
1,74
2,63

4,81
6,24
2,88

4,53
5,84
2,57

S2

S4

S6

S8

S10

4,24
5,45
8,50

7,08
9,53
7,48

7,36
9,96
10,26

6,23
8,27
5,38

10,75
15,51
7,13

Average
2,72
3,46
2,40
Average
7,13
9,74
7,75

PM – proportional model; MB1 – Mass balance 1 model; ROMSEM – Romanian
model ROMSEM

On the first transect, on land with conservation practices, estimates
regarding annual soil losses by conversional models (PM şi MB1) indicate a
increase from 1.13 t/ha/year, 1.39 t/ha/year, respectively, corresponding to
point S1 -upland-, to 4.53 t/ha/year and 5.86 t/ha/year, respectively, which
correspond to point S9 - downland-. All values are lower than the
acceptable limit of 4-6 t/ha/year, corresponding to soils in this area.
On the second transect, land in private property, exploited from up
and down hill, one can notice clearly that annual soil losses are significantly
greater than on the first transect. On average they are three times higher than
the other ones.
Fluctuations of erosion values along those two transects are
explained by the fact that the terrain has undergone the land reclamation
works during the ‟70s, by levelling-moulding, which induced certain
disturbances in soil structure. Therefore, in point S3 on the second transect a
maximum of soil losses occurrs of 15.51 t/ha/year, and after that, in point S 5
located immediately downstream, a minimum occurrs of 5.45 t/ha/year,
followed by another increase to 9.53 t/ha/year, in point S7.
If taken into account the fact that the reference (starting) year was
1992 in both cases, it is estimated that during the 15 years until now, the
erosion rates were:
- land with conservation practices: 36 t/ha (calculated byROMSEM),
or 51.9 t/ha (MB1);
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- land without conservation practices: 116.3 t/ha (ROMSEM), or
146.1 t/ha (MB1).
Soil compaction on agricultural land in Tutova Rolling Hills
Experiments dealing with soil compaction in different cropping
systems ranging from conventional to no-tillage (seed bed preparation) have
been carried out for almost 4 years in different variants of tillage
(conventional, chisel, no-tillage and subsequently strip tillage or broadcast
tillage). They showed that on sandy loamy soils in Perieni, compaction due
to wheel traffic can only annihilate the loosening effect of tillage and seed
bed preparation in conventional cropping system (the worst case).
Experiments dealing with soil compaction by wheel traffic carried
out in variants of different numbers of wheel-by-wheel passes of the most
usual tractor in Romania, were performed for almost six years. The main
results of these studies are illustrated in tables 3 and 4 and figures 27 and
28:
There is a very good correlation between resistance to penetration
and number of wheel-by-wheel passes with the most usual tractor in
Romania (U-650) (Figure 27);
Resistance to penetration increases by 156 – 321%, during the
vegetation period of corn (April – September) because of soil shrinkage due
to natural decline of soil moisture (Table 3);
Resistance to penetration increases by 12 – 74% because of 3 – 15
wheel-by-wheel tractor passes, but this is true only during the month of
May; in the next months the effect of additional compaction is masked by
soil shrinkage due to natural decline of soil moisture (Table 4 and figure
28);
Additional compaction by wheel-by-wheel tractor passes on sandy
loamy soils in Tutova Rolling Hills, has only a slight influence on root
system if compared to soil shrinkage in time due to natural decline of soil
moisture during the vegetation period of corn.

427

0

0

5

10

15

No. of passes

MAY
937
1053
1158
1443
1634
0
12
24
54
74

JUNE

JULY AUGUST SEPTEMBER

1039
2054
2593
1204
2570
3562
1382
2426
3183
1691
2347
3382
1882
2638
3420
PERCENTAGEGROWTH
0
0
0
16
25
37
33
18
23
63
14
30
81
28
32

3944
3728
3701
4527
4183
0
-5
-6
15
6

6000
5500

Zero passes

5000
4500
4000
3500

3 passes
5 passes
10 passes

3000
2500
2000
1500

15 passes

1000
500
0

AY

0
3
5
10
15

Table 4

428

321
254
220
214
156

177
238
175
134
109

Resistance to penetration at natural moisture during
1998 - 2004

M

No. of
passes
0
3
5
10
15

119
144
109
63
61

BE
R

1000

11
14
19
17
15

AUGUST SEPTEMBER

EM

2000

JULY

SE
PT

3000

JUNE

AU
G
US
T

y = 948.18e0.0381x
R2 = 0.9875

4000

No. of
passes
0
3
5
10
15

JU
LY

5000

PERCENTAGE GROWTH OF RP

JU
NE

6000

Penetration resistance (KPa)

Resistance to penetration
(KPa)

Figure 27. Correlation between number of tractor passes and
resistance to penetration

Figure 28 Evolution (variation) of resistance to penetration
during the vegetation period

Conclusions

Long term records (37 years) at permanent black fallow check
plot, demonstrate that the sum of precipitation is not decissive over the level
of annual runoffd, but the intensity of torrential rainstorms. Generally
speaking, the runoff coefficient had high values, being in most of the years
between 0.2 and 0.4.

In the case of corn check plot, values of erosion are smaller than
in the case of permanent black fallow, and the maximum values have a
periodicity of 6 - 7 years. The average runoff coefficient oscillates between
wider limits than in the case of black fallow ant that is 0 and 0.4, teh value
remaining still high. This variation is explained by the influence of
vegetation cover which is variable troughout the warm season;

On corn production, during most of the years, erosion is
practically zero, and in the years in which erosion processes were visible,
this took place, usually, during the periods when plants were insuficiently
developed in order to protect the soil against water from precipitation. The
runoff coefficient is small, except situations when rainstorm occurred after
harvesting;

Within the studied watersheds, the most unfavorable situations
regarding soil losses occurred due to high intensity - low frequency
rainstorm events, and this was true where the soil was recently mobilized by
ploughing and disking;

A major cause of soil erosion was terrain microwaves which
occurred because of up and down hill orientation of tillage prior to
application of conservation practices. It is demonstrated once again that the
application of up-and-down hill tillage system is like a paradigm of the
future exploitation of agricultural land, even after many years of adequate
exploitation, because microwaves cannot be removed by land molding;

The long-term application of conservation practices on land with
slope smaller than 10%, on cambic chernozem moderately eroded, results in
diminution by a factor of 3 of soil loss if compared to the small plots
exploitation of land, up-and-down hill oriented;

The positive influence of agroterracing process consisted of
significant reduction of hillside slope, which allowed execution of contour
mechanical operations (tillage), and also diminution of water and soil losses,
especially after low frequency – high intensity rainstorm events;
 Experiments dealing with soil compaction in different cropping
systems ranging from conventional to no-tillage (seed bed preparation)
showed that on sandy loamy soils in Perieni, compaction due to wheel
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traffic can only annihilate the loosening effect of tillage and seed bed
preparation in conventional cropping system;
 Experiments dealing with soil compaction by wheel traffic
experimented in variants of different numbers of wheel-by-wheel passes of
the most usual tractor in Romania, showed that, on sandy loamy soils in
Tutova Rolling Hills, this kind of compaction has only a slight influence on
root system if compared to soil shrinkage in time due to natural decline of
soil moisture during the vegetation period of corn.
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Introduction
The potential for using fallout radionuclides, such Caesium-137 from
atmospheric nuclear weapons tests in the 1950s and 1960s and the
Chernobyl accident in April 1986, in studying soil erosion and
sedimentation has drawn much attention in the last decades. The magnitude
of the 137Cs inventories associated with soil cores collected from a
watershed can be used to provide information on the relative rate of erosion
and deposition.
The researches presented in this paper are related to the use of 137Cs
techniques and some conversional models to assess the impact of short-term
changes in land use practices and the effectiveness of specific soil
conservation measures from Romania in controlling soil erosion for
sustainable crop production.
Materials and methods
Three representative small watersheds from Barlad Tableland,
Romania have been selected in order to comprise a range of natural
conditions and categories of soil conservation measures.
Upper Tarina basin (300 ha), situated between 100 and 300m altitude,
is characterized by uniform gently to rolling slope, with slope length up to
1000m. The agro -climatic zone is semiarid with an annual mean
temperature of 9°C and annual mean rainfalls of 492.4mm. 3-4 heavy
rainfall occurred every year, the mean intensity of them varies between 0.15
and 1.5 mm/min and the peak intensity ranges between 0.2 and 4.6 mm/min.
Related to soil erosion, the critical season is placed in the interval May to
the first ten days of August.
The soil is moderately deep, with medium fertility (cambic
chernozem), medium textured, and moderately eroded.
Various land treatments have been applied, as follow: an adequate
agricol exploitation road network, spring draining, planting of shelter belts,
buffer seeding and marking the stripcropping limits.
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Several plots are used, all with a cropping history, fully instrumented
for measuring runoff and soil loss. They are cultivated with different crops
such as: corn, winter wheat, beans, soy beans, flax and bromegrass. The
plots are 25 m by 4 m (100 sq. m) with 1 m border areas between plots. The
site has an average slope of 12 % and it is westlooking.
Crang watershed (30 ha) is placed in the same geographical area but
its slopes ranges between 5 and 25% (gently to hilly slopes). Its coarse to
medium textured soil is affected by moderate to high erosion by water.
Three types of conservation practices according to the value of slope have
been applied: stripcroping, bufferstrips and bench terraces.
The third watershed, named Gheltag, encompasses about 100h, has a
relief energy ranging between 70 and 95 m, lengths varying between 350
and 450m and mean slopes of 10-25%. The microbasin was initially
fragmented by successive discontinuous gullies. The local soils are mostly
represented by regosols and erodisols (coarse to medium textured) on
former forest soils. The system of conservation measures is represented by
stripcroping, bufferstrips, bench terraces, a grassed waterway and a drainage
network.
Two methods to collect samples for determining depth distribution of
fallout radionuclides were used having in sight the depth of sediment
deposition: the scraper device (after B. Campbell, 1988) and conventional
soil augers. Where the depth of sediment in depositional areas was thin or in
reference sites where neither soil loss nor sediment deposition occurred, the
samples were collected at 1 or 2 cm intervals. In deep sediments, depth
increments were usually 10 or 20 cm, depending on the auger bucket.
The reference sites have been under continuous vegetation cover in the
last 60 years and are situated on the line, which separates selected basins.
The first one is an old rural burial ground and the second is an area used like
a pasture.
"In situ" measurements in studied areas of Cs-137 activity were made
by a Ortec Ge HP portable detector, High Voltage 4500 V, 33% efficiency.
Soil and water samples for determining of 7Be and 137Cs activity were
analyzed at the Institute of Physics and Nuclear Engineering (IPNE)
Magurele – Bucharest, Romania.
An intercomparison between measured and simulated data by different
models (Proportional Model, Mass Balance Models) has also been made.
In this study, four conversional models were used to assess soil
erosion rates from 137Cs measurements on cultivated soils. In an effort to
standardize the methods and procedures employed, Walling and He (2001)
developed a PC-compatible programme that implemented a number of
models whic, vary in complexity from the simple proportional model to
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more complex mass balance models and models which attempt to describe
the key processes controlling the distribution of 137Cs in the soil profile.
Additionally, a Romanian model was used. The model ROMSEM was
developed as an alternative to the USLE, and are based on an equation by
the same type as Wischmeier model (M.Motoc et. al., 1975,1979, 2002).
Results obtained
Variation of 137Cs inventory on the right hillslope of Tarnii basin is
presented in Table 1
Table 1 – 137Cs activity along a transect through Tarnii basin
Point
T-F1
T-F2
T-F3
T-F4
T-F5
T-F6
T-F7
T-F8
T-F9
T-F10
T-F11

Distance Slope Land 137 Cs
Distance Slope
Point
(m)
(%)
use Kbq/m2
(m)
(%)
0
11.2
C
5,7 T-F12 155.0
-1.1
10.0
11.0
C
5,04 T-F13 156.0
63.4
14.0
10.9
C
4,53 T-F14 228.0
10.7
17.0
4.7
C
8,97 T-F15 235.0
4.9
20.0
-2.5
C
14,91 T-F16 243.0
4.1
23.5
20.0
SB
10,86 T-F17 260.0
9.7
35.0
14.9
SB
11,22 T-F18 275.0
11.6
55.0
13.7
SB
5,01 T-F19 280.0
9.6
100.0
13.0
C
8,61 T-F20 290.0
8.4
148.0
14.8
C
5,07 T-F21 300.0
5.2
153.0
4.1
C
5,1

Land 137 Cs
use Kbq/m2
C
17,52
CR
1,95
C
2,46
C
12,03
C
7,41
SB
9,33
SB
7,98
SB
9,54
C
6,99
C
8,07

C – cultivated land; SB – Selter Belt; CR – Camp Road
The transect is situated approximately in the middle of the distance
between the reference site no.1 where calculated 137Cs inventory is 6.90
kBq/m2 and the reference site no.2 where 137Cs inventory is 4.98 kBq/m2. In
consequence, an average of 5.94 kBq/m2 for 137Cs inventory reference was
considered (Figure 1 and 2).
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Figure 2 137Cs activity in
reference site No.2

Figure 1 137Cs activity in
reference site No.1
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However, in the neighborhood of the shelter belts, this value has to be
reconsidered due to the influence of the trees on the wind velocity which,
probable, influenced initial 137Cs deposition. This effect is very well
illustrated during the winter when the dominant wind from NW to SE
determines every year a significant snow deposition. It can be an
explanation for the high values of 137Cs inventory in T-F9, T-F20 and T-F21
sampling points situated in the upper part of stripcrops, where the soil is
usually affected by erosion.
Figure 5 presents a transect through two agroterraces from Crang
Basin where some measurements concerning tillage erosion were initiated
since 1998.
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Figure 5. Transect in Crang basin representing rise of agroterrace edges
between 1998 and 2003 and 137Cs inventory
Two lines that correspond to the shape of relief from 1998 and 2003
are presented. They were determined by topographical measurements after
plowing and seeding and show the modifications due mainly to tillage
erosion during a period of 5 years. The method is indicated if only
significant modification in microrelief shape can be determined (e.g.
platform of agroterraces), otherwise it is not enough precisely owing to the
roughness of the soil surface. The site is closed to Sachelarie forest that
covers the upper NW part of Crang basin. Just like in Tarnii basin where the
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Relative altitude (m)

Cs137 inventory (kBq/m2)
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shelter belts influenced 137Cs distribution, the reference level of 137Cs
inventory is much higher than the value determined in reference site no. 2. It
was estimated at 8.0 kBq/m2, having in sight the points on the graphic where
no change in altitude during the period of 1998-2003 has registered. In
Table 2 data concerning relief profile, land use and 137Cs inventory are done.
Table 2.
Distance
(m)
Point
C-F1 1,5
C-F2 3
C-F3 15
C-F4 34
C-F5 36
C-F6 40
C-F7 41,5
C-F8 60
C-F9 74
C-F10 76

137

Cs inventory in 10 soil profiles from Crang basin
Relative altitude (m)
Slope Land 137 Cs
year
year difference
(%)
use Kbq/m2
1998
2003
0.556
0.760
0.204
93.8 C
44,40
0.629
0.819
0.190
-4.6 C
8,31
2.311
2.315
0.005
13.9 C
4,17
4.827
4.804
-0.023
13.8 C
6,96
5.182
5.142
-0.040
13.8 C
8,07
6.125
6.399
0.274
-2.5 C
12,45
6.182
6.395
0.213
-0.4 C
10,74
8.521
8.510
-0.011
12.9 C
9,93
10.642 10.604
-0.038
13.0 C
5,28
11.158 11.113
-0.045
15.2 C
6,84

C – Cultivated land
The highest values of 137Cs inventory were determined in C-F1 and CF6, situated on the platform of agroterraces where the sedimentation process
is much evident. The lowest values of 137Cs activity from C-F4, C-F5, C-F9
and C-F10 confirmed that tillage erosion is much intensive in the upper part
of the stripcrops. Only C-F3 point that is placed in the lower part of the
stripcrop and has the lowest value of 137Cs activity is assumed to be under
the influence of erosion by water.
Other graph concerning 137Cs inventory is presented in Figure 7 and
refers to Gheltag Basin. A transect trough two terraces from the lower part
of the left hillslope are shown. Reference inventory was calculated like an
average between values determined in reference site No.1 and reference site
no. 2.
In Table 3, slope, land use and 137Cs inventory corresponding to 7 soil
profiles are presented.
On narrow terraces, redistribution of soil is mainly assigned to tillage
erosion. Thus, measurements in G-F1, G-F3 and G-F4 from which value of
137
Cs inventory are below the reference, indicated that significant erosion
since 1986 occurred. Year by year, soil was translocated to the lower edge
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of terraces, process reflected by high values of 137Cs activity in G-F2 and GF5 sampling points.
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Figure 6. Transect in Gheltag basin representing 137Cs inventory in two terraces
Table 3.

137

Point

Distance
(m)

G-F1
G-F2
G-F3
G-F4
G-F5
G-F6
G-F7

12,0
15,6
23,0
28,0
31,0
35,7
40,5

Cs inventory in 5 soil profiles from Gheltag basin
Relative altitude (m)
year
year difference
2003
2005
1,656
1,626
-0,03
3,229
3,429
0,20
3,459
3,559
0,10
4,143
4,143
0
6,091
6,241
0,15
6,384
6,384
0
6,769
6,569
-0,20

Slope
(%)
10,5
43,7
6,9
15,2
64,9
9,7
8,5

Land 137 Cs
use Kbq/m2
C
C
C
C
C
C
C

1.596
9.216
4.530
4.818
15.498

C – Cultivated land
The comparative study related to stage of erosion process under two
distinct types of soil conservation measures, situated on the same hillslope,
with similar pedological characteristics, continued this year in Tutova
Valley, near Cuibul Vulturilor reservoir.
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Estimating soil redistribution rate by conversional models
Data of 137Cs inventories from all sampling points along presented
transects were used to run conversional models and to calculate soil erosion
or deposition. The results obtained, for example, by Mass Balance 2 Model,
show that erosion rates in the study field from Tarnii basin range between
8.6 and 31.9 t ha-1 y-1 while the deposition rates are between 0.237 and 78.1
t ha-1 y-1. Maximum value of sedimentation process is located on the
platform of an agroterrace and is equivalent with an increasing of altitude of
that point with 6.5 mm/year. Average of soil loss from all segments with
erosion is 21.05 t ha-1 y-1 while the average of deposition is 15.72 t ha-1 y-1.
It can be noticed that deposition inside of shelter belts was overpredicted
owing to influence of canopy processing of rain on the accumulation of
137
Cs.
In transect 2 which is situated in Crang basin the erosion rates varies
from 5.7 to 21.0 t ha-1 y-1and the deposition rates has a maximum of 199.7
t ha-1 y-1 which corresponds to the agradation of the agroterrace with 16.6
mm/yr. However, in comparison with data obtained by classical methods
like topographical measurements that indicated an agradation of the same
point with 40.0 mm/yr, estimated deposition is underpredicted.
Estimated values of soil redistribution in Transect 3 through two
agroterraces situated on the lower part of the left hillslope of Gheltag
watershed indicated a maximum erosion of 10.4 t ha-1 y-1 in the middle of a
terrace and a maximum sedimentation of 70.6 t ha-1 y-1 (5.9 mm/yr
agradation) on the edge of the terrace.
Tables 5 and figure 7 present results obtained on runoff plots by direct
measurements and by using five different models. Measured data showed
that each plot was affected by erosion in a different way, in the period of
1985-2006, depending on the crop structure (Popa N. et al., 2006).
Table 5 Comparison between measured and simulated data by different
models
Soil delivery ratio
(t ha-1 y-1)
Measured
Proportional Model
Mass Balance Model 1
Mass Balance Model 2
Mass Balance Model 3
ROMSEM

Plot 1
6.925
4.924
6.745
6.528
6.936
6.350

Plot 2
8.995
5.567
7.774
7.581
7.935
6.350
437

Plot 3
4.112
3.246
4.298
4.698
4.996
3.520

Plot 4
3.270
3.349
4.416
4.216
4.401
2.750

Plot 5
2.153
2.061
2.581
2.386
2.672
2.900

In Figure 7, a comparative analyze between measured and simulated
data by Proportional Model, Mass Balance Model 1, MB2, MB3 and
ROMSEM is presented.
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Figure 7 Erosion on runoff plots from Perieni, Romania, cultivated soil,
determined by Proportional Model for the period of 1985-2005
Comparing measured with calculated data by proportional model, it
can be noticed that values of soil loss in plots 1, 2 and 3, which vary
between 5.56 and 3.24 tha-1y-1, are underpredicted while values of plots 4
and 5 are almost the same.
Values obtained with Mass Balance Model 1, 2 and 3 are rather
grouped, they are underpredicted for the plot 2 and are overpredicted for the
plots 3, 4 and 5.
ROMSEM worked relatively well for the plot 1 but its values appear
to be underpredicted for the plots 2, 3 and 4 and overpredicted for the plot 5.
Conclusions
- In Tarnii basin that is characterized by long slopes, 137Cs inventory
for the sampling points that presented values below the reference is mostly
related to erosion by water while in Gheltag basin with steep slopes the
tillage erosion is dominant.
- The lowest values of the 137Cs inventory (e.g. 1.95 kBq/m2) have
been determined in places where a significant part of the topsoil was
removed when camp roads were constructed.
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- High values of 137Cs inventory have been determined on points
situated on the platform of agroterraces where the sedimentation process is
much evident.
- High values of 137Cs inventory (7.98 – 11.22 kBq/m2) have also been
observed in sample points that are placed inside of forest belts, owing to
canopy processing of rain and soil disturbance from root throws. However,
the distribution of 137Cs content in soil profile, as well as field observations,
shown that the sedimentation process inside the shelter belts was very low.
- The comparative analyze between measured and simulated data on
runoff plots indicated that conversional models can provide reliable data
concerning soil erosion and deposition rates from cultivated land.
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From the geological point of view we have noticed only the Neogene
deposits belonging to Chersonian and Meotian which include sands, clays
and marls, having thin calcareous or more rarely silica intercalations. These
deposits seem to have a decisive role in morphology and dynamics of
gullies.
Aspects regarding the mathematical modeling by taking into account
the influence of local geology and land use are discussed and have been
approached unlike the general trend in the literature.
3. Results
Several physiographic areas have been identified, as they were
supposed to help us understanding the factors controlling the morphology
and dynamics of gullies, such as:
- the easterly looking hillside of Studinet valley, ranging from the
junction with Tutova river and Gherghesti commune, relatively short (700800 m length) and uniform (not fragmented by small valleys, gullies or
landslides), slopes of 10-40%, and having the upper third of the hillslope
covered by forest and the lower third used as arable land or pasture;
- the floodplain of Studinet river;
- the left hillside of Studinet, 3-4 times longer than the right one,
downhill from Gherghesti commune, fragmented by five important
catchment gullies: Halaresti, Silistea, Recea, Lunca and Lupului Valley;
- the Upper Studinet, at the North from Gherghesti commune,
dominated by several small contributors.
Within Studinet watershed, four catchment gullies have been
surveyed:
a) Silistea micro watershed (Figure 1):
- catchment area 579.89 ha
- gullies effective area: in 1982 – 16.26 ha; in 2007 – 26.23 ha
(+61%)
- gullies perimeter: in 1982 – 10.62 km; in 2007 – 17.48 km (+65%)
In Silistea micro watershed the effective area of gullies increased by
61%, and if the actual map is overlaid onto the map from 1982, one may
notice that the catchment gully extended very little by headcut advance and
mainly by bank processes and lateral landslides. It seems that, in this case,
the great percentage of forests coverage (>50% of watershed area) had little
or no significant effect on extension process.
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Figure 1 Silistea catchment gully in 1982 and 2007
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Figure 2 Lunca catchment gully in 1982 and 2007
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b)Recea micro watershed
Recea gully catchment is the smallest of all studied in 2007. The
perimeter and area of this gully has undergone insignificant modifications
during the last 25 years, probably because of vegetation cover (grasses).
Only one small landslide was inventoried.
c) Lunca catchment gully (Figure 2)
In this micro watershed the evolution of both gullies and adjacent
landslides was dramatic. There is a eloquent example of a gully which was
not influenced at all by the remaining catchment, uphill from the active
headcut. The channel of the gully itself became many years ago catchment
and the extension process took place almost exclusively by bank processes
and lateral landslides. The percentages of variation illustrating the
differences between some morphometric variables in 1982 and 2007 are
significant: the effective area of the gully (+23%), gullies perimeter (+21%),
lateral landslides area (+63%). Concomitantly, the forested area remained
unchanged, plantations area (orchards and/or vineyards) decreased by 40%,
and localities area decreased by 1%.
d) Lupului Valley micro watershed (Figure 3)
This catchment gully has the same degree of complexity as the
previous (Lunca) and had an evolution some how similar. However, there
are two big differences between the two:
- even though Lupului Valley is one of the biggest catchment gullies,
it is one of the least populated,
- the forested area is only 3.5% of the total area of Lupului
watershed.
The percentages of variation illustrating the differences between
some morphometric variables in 1982 and 2007 are: the effective area of the
gully (+16%), gullies perimeter (+20%), lateral landslides area (+90%). This
last percent of lateral landslides variation might seem to be very big, but
practically it means only 7 hectares.
Simila watershed is three times greater than Studinet and much more
complex. A number of 122 gullies were inventoried, but among them, only
four were selected as being representative for what we name catchment
gullies. The rest of them are either valley bottom gullies or, in places, valley
side gullies. From the catchment gullies identified, some are heavily
forested, so that only four of them were selected as being spectacular and
likely to be included in this survey. The catchment gullies surveyed by GPS
equipment are: „Al. Vlahuta” – Monastery, Cepesti – Gura Odaii, Cepesti –
Rapa Mocanului, and the very interesting Tunsesti no. 1 North.
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Figure 3 Gullies and landslides in Valea Lupului catchment, Studinet
watershed.
4. Conclusions
 Studinet watershed has a great coverage of forestall vegetation
(>30%), and forested areas did not have undergone significant changes. The
plantations area decreased drastically (by 40%);
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 The relief is dominated by valley bottom gullies, valley side
gullies and five catchment gullies. That is why the arable land is insufficient
and local people learned to live with gullies;
 The geological structure dominated by sandy loam deposits with
thin calcareous sandstone or clay intercalations determined a great
depth/width ratio (2.43) of gullies. The presence of loessial deposits and of
clay lenses influenced the overall extension process by bank failure (slab
failure) and lateral landslides;
 The channels of the gullies became rain collectors (catchments)
themselves many years ago and that is why they definitely must be taken
into account when modeling the future evolution, together with the
remaining catchment uphill from the active headcuts. The channels are very
well forested so that very few headcuts are still active;
 The effective area of gully channels increased by 23 - 63%
during the last 25 years, (an average rhythm of 0.25 ha/year; this figure
means very little, while the headcuts advance does not take place
continuously);
 Simila watershed is three times greater than Studinet and much
more complex. A number of 122 gullies were inventoried by GIS techniques
and field trips, but only four of them were surveyed by GPS equipment as
being illustrative catchment gullies;
 In Simila watershed, in spite of the great number of gullies and
landslides inventoried both in 1982 and in 2007, very few of them have
undergone significant evolution during this period, and that is due to the
efficiency of antierosional practices (mainly forestation of the gully
channel). The ultimate illustration of that efficiency is the very low siltation
ratio of Rapa Albastra reservoir, which was supposed to collect a large
amount of alluvium coming from upland;
 The professional GPS equipment proved to be a very useful
surveying tool because of its accuracy and productivity, while the gully
channels are almost always heavy forested, so that there is no line of sight.
5. References
Popa, N., et al., 2005 Management and exploitation of agricultural land
deteriorated by water erosion – Practical Guide, ISBN 973-8422-86-8,
Tipografia Moldova (In Romanian).
Hurjui, C., et al., 2007. Assessment of land degradation by inventorying
deep erosion features and landslides. Technical report No.2, CEEX
454

Project, Contract no. 743/2006, Politechnical University Bucharest –
Energetics Faculty – MENER Programme (In Romanian).
Hurjui, C., et al., 2007. Monitoring the rhythm of land degradation by deep
erosion (gullies) and landslides in relationship with its social and
economical impact. Technical report, No. 3, CEEX Project, Contract
no. 743/2006, Politechnical University Bucharest - MENER
Programme (In Romanian).
NOTE: This article was communicated within the 15th International
Congress of ISCO (International Society for Soil Conservation), May 18-23,
2008, Budapest, Hungary.

455
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1. Abstract

Tarnii Valley is located in Tutova Rolling Hills, Eastern Romania, and was under
conservation practices for more than forty years. During all that period, the study site
behaved quite well, being almost permanently a field scale model of soil conservation by
agro-technical practices for people from all around Romania (Figure 1). The territory seems
to be marked like a paradigm by the former traditional way of exploitation, in long, narrow,
up-and-down hill oriented small plots even after that long period of time (Figure 2). By
using some new measurement techniques it was possible for the first time to verify that
hypothesis. In the last four years, three major (low frequency – high intensity) rainstorm
events have had a special impact in terms of rill and inter-rill soil erosion, by taking over in
places the conservation works and resulting in spectacular erosion features (Figure 3). A
huge number of individual rills within three contour stripcrops partially visible in figures 1,
2 and 3, by GPS equipment and resulted rill erosion data was compared with data acquired
from runoff plots.

Figure 1 Tarnii Valley, Vranceanu area, a field scale model
of conservation management
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2. Material and method
Several techniques have been involved in order to assess the overall
impact of those rainstorm events and, among them, the premiere use of
ultimate GPS equipment proved to be a very useful tool, which conducted to
the achievement of very interesting scientific results. The use of RTK GPS
equipment (Figure 4), besides its accuracy and greater productivity if
compared to theodolites or total stations has the advantage that measured
points, polygons, etc. are already georeferenced. That means, successive
measurements do not need monumented reference points, and rill-inter-rill
paths can easily be compared after rainstorm events which trigger runoff.
The professional GPS equipment involved was Magellan Thales Z-Max.Net
with centimeter accuracy, which includes Magellan Mobile Mapper CE as
controller, which can be used also as autonomous GPS with submeter
accuracy. The field methodology consisted of contour measurement of every
significant rill (wider than 30 cm and deeper than 15 cm) by Thales ZMax.Net in RTK fine mode, within some different contour strips in
TarniiValley, of different sizes ranging from 13 till 39 hectares, on the

Figure 2 Tarnii Valley during winter time when the waves of the old upand-down hill oriented properties are still visible after 40 years of
conservation management
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Figure 3 Tarnii Valley after historical rainstorm event
in September 5, 2007

Figure 4 Measurements of rill erosion by means of
GPS RTK equipment
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easterly looking hillside, the most affected by rill erosion during the
September 2007 historical rainstorm events. The longitudinal profile of each
rill was measured by GPS equipment also in RTK mode, but the equipment
was set to Auto by interval, so that a great number of points were measured
in order to get geostatistical coverage of depths along the longitudinal
profile. The contour strips mentioned were under conservation practices for
more than 40 years, so that only the longitudinal profile of each rill was
considered relevant for depth measurements.
The runoff plots which have a history of soil erosion monitoring
since the ‘70s, were used also in this survey in order to validate the
information gathered at field scale by GPS equipment. Runoff plots are
located on the left hillside of the Upper Tarnii Valley. General features of
this site are as follows: Latitude 46o 15' 50” N, Longitude 27o 37' 30” E,
Elevation 218 m, Slope 12%, loamy textured mollisoil. From the total of
eight plots five of them are 100m2 (25×4m with 1 m border areas between
them) and the other two are 150m2 (37.5×4m). Runoff collection was made
in three calibrated recipients disposed in cascade. Six plots were cultivated
with different crops as follows: corn, beans, soybeans, winter wheat,
bromegrass. Two check plots of 100 and 150 m2 were maintained like black
fallow, always free of weeds.
3. Results
The conservation items on the easterly looking hillside of Tarnii
Valley (Figures 1, 2 and 3), contour strip crops covered with alternating
well or less protecting vegetation, talus of agroterraces covered with Brome
grass, forested shelter belts, earthen technological roads (contour or
serpentine), behaved differently during rainstorm event in September 5,
2007, depending on their position on the slope and their intended
conservation role. This conservation system had to withstand three major,
historical, rainfalls within the last four years, which were characterized by
the following parameters:
A. August 27, 2004
- total amount of rain: 75.9 mm / 24 hours, from which 75.4 mm/1.5
hours;
- maximum rain rate (intensity): a) 3.7 mm / min. (21.8 mm / 5.9
minutes); b) 2.07 mm / min. (17.51 mm / 7.9 min.).
B. May 6 – 9, 2005
- total amount of rain: 53.6 mm / 24 hours;
- maximum rain rate (intensity): 3.3 mm / min. (18.03 mm / 5.5
minutes).
C. Sep tember 5, 2007
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- total amount of rain: 79 mm / 24 hours (over 120 mm / 24 hours in
places);
- maximum rain rate (intensity): a) 2.97 mm / min.; b) 2.39 mm / min.
The most important characteristic of these rainfalls was the high rain
rate, many times higher than the usual rainfalls in the area. The strip crops
which were uncovered with protective vegetation at the time of the latest
mentioned rainfall, were taken over by runoff coming sometimes from the
top of the hill, and this was true mainly in the neighborhood of the
serpentine earthen road and on the paths / lowland between the old up-anddown hill properties. The areas covered by alphalpha, Brome grass, winter
wheat, etc., did not show any sign of unusual erosion even though they were
passed over by runoff coming from upland.
Three uncovered stripcrops with areas of 12.9 ha, 18 ha and 38.9 ha,
located at different elevations on the slope, were selected in order to be
surveyed from the point of view of rill-inter-rill erosion. The average width
of these plots were: 98 m, 104 and 214 m respectively. Their location on the
slope was: (1) on the mid slope, (2) close to the valley bottom, (3) upper
third of the hillslope. The rills wider than 30 cm were measured individually,
while those narrower than 30 cm were grouped and assimilated with
trapezoidal prisms. The results obtained within the three selected plots are
illustrated in Table 1.
Table 1 Rill erosion estimated by GPS measurements in Tarnii Valley
Plot
no.

Plot
Area
(ha)

2
1
3

18.0
12.9
38.9

Number
of rills
or
group
of rills

25
22
55

Area of
measured
rills (m2)

Volume
of
measured
rills (m3)

Rill
erosion
(m2/ha)

Rill
erosion
(m3/ha)

Rill
erosion
(tons/ha)

2356.19
3912.14
9881.65

516.08
1023.99
2346.19

182.7
303.3
383.0

40.0
79.4
90.9

52.0
103.2
118.2

By analyzing the data in table 1, and if we have in mind (1) the fact
that most of the rills appeared particularly in the neighborhood of the
serpentine road and large areas at the other ends of the stripcrops remained
practically unaffected by rill erosion, (2) location on the slope, and (3) the
3rd plot has a doubled width (slope wise) it seems that the greatest rill
erosion appeared on mid slope. The largest amount of rill erosion from the
3rd plot, close to the top of the hill, is abnormal because that plot has a
doubled width if compared with the other two.
460

Table 2 Measured values of soil losses on runoff plots from Perieni after
rainfall from September 5, 2007
Plot
Crop
Runoff
Soil losses
3
no.
(m /ha)
(To/ha)
1
Soybeans (100m2)
204.0
0.988
2
Winter wheat – stubble (100m2)
169.5
1.795
2
3
Corn (100m )
229.0
3.591
4
Brome grass (100m2)
1.2
0.001
2
5
Bean (100m )
172.0
1.751
6
Black fallow (100m2)
245.5
81.612
7
Black fallow (150m2)
155.8
124.826
8
Winter wheat – stubble (150m2)
182.7
2.344
Table no. 2 illustrates the soil losses measured on standard runoff plots.
As expected, the best crop that offered a very good protection of soil against
erosion can be noticed on the plot No. 4 cultivated by Brome grass where
both runoff and erosion had the lowest values because at that time soil was
completely covered by vegetation. On cultivated plots, runoff values ranged
between 169.5 m3/ha for winter wheat – stubble (100m2) and 229.0 m3/ha
for corn, while erosion had a minimum value of 0.988 to/ha on the plot
cultivated by Soybeans and a maximum value of 3.591 to/ha on the plot
with corn. The highest amount of soil losses has been measured on Black
fallow where the values of 124.826 To/ha for the plot with 150 m2 and
81.612 To/ha for the plot with 100 m2 and were registered like records in the
last two decades.
4. Conclusions
 Rill erosion after historical rainfall in September 5, 2007 appeared
mainly in the neighborhood of earthen technological serpentine road and on
the paths / lowlands between the old up-and-down hill properties;
 Rill erosion amounts depend on local slope and location on the
hillslope;
 High intensity (≥180 mm/hour ) – low frequency (one in one
hundred years) rainstorms, have the tendency to become more and more
frequent in the last years, and may trigger rill-inter-rill erosion which
overcomes the conservation systems which behaved very well during more
than forty years;
 The use of RTK GPS equipment in estimation of rill erosion,
besides its accuracy and greater productivity, has the advantage that
measured points, polygons, etc., are already georeferenced. That means,
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successive measurements do not need monumented reference points, and
rill-inter-rill paths can easily be retrieved after successive rainfalls which
trigger runoff.
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Introduction,
Soil fertility represents the fundamental feature of a soil that depends
on the raising and development of culture plants. Sloping lands that are
subdued to the erosion phenomenon at the same time as there are registered
losses of fertility elements, have a level of fertility quite low, and in a
continuous diminution. In this context, the rehabilitation of soil fertility is
necessary, as a measure of high importance. Between the agrotechnical
measures of fertility recovering is, the aplication of antierosional systems
of plants, soil cultivations, crop rotation and balanced fertilization.
Material and method
The results were obtained after data analisys on a period of 35 years,
in long term experiences with parcels for the control of drains and also the
experience with crop rotations and levels of fertilization at R.D.C.S.E.C.
Perieni.
Concerning the experiments with the crop rotation, these were placed on
the right side of Ţarina Valley on a 12 – 13 % slope where the soil type is
cambic chernosem, slightly eroded, property of C.C.D.C.E.S. Perieni. The
experience is stationery and was founded in 1969.
The studied factors were: the type of rotation (noted with letter A)
and the doses of fertilizer (noted with letter B). The type of experience is
4*5*5, which means 4 types of crop rotation, 5 levels of fertilization and 5
replications.
For the winter wheat,factor A, has five graduations: monoculture; two year
rotation (wheat – corn); three year rotatiion of pea - wheat – corn; five year
roation with beans – wheat – corn – sunflower - brome grass. The second
factor (B) also has five ways of fertilization: Unfertilized (control), N32P32,
N96P96, N128P128, 50 t/ha manure
The results were statistically analised through the method of variant
Soil losses were registered within a long term stationery experience
with standard parcels for the control of drains. These are placed within the
same hydrographical basin, Tarnii Valley, on the left side. The eight plots of
the experience, with a surface of 100 m², are cultivated with the main crops
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from the reference area, and are chosen in order to comprise all the area of
protection against erosion, from those that are low protective (corn),
medium protective (beans, soybeans) to those very good protective (wheat,
brome grass). Were used the results obtained in the last 22 years.
The validation of production results was done within the same basin on a
surface of 600 hectares,
Results and discussions
Soil erosion depends closely on the climateric conditions, especially
on precipitations, through their duration and volume, on the way the field is
inclined and on the type of culture/crop the field is cultivated, as it results
from the general formula of erosion, USLE. Therefore, the results
concerning soil losses as well as the productions obtained needs to be
analised in the context of climatic conditions within the area of experiments.
Romania is located in the temperate continental climate, but climatic
changes at global level affect also Romania so that summers became more
droughty, and the temperature during winter raised. Although annual
medium precipitations are only of 492 mm/year, at first sight it should not
determine an erosional risk, but if we take into account the montly
distribution of these it can be seen that 40% are concentrated on a 3 month
duration (May, June, July). The biggest quantity of precipitations is in June,
a period in which crop plants are still in the incipient phase of development,
and determins that a high amount of water from precipitations is lost
through runoff, amplyfing the erosion phenomena, fig 1.
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Fig 1. Average monthly precipitation during 1941-2006 and monthly
precipitation of 2007
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Water and soil losses registered at standard parcels for the control of
runoff, as an average on 22 years in accordance with the agricultural crops
in comparison with the control plot were as follows, tabel 1.
Tabel 1
Water and soil losses
Field
Crop
Wheat
Corn
Beans
Bromus
(witness)
Water loss
22.5
205.5
156.7
63.0
428.6
mc/ha/year
Soil
loss
0.72
9.69
6.46
0.56
37.22
to/ha/year
Runoff
0.13
0.16
0.17
0.09
0.26
Coeficient
From the data above it can be observed that the minimum losses of
water, (only 63 mc/ha/year) were registered at the bromus culture, that, on
one side, due to the extremely ramified radicular system determined on the
profile of the soil a network of microchannels that permit a better
infiltration of water, and on the other side the high degree of soil covering
with vegetative organs determins a good retaining. The highest losses of
water were registered at corn crop, 205.5 mc/ha/year. Wheat crop registerd
only 22.5 mc/ha /year a loss of approximatively 10% from the registered
quantity of corn, and only 5.2% from uncultivated field, cultivated as land.
Concerning the eroded quantity of soil in the cultivated fields, this
situated between 0.56 to/ha/year and 9.69 to/ha/year, in comparison with
37.22 to/ha/year in the uncultivated variant. Worth noticing is that corn
determined the highest loss of soil with about 13 times higher that the one at
wheat and 17 times in comparison with bromus, fig. 2
The runoff coeficient, as a relation between the water quantity from
precipitations and the quantity of lost water through draining, show that
bromus has the best relation, which means the best capacity of retaining,
followed by wheat, corn and beans.
The application of an alternation of crops from the easiest one, of
two years, wheat-corn to a more complex one such as one of five years that
comprises the whole scale of cultures from the weak to those very good
protecting may determin the reduction of soil erosion on the respective
surface. The productions obtained are much more superior when a adequate
rotation is applied.
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The soil and water loss depending on the crop type
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Fig 2. Soil and water losses on runoff plot during 22 years
Concerning the wheat crop, this differentiated according to the type
of rotation and the level of fertilization, so that if in monoculture were
obtained in medium only 2170 kg/ha, in a two year rotation of crops this
raised with 20%, and in the five year rotation of crops raised with 40%
(multiannual average on the 5 levels of fertilization). If we study the dates
obtained on each type of rotation we can observe that the application of
chemical or organic fertilizers determins substantials raisings of production.
The highest productions were obtained at the application of a dose of 96 kg
s.a nitrogen and phosphorus. The growth varied between 130% in
monoculture and 42% in the five year rotation of crops. This shows that the
usage of a five year rotation of/ croping system may compensate production
to the prejudice of using fertilizers and it can be observed that at the
unfertilized the production from the five year rotation of croping system is
much closer to the one obtained in monoculture after applying 96 Kg s.a
nitrogen and phosphorus, fig 3.
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The influence of crop rotation & fertilisers on wheat yield (1970-2005)
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Fig 3. Winter wheat yields after 35 years of crop rotation and fertilisation
At the corn crop the cultivation inside a rotation brings semnificative
production growths, between 10% (two year rotation) and 22% (three year
rotation). Within each type of rotation, the raising of applied fertilizer doses
contributes to the semnificative raising of production, with values between
95% in monoculture, 68% in two year rotation, 55% in three year rotation
and 42 % in the five year rotation of crops. As well as on wheat the
application of fertilizers detemins the biggest growths of production in
comparison with the unfertilized witness, in monoculture, and as the
number of culture from the rotation of crops raises, these growths
diminishes, fig.4..
The two years crop rotation wheat*corn by respecting the measures
of control of soil erosion, respectively, on arranged field with cultures on
stripes, on one way determins in time soil losses situated under the
admissible limit. This was studied within the context of appliance of
different levls of fertilization with the purpose of maximizing the production
in the conditions in which soil losses ar situated at the same level. Thus, it
revealed that productions grew up to the doses of 120 kg nitrogen/ha, after a
reduction registered.
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Fig 4. Corn yields after 35 years of crop rotation and fertilisation
The influence of fertilisers on whinter wheat yield (1970-2005)
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Fig 5. Winter wheat yields after 35 years of fertilisation
Concerning the phosphorus fertilization the production grew up to
P160 kg/ha while after the doses of 80 kg/ha s.a. this was very low of up to
100 kg /ha what that does not justifies the appliance of more than 80 kg /ha
phosphorus, fig 6.
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The influence of fertilisers on whinter wheat yield (1970-2005)
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Fig 6. Winter wheat yields after 35 years of fertilisation
Thus, the usage of a croping system determins production growths
and in the same time may contribute to the reduction of soil erosion,
On all types of rotations soil losses may diminishes in comparison with the
situation in which on the whole surface the same culture is cultivated, so
that these are under the admisible maximum limit. The appliance of a five
year crop rotation may contribute to the reduction of soil erozion at 4.36
to/ha/year, fig 7.
Soil losses under different types of crop rotation
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The experimental results concerning wheat production were then validated
at a large scale, respectively at the level of hidrografic basin (production
results from 1963-2007) These concluded that, the cumulative effect of soil
preservation works against erosion with the one of the improvement of
culture techniques and technologies, the wheat production grew in the last
decade with over 80% toward he first decade (1963-1973).
Conclusions
1. On sloping lands that are subdued to the erosion risk, the structure
and the crop rotation represents the easiest way of growing the
agricultural production with up to 60% at winter wheat and 20% at
corn, a well as the reduction of soil erosion.
2. Another way of raising production at agricultual cultures cultivated
on sloping fields is represented by the rationale fertilization of them.
Growths of 40-130% toward unfertilized plots are semnificative at
wheat culture and between 42-95 % at corn.
3. Rational fertilization means the appliance of some ferrilizers in order
to assure a maximum growth in conditions of economical efficiency,
maximum 120 kg/ha nitrogen and 80 kg/ha phosphorus. Over these
doses the obtained production isn’t significantly higher, much more
this may decreasing.
4. Soil erosion differentiates significantly between the types of crops,
so that the biggest losses were registered at corn culture, 9.69
t/ha/year while at wheat culture only 0.72 to/ha/year.
5. The introduction of corn culture within a rotation of crops that
comprises wheat, beans and bromgrass may reduce soil losses on
catchment with up to 45%.
NOTE: Final Cost 634 International Conference “On- and Off-site
Environmental Impacts of Runoff and Erosion” Aveiro, Portugal 30th June
to 4th July 2008
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Abstract.

The study has been made in a representative small watershed with gently to hilly
slopes from Tutova Rolling Hills, Romania. The system of conservation measures is
represented by stripcroping, bufferstrips, bench terraces, a grassed waterway and a drainage
network. The monitoring of hydrological response of agricultural units has been made in
two cross sections corresponding to each of the land use type by means of two concrete
triangular weirs. The most important soil losses were caused by three extreme rainfall
events from August 2004, May 2005 and September 2007. At the date of the first rainfall
event, the soil was generally very well protected against erosion by the vegetative cover,
excepting parcels that were just ploughed after the mash crop. In that case, it was estimated
that the value of soil losses ranged between 20.0 and 24.5 t/ha while for the other crops like
corn and soybean, soil losses they were 1.0-1.5 t/ha and 0.5-0.8 t/ha respectively. Damages
caused by the rainfall from September 2007 were much more important because at that time
about 30% from the entire surface was just prepared for rape seeding. Maximum value of
erosion was 95 t/ha on a parcel with 16% slope and 50m length along the slope.

1. Introduction
Romania has a variety of landscapes resulting from its wide range of
major relief forms which are very well proportioned: 36% Carpathian
Mountains and Subcarpathians, 34% hills and tablelands, and 30% plains.
Within its boundaries live 23.5 millions people.
Hot summers and cold winters, variability in the distribution of
rainfall, fluctuating length of growing season typify Romanian continentaltemperate climate. There is a crossing of three main climatic influences as
follow: Mediterranean (subtropical) climate, central European climate
(under Atlantic air masses) and east European climate by excessive
continental nuance.
Under these natural conditions, erosion processes are numerous and
the following forms represent them: sheet erosion, gully erosion and
landslides.
Traditional conservation measures on the agricultural fields are still
maintaining in Romania. Among them, are mentioned the following:
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contouring (the practice of tillage and planting on the contour),
stripcropping, buffer stripcropping, agroterracing on cropland, wine and
fruit plantation terraces, gully control structures, perennial grasses in the
crop rotation system and artificial revegetation of the denuded fields by
shrubs and trees.
Unfortunately, these methods have not been generalized.
Consequently, in some areas were practiced on large scale methods that
enabled increasing of erosion as fallow: up-and-down hill plot layout and
farming, land clearing for agricultural purposes on hillsides with high risk of
erosion. Many indigenous forests were removed by ax and fire, while
pastures were overgrazed or the sod turned by plow into cropland.
During the last decades erosion experiments have been developed on
small watersheds with predominant agricultural or forestry land use. There
have been elaborated methods of runoff and erosion estimation. The concept
of an integrated system has been elaborated for rational treatment and use of
the eroded soils. There have been elaborated treatment drafts, which take in
hypotheses to choose the solutions depending on the climatic zone, soil
conditions and relief.
The present trend of scientific research is to find indicators easy to
measure and to define the behaviour of the environment in relation to runoff
and erosion risks.
Effectiveness of soil conservation measures is proved mainly during
the extreme rainfall events when the amount of soil losses may be very
important.
2. Materials and methods
2.1. Study site
The study area is located in a representative small watershed named
Gheltag (46015’40”N, 27035’30”E) with gently to hilly slopes from Tutova
Rolling Hills, Eastern Romania (figure 1) where the soil is represented by
grey wood soil, highly eroded. The terrain that has almost 100 ha arable
land and 18 ha pasture was fit out by different conservation measures in the
period of 1975-1977 when it belonged to the Stat (Popa N et al. 2005).
After Romanian revolution from 1989, according to the new laws on
land property, the entire surface of Gheltag basin was realloted to 83 old
landowners, on the original locations that means that the plots consisted in
long and narrow strips, disposed up-and-down the hill. This situation made
impossible applying of the contour tillage system and leads to abandon of
the majority of conservation practices.
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Since 2002 the terrain was leased by Perieni Research Centre and was
completely rehabilitated. The following soil conservation measures were
used: intercropping, contour planting, strip cropping, bench terraces, a
grassed waterway and a drainage network (figure 2).

Figure 1. Location of the study site

Figure 2. Bird’s-eye view of Gheltag basin, Romania
Two stations provided meteorological data. One of them is located 5
km S-E, in Barlad town and it registered data since 1941. The other one is
an automatical station and is positioned in the neighbourhood of the site, on
the territory of Perieni Research Centre.
Historical registrations indicated that yearly average of precipitation
and temperature at Barlad station are 494 mm and 9.8 oC respectively. A
maximum monthly average of precipitation is placed in June with 76.8 mm
while the minimum is 24.1 mm in March. The critical season of erosion is
between May and August but in the last decade data showed that these
limits are about to change and they trend to enlarge until the middle of
September.
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The last extreme rainfall events that were associated with the highest
values of runoff and erosion were registered in August 29, 2004 (76.3 mm),
May 07, 2005 (53.5 mm) and September 05, 2007 (88.5 mm).
2.2. Experimental methods
The monitoring of hydrological response of agricultural units was
performed in two cross section corresponding to each of the land use type
(cultivated land and pasture) by means of two short-crested triangular weirs.
This weir type was developed by Natural Resources Conservation Service –
US Department of Agriculture (Brakensiek DL et al. 1979) and its
characteristics are presented in figure 3 and equation (1).

Figure 3. Short – crested triangular weir
The discharge equation for the short – crested triangular weir is the
following:
Q

crest;

C0

C1 Log10

h
Tc

g tan

2

h

v2
2g

2.5

(1)
= 150o
= 1.33
v = average velocity in cross section 3 m upstream from center of

h = head 3 m upstream from center of crest;
Tc = crest thickness (0.4 m);
Co, C1 = correction factors.
Assessing soil losses on every parcel was performed mainly by
conventional methods (topographical measurements) after every most
important rainfall events. However, on some plots with steep slopes, the Cs137 technique was adopted to evaluate the effectiveness of conservation
measures on medium term. Thus, 7 sampling points disposed on a
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representative transect were selected to characterize the effectiveness of the
narrow terraces in diminishing of soil erosion processes on hilly slopes. In
soil losses calculating, Cs-137 inventory was determined and some
conversional models like Mass Balance Models developed by Walling DE
(2007) were used. The main advantage of this technique is the possibility to
analyze erosion and to have a diagnostic of the soil status even for a single
visit in the field.
3. Results and discussions
On August 29, 2004, when the rainfall reached 76.3 mm in 90
minutes, the stage of the crops was the following: 24 ha from the total of
100 ha were just ploughed after the mash crop; 52 ha were covered by
winter wheat stubble; the height of corn plants (12 ha) had the maximum
value; 12 ha were occupied by soybean.
On areas with gently to rolling slopes, the most important soil losses
were caused by the pattern of relief formed many years ago when the tillage
up-and-down the hill was usually executed. Even today, where contour
cropping and strip cropping systems are applied, the former microchannels
still exist.
Measured data were compared to those obtained from the parcels
situated in the neighborhood which, approximately are in the same
conditions of soil and relief but they are disposed up-and-down the hill.
On the surface covered by corn it was found, for example, that values
of erosion ranged between 6.5 and 14 t/ha while in Gheltag basin soil losses
were 1.0-1.5 t/ha for corn and 0.5-0.8 t/ha for soybean.
The worst situation was met on the plots just ploughed after the mash
crop where it was estimated that the values of soil losses varied between
20.0 and 24.5 t/ha. On the similar conditions, the parcels disposed up-anddown were eroded by 35-45 t/ha.
On the plots with winter wheat stubble, the remainders of vegetation
constituted a very good protection of soil against erosion and soil losses
were insignificantly.
The grassed waterway worked good enough, thus excess of water was
rapidly evacuated without trigging rill erosion. Maximum values of runoff
registered on short – crested triangular weirs were 4.14 m3/s for the
cultivated land and 2.81 m3/s for the grazing land. It was calculated that
through cross section corresponding to the cultivated land run about 9100
m3 of water that represent cca. 12% from the total precipitation.
At the time of rainfall from May 07, 2005 (53.5 mm in 80 minutes) 48
from 100 ha were covered by winter wheat and the rest of 52 ha were just
seeded by pea (11 ha), soybean (19 ha), mustard (16 ha) and corn (6 ha).
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Therefore, not merely the terrain was uncovered by vegetation but also the
surface of soil was finely hoed, creating ideal conditions for surface erosion.
It was estimated that erosion varied locally between 15 and 35 t/ha,
depending on the hill slope. For the whole basin the average of erosion was
about 10-12 t/ha, having in sight the influence of stripcroping system where
the parcels with bare soil alternated with those covered by winter wheat.
In the same manner like in previous described case, the most
important soil losses were registered on the bare soil, situation that also
owed to the pattern of soil surface characterized by small microchannels
formed during the former agricultural system.
Measurements on above described weirs indicated that maximum
values of runoff were 4.63 and 3.17 m3/s. They showed that even the level
of precipitation was lower than the first analyzed situation, conditions
concerning soil status were much more favorable for developing runoff and
erosion.
The last analyzed is the rainfall from September 05, 2007 which
reached 88.5 mm in more than 200 minutes. Practically, 4 rainfall events in
a single day succeeded with short intervals between them.
Damages caused by these rainfalls were significantly higher than the
previous described rain events because, at that time, about 30% from the
entire surface was just prepared for rape seeding. Maximum value of erosion
was 95 t/ha on a parcel with 16% slope and 50m lengths along the slope.
Net erosion for the entire watershed was estimated to 22 t/ha. Runoff
through the main cross sections have maximum values of 6.25 and 4.05 m3/s
and the surface drainage network discharged about 13000 m3 of water. They
were the highest values registered in Gheltag basin since it was monitored.
On the bare soil from small private plots disposed up-and-down,
estimated soil losses varied between 47 and 110 t/ha depending on relief
parameters. On the other hand, an insignificant percentage of private lands
were ploughed and hoed at that date for the reason that majority of small
landowners do not plant rape which is usually seeded in September but
winter wheat that is seeded one month later. Thus, more than 95% of
terrains were covered by vegetation and a low level of erosion process was
noticed.
Finally, to have an image about behavior of conservation practices on
the steep slopes, some measurements using Cs-137 technique for a
representative part of the basin were performed. Methodology took into
account the effects of all factors that influenced erosion processes till the
end of 2007.
On narrow terraces, redistribution of soil was mainly assigned to
tillage erosion. Thus, measurements in the upper part of bench terraces,
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from which values of 137Cs inventory were below the reference, indicated
that significant erosion in the last decades occurred. Year by year, soil was
translocated to the lower edge of terraces, process reflected by high values
of 137Cs activity in the lowest sampling points of terraces.
Values of soil losses calculated by Mass Balance 3 Model (Walling
D.E. et al. - 2007) ranged between 8.3 and 18.6 t/ha/y while values of
deposition were situated between 22.1 and 57.8 t/ha/y. However, net erosion
for the entire transect was 1.8 t/ha/y that is an acceptable value if compared
to soil loss tolerance, which is 2-6 t/ha/y in Gheltag basin.
The above-presented situations are representatives for the natural
conditions of the investigated site and showed that arable land has to be
much more protected by vegetation, especially in the spring and in the
autumn, when the crops are seeded. That means that alternating crops,
contouring system, stripcrops system, and generally, all conservation
practices have to be more carefully managed having in sight that the
rainfalls are already much more aggressive due to changing climate.
4. Conclusions
Much as professionally realized, soil conservation measures can
be affected in different degrees by erosion if the rainfalls go beyond the
limits took into account in designing activity. However, on places where
conservation practices were applied, soil losses caused by the extreme
rainfall events were about three times more reduced than those from the
parcels disposed up-and-down the hill.
Alternating crops, contouring system, stripcrops system, and
generally, all conservation practices from agricultural land play more and
more important roll in controlling runoff and erosion because rainfalls are
already much more aggressive due to changing climate.
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