snowmelt the cultivator plants were consider to be ploughed (autumn
ploughing).
Table 3
Means fertilisers lost at Standard plots erosion control from Soil Erosion
Control Research and Development Centre Perieni
(a long term annual mean value)
Crop

%

cultivator plants
cereals
pasture
ploughed
crops rotation is 50% cultivator plants,
40% cereals and 10% pasture (torrential
rainfall and long term rains)
crops rotation is 50% ploughed, 40%
cereals and 10% pasture (fast snowmelt)

through water
through soil
through water
through soil
through water
through soil
through water
through soil
through water
through soil
through water
through soil

N
mineral
3.96
96.04
12.1
87.9
62.5
37.5
1.46
98.54
13.07

P2O5
K
16.6 30.7
83.4 69.3
39.5 65.7
60.5 34.3
83.8 94.2
16.2
5.8
15.25 19.69
84.75 80.31
32.48 51.05

86.93
11.82
88.18

67.52 48.95
31.80 45.55
68.20 54.45

The sedimentation of these reservoir, at NLR (normal level retentionsemi permanent average exploitation level), was set by bathymetric and
topographic measurements on a different number of transverse profiles.
These profiles were remade first after 4 then after another 3 years (only
some of the profiles, seen as typical for the description of the sedimentation
process). Also these profiles were remade after a year with different events.
In order to achieve these measurements and to re-make them at various
intervals (3 or 4 years) transverse profiles were materialised, which cover
the whole water table of the reservoir, spaced off 100 to 500m. Along the
length of these profiles bathymetric measurements were made every 30m
(by means of a cable with fixed spaced floats) on a floating platform
mechanically powered. These were followed by topographic measurements
on both banks, in order to provide a reliability of 1.0 0/00.
Results and discussion
Specifically area's natural conditions reflected in general
sedimentation system review it was manifested by the help of tow major
elements:
The positioning in a temperate continental climate’s: the torrential rain
frequency is more than 20% and the aggressiveness rain factor is Ka= 0.13.
The Bârlad watershed rivers are operating through: an unstable winter
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regime and the attenuation of big spring water (about 40% from cases); the
winter leakage volume are like in summer (represent 16-22% and
respectively 21-22% from yearly leakage volume; the autumn leakage is
only 15% from yearly leakage volume; the most yearly discharge flow is
produced in only 50% from case in summer.
The control factors regime of sediment production: the leaking
coefficients are very high Cs = 0.39-0.42 (slope of 16-38%); the prevalent
silting facieses are favour a high density of gully erosion forms (0.8-1.0
kilometres/square kilometre and depth more then 15-20 metres) and area
soils moulded in common on feeble bed rooks (gray; brown podsol and
podsols; leached chernozems), have an very high erodabillity factor S = 0.80.9;
Erosion from excessive influence area concerning sediments transport
The studies of uncommonly events impact under these reservoirs were
made during the fast snowmelt from february-march and during the long
term rains.
In the area regarding sediments transport of reservoir, there are all
erosion forms less then landslides. On the agricultural land with same slope
sheet erosion was between 10 to 12 to/hectares on equipped lands and was
between 30 to 35 to/hectares on unequipped lands. Sheet erosion on the
unequipped area is about three times large then sheet erosion of equipped
area.
During the fast snowmelt from february-march 1996 (in the same area)
it was making on the left bank upstream of dam, a slope gully (about 235–
250 meters length, 4-10 meters depth). From this slope gully, in reservoir, it
was entering 5,400 m3 sediments (estimated) (picture number 1 and 2).

Picture nr.1

Picture nr. 2
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Concerning the gully erosion in the third lower part of equipped slope
gully every year it appear under washing processes materialised through 3–4
rapids from 0.5–1.5 meters. As result of these rapids where eroded about
80–120 m3/rapid of material who are going to the reservoir like sediments.
On the valley gully, equipped with crossing sedimentation control works,
the alluvial deposits usually are at the level of the weir but scouring
phenomenon is appearing on the intervals of sedimentation control works.
These scouring phenomenon produce about 2,400-m3/km length that is
going to the reservoir like sediments.
The alluvial and fertiliser effluence from excessive influence area
Analysing waters sample gathered (picture number 3 and 4) and
processes their results it was determinate the rank of embody with sediments
and fertilisers who at least make possible the estimation of sediments and
fertilisers effluence from each micro watersheds (table number 4)

Picture nr.3
Waters sample
gathered from the
reservoir

Picture nr.4
Waters sample
gathered from
the input rivers
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The runoffs were considered to be produce on all surface of influence
area at the same time with same amplitude. In these hypothesis making the
ratio between the water volume coming into reservoir and surface of these
excessive influence area were determinate the runoff volume afferent of
each micro watersheds.
Tabelul 4
The alluvial and fertiliser effluence from excessive influence area of Cuibul
Vulturilor reservoir
Specification
Surface
Water volume going
into the reservoir
Sediment effluence

Left
IauraRight
Roşcani
Cârjãoani
slope
Tomeşti
slope
ha 518
742
2242
1872
353
Fast snowmelt from february-march 1996
MU

Rank
to ha

Total
surface
5.727

mc 40,313 57,746 174,482 145,687 27,472 77,82 445,700

mc 7,209 28,219 5,831
22,024 2,807 11,54
Elements going in through water
N mineral
kg 82.04 91.51 360.72 233.62 54.97 0.14
P2O5
kg 8.48 12.60 48.40
50.26
3.48 0.02
K2O
kg 155.19 366.04 1.660.69 1.277.57 106.73 0.62
Elements going in through sediments
N mineral
kg 603.40 673.05 2.653.02 1.718.22 404.28 1.06
P2O5
kg 18.00 26.74 102.75 106.71
7.38 0.05
K2O
kg 166.79 393.40 1.784.82 1.373.07 114.71 0.67
Elements going in through water and sediments
N mineral
kg 685.44 764.56 3.013.74 1.951.84 459.24 1.20
P2O5
kg 26.47 39.34 151.14 156.98 10.86 0.07
K2O
kg 321.98 759.43 3.445.50 2.650.64 221.44 1.29
Long term rains 1996 121,6 mm Cuibul Vulturilor reservoir area
Water volume going
mc 24,132 34,567 104,447 87,210 16,445 46,59
into the reservoir
Sediment effluence
mc 7,281 33,165 7,222
29,470
76
13,48
Elements going in through water
N mineral
kg 59.11 38.25 184.50
80.22
35.10 0.07
P2O5
kg 4.87 7.01 18.43
22.92
2.79 0.01
K2O
kg 67.42 113.60 593.83 658.52 40.82 0.26
Elements going in through sediments
N mineral
kg 393.14 254.37 1.227.16 533.52 233.46 0.46
P2O5
kg 10.13 14.56 38.32
47.64
5.80 0.02
K2O
kg 64.65 108.93 569.40 631.43 39.14 0.25
Elements going in through water and sediments
N mineral
kg 452.25 292.62 1.411.67 613.74 268.56 0.53
P2O5
kg 15.00 21.57 56.76
70.56
8.59 0.03
K2O
kg 132.07 222.54 1.163.23 1.289.95 79.95 0.50
Water volume going
mc 64,445 92,313 278,929 232,897 43,917 124,41
into the reservoir
Sediment effluence
mc 14,490 61,384 13,053 51,494 2,883 25,02

66,090
822.85
123.21
3.566.22
6.051.97
261.59
3.832.78
6.874.82
384.80
7.399.00
266,800
77,214
397.17
56.02
1.474.19
2.641.65
116.46
1.413.55
3.038.83
172.48
2.887.75
712,500
143,304

In 1996 at uncommonly events that cause runoff phenomenon it was
realised different runoff coefficients 0.67 at fast snowmelt and 0.38 at long
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term rains. Also the sediment effluence is different 46.12% at fast snowmelt
and 23.88 % at long term rains. Though sediment effluence is little at fast
snowmelt about 70% from fertiliser effluence were realised then because
predominant was sheet erosion in contrast with long term rains when the
sediment effluence is bigger predominant was gully erosion who liveliness
sediments from banks and bottom of gully poor in fertiliser (table number
5).
Table 5
The alluvial and fertiliser effluence, percentage on events, from excessive
influence area of Cuibul Vulturilor reservoir
Fertiliser
element
N mineral
P2O5
K2O
Efl. Aluv.
N mineral
P2O5
K2O
Efl. Aluv.

Left slope Roşcani Iaura-Tomeşti Cârjãoani Right slope
Fast snowmelt from february-march 1996
60,25% 72,32%
68,10%
76,08%
63,10%
63,83% 64.59%
72.70%
68.99%
55.84%
70.91% 77.34%
74.76%
67.27%
73.47%
49.75% 45.97%
44.67%
42.77%
49.53%
Long term rains 1996 121.6 mm Cuibul Vulturilor reservoir area
39.75% 27.68%
31.90%
23.92%
36.90%
36.17% 35.41%
27.30%
31.01%
44.16%
29.09% 22.66%
25.24%
32.73%
26.53%
50.25% 54.03%
55.33%
57.23%
50.47%

Total surface
69,35%
69.05%
71.93%
46.12%
30.65%
30.95%
28.07%
53.88%

Tablel 6
The alluvial and fertiliser effluence, percentage on source area, from
excessive influence area of Cuibul Vulturilor reservoir
Fertiliser
element
N mineral
P2O5
K2O
Efl. Aluv.
N mineral
P2O5
K2O
Efl. Aluv.
N mineral
P2O5
K2O
Efl. Aluv.

Left slope

Roşcani

Iaura-Tomeşti

Cârjãoani

Fast snowmelt from february-march 1996
9.97%
11.12%
43.84%
28.39%
6.88%
10.22%
39.28%
40.80%
4.35%
10.26%
46.57%
35.82%
10.91%
42.70%
8.82%
33.32%
Long term rains 1996 121.6 mm Cuibul Vulturilor reservoir area
14.88%
9.63%
46.45%
20.20%
8.70%
12.51%
32.91%
40.91%
4.57%
7.71%
40.28%
44.67%
9.43%
42.95%
9.35%
38.17%
Total events in 1996
11.48%
10.66%
44.64%
25.88%
7.44%
10.93%
37.31%
40.83%
4.41%
9.55%
44.80%
38.31%
10.11%
42.83%
9.11%
35.93%
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Right slope
6.68%
2.82%
2.99%
4.25%
8.84%
4.98%
2.77%
3.70%
7.34%
3.49%
2.93%
3.95%

Concerning source area (table number 6) of sediments 14.06% provide
from the nearby reservoir water slope and 85.94 % provide from micro
watershed who entering direct into the reservoir.
The source of fertiliser are more non homogeneous because the land
use of source area are different. From the nearby slope provide 18.82% from
Nmineral, 10.93% from P2O5 and 7.34% from K2O. From micro watershed
who entering direct into the reservoir provide 81.18% from Nmineral, 89.07
from P2O5 and 92.66% from K2O.
During these uncommonly events water quality from reservoir are not
affected in the plug area (water from reservoir are utilised like drink water
source from Barlad town.
Rank and distribution of sedimentation
According to annual mean sedimentation ratio in this reservoir yearly
enter about 221,430 m3 sediments but from the area located in the vicinity
of the reservoir enter about 143,304 m3 sediments that mean 65 percent
from all sediments step in the reservoir in one year. From these volume of
sediments that provide from the area located in vicinity of the reservoir 13.1
percent provide from the hill slopes and 86.9 percent provide from the
watersheds. This value show that the contribution of the watersheds located
in vicinity of reservoir direct overflow in the reservoir is the most important
quantitative in comparative with the hill slopes (Purnavel, 1999).
Concerning the distribution of sediments it were analysed
comparatively the longitudinal profile (Figure 1) and two cross profiles
(Figure 3 and 4), which were considered typical for the description of the
sedimentation process. This analysis outlines the thickness and the
distribution of sediments.
Figure 1
Longitudinal profile through Cuibul Vulturilor reservoir
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The thickness of the deposited sediment throughout the length of
reservoir has maximal values close to dam, thinning out to the end of the
reservoir.
On the small reservoir (depth of water between 2 to 4 meters) with the
watershed identifying with excessive influence area regarding sediments
transports the results remark a relative uniform distribution of sediment
deposits on longitudinal and cross profiles. On bigger reservoir, where the
excessive influence area regarding sediments transport is between 2 and 10
% from watershed area, but these are order of same thousand hectares
(comparatively with all watershed of the small reservoir) situation are
different. The restoration of bathymetric and topographic profiles (picture
number 5 and 6) from 1992, on the same alignments, in 1995 and 1997,
permitted, by comparing them, to differentiate the thickness of deposited
sediment at different areas of the reservoir. The initial profile from 1978
was realised with the help of topographical plans (scale 1/5,000).

Picture nr.5
Bathymetric measure
of the reservoir level

Picture nr.6
Topographic measure
of the reservoir
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The cross profile P1, situated in the area of direct influence of
watershed Cârjăoani (with a valley gully as the predominant form of
erosion):
- After fourteen years of exploitation, the deposits are unevenly with a
thickness of 2.5 m on the left bank, 1.8 m in the central area and 3.5 m on
the right bank. In this case the average annual ratio of sedimentation was
0.16 – 0.13 – 0.25 m. throughout the length of the profile.
- In one year, with uncommonly events, the deposits were relatively
evenly distributed 0.20-m on the left bank, 0.35-m in the central area
and 0.6-m on the right bank. That mean the average annual ratio of
sedimentation is of 2 or 3 bigger throughout the length of profile;
Figure 2
Cross profile P1 through Cuibul Vulturilor reservoir
Figure 2
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The cross profile P4, situated in an area without the direct influence of
a watershed area, only with the influence of a nearby hill:
- After fourteen years of exploitation the deposits were fairly evenly
distributed with a thickness of 1.2 m on the left bank, 1.4 m in the central
area and 1.5 m on the right bank. The average annual ratio of sedimentation
was 0.09 – 0.10 – 0.11 m. throughout the length of the profile;
- In one year, with uncommonly events, the deposits were fairly evenly
distributed 0.11-m on the left bank, 0.12 m in the central area and 0.14 m on
the right bank. The thickness of the sediment grows to the centre of the
profile and fingers out to both banks, as the result of the lower charges of
hill stream flows.
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Cross profile P4 through Cuibul Vulturilor reservoir
Figure 3

Figure 3

Cross profile P4
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Conclusions
In unequipped area sheet erosion were about three time bigger then
same erosion on equipped area with erosion control works;
In influence excessive area there are an high level of risk to formed of
the slope gully in placed with concentration of letting out (micro
depressions and exploitation road placed up and down of slope);
In the absence of a good erosion control works on gully erosion in the
third lower part of equipped slope gully every year it appear under washing
processes;
Unusually events have an essentially contribution in sedimentation
process of reservoir through higher sediment effluence comparatively with
mean annual sediment effluence who usually is take in calculation to
establish the sediment volume in projection of reservoirs;
The excessive influence area represented by area placed nearby of
permanent water level contributes with more then 65% at sediment
retrieving and implicit at sedimentation phenomenon:
The greatest sediment volume from this area is from micro watersheds
that directly enter into the reservoir (86.9%) comparatively with nearby
slope (13.1%);
During the fast snowmelt enter about 70% from fertilisers (69% N
mineral, and P2O5 respectively 72% K2O) that because predominate form of
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erosion are sheet erosion in contrast with long term rains were the
predominate form of erosion was gully erosion who carry out solid material
from bank and bottom of gully;
The essential contribution in fertiliser it was confer, like in the case of
sediments, by micro watersheds with directly enter into the reservoir,
between 81% and 91%;
For a good protection of reservoirs the priority are the equipped with
erosion control works and a good erosion exploitation of excessive
influence area, these area usually are about 10% from all watershed who
supply the reservoirs.
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SURFACE WATER MANAGEMENT FROM BÂRLAD
WATERSHED
Dr. Ing. Gheorghe Purnavel
Soil Erosion Control Research and Development Center Perieni,

Abstract

“Craving for water” of the humanity or perspective of “water crises” is term, which
appear more frequently in prognosis studies of different international and national
organisms.
In our country areas, which are in difficulty with surface and underground water
sources, by the INMH study, are located in central part of Dobrogea and Moldavian
Tableland and us a result these resources must be careful utilised and protected quantitative
and qualitative.
Hydrographical network of Barlad River with 2,565 km length and 7,220 km 2 drain
the Central Moldavia Tableland and Tutova Hill’s area through Barlad River and their most
important affluent
The Central Moldavia Tableland and Tutova Hills, like subdivision of Moldavian
Tableland, drained by Barlad River are strongly affected by erosion processes that have a
great impact under the quantitative and qualitative surface water from this area.
The management of surface water from Barlad watershed are assured by Vaslui
Water Management System, like a subdivision of Water Direction Prut from Romanian
Environment Minister.
Soil Erosion Control Research and Development Centre Perieni are involved in
surface water management from Barlad watershed through a study concerning hill lake
sedimentation’s and water quality of them under impact of soil erosion processes.
In the studied reservoirs, sedimentation processes are due to the deposit of sediments
from the main water supply of the reservoir and of those that are due from erosion from hill
slopes and watersheds located nearby of the reservoir.
Degradation of water quality is mainly due to decreasing of water depth and natural
adding of fertilises elements.
Regarding sedimentation of Cuibul Vulturilor reservoir it comes out that:
Rate of sedimentation reservoir was of 32.63 % with 2.33% average ratio by year:
Sedimentation ratio by year is of 221,430-cm. in comparison with 10,000 cm. who
was anticipated in 1977;
The bigger sediment effluence provide from the small watersheds who are directly
coming into the reservoir (7.93–9.87 to/hectares from the direct slopes and 1.8–30.5 to/ha
from these kind of little watersheds.
Regarding water quality degradation of Cuibul Vulturilor reservoir it comes out that:
In June, when the level of precipitation is higher, the value of nitrogen, phosphorus
and potassium concentration is also higher;
The higher concentration value of studied elements are recorded on the laterally
inputs;
The comparative analyze of tow situation watershed with erosion control works and
same watershed without erosion control works, set of some conclusions:
The erosion are reduced under acceptable limits (17.2 m3/ha without erosion control
works relative to 3.9 m3/ha with erosion control works);
A proper cultivation structure mixed with erosion crop system reduced erosion and
sediment effluence with 20%;

495

A good erosion control works capitalized efficiently rainfall, surface runoff are
reduced with 11-30%;
An adequate reclamation of outlet network reduces gully erosion with 60%;
Ensemble of land reclamation (cultivation structure, erosion crop system, erosion
control works on outlet network) reduces erosion and sediment effluence with 23%

Keywords: soil erosion, reservoirs, sedimentation, water quality.
Introduction
“Craving for water” of the humanity or perspective of “water crises” is
term, which appear more frequently in prognosis studies of different
international and national organisms, the causes of these situations are
included in characteristics of waters like natural resources.
Theoretical potential of water resources for Romania are appreciate
for means year, from Meteorology and Hydrology National Institute
Bucharest, to 103.4 billions cube meters, from who utilisable from
technique and economic point of view are 41.5 billions cube meters / year.
The same National Institute specified also the repartition of these from
availability sources of Romania – from Danube River 53.2 billions cube
meters; from inner rivers 39.6 billions cube meters; from natural reservoirs
1.0 billions cube meters; from underground sources 9.6 billions cube meters
The less value of water resources utilisable from technique and
economic point of view are determinate from:
- specific nature of Romanian inner rivers, from their potential it could
be utilise, in natural system, only 5.0 billions cube meters and from realised
reservoirs still 11.0 billions cube meters;
- the situation of Danube River like a boundary and international
navigable river and their geographical position compared to Romanian
territory, utilised may be an water volume from 20.0 billions cube meters;
- reduced volume of natural reservoirs, their volume covered only
evaporation and same insignificant local consumptions;
- in present from underground water utilised are 5.5 billions cube
meters.
The inner rivers of Romania have a particular nature:
- a different rate of annual volume carry from watershed, most riche
are their from Someş-Tisa, Olt-Vedea, Mureş and Siret watershed and their
most pure are the hydrographical area central part of Dobrogea and PrutBarlad.
- variation of the flow not only from a season to another season but
from a year to another year. For example the account between maxim flow
and mean annual flow have a great variation from an watershed to another
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( 12.5 from Mures, 27.0 from Somes, 79.0 from Buzau and from their
placed in pore area these account is 100.0 or 1000.0 to the river with
watershed less then 1000 square kilometres.
From underground water sources 4.0 billion cube meters /year are
provided by surface water bearing stratum (the depth of exploitable water
bearing is situated under 50 m), and 5,0 billion cube meters/year provided
by big depth water bearing stratum (the depth of exploitable water bearing
more then 50 m).
In our country areas, which are in difficulty with surface and
underground water sources, by the INMH study, are located in central part
of Dobrogea and Moldavian Tableland and us a result these resources must
be careful utilised and protected quantitative and qualitative.
These study also making the fact that through realise reservoirs on
inner rivers their utilisable potential are growing with 11.0 billion cube
meters , growing are from 30 % in percent ( from 12.6 % to 40,4 %).
On inner Romanian rivers until 2000 where realised more then 1130
hill lakes. These reservoirs have only one use or more using. The use
structure, in percent, of using reservoirs it is (figure number 1):
- 24.7% only for fish breeding;
- 14,0% only for irrigation;
- 0.4% only for high flood attenuated or flood forestalls
- 0.9% for water supply in village area;
- 60.0% for more using.

The useful of hills lake from Romania
38.30%
82.98%
34.04%

10.64%
17.02%
61.70%

Fish breeding

Irrigation

High flood attenuated

Water supplay in village area
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Recreation

Flood forestalls

These hill lakes have an about 3,500 billions cube meters maximum
utilisable volume of water. The maximum utilisable volume of water has a
following percent distribution (figure number 2):
2.9% with water volume less then 10,000 cube metres;
18.7% with water volume from 10,000 to 50,000 cube metres;
12.6% with water volume from 50,000 to 100,000 cube metres;
20.6% with water volume from 100,000 to 200,000 cube metres;
29.2% with water volume from 200,000 to 500,000 cube metres;
9.7% with water volume from 500,000 to 1,000,000 cube metres;
3.6% with water volume from 1,000,000 to 2,500,000 cube metres;
2.7% with water volume more then 2,500,000 cube metres;
Percentage distribution of maximum usefully volume of hills lake from Barlad watersheds
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Hydrographical network of Barlad river with 2,565 km length and
7,220 km2 drain the Central Moldavia Tableland and Tutova Hill’s area
through Barlad river and their most important affluent: Tutova, Pereschiv,
Berheci, Zeletin and Simila rivers from Tutova Hills and Racova, Vasluet
and Crasna from Central Moldavia Tableland.
The Central Moldavia Tableland and Tutova Hills, like subdivision of
Moldavian Tableland, drained by Barlad river are strongly affected by
erosion processes that have a great impact under the quantitative and
qualitative surface water from this area.
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Specifically of Barlad watershed natural conditions reflected in
general management system review it was manifested by the help of tow
major elements:
The positioning in a temperate continental climate’s: the torrential rain
frequency is more than 20% and the aggressiveness rain factor is Ka= 0.13,
characteristics from rivers are the great difference between minimum flow
(these could be zero) and maximum flow who are growing (these could be
from one hundred time great then medium value). Rivers from Central
Moldavia Tableland are described through: a great volume of spring flowing
(41.3% from annual value); in 90% from events the high flood where caused
by rains; the period of great level of water is between February and March
when there are stabile conditions of winter temperature, when the condition
of winter temperature are instable (40% of events) through successive snow
melting the level of water are more attenuated, the winter flow instable who
forward 13.0% to 20.0% from annual volume. Rivers from Tutova Hills are
described through: improving the instability of winter events and an
attenuate the great water level from spring (40.0% from events); value of
winter flow is like summer flow (16% to 22% from annual flow), the
autumn flow is only 15% from annual flow and the maximum annual flow
appear only in 50% in summer.
We can say that the supply of hydrographic network of this area are
prevalent made from rain, with capriciously events, but in general with same
variation between the year. Flow under annual average (30% to 35% from
annual average) from august to february and from march to june flow is
from 1.5 to 2.0 bigger then annual average flows with a maximum in june.
The control factors regime of sediment production: the flowing
coefficients are very high Cs = 0.39-0.42 (slope of 16-38%); the prevalent
silting facieses are favour a high density of gully erosion forms (0.8-1.0
kilometres/square kilometre and depth more then 15-20 metres) and area
soils moulded in common on feeble bed rooks (gray; brown podsol and
podsols; leached chernozems), have an very high erodability factor S = 0.80.9;
The management of surface water from Barlad watershed are assured
by Vaslui Water Management System, like a subdivision of Water Direction
Prut from Romanian Environment Minister, who manage all water from
Vaslui county and a part from Iassy Neamt, Bacau and Vrancea county in
Prut and Barlad watersheds on an 5606 square kilometres area (1520 square
kilometres in Prut watershed and 4086 square kilometres in Barlad
watershed).
The length of classified hydrographic network is 2329 kilometres (806
kilometres in Prut watershed and 1523 kilometres in Barlad watershed). The
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most important classified river are: Prut 174 kilometres, Barlad 149
kilometres, Tutova 86 kilometres, Vaslui 81 kilometres, Elan 73 kilometres,
Crasna kilometres, Racova 49 kilometres, Simila 44 kilometres.
Vaslui Water Management System managed the following reclamation
works: dykes 482.786 kilometres, stream bed regulation 331.119 kilometres,
bank protection 12.965 kilometres, five diversions (Prut-Bârlad, RediuPuscaşi, Simila-Râpa Albastră, Rediu-ST Delea and Bârlad-SP Rediu), tow
water intakes (Rediu and Simila), five pumping stations (Rediu 1, Rediu 2,
Simila, Prodana and rainfall evacuation) and 33 exploitation buildings.
The informational network is assured by one central hydrological
station, 56 hydrometric gauging points, 62 rains points, tow vapourtranspiration points, 29 points for ground water studies and 67
hydrogeological drills.
Vaslui Water Management System accounts a number of 664 users
(131 consumption users, 533 non consumption users).
In the drainage area of Bârlad river where realised and exploited, since
1960, 47 reservoirs (about 4.2 % from Romanian hill lakes) from earth dam
with 2 to 18 meters height and 100 to 1,000 meters longer at the crowing.
These reservoirs, at the beginning, totals at NLR (normal level retention):
2,425 hectares water surface; 244.3 billions cube meters (about 7% from
maximum utilisable volume created from Romanian hill lakes water
volume) for different utilisations like: water supply–52.8 billions cube
meters; irrigation’s–9.57 billions cube meters; fish breeding–18.73 billions
cube meters; pleasure–140 billions cube meters and other utilisation’s–3.23
billions cube meters. Bârlad watershed’s reservoir also totals 70.98 billions
cube meters for high flood attenuated and 88.83 billions cube meters for
flood forestalls.
The retention of water in these reservoirs is assured by 43 earth gravity
dams and 3 retention dykes.
These 47 reservoirs from Barlad watershed have more using but we
can appreciate that 5 of them are main used for water supply, 8 for
irrigation, 39 for fish breeding, 16 for pleasure and others, 29 for high flood
attenuated and 18 for flood forestalls
The highest volume distribution of this reservoir is (figure number 3):
- 11% with water volume less then 50,000 cube metres;
- 25% with water volume from 50,000 to 200,000 cube metres;
- 15% with water volume from 200,000 to 500,000 cube metres;
- 8% with water volume from 500,000 to 1,000,000 cube metres;
- 9% with water volume from 1,000,000 to 10,000,000 cube metres;
- 13% with water volume more then 10,000,000 cube metres;
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Percentage distribution of maximum usefully volume of hills lake from Barlad watersheds
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The reservoirs are from following tips:
- 41 permanent reservoirs with supply from own watershed;
- 3 permanent reservoirs with supply from derivation;
- 41 permanent reservoirs with supply from pumping;
- 2 non permanent reservoirs;
Soil Erosion Control Research and Development Centre Perieni are
involved in surface water management from Barlad watershed through a
study concerning hill lake sedimentation’s and water quality of them under
impact of soil erosion processes.
Research location
Researches are made in the drainage area of Bârlad river. Concerning
sedimentation process it was made systematically determinations on six of
47 reservoirs: Puşcaşi – Racova watershed; Cuibul Vulturilor – Tutova
watershed; Râpa Albastră - Simila watershed; Fichiteşti - Pereschiv
watershed; Antoheşti - Berheci watershed and Găiceana - Ghilăveşti
watershed (figure 4). The determinations and the examinations are start
since 1992 and there are continue at present.
Regarding water quality degradation it was made systematically
determinations only of Cuibul Vulturilor reservoir.
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Research method
It was catalogued the natural conditions and prevalence dominates
erosion's form from watersheds and the effect of these erosion forms,
equipped and unequipped, through determinations and examinations on the
sedimentation reservoir. At the same time it was establish sedimentation
rank and it was also estimate average year ratio of sedimentation. Thus it
was praised the different contribution from proceeding area and generating
process to reservoir's sedimentation, the different give than the erosion
forms and from the way of erosion equipment or the absence of these. All
this to establish a specifically draft frames to decrease more possible the
sedimentation process.
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Following the behaviors of land reclamation works from the excessive
influence area
These were made using the estimated and measurement erosion date as
well as using the topography measurement made in the mentioned area.
Concerning surface erosion it was follow tow area types: land without
reclamation works and wrong cultivate concerning erosion and land with
reclamation works and adequate cultivate concerning erosion. Concerning
gully erosion (from slope or valley) it was follow three types: natural fixed
form; active form without erosion control works and active form with
erosion control works.
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The alluvial effluence from excessive influence area
These measurements were effectuated at different events (brusque
snow thawing, rain events with height quantity or a long standing) that
produced runoff and erosion. The measurements were consisting in:
following and registration of variable level in reservoir and the registration
of water volumes that enter in this, at different events; drawing and
analysing water probes entering in reservoir direct from excessive influence
area, at different events and rebuild the flood discharge and speedy
measurements concerning surface erosion through streaming and gutters.
The rate and modes sedimentation of studied reservoir determination
The sedimentation of these reservoir, at NLR (normal level retentionsemi permanent average exploitation level), was set by bathymetric and
topographic measurements on a different number of transverse profiles.
These profiles were remade first after 4 then after another 3 years (only
some of the profiles, seen as typical for the description of the sedimentation
process). In order to achieve these measurements and to re-make them at
various intervals (3 or 4 years) transverse profiles were materialised, which
cover the whole water table of the reservoir, spaced off 100 to 500m. Along
the length of these profiles bathymetric measurements were made every
30m (by means of a cable with fixed spaced floats) on a floating platform
mechanically powered. These were followed by topographic measurements
on both banks, in order to provide a reliability of 1.0 0/00.
Degradation (pollution) of the water quality under the influence of the
loss of nutrients
The degree of degradation (pollution) of the water quality under the
influence of the loss of nutrients due to the erosion process, was established
by monitoring the concentration of these elements at the intake points of the
Cuibul Vulturilor reservoir (rivers: Tutova, Iaura, Roşcani and Cârjăoani –
the last three with non-permanent regime) and at the water intake points.
Between 1996 and 1999 a number of 204 samplings were taken from the
frontal intake point (Tutova river), 306 samplings from the lateral intake
points (rivers Iaura, Roşcani and Cârjăoani) and 102 samplings from the
main intake area. Water samples were taken manually or with an ISCO
(Automatic Water Sampler), during normal discharge flow and during or
after hydrologic events, from February to October. The gathering,
preparation and conservation of samples for were made according to the
current Romanian standards.
In this case the principal elements studied were: nitrogen, under the
form of nitrates colorimetric determined with acid phenol 2÷4 disulfonic;
ammonium nitrogen - colorimetric determined with reactive Nessler;
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phosphorus – like blue molybdenum colorimetric dosing, and potassium - in
flame photometry dosing.
Results obtained
Specifically area's natural conditions reflected in general
sedimentation system review it was manifested by the help of tow major
elements:
The positioning in a temperate continental climate’s: the torrential rain
frequency is more than 20% and the aggressiveness rain factor is Ka= 0.13.
The Bârlad watershed rivers are operating through: an unstable winter
regime and the attenuation of big spring water (about 40% from cases); the
winter leakage volume are like in summer (represent 16-22% and
respectively 21-22% from yearly leakage volume; the autumn leakage is
only 15% from yearly leakage volume; the most yearly discharge flow is
produced in only 50% from case in summer.
The control factors regime of sediment production: the leaking
coefficients are very high Cs = 0.39-0.42 (slope of 16-38%); the prevalent
silting facieses are favour a high density of gully erosion forms (0.8-1.0
kilometres/square kilometre and depth more then 15-20 metres) and area
soils moulded in common on feeble bed rooks (gray; brown podsol and
podsols; leached chernozems), have an very high erodabillity factor S = 0.80.9;
Erosion from excessive influence area regarding sediments transport
In the area regarding sediments transport of reservoir, there are all
erosion forms less then landslides. On the agricultural land with same slope
sheet erosion was between 10 to 12 to/hectares on equipped lands and was
between 30 to 35 to/hectares on unequipped lands. Sheet erosion on the
unequipped area is about three times large then sheet erosion of equipped
area.
During the fast snowmelt from february-march 1996 (in the same area)
it was making on the left bank upstream of dam, a slope gully (about 235–
250 meters length, 4-10 meters depth). From this slope gully, in reservoir, it
was enter 5,400 m3 sediments (estimated).
Concerning the gully erosion in the third lower part of equipped slope
gully every year it appear under washing processes materialised through 3–4
rapids from 0.5–1.5 meters. As result of these rapids where eroded about
80–120 m3/rapid of material who are going to the reservoir like sediments.
On the valley gully, equipped with crossing sedimentation control works,
the alluvial deposits usually are at the level of the weir but scouring
phenomenon is appearing on the intervals of sedimentation control works.
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These scouring phenomenon produce about 2,400-m3/km length that is
going to the reservoir like sediments.
The alluvial effluence from excessive influence area
The sediment effluence, from excessive influence area concerning
sediments transport into the reservoir (determinate at the same events) (table
1).
From the date presented (table 1) it coming out that the bigger
sediment effluence provide from the micro watersheds who are directly
coming into the reservoir (7.93–9.87 to/hectares from the direct slopes and
1.8–30.5 to/hectares from these kind of micro watersheds.
Table 1
The sediment effluence and the sediment volume coming into the Cuibul
Vulturilor reservoir, from the excessive influence area, annual mean of the
events from 1996 – 2000
Location /micro
watersheds

Area
(ha)

Left hill side
Roşcani watershed
Pogana village area
Iaura-Tomeşti
watershed
Cârjãoani
watershed
Right hill side
Means/total
volume

372
742
146
2242

Effluence sediments
Sediment’s input into the
(to/ha)
reservoir (m3)
Event
Event
Snowmelt Long term rains Snowmelt Long term rains
8,89
9,87
4.639
5.158
25,36
30,52
26.432
31.797
1,22
1,44
249
293
1,80
2,18
8.833
6.847

1872

8,35

10,74

21.972

28.646

353
event
events

7,93
5,03

9,00
6,18

3.931
66.056

4.463
77.204
143.260

After mean annual rata in this reservoir coming in about 221,430-m3
sediment, but only to the remarkable events from excessive influence area it
coming into the reservoir about 143,260-m3 sediment, that means about
65.0% from the total sediment coming into the reservoir. From these
sediment volume, coming into the reservoir, 13.1% provide from the
directly slope area and the difference provide from micro watersheds who
are coming directly into the reservoir. These data point out the contribution
of singular remarkable events to the sedimentation of the reservoirs through
the great sediment effluence in comparative with mean annual sediment
effluence currently used in the plan to establishing the sediment volume of
the reservoirs.
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The rate and modes sedimentation of studied reservoir
Results obtained, for hill lake from Bârlad watershed (table 2) making
the evident distinguish value of the annual rate and rhythm of sedimentation
(reported at the initial water volume at NLR) varying with watershed and
their emplacement into these:
Table 2
Initial and present characteristics of few reservoirs from Barlad watershed
Specifications
Year of exploitations coming
Watershed
River
Dam's type
Dam's height*
Crossing’s longer*
Watershed area
Water surface
Water volume at NLR
Anticipation sediment volume
Sedimentation’s average year
ratio

M.U.

m
m
ha
ha
m3
m3
m3

Reservoirs name
Cuibul
Râpa
Puşcaşi
Fichiteşti Antoheşti Găiceana
Vulturilor Albastră
Initials characteristics
1973
1978
1979
1977
1984
1984
Racova Tutova Simila Perschiv Berheci Berheci
Racova Tutova Simila Perschiv Berheci Ghilăveşti
Earth's dam
17
17
18
14
6
7
890
843
810
700
350
320
29600
54200
25300
16300
3963
4665
224
345
230
180
25
28
17000000 9500000 10600000 5500000 220000 410000
600000 300000 200000 200000 40000
40000
15000

6000

4000

Present characteristics
Determination year
1998
1992
1993
Exploitation years
26
14
14
Initial water volume at NLR
3
m 17200000 9500000 10600000
(Vi)
Waters volume at determination
m3 6300000 6400000 8360000
time
Sediments volume at time
m3 10900000 3100000 2240000
Sedimentation rate
% of Vi 63.37
32.63
21.13
Sedimentation average annual
3
m /an 419231 221430 160000
rata
Sediment effluence
m3/ha 14.16
4.08
6.32
Sedimentation average annual
% of Vi 2.44
2.33
1.51
rhythm

* At dam's crest

4000

4000

4000

1993
16

1995
10

1995
10

5500000 220000

410000

2610000 130000

240000

2890000
52.54

90000
40.91

170000
41.46

180625

9000

17000

11.08

2.27

3.64

3.28

4.09

4.15

The reservoirs Antoheşti and Găiceana, who was placed in superior
and middle part of Berheci watershed have an sedimentation rate of 40.91 %
and 41.46%, with an sedimentation average annual rhythm of 4.09 % and
4.15 %;
Cuibul Vulturilor reservoir placed in lower Tutova watershed is
deposited in 32.63% and she realise an sedimentation average annual
rhythm of 2.33%;
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Râpa Albastră reservoir from lower Simila watershed have an
sedimentation rate of 21.13% with an sedimentation average annual rhythm
of 2.33%;
Fichiteşti reservoirs from lower Perschiv watershed are the most
affected by sedimentation, her sedimentation rate are 52.6% with a
sedimentation average annual rhythm of 3.3%.
The analyse of sedimentation trend, best describe from polynomial
relation of degree tow, from Tutova Hills reservoir considering some proper
morphologic parameters permit few assessments concerning the conditions
from placing and realising of new reservoir on area.
Sedimentation annual mean rata is decreasing through reducing of the
watershed area until one limit then this limit is growing again. The same
trend are relying on the initial area of water at NLR, these are explained by
fact that the small watershed are the same with excessive influence area.
Relying on excessive influence area regarding sediments transport and the
initial water volume the trend is decreasing at the same time with these tow
parameters. The lower value of sedimentation annual mean rata are realise
when: the watershed area is between 30,000 and 40,000 hectares; the
surface of excessive influence area regarding sediments transport is < 4,000
hectares; the initial water volume at NLR is > 6,000,000 m3 and the surface
of water at NLR is between 200 and 260 hectares.
Figure number 2
Longitudinal profile Cuibul Vulturilor reservoir
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Concerning the distribution of sediments it were analysed
comparatively the longitudinal profile (Figure 2) and two cross profiles
(Figure 3 and 4), which were considered typical for the description of the
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sedimentation process. This analysis outlines the thickness and the
distribution of sediments.
The thickness of the deposited sediment throughout the length of
reservoir has maximal values close to dam, thinning out to the end of the
reservoir.
On the small reservoir (depth of water between 2 to 4 meters) with the
watershed identifying with excessive influence area regarding sediments
transports the results remark a relative uniform distribution of sediment
deposits on longitudinal and cross profiles. On bigger reservoir, where the
excessive influence area regarding sediments transport is between 2 and 10
% from watershed area, but these are order of same thousand hectares
(comparatively with all watershed of the small reservoir) situation are
different. The restoration of bathymetric and topographic profiles from
1992, on the same alignments, in 1996 and 1999, permitted, by comparing
them, to differentiate the thickness of deposited sediment at different areas
of the reservoir. The initial profile from 1978 was realised with the help of
topographical plans (scale 1/5,000).
The profile P1, situated in the area of direct influence of watershed
Cârjăoani (with a valley gully as the predominant form of erosion):
Figure number 3
Cross profile 1 Cuibul Vulturilor reservoir
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- After fourteen years of exploitation, the deposits are unevenly with a
thickness of 2.5 m on the left bank, 1.8 m in the central area and 3.5 m on
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the right bank. In this case the average annual ratio of sedimentation was
0.16 – 0.13 – 0.25 m. throughout the length of the profile.
- In four years the deposits were relatively evenly distributed 0.4-m on
the left bank, 0.3-m in the central area and 0.6-m on the right bank. The
average annual ratio of sedimentation was 0.10 – 0.08 - 0.15 m throughout
the length of profile;
- In three years the deposits were clearly unevenly distributed 0.1-m
on the left bank, 0.2 m in the central area and 0.7 m on the right bank. The
average annual ratio of sedimentation was 0.03 – 0.06 - 0.23 m’s throughout
the length of the profile.
The profile P4, situated in an area without the direct influence of a
watershed area, only with the influence of a nearby hill:
Figure number 4
Cross profile 4 Cuibul Vulturilor reservoir
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- After fourteen years of exploitation the deposits were evenly
distributed with a thickness of 1.2 m on the left bank, 1.4 m in the central
area and 1.5 m on the right bank. The average annual ratio of sedimentation
was 0.09 – 0.10 – 0.11 m. throughout the length of the profile;
- In four years the deposits were fairly evenly distributed 0.13-m on
the left bank, 0.16 m in the central area and 0.12 m on the right bank. The
thickness of the sediment grows to the centre of the profile and fingers out
to both banks, as the result of the lower charges of hill stream flows. The
average annual ratio of sedimentation was 0.03 – 0.04 – 0.03 m throughout
the length of profile;
- In three years the deposits were thicker to the centre of the profile
and to both banks, as a result of the lower charges of hill stream flows. The
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thickness of the sediment was 0.10 m on the left bank, 0.20 m in the central
area and 0.10 m on the right bank. The average annual ratio of
sedimentation was 0.03 – 0.06 – 0.03 m throughout the length of the profile.
Degradation (pollution) of the water quality under the influence of the
loss of nutrients
As regards the dynamic nitrogen, under the form of ammonium
nitrogen (Figure number 5) we noticed an increase in the average monthly
values in April and October; a process accountable by the fact that in this
period the vegetation is less developed, therefore the soil is less protected
from erosion. The increase in concentration of June is due to the fact that
rainfalls are at their highest and wash away nitric nitrogen. Maximal values
of 37.2 PPM (Table 1) do not exceed the limit of 45 PPM permitted by
STAS for this category, while the minimum values are characteristic for a
normal discharge flow.
Figure number 5
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Nitrogen, under the form of ammonium nitrogen, being trapped in the
adsorbent soil complex, is hard to wash, compared to nitric ion nitrogen.
The increase recorded during the spring season and in September (Figure
number 6) is due more to ammonium nitrogen, which comes from manure
washing, containing 0.32 – 5.82 % nitrogen - 1/3 under ammonium form
(Davidescu D. and V., 1978). The data in Table 2 show that although the
maximal monthly value at intakes exceeds the value permitted by Romanian
standards – 1 PPM for first use category in plug area with an annual average
value of 0.47 PPM, allow us to set the reservoir in this category.
Table 1 shows the average annual value of nitrogen as an element
under nitric and ammonium nitrogen form – the sum of which is considered
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to form the mineral nitrogen. In fact the nitrogen lost from agricultural
lands, by water leaks, amounts to 5 – 20 % and that lost due to soil erosion
amounts to 80 – 95 % of the total loss of nitrogen. Part of the soil eroded
(with organic nitrogen) is found in the reservoir. In conclusion we can tell
that the washed out nitrogen greatly contributes to the acceleration of the
eutrophyc process of the reservoir, a process characteristic reservoirs with
total nitrogen content larger than 1.5 PPM (Cojocaru I., 1995).
Table number 1
Average year value of studied elements, on frontal and laterally inputs and
form plug area of Cuibul Vulturilor reservoir, during 1996 – 2001
Value
Minim
Maxim
Year average
Minim
Maxim
Year average
Nitric ammonium
Ammonium nitrogen
Ammonium mineral
Minim
Maxim
Year average
Minim
Maxim
Year average

Laterally input
Frontal input
Ammonium nitrate
3,76
2,13
37,2
20,37
10,39
5,54
Ammonium cation
0,30
0,23
5,10
3,60
1,00
0,85
Ammonium mineral
10,39
5,54
1,00
0,85
11,39
6,39
Fosfat anion
0,24
0,20
2,02
0,86
0,55
0,38
Potasium cation
5,2
4,0
56,6
23,6
11,7
10,7

Plug area
1,10
5,07
2,69
0,18
1,18
0,47
2,69
0,47
3,16
0,20
0,31
0,24
4,7
12,0
8,3

From the dynamics of phosphorus anion (Figure number 7), we find that the
evolution of this anion is similar to that of the nitrogenous anion, with
concentrations increasing in the spring season, when the soil is less
protected from erosion, and in June, a month with a high level of rainfall.
The loss of phosphorus is lower than that of nitrogen because it is fixed in
the soil and it is less likely to migrate (Buckman and Brady, 1961).
Although at the reservoir intake points the value is higher than 0.5 PPM –
the value allowed by Romanian standards for first use category (Table 1), in
the plug area the quality of the water is not affected. The contribution of
mobile phosphorus (under the form of phosphorus anion in water) to the
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total phosphorus share in reservoir is from 0.08 to 0.18 PPM in the
eutrophization process (total phosphorus higher than 0.15 PPM).
Figure number 6
Dynamic nitrogen, under nitric nitrogen form
on frontal and laterally input and form plug area during 1996 - 2001
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Figure number 7
Phodphorous dynamic's, under phosphorus anion form, on frontal and laterally entrance and form plug area
during 1996 - 2001
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The greatest loss of potassium (Figure number 8) is in June, with two
smaller intensity peaks in April and September. The category of the
reservoir is not affected by the loss of potassium (K+).
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Figure number 8
Potasium dynamics, on frontal and laterally and form plug area during 1996 - 2001
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Conclusions
As concerns the sedimentation process
Rank and mean annual rhythm of sedimentation, for the reservoirs
from Bârlad draining area, are differentiate in accordance with the
watersheds and their placement into among the watersheds.
Sedimentation rank: > 41 % from initial volume for these from
Pereschiv watershed; < 33 % from initial volume for these from Tutova and
Simila watersheds; > 63 % from initial volume for these from Racova
watershed;
Mean annual rhythm of sedimentation: > 4.1% of initial volume for
these from middle and upper part of watersheds; < 3.3% from initial volume
for these from lower part of watersheds;
The small mean annual rhythm of sedimentation from the reservoirs
placed in drainage area of Bârlad river are realised when: - watershed area is
between 30,000 and 40,000 ha; the area of the excessive influence area
regarding sediment transport is less then 4,000 ha; initial water volume at
NLR is bigger then 6,000,000-m3; the water surface at NLR is between 200
and 260 ha.
Every year the water surface at NLR is reducing mean on a 0.74 –
1.00 %.
Along cross profile there are a different mean annual sedimentation
rata: uniform (0.09 – 0.11 m) where isn’t influence from lateral inputs and
uninformed in area with directly influence of input from micro watersheds
(0.53 m in the nearby of the input, 0.18 m in the middle area and 0.09 on the
opus bank).
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The sedimentation rhythm and the thickness of sediments in area of
directly inputs of the micro watersheds are from 4 – 5 times bigger then the
area influenced only from the nearby slope of water area.
The mean annual rata are in general from 20 times bigger than
prognosis (221,430-mc comparative with 10,000-mc for Cuibul Vulturilor
reservoir.
The thickness of the deposited sediment throughout the length of
reservoir has maximal values close to dam, thinning out to the end of the
reservoir. The same was noticed about the granulometry of the sediment: it
is finer at the far end of the reservoir and rougher close to the dam.
The restoration of bathymetric measurements make render evident the
thickness of sediment about 0.15 to 0.75 m (sediment stored in three years)
with a means annual rata of sedimentation, in these period, from 0.05 to
0.25 m /year.
65 % from sedimentation mean annual rata provide from the excessive
influence area (area placed nearby the surface of water.
From the total volume of sediments, carry on into the reservoir from
excessive influence area, 13.1 % provide from the slope (sheet erosion and
slope gully) and 86.9 % provide from the micro watersheds with directly
input into the reservoir (gully erosion and transport of sheet erosion from
the watershed).
As concerns the degradation of the water quality degradation of
Cuibul Vulturilor reservoir, we can conclude:
The main fertiliser elements used in this area are: nitrogen, phosphorus
and potassium;
As a result of the dilution process, in the direct intake area the water
quality is not affected;
In June, when the level of precipitation is highest, the concentration of
the studied elements is also at its highest;
The highest concentration of the studied elements is recorded at the
lateral intakes;
In sprig and the beginning of autumn, when the soil is insufficiently
protected against erosion, the contents in fertiliser elements increase in the
supply sources of the reservoir;
The highest concentrations are recorded in the nitrogen and potassium
because these are not strongly retained by the adsorbent complex of the soil.
Fertilisers used on agricultural land are not a source of degradation of
the quality of surface water.
From a chemical viewpoint, the reservoir sediment is slightly alkaline
(7.1-8.4), the content of humus is very small to small (0.3 – 1.9 %) and poor
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in total nitrogen (0.02 – 0.10 %), which leads to insignificant influence in
the degradation process of the reservoir water.
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Abstract
The specificity of long term experiments with fertilizers consist in fact that yearly the
climatic conditions are changeable and the influence of fertilizers on crops yield can be
studied much better.
Among the elements that have influence in the determination of crops yield, beside the
technology used, are the climatic conditions too.
The chemical fertilizers can be assimilated by plants and used at maximum when
the climatic conditions (temperature, precipitation) are optimum. That situation is seldom
and therefore is important to know if some fertilizer’s combinations can realize superior
yields when the climatic conditions aren't ideal. In this paper we tried to find out which are
the climatic conditions that have influence in obtaining yields at different rates of
fertilizers. For that we have used the yields obtained in a long-term experiment with
fertilizers for a period by 40 years.
The experiments have carried out at RDCSEC Perieni, where the climate is
generally drought. There were three types of chemical fertilizer combinations, as N+P,
N+P+K and N+P+ organic manure. For each combination many doses were used.
The results have shown that very significant yield rising was obtained if the
amount of fertilizers used is more than P 40 N40, and the maximum is on P120 N120, but it is
very important to mention that after the level N80P80 the differences are insignificant.
On NPK plots the winter wheat yield increased by 59-115 % under the influence
of first factor (NP) and only by 5-6 % under the influence of the second factor (K).
Potassium nutrients had the greatest efficiency in the case of their application in
combination with N100 P0 (8-13 % compared with the control variant).

Introduction
It is known that the sloping lands are weaker than plains ones in terms of
soil fertility due to erosion process, a phenomenon that causes large
quantities of water and nutrients losses. Therefore on such land the addition
of nutrients becomes very important. In addition, the fertilization impact on
soil fertility and implicitly on agricultural production is not a fast one but it
does show after a long period. These reasons were the basis for the
RDCSEC Perieni foundation of long-term experience with chemical and
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organic fertilizers.
Accurate tracking and routing production processes must be based
on a combination of factors aimed to achieve a particular income while
maintaining soil fertility and productivity, so balanced fertilization of crops
on hilly terrain is especially necessary.
The similar experiments show that 38 years average yields in
fertilized variants ranged from 2214 kg/ha and 3260 kg/ha, with 63% -140%
higher than unfertilized control. Therefore applying small fertilizer dose
resulted in obtaining a very significant production increase of over 859 kg /
ha. Tripling the dose of fertilizers to N96P96 quantity of wheat has increased
by 1803 kg / ha. Over this dose production increase, although very
significant, is not economically efficient being only as 102 kg / ha higher
than that obtained following dose administration N96P96 (3)
Climatic conditions are different from year to year, which invests the
yield with oscillation, but the forecast possibility, in the condition of
variables that can be known, is of great importance to farmers. Besides the
unbalanced fertilization can lead to major disturbances at soil level, with
implications for future yields. Mihailă and Hera find that according to
climatic conditions from Romania, the optimum fertilizer rates provide
positive balance of humus content in time (2)
In Perieni conditions in long term experience Dornescu et al. found
that the average production increase due to fertilization over a period of 30
years was 920 kg / ha (60%) respectively for 5.6 kg for 1 kg of wheat
fertilizer, which means a high rate of energy conversion of fertilizer into
production. (1)
Since the early years of experimentation after a course of nine years
Nistor, highlights in 1979 the role of chemical and organic fertilization on
wheat yield from sloping land in Perieni noting significant yield increases
compared to control , and also on soil nutrients balance.(4)
Material and research method
The experiment has a stationary character and has been carried out starting
with year 1970. The location of the experiment is on a land with a 14 %
slope and cambic chernozem soil type, moderately eroded.
Three types of experiments have been studied according to the types of
used fertilizers and they are organized after the method of subdivided plots
in 6 replications:
1. The experiment with nitrogen and phosphorus doses includes A
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factor with five phosphorus versions (P0, P40, P80, P120, P160) and B factor
with five nitrogen versions (N0, N40, N80, N120, N160);
2. The experiment with nitrogen, phoshorus and pottasium doses
includes A factor with four nitrogen and phosphorus versions (N0P0, N100P0,
N0P100, N100 P100), and B factor with four potassium versions (K0, K50, K100,
K150);
3. The experiment with phosphorus doses and manure includes A
factor with four nitrogen and phosphorus versions (N0P0, N0P50, N50P50, N100
P100 ), and B factor with four manure versions (G0, G20, G40, G60 ) ;
The application of the fertilizers has been made differentially;
therefore the phosphor and potassium ones have been dosed out in autumn
under basic tillage with 1/3 of nitrogen dose and 2/3 of nitrogen in spring on
vegetation.
The manure have been dosen out once at three years under tillage.
The wheat has been raised only by two year simple in rotation with maize.
The wheat races raised during all this time were: Bezostaia, Doina, Iulia,
Fundulea133 şi Fundulea 4, Dropia and Boema.
Results and discussion
The climatic conditions during experiment period (1970-2009) fluctuated
greatly between extremely droughty years and very rainy years, which
invested the production with oscillation. Thereby must be noticed that
among the 40 years only 20% were with precipitation over 600 mm, which
is considered a year with growing weather for wheat raising, while 25% of
the years were extremely droughty with only 300-400 mm. So it results 55%
years average favorable for winter wheat crop. Beside this fact, the monthly
precipitation distribution is also important to meet the requirements of the
crops in different vegetation stages, and implicit to be able to maximize the
contribution of nutritive elements brought by applying the fertilizers.
Although 58% of the total amount of precipitation are in April-August and
35% are in April-June, period which turned out to be most important in
wheat’s life.
All this climate information is important in order to distinguish the
influence on the growing wheat production according to the level of
fertilization.
In the experiment with nitrogen and phosphorus the average
production of wheat has suffered great changes, lead by each of the two
types of fertilizers, but especially by the combined effect of them. . So if we
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only discuss the influence of the element phosphorus, it was found that it led
to production increases by 14% to 20% of fertilized variant (2687 kg / ha),
statistically insignificant increases are provided (table1).
Compared with phosphorus production increases resulting from the
application of nitrogen fertilizers were much higher. If in fertilized variant
were obtained 2180 kg / ha in fertilized variants production increased to
2916 kg / ha (N80) and 3405 kg / ha (N120), provided statistically
significant 34-56% increases compared with controls. (table 2)
Tabel 1
Comparing the average multiannual production according to phosphorus
doses
Relative
Yield
Difference
Signific.
Variant
prod
(t/ha)
(t/ha)
(%)
P0
2.627
100
P40
3.005
0.378
114
P80
3.129
0.502
119
P120
3.161
0.534
120
P160
3.146
0.519
120
DL 5% =0.71 t DL 1% =0.95 t
DL 0,1%=1.12 t
Table 2
Comparing the average multiannual production according to nitrogen doses
Yield
Difference
Relative prod Signific.
Variant
(t/ha)
(t/ha)
(%)
N0
2.180
100
N40
2.916
0.737
134
N80
3.267
1.087
150
*
N120
3.405
1.226
156
**
N160
3.301
1.122
151
**
DL 5% =0.85 t
DL 1% =1.12 kg
DL 0,1%=1.43t
To mention that the administration of amounts above 120 kg s.a/ha
for both nitrogen and phosphorus, although it determined increased
production compared to unfertilized control, this was lower than production
obtained at 120 kg s.a./ha.
Interaction of the two types of fertilizers was beneficial to wheat
crop thereby in all phosphorus fertilizer variants association with nitrogen
provided significant production increases compared to control, increases of
41-68% on a P0 , 32-54% on P40 ; 34-54% on P80; 31-51% on P120 and 33519

56% on P160 . It is easy to notice that the greatest productions were obtained
by applying 120 kg nitrogen/ha on all five phosphorus variants (table 3).
Although greatest yields were obtained at 120 kg nitrogen regardless to
phosphorus level, we mention that the difference between N80 and N120 is
very little, 38-196 kg/ha, insignificant production increase.
The combination among potassium fertilizers and nitrogen ones
and phosphorus ones determined sensitive productions increases: 4-6% on
N0P0; 8-13% on N100P0 and 2-5% on N100P100. The most favorable
combination was the N100P100K100 one where it has obtained a multiannual
average production of 3545 kg/ha with 1990 kg/ha more than N0P0K0 (table
4).
Table 3
Comparing the average multiannual production according to nitrogen doses
at the same graduation of phosphorus factor
Variant
N0
N40
N80
P0
N120
N160
N0
N40
P40
N80
N120
N160
N0
N40
P80
N80
N120
N160
N0
N40
P120
N80
N120
N160
N0
N40
P160
N80
N120
N160

Yield
(t/ha)
1.805
2.551
2.836
3.032
2.911
2.193
2.893
3.263
3.386
3.290
2.284
3.056
3.338
3.525
3.442
2.338
3.053
3.483
3.521
3.411
2.277
3.028
3.413
3.560
3.452

Difference
(t/ha)

0.747
1.031
1.228
1.107
0.700
1.070
1.193
1.096
0.772
1.054
1.241
1.158
0.715
1.145
1.183
1.073
0.750
1.136
1.283
1.174
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Relative prod
(%)
100
141
157
168
161
100
132
149
154
150
100
134
146
154
151
100
131
149
151
146
100
133
150
156
152

Signific.
*
*
**
*
*
*
*
*
*
**
*
*
*
*
*
*
**
*

LSD 5% =0.72 t LSD 1% =1.2 t
L SD 0,1%=1.56 t
Explanation of poor reaction of wheat to potassium fertilizers can
be ascribed to the fact that the soil has the right content of mobile potassium
In the experiment with nitrogen phosphorus and potassium the
influence of fertilizers containing potassium on constant nitrogen and
phosphorus level didn’t determine significant production increases
compared to unfertilized control.
Table 4
Comparing the average multiannual production according to potassium
doses at the same graduation of nitrogen + phosphorus factor
Yield
(t/ha)

Variant

N0P0

N100P0

N0P100

N100P100

K0
K50
K100
K150
K0
K50
K100
K150
K0
K50
K100
K150
K0
K50
K100
K150

Difference
(t/ha)

1.555
1.648
1.649
1.619
2.381
2.565
2.681
2.657
1.755
1.775
1.777
1.809
3.391
3.513
3.545
3.464

0.092
0.093
0.063
0.185
0.300
0.276
0.020
0.022
0.054
0.123
0.154
0.074

Relative
prod
(%)
100
106
106
104
100
108
113
112
100
101
101
103
100
104
105
102

Signific.

**
**

LSD 5% =0.19 t LSD 1% = 0.249 t
LSD 0,1% = 0.32 t
The unilateral influence of potassium factor was quite limited as
increases were only 5-6% compared to unfertilized control (table 5).
Table5
Comparing the average multiannual production according to
potassium doses
Variant
K0
K50
K100
K150

Yield
(t/ha)
2.270
2.375
2.413
2.387

Difference
(t/ha)

0.105
0.142
0.117
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Relative prod
(%)
100
105
106
105

Signific.
*
**
*

LSD 5% =0.095 t LSD 1% =0.125 t

LSD 0,1%= 0.160 t

It is known the importance of the application of organic fertilizers
on physical, chemical and biological soil properties. In case of long term
experiments on sloping land the administration of manure once at three
years, beside the positive effects it invests to soil, it has an important
contribution to production increase.
Unilateral influence of manure determined good productions with
very significant increases compared to unfertilized control between 8% at 20
t/ha manure and 16% in case of application of 60 t/ha manure, ie 202 kg/ha
– 409 kg/ha (table 6).
Table 6
Influence of manure on wheat production 40 years average
Variant
G0
G20
G40
G60

Yield
(t/ha)
2.564
2.766
2.883
2.972

LSD 5% =0.259 t

Difference
(t/ha)

Relative prod
(%)
100
0.202
108
0.319
112
0.409
116

LSD 1% = 0.342 t

Signific.

*
**

LSD 0,1% = 0.442 t

However, the combined application of manure and mineral fertilizers
had a positive influence on quantitative change of the wheat production
which is deduced from table 7 where maintaining the nitrogen and
phosphorus level constant and progressively increasing the manure amounts
between 20 t/ha and 60 t/ha it was found that contribution of the manure’s
component elements provided production increases of 14-30% on N0P0; 1125% on N0P50; 7-11% on N50P50 and 3-7% on N100P100, compared to variant
with no manure administered .
It is noted that increasing the amount of fertilizers the manure’s
influence decreases thereby applying 60 t/ha manure on N100P100 agrofond
determines a production increase of only 7% compared to variant with no
manure with the same mineral fertilizer. Therefore applying manure on
wheat crop only provides significant production increases when applied
only it. In combination with mineral fertilizers it is not justifiable, for the
provided increases are insignificant. These increases are great compared to
control variant.
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Table 7
Comparing the average multiannual production according to manure doses
at the same graduation of nitrogen+phosphorus factor
Variant
N0P0

N0P50

N50P50

N100P10
0

G0
G20
G40
G60
G0
G20
G40
G60
G0
G20
G40
G60
G0
G20
G40
G60

Yield
(t/ha)
1.902
2.162
2.369
2.473
1.998
2.224
2.379
2.501
2.955
3.166
3.198
3.285
3.400
3.510
3.585
3.630

Difference
(t/ha)

0.260
0.466
0.571
0.226
0.382
0.503
0.211
0.243
0.330
0.110
0.186
0.230

Relative prod
(%)
100
114
125
130
100
111
119
125
100
107
108
111
100
103
105
107

Signific.

**
***
*
**

*

LSD 5% = 0.28 t
LSD 1% = 0.44 t LSD 0,1% = 0.51 t
Considering the very changeable climatic conditions, both locally
but especially globally, it is interesting to find which are the optimum doses
under certain conditions especially pluviometric regime. So for the 40 years
of experiments it was considered the volume of the precipitation that fell in
different crop vegetation stages. With this object several scenarios have
been studied as follow (table 8)
In order to establish the link between production and the
precipitation amount in a certain period, the correlation coefficients (IC)
have been computed for the 40 experimental years.
Thereby in NP experiment the values of the IC between production and the
precipitation volume in different crop vegetation stages are very different.
The general tendency is this: while the considered period from autumn to
spring decreases the correlation is smaller so between production and
precipitation from autumn since March and April the links are very little.
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Scenario
I
II
III
IV
V
VI
VII
VIII
IX
X

Precipitation period scenarios
Sept-June
Oct-June
Nov-June
Dec-June
Jan-June
Feb-June
March-June
Apr-June
Sept, Oct, May,
Jun
Sept, Oct, Apr,
May,

Period
Sept-May
Sept-Apr
Oct-May
Oct-Apr
Noe-May
Dec-May
Jan-May
Feb-May
MarchMay
Apr-June

Nov-Apr
Dec-Apr
Jan-Apr
Feb-Apr

Table 8
Sept-March
Oct- March
NovMarch
Dec- March
Jan- March

The best correlations have been recorded generally within the second part of
the crop's vegetation stage.
The least favorable correlations have been recorded during winter
time, very likely due to the small precipitation volume in this period of the
year.
Regarding the correlation between production, fertilization level and
precipitation volume fell in a certain period, the weakest correlation has
been found for the unfertilized case, regardless the period taken as
reference. Even more, as the nitrogen fertilization level increases, so does
the correlation coefficient, unlike phosphorus, whose level doesn't largely
influence the value of the correlation index.
The maximum values for the correlation index have been recorded at
high nitrogen fertilization levels, but especially N80.
In the NPK, as well as the NP experiment, the values of the IC vary
depending both the precipitation volume in default periods, as well as the
level and combinations of fertilizing elements.
Consequently, it has been found that depending the period during
which there were rainfalls, the highest values for the correlation index were
recorded along the crop year, and then the values decreased from 0.54 to
0.25 in the September – March period. Therefore, the shorter the period
from june to winter time, the weaker the correlation gets. Similar to the NP
case, the lowest values across all
scenarios are being recorded during
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winter time, which means that merely the precipitation from in winter can't
sustain significant productions.
Concerning the correlation between the type of fertilizer, production
and precipitation levels, it has been found that the IC values are highest at
maximum N doses and decrease once the nitrogen level drops, while for the
K case the correlation is inverted, namely as the K doses get higher the IC
value decreases.
In the chemical and organic fertilization experiment, the IC
dynamics preservs itself as in the previous experiments with NP and NPK.
The highest values for IC were registered in the September to June period,
basically almost the entire crop year.
Precipitations from March to June have been fundamental for the
production. Concerning the IC dynamics, there has been no special
highlighting of one or other fertilization variants, as was the case with the
other fertilizer combinations, primarily because the NP doses were
quantitatively balanced
N0P0, N100P100, N50P50, the N50P50G20 version
having the highest correlation index.
Considering the above results, namely that in the region's
(Moldavian Plateau ) climatic conditions the NP fertilization was the one
with spectacular results and differences among the whole versions, and also
considering the long duration of this experiments, we can precisely forecast
the wheat production at predetermined doses of fertilizer, depending on the
amount of rainfall falling in different periods. In order to do this, we have
limited our scenarios to three, namely: the entire crop year, September to
June; April to June and September, October, May and June.
The results have shown that in order to achieve a 1.5-2.0 t/ha
production, water storage of 228 – 293 mm is a must during the entire crop
year, out of which a 50-60% amount should be distributed in April to June
period. The lowest values are for the small and average fertilization levels.
For a production estimated at 2.5 – 3 t/ha water storage of 344 – 404
mm is a must during the entire crop year, out of which a 44-48% should be
distributed in April to June period. The ratio between the necessary amount
of rainfall and the fertilization level needed for achieving the same
production is inversely proportional, so while the amount of rainfall
decreases the fertilization level has to go up. For a production of over 4 t/ha,
a required amount of precipitation of 408-458 mm is required for the entire
crop year, out of which a 46-53% should be distributed in April to June
period (table 9).
525

Table 9
The amount of precipitations necessary for obtaining defaults yields
depending on nitrogen fertilization
Nitrogen level

N0
N40
N80
N120
N160
N0
N40
N80
N120
N160
N0
N40
N80
N120
N160

Sept-Jun

Apr-June

S,O,M,J

1500-2000 kg/ha
293
136
291
142
286
144
228
136
228
136
2500-3000 kg/ha
404
194
397
177
355
153
369
159
344
152
> 4000 kg/ha
449
458
425
408

240
214
195
194

% Apr-June

159
165
160
135
135

46
49
50
60
60

231
234
202
204
197

48
45
43
43
44

256
251
216
209

53
47
46
48

The influence of precipitation volume and fertilization on winter
wheat yield on sloping land, for a optimum level of fertilization established
after 40 years of experiments, respectively N80P80, shows as follow: for a
production estimated at 1.5 – 2 t/ha a water storage of 276 mm is a must
during the entire crop year, out of which a 130mm should be distributed in
April to June period, but for a production of more than 4 t/ha the amount of
rainfall must be 474 mm for entire crop year, out of which a 209 mm should
be in Apr-June.
Conclusions
1. On sloping land, the administration of fertilizers, both chemical and
organic, is essential to wheat production increase.
2. Nitrogen is the element that provides the most significant increases,
with relative values ranging between 34-56% depending on the applied
amount, the greatest value being at 120 kg/ha dose, over which
production is negatively affected, and it can be noticed a decrease of it.
Difference between N80 and N120 production is quite small which do
not justify the application of more than 80 kg nitrogen /ha
3. Phosphorus is the second element in importance order but the increases
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4.
5.

6.

7.

determined by it were insignificant, only 14%-20%, maximum being at
P120 but among the four phosphorus fertilizations levels the production
differences were very small maximum 156 kg/ha , which do not justify
the application of more than 40 Kg/ha of phosphorus.
The potassium fertilizers increased the production with very small
amounts (5-8%) and this is due to a good supply of mobile soil
potassium.
Manure applied in combination with mineral fertilizers determined
significant production increases, but while the amount of administered
mineral fertilizers increases the influence of manure on production
decreases.
The combined application of the three types of fertilizers is closely
related to production and the amount of precipitation, but only nitrogen
responds best, proceeding from the fact that IC is highest at maximum
nitrogen doses.
The long term experiment with fertilizers can be a tool for estimating
the wheat production depending on the level fertilization and the
amount of precipitation from a certain period of crop life.
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Abstract.

The paper presents experimental results reported for a period of 24 years, during
1985-2008, on runoff and erosion processes, measured on some runoff plots. They are
located on the left hillside of the Upper Tărnii Valley, Eastern Romania, on mollisols
(Cambic Chernozem), developed on top of loams, moderately eroded, with a 12% slope.
The average of multiannual precipitation is 492.2 mm
From the total of eight plots, six of them are 100m2 (25×4m with 1 m border areas
between them) and the other two are 150m2 (37.5×4m). Six plots were cultivated with
different crops as follows: corn, beans, soybeans, winter wheat and bromegrass. Two check
plots of 100 and 150m2 were maintained like black fallow, always free of weeds. Also,
annually one of the crops is cultivated both in the 100m2 and 150 m2 variants. Averages of
soil losses in the study period of time were 0,16 to/ha/y for bromegrass, 0,86 to/ha/y for
winter wheat, 5,60 to/ha/y for Beans, 9,30 to/ha/y for corn and 43,12 to/ha/y for black
fallow. The intensity of erosion processes has been marked by some historical rainstorm
events that have exceeded the value of 80 mm for which the soil losses ranged between 20
and 35 to/ha/y for the black fallow check plot. During the period of vegetation maximum
peak erosion rates for winter wheat and beans were registered in May while for the rest of
crops and for the black fallow maximum values were noticed in June.

Keywords: Runoff, soil loss, runoff plots
1. Introduction
Torrential rains that fall in hilly areas may affect the land of at least
two ways:
- Lost a large amount of water through runoff, water that could be
used by plants, which emphasizes the phenomenon of drought.
- Lost significant and valuable amounts of soil by sheet and deep
erosion processes.
Therefore, the drought is caused not only by the scarcity of rainfalls
but also by the relief that diminish water use efficiency by plants in the
upper horizon of soil, as the effect of runoff.
Quantitative estimate of the losses of water and soil on sloping land is
the base of the strategy for applying conservation practices on an
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agricultural territory. At the same time is the start point in the realization of
projects of watershed planning to combat soil erosion.
Determining the value of erosion for a certain area of land can be done
by simple methods, like field surveys, or using mathematical models, of
which the best known is the Universal Soil Loss Equation (USLE)
developed by W.H.Wischmeier [7]. In Romania, a similar equation, adapted
to local condition has been developed by M.Motoc [2]
Lately, have been developed more powerful programs to simulate the
processes involved in triggering soil erosion, which are, in fact, complex
technologies that include knowledge of various fields [T.J.Toy et al.- 6].
On the basis of all these methods are, however, field observations and
the measurements on the experimental plots for determining runoff and
erosion. These arise from the need to find a common denominator in terms
of diversity of relief, climate and soil from the whole world [N.W.Hudson.1]. Therefore, all mathematical models for simulation of soil erosion, can be
validated or not if it has a set of data well enough statistical sustained so that
calculation errors to fall in some acceptable limits [J.Schmidt - 5].
2. Materials and methods
2.1. Study site
The study area is located on the left hillside of the Upper Tarnii
Valley (46015’57”N, 27037’11”E, elevation 210-220m, 12% slope) from
Tutova Rolling Hills, Eastern Romania where the soil is represented by a
cambic chernozem, moderately eroded.
The following soil conservation measures were used: intercropping,
contour planting, strip cropping, a grassed waterway and a drainage
network.
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 automatic weather station and is positioned in the neighborhood of the
site, on the territory of Perieni Research Center.
Historical registrations indicated that yearly average of precipitation
and temperature at Barlad station are 493 mm and 9.8 oC respectively. A
maximum monthly average of precipitation is placed in June with 75.6 mm
while the minimum is 24.4 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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Evolution of air temperature, represented by multiannual curve, is
marked by a minimum in January (-3.2 0C) and a maximum in July (21.3
0
C).
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) (D.Nistor et
al. – [2]).
2.2. Experimental methods
The monitoring of runoff and erosion was made continuously between
1985 and 2008 on some runoff plots situated on the left hillside of the Upper
Tarnii Valley, Tutova Rolling Hills, Eastern Romania (Figure 1)

Figure 1. Runoff plots from Upper Tarnii Valley
From the total of eight plots, six 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 tanks disposed in cascade. If the first
recipient is filled with water and sediment, the surplus will be exhausted
through a device such as a part of runoff will pass in the second tank and the
other four parties will be discharged outside. And if the second tank will fill,
the third receiver will become operational by the same system of division of
runoff.
Six plots were cultivated with different crops as follows: corn, beans,
soybeans, winter wheat and bromegrass. Two check plots of 100 and 150m2
were maintained like black fallow, always free of weeds. Also, annually one
of the crops is cultivated both in the 100m2 and 150 m2 variants (N.Popa et
al. – [3]).
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3. Results and discussions
The studied period included a number of 24 years, a period long
enough so that the number of pluvial events that triggered the process of soil
erosion to have an acceptable statistical significance.
Analysis of the frequency of runoff and soil losses, seen compared for
the main crops (Figure 2) shows, maximum values for the plot with black
fallow. Note that the most important losses of water (over 60% of total), by
flowing to the surface of soil, due to rainfalls in the first three categories, in
other words, rainfalls with values below 30 mm. Also, major runoff was
recorded for torrential rains that have exceeded 50 mm. As for the soil
losses, they correspond in good measure to runoff but their weight increases
greatly with rainfalls for more than 50 mm. For corn, the general appearance
is changed in that, although significant runoff occurs, soil losses are reduced
almost by half.
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Figure 2. Frequency of runoff, soil loss and rainfalls which triggered runoff
during 1985-2008 for: 5a – Black fallow, 5b - Corn, 5c - Beans, 5d – Winter
Wheat
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In the case of beans, one can say that the large number of rain in the
category below 30 mm makes the loss of water and soil to represent approx.
third of the total while rain exceeding 80 mm causing the loss of water and
soil over 50% of the total.
Finally, the situation for winter wheat is completely different from the
previous ones. The maximum values of runoff and erosion are registered for
the category of rains between 20 and 30 mm that are the most numerous.
Comparing the four cases analyzed is observed that the losses of water
and soil according to the frequency of rainfall size are highest for black
fallow, less for corn and beans and very uneven for winter wheat. This is
due to influence of plant cover that is ineffective for black fallow and
maximum for winter wheat. The latter is most vulnerable during sowing, in
late October and early November and offers the best protection against soil
erosion in June, before the harvest, when the vegetative mass reaches the
maximum value. After harvest, although the degree of protection of winter
wheat stubble is lower, only very high number of rainfall in July and August
makes runoff to have higher values, while soil losses are insignificant.
Monthly variation of runoff and erosion is shown in Figures 3 and 4.
As a general note, it is observed that the peak value of studied parameters is,
usually in June when the monthly average rainfall has also the maximum
value.
In the case of runoff, the highest values are recorded for permanent
black fallow during the months of June, July and August. Although the
amount of rainfall begins to decline in July and August, runoff is maintained
at approximately the level of June, most likely due to decreased ability of
water infiltration into the soil as a result of high temperatures during this
period of the year leading to crust formation on the soil surface.
For the crops of winter wheat, beans and bromegrass, the runoff in
August is about the same level because they are all at the stubble phase.
Graph of soil loss indicates that the erosion in the case of most crops is
highest in June with the exception of winter wheat and bromegrass year I for
which the greatest soil losses are recorded in May.
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Figure 4. Average monthly soil loss during 1985-2008 for the main
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Figure 5 shows the multiannual values of runoff and erosion of the
entire period of 24 years for all examined crops. Highest value of erosion, of
43.1 t/ha/year, has been registered on the black fallow, average values of 5.6
and 9.3 t/ha/year for beans, and maize and minimum values of 0,9 and 0.16
for winter wheat and bromegrass. Runoff reflects generally the same shape
of graphics, except the crop of bromegrass year I where large value of
runoff is because the technology of sowing involves a greater compaction of
the soil which decreases the capacity of water infiltration.
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Figure 5. Multiannual average of runoff and soil loss values during
1985-2008
4. Conclusions
In the natural conditions of the Upper Tărnii Valley, Eastern
Romania, study results for a period of time of 24 years, on some
runoff plots cultivated by corn, beans, soybeans, winter wheat and
bromegrass, have shown how different crops provide protection
against soil erosion.
The averages of soil losses were 0,16 to/ha/y for bromegrass, 0,9
to/ha/y for winter wheat, 5,6 to/ha/y for beans, 9,3 to/ha/y for corn
and 43,1 to/ha/y for black fallow;
During the period of vegetation highest values of runoff have been
recorded for permanent black fallow during the months of June, July
and August;
Maximum peak erosion rates for winter wheat and beans were
registered in May while for the rest of crops and for black fallow plot
maximum values were noticed in June.
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