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Abstract 
 
Groundwater is a vital resource, when considering its role in the water supply for human activities. Regardless their 
location, the quality of groundwater resources is influenced by different natural and anthropic factors, especially if the 
hydro geomorphological settings allow the pollutants to reach the aquifer from the ground surface. Various methods 
for aquifer vulnerability assessment were developed over time. This paper presents the vulnerability assessment of the 
karst aquifer Zaton-Bulba, situated in the South-Western part of Romania, in the Mehedinti Plateau. Two specific 
methods were used for the vulnerability assessment of this aquifer. The first method is DRASTIC which is a general 
method that can be applied for any kind of aquifer and the second method is EPIK which is a method developed 
specifically for karst aquifers. These methods were chosen considering the available data and their international use. 
Each of these methods uses different parameters revealing different characteristics of the studied aquifer. Two 
vulnerability maps, corresponding to each method, have been obtained. The aquifer groundwater protection area could 
be delineated considering the mapping vulnerability assessment results.  
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INTRODUCTION 
 
Groundwater represents a fundamental resource 
considering mainly its role in the human 
activities, such as water supply for human 
settlements, agriculture, or industry. Assuming 
its importance, groundwater protection activity 
has ahigh priority in Europe. This isunderlined 
by the Water Framework Directive 2000 
(2000/60/EC) and by other European 
regulations, especially by the Groundwater 
80/68/EEC Council Directive. Almost 25% of 
the global population is dependent on the karst 
groundwater (Leibundgut, 1998). Karst 
groundwater protection is particularly 
important, as karst aquifers by their unique 
structure (Doerfliger et al., 1999), are 
exceptionally vulnerable to contamination 
(Zwahlen, 2004). Groundwater vulnerability 
assessment is not a directlymeasurable 
characteristic in the field, but an approach 

based on the fundamental concept that some 
areas are more vulnerable than others when 
considering the groundwater pollution (Gogu 
and Dassargues, 2000b).  
The International Association of 
Hydrogeologists defines vulnerability as „an 
intrinsic property of  groundwater that depends 
on the sensitivity of that system to human 
and/or natural impacts”(Harter and Rollins, 
2008).   
According to COST Action 620, intrinsic 
vulnerability “is the term used to define the 
vulnerability of groundwater to contaminants 
generated by human activities. It takes account 
of the inherent geological, hydrological and 
hydrogeological characteristics of an area, but 
is independent of the nature of human 
activities” (Zwahlen, 2004). 
Numerous methods and schemes have been 
developed for assessing and mapping 
vulnerability.The most used methods belongs 

 
Sokolov L.I., Vasiliev V.P., 1989. Acipenser baerii 

Brandt, 1869. In: The freshwater fishes of Europe, 
Vol. 1, Pt. 2 Acipenseriformes, Holcík, J. Aula-
Verlag Publishing House, Wiesbaden, p. 263-284. 

Williot P., Rouault T., Brun R., Miossec G., Rooryck O., 
1988. Grossissement intensif de l’esturgeon sibérien 
(Acipenser baerii) en bassin. Aquac. Rev., p. 17-18, 
29-32; 27-32. 

Zaharia T., Nita V.N., Nenciu M.I., 2017. Marine 
aquaculture bases in Romania. CD PRESS Publishing 
House, Bucharest, p. 156-182. 

Zaharia T., Maximov V., Nita V.N., Staicu V., Lazar L., 
Sirbu R., 2008. Preliminary results regarding 
sturgeon breeding on the Romanian littoral. 
Recherches Marines, Vol. 38, p. 207-222. 

 
 
 

Zaharia T., Onea D., Nita V.N., Maximov V., Staicu V., 
Lazar L., Sirbu R., 2011. Russian sturgeon 
(Acipenser gueldenstaedti): comparative breeding in 
fresh and marine water on the Romanian littoral. 
Journal of Environmental Protection and Ecology, 
Vol. 12 (3), p. 1386-1393. 

***Council Directive 92/43/EEC of 21 May 1992 on the 
conservation of natural habitats and of wild fauna and 
flora, Annex II). http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:31992L0043. 

***DSTF, Danube Sturgeon Task Force, 2016. Roadmap 
for implementation of ex-situ conservation measures 
for sturgeon species in the Middle and Lower Danube 
Region. Elaborated in the frame of Eusdr Start 
project Sturgene, 14 p. 

 
 
 
 

 

AgroLife Scientific Journal - Volume 7, Number 1, 2018
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



106

 

to theindex and overlay category. These are 
considering several relevant factors affecting 
the aquifer vulnerability (soil, geology, 
recharge etc.). The process involves scoring, 
integrating, and classifying the information 
based on interpretation, for producing indexes, 
ranks or classes of vulnerability (Harter and 
Rollins, 2008). 
 
Zaton-Bulba study area  
This paper presents the vulnerability 
assessment of the Zaton-Bulba karst aquifer. 
The vulnerability analyses were made using 
two methods: the general method- DRASTIC 
which can be applied on any type of aquifer 
(Aller et al., 1987), and the specific method 
EPIKwhich can be used for karst environments 
(Doerfliger et al., 1999). 
 
Geography of the studied area  
Zaton-Bulba karst aquifer is situated in the 
South-Western part of Romania, in the 
Mehedinti Plateau.  
The studied area has approximately 41 km2 and 
represents the hydrologic basin of the 

Bulbarivulet (see Figure 1). It covers the small 
town Baia de Arama and Ponoarele village.  
Due to the intensity of the karst processes and 
to the diversity of endokarst and 
exokarstfeatures, unless the limestone outcrop 
has a small area (25 km2), this region represents 
one significant Romanian karst areas. In this 
plateau, more than 200 caves can be found, on 
an area of 45 km2 (Vlaicu et al., 2010).  
The area presents some special karst landforms, 
named “cornete” (calcareous hills) which were 
formed as a result of the limestone bands 
fragmentation, and wide karren fields 
(Sandulache, 2012; Vlaicu et al., 2010). The 
natural bridge “Podul lui Dumnezeu” (God’s 
Bridge) is a unique karst landform, which was 
formed after the ceiling of a cave collapsed. 
The karst depression Zatonul Mare is covered 
mostly by temporary lakes in rainy periods and 
by alluvial deposits in drought periods.  
The water from Zatonul Mare Lake supply 
Bulba River through an underground cavity 
(Figure 1) (Sandulache, 2012). 

 
Figure 1. Zaton-Bulba study area 

 

 
Geology and geomorphology 
The formation of the Mehedinti Plateau is of 
tectonic nature, and closely related to the 
formation of the Carpathians, the plateau being 
a submerged step of the Carpathians 
(Mehedinti CC, 2015).  
The studied area includes a limestone bar, 
developed on the same direction as Carpathian 
structures, NNE-SSW, which quarters the 
aquifer system Zaton-Bulba (Vlaicu et al., 
2010). 
The karst area Baia de Arama-Ponoarele was 
formed in a massive limestone unit, of 
Barremian-Aptian age, which is a part of the 
stratigraphic subdivision of the Upper Jurassic-
Aptian (Codarcea and Răileanu, 1968). 
The limestone bar is bounded to the north by 
Nadanova layers (marly limestone, clay, 
sandstone) from the Upper Cretaceous, 
followed by an area of sandstone and 
conglomerate, from the same geological period. 
The south part is represented by Precambrian 
and Paleozoic magmatic formation, namely 
granite, and also Tortonian formations 

represented by marl, gravel and shell limestone 
(Figure 2).  
In the west part of the limestone bar, the karstic 
processes from Baia de Arama-Ponoarele area 
led to the underground capture of the 
hydrologic network. This takes place through 
ponors, caves and other drainage system 
formations (Vlaicu et al, 2010), which are 
represented by dry valleys (downstream) and 
by karst depressions (upstream) - Zaton and 
Ponoarele (Mehedinti CC, 2015). The caves 
through which the catches are made are Zaton 
Cave and Bulba Cave. The water drainage 
system between Zaton and Ponoarele karst 
depressions is made through Podului Cave 
(Vlaicu et al., 2010). 
Considering the behaviour of the drainage 
system, it can be established that groundwater 
flows from S-W to N-E. 
A longitudinal profile by limestone bar was 
made in order to highlight the calcareous 
elements from the area (Figure 3). It crosses the 
limestone bar from the Zaton depression to 
Bulba course through Baia de Arama. 
 

 
Figure 2. Geology of the studied area 
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Figure 3. Longitudinal profile of the limestone bar 
 
MATERIALS AND METHODS 
 
The used methods for assessing the 
vulnerability of the Zaton-Bulba karst aquifer 
were EPIK and DRASTIC. 
EPIK is a specific method used to 
assessintrinsic vulnerability mapping of karst 
aquifers, which is considering the 
hydrogeological behaviour of this type of 
aquifers. It is an index-and-overlay method 
(Vrba&Zaporozec, 1994). The acronym of this 
method comes from the four karst 
aquiferattributewhich are considered: E- 
Epikarst, P- Protective cover, I- Infiltrations 
and K- Karst network (Doerfliger et al., 1999). 
This method considers the natural and 
anthropic influences of the environment and 
can reach the sensitivity of a karst aquifer in a 
general and effective manner (Doerfliger and 
Zwahlen, 1998). Each parameter is subdivided 
in three or four classes that characterise the 
anticipated influence of this parameter on karst 
aquifer vulnerability to contamination (Gogu 
and Dassargues, 2000a). 
Epikarst is defined as “an immediate 
subsurface zone, highly fissured due to the 
dissolution and pressure release of rock near 
the ground surface”and “it is subject to extreme 
weathering” (Doerfliger et al., 1999). The three 
classes of this parameter are: (E1) indicating 
areas where the epikarst is associated with the 
karstic network forming swallow holes, 
sinkholes, caves, karrenfileds; (E2) refers to the 
intermediate zones of these features, where 
epikarst is associated with the fissured matrix 
zone (dry valleys, allignement of dolines); and 
(E3) refers to the areas which do not present 
epikarst morphology and which include the rest 

of the studied area (Gogu et Dassargues, 2000a; 
Vlaicu et al., 2010). 
Protective cover factor refers to the soil 
thickness. The three classes of this parameter 
are: (P1) which represents a soil thickness less 
than 20 cm; (P2) category includes areas with 
soil cover of 20-100 cm and (P3) includes areas 
with soil thickness of more than 100 cm 
(Doerfliger and Zwahlen, 1998). 
Infiltration condition represents the most 
complex parameter to be estimated (Gogu and 
Dassargues, 2000a) and concerns the type of 
recharge to the karst aquifer (Doerfliger et al., 
1999). For estimating this parameter, the most 
important element to consider is the surface 
runoff, which is a function of slope and 
vegetation-cover type. (I1) is associated with 
areas where direct concentrated infiltration is 
possible, such as swallow holes. (I2) and (I3) 
are assigned considering different slope ranges 
(0-10%, 10%-25% and >25%) and different 
vegetation cover types (cultivated areas and 
meadows and pastures areas). (I4) represents 
the rest of the catchment) (Doerfliger et al., 
1999; Doerfliger and Zwahlen, 1998; Gogu and 
Dassargues, 2000a). 
Last parameter, karst network development, 
covers three categories: (K1) which is 
characterised by the presence of a well-
developed karst network; (K2) presents a 
poorly developed karst network; and (K3) for 
systems with presence of porous media for 
outlet, as well as for fissured non-karstified 
limestone aquifers (Doerfliger and Zwahlen, 
1998; Gogu and Dassargues, 2000a). 
Following the EPIK method, each of these 
categories of the parameters receives rating 
values, while each of the four parameters (E, P, 
I, K) receives a weighting factor (α, β, γ and δ). 

 
The protection factor, which represents the 
vulnerability index, is calculated as: 

   (1) 
 
where: 
Vi is the vulnerability index; 
Ei is the rating value for parameter E (epikarst); 
Pi is the rating value for parameter P (protective 
cover); 
Ii is the rating value for parameter I (infiltration 
conditions); 
Ki is the rating value for parameter K (karst 
network development).  
Table 1 presents the rating values for each class 
of each parameter. 
α, β, γ, δ are the weighting factors 
corresponding to E, P, I, K parameters. Their 
values are: α=3, β=1, γ=3, and δ=2. 
Considering the vulnerability index, the lower 
the rating values, the higher the vulnerability. 
The final vulnerability index ranges from 9 to 
34. Four classes of vulnerability are defined by 
Doerfliger, the author of this method, based on 
these values: very high vulnerability (9-19), 
high vulnerability (20-25), moderate 
vulnerability (higher than 25), low vulnerability 
(presence of P4 class).  
 

Table 1. Rating values for E, P, I, K parameters  

Parameter E1 E2 E3 P1 P2 P3 P4 
Rate value 1 3 4 1 2 3 4 
Parameter I1 I2 I3 I4 K1 K2 K3 
Rate value 1 2 3 4 1 2 3 
 
DRASTIC represents a general vulnerability 
assessment model which can be applied for any 
type of aquifer. It is one of the most used 
vulnerability assessment methods and it was 
developed by Aller et al., (1987). Such as 
EPIK, this method is an index-and-overlay 
method, considering seven parameters which 
characterise the aquifers and which can be used 
for assessing the aquifer’s vulnerability. The 
seven parameters are: 
D - Depth to water   
R - (Net) Recharge 
A - Aquifer Media 
S - Soil Media 
T - Topography (Slope) 
I - Impact of the Vadose Zone Media 
C - (Hydraulic) Conductivity of the Aquifer. 

Groundwater vulnerability is assessed by 
DRASTIC, using weights, ranges and ratings.  
Each DRASTIC parameter is explained in Aller 
et al. (1987). A synthetic description is given 
below. 
Depth to water parameter is set as having 
primarily importance, as it represents the depth 
of the unsaturated area through which a 
contaminant must travel before reaching the 
aquifer. The ranges in depth to water are 
defined in DRASTIC in order to relieve the 
depth intervals where the potential for ground-
water pollution significantly changes (Aller et 
al., 1987). 
Net Recharge is estimated as the amount of 
precipitation minus surface runoff, and 
evapotranspiration. For better estimations, 
literature based equations can be used, 
considering more factors influencing the net 
recharge. 
Aquifer media refers to the consolidated or 
unconsolidated rock as the geological matrix of 
an aquifer. Grain size and the rate of fractures 
and openings are the two criteria in assessing 
ranges and rates for this parameter. The greater 
these two factors, the higher the permeability of 
the aquifer and the lower the attenuation 
capacity of the aquifer media. Geological 
mapping is used to assess this parameter. 
Soil media refers to the uppermost portion of 
the vadose zone essential for maintaining plants 
growing process (Heath, 1983). As it is the first 
layer the infiltrations have to go through, soil 
media has a significant impact on the quantity 
of infiltrations (and implicitly to the 
contaminant quantity) which reach the vadose 
zone.  
Topography refers in DRASTIC method to the 
slope variability of the land surface. An 
estimation of the infiltrations and runoff can be 
made considering this parameter. For this 
method, the areas with 0% to 2% slope are 
considered to be the places forhighest 
infiltrations, so this range interval will have the 
greatest rating value.  
Vadose area is defined as the area situated 
below the soil cover and is delimited by the 
saturated area on its bottom. It has a high 
importance on different mechanical, chemical 
and biological processes which affects 
thetransport of contaminants. 



109

 

Figure 3. Longitudinal profile of the limestone bar 
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Hydraulic conductivity characterises the ability 
of the aquifer formation to allow the water 
flow. It depends mainly on porosity and water 
properties and it also has an essential role in the 
transportof contaminants.  
Each DRASTIC factor has assigned a relative 
weight ranging from 1 to 5, representing the 
relative importance of each factor.  
These values are: Dw=5; Rw=4; Aw=3; Sw=2; 
Tw=1; Iw=5; Cw=3.  
Ranges or significant media types which have 
an impact on vulnerability assessment were 
attributed to each DRASTIC factor. And each 
range has been evaluated and received a rating.  
Final DRASTIC index, assessing groundwater 
vulnerability is calculated as:
 

,  (2) 
where: 
Di is DRASTIC index for a mapping unit; 
j is the parameter;
Wj is the weight of the parameter; 
Rjis the rating of the parameter. 
Tables with ranges and ratings can be found in 
Aller et al., (1987). 
A high DRASTIC index estimates a high 
groundwater vulnerability. 
The usual five DRASTIC vulnerability ratings 
found in the literature are:

� Very low vulnerability (index values 
lower than 79); 

� Low vulnerability (index values 
between 80 and 119); 

� Moderate vulnerability (index values 
between 120 and 159); 

� High vulnerability (index values 
between 160 and 199); 

� Very high vulnerability (index values 
higher than 199). 

For applying the EPIK and DRASTIC 
methods, different sources of data were used: 
karst map of the Zaton-Bulba area, 
topographical maps, geological map, 
pedological map, precipitation data from the 
meteorological station Apa Neagra situated 10 
km from the center of the studied area (data 
provided by the National Meteorological 
Administration), evapotranspiration data from 
the MODIS satellite sensor 
(https://modis.gsfc.nasa.gov/), Digital 
Elevation Model: SPOT-HRS-DEM, Land 
cover data from Corine Land 2012 (CLC2012), 

Very High Resolution SPOT data, in-situ 
topographical, hydrogeological, and 
geophysical measurements made during a field 
campaign in June 2016. 
 
RESULTS AND DISCUSSIONS 
 
Maps were developed for each series of 
parameters which ultimately reveal their values 
across the studied area. 
EPIK Method 
Considering the presented criteria, a map of 
Epikarst (E) was made, using as primarily 
source the karst map of the area (Figure 4). 

 
Figure 4. The E (epikarst) parameter map 

 
Protective cover (P) parameter estimation was 
made using in-situ measurements and satellite 
imagery interpretation. The result can be seen 
in Figure 5. 
For the estimation of the Infiltration (I) 
parameter, the three important data sources 
were: the karst map, land cover map CLC2012 
and the Digital Elevation Model (DEM). The 
DEM was used for generating the slope model 
of the area, with range values as set in the 
previous section. 
Based on CLC2012, the land use categories 
were defined considering also the EPIK 
criteria. By joining these processed data, the 
infiltration parameter map has been obtained 
(Figure 6). 
Karst network development (K) parameter 
was estimated considering the karst landforms 
which can be found in the studied area and the 
connections between these landforms. The area 
covering the limestone bar and some adjacent 
connected landforms comes under the first two 
classes of the K parameter, the rest of the 
studied area being included in the last class 
(Figure 7). 

 

 
Figure 5. The P (protective cover) parameter map 

 
Figure 6. The I (Infiltration) parameter map 

 

 
Figure 7. The K (Karst network) parameter map 

 
By applying Equation (1), and overlaying the 
four parameters, a vulnerability map using the 
EPIK model was obtained (Figure 8). 
DRASTIC method results 
The depth to water (D) parameter was 
estimated using different in-situ data 
(topographical levels, hydraulic head).  
Depths higher than 30 meters were obtained for 
some areas from the hills covering Pestera and 
Bulba caves. The rating value for this depth is 
1. Most of the study area presents a depths to 
water lower than 4.5 m, thus being rated with 9 
and 10 (depths lower than 1.5 m). 

 
Figure 8. The EPIK vulnerability assessment map 

 
Depth values between 4.5 m and 30 m covers 
the rest of the rating range. As original depths 
in DRASTIC model are given in feet’s, a 
correlation has been made for the metric 
system. The D (depth to water) parameter map 
can be seen in Figure 9. 
 

 
Figure 9. The D (depth to water) parameter map 

 
The Net Recharge (R) parameter assessment, 
involved the precipitation data and 
evapotranspiration data for the time period 
2010-2014. The MODIS evapotranspiration 
satellite data have a spatial resolution of 1 km.  
The annual differences between precipitations 
and evapotranspiration values were used for 
determining the estimated multiannual net 
recharge value, which vary between 1038 
mm/year and 1064 mm/year. According to 
DRASTIC ranging for R, all the areas with 
values higher than 245 mm/year are rated as 
very high vulnerability degree and receive the 
rate 9. It means that the entire studied area 
receives the highest rate, 9. 
For the estimation of the aquifer media (A) 
parameter, the geological map of the area was 
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used. Different geological layers were rated 
according to DRASTIC model, as it can be 
seen in Figure 10. 

 
Figure 10. The A (Aquifer Media) parameter map 

 
The Soil Media (S) parameter considers for 
assessing the vulnerability, the soil texture. 
Based on the pedological map, the soil textures 
of the Zaton-Bulba area were rated according 
to DRASTIC. Figure 11 presents the resulting 
map. 
Next parameter, topography (T), was 
estimated using the DEM of the area from 
which the percent slope map was generated. 
The values were integrated in ranging values 
which received specific rating, as in the 
DRASTIC vulnerability model. Slopes higher 
than 18% were considered as having very low 
vulnerability, and received the rating 1. Slopes 
ranging from 0% to 2% received the maximum 
rating values, 10. The resulted T parameter can 
be seen in Figure 12. 

 
Figure 11. The S (Soil Media) parameter map 

 
The impact of the vadose zone media (I) 
assessment, was considered similar to the 
estimation of the epikarst which was used in 
the EPIK model. The rating of this parameter 
has been applied following the DRASTIC 

methodology. The results can be seen in Figure 
13. 

 
Figure 12. The T (Topography) parameter map 

 
Figure 13. The I (Impact of vadose zone media) 

parameter map 
 
The last DRASTIC parameter, Hydraulic 
Conductivity (C), was estimated using the 
geological map, an analysis of the karstic 
conduits and several tracer tests. For each 
geological formation the range of hydraulic 
conductivity was used for rating. The areas 
which were considered as having a very 
developed karst network, received the 
maximum rating for C.  
By overlaying the results derived from the 
geological map and those highlighting the karst 
network, the resulting vulnerability map for C 
parameter has been obtained (Figure 14). 
By overlaying the vulnerability maps resulted 
for each DRASTIC parameter, and by applying 
equation 2, the DRASTIC vulnerability 
assessment map was produced (Figure 15). The 
DRASTIC index gathered values from 87 to 
217, covering four of the five vulnerability 
categories. The areas with very high 
vulnerability, belongs to the areas with very 

 
developed karst outcrop. Most of the basin, is 
assessed with moderate vulnerability.  
 

 
Figure 14. The C (Hydraulic Conductivity) parameter 

map 

 
Figure 15. DRASTIC vulnerability map assessment 

Considering the results from both EPIK and 
DRASTIC, it could be observed that the 
vulnerability maps are quite similar, in terms of 
spatial deployment of the vulnerability 
categories. Table 2 presents a comparison of 
vulnerability assessment areas for both 
methods. 

Table 2. Vulnerability assessment percentage per 
category for EPIK and DRASTIC  

Vulnerability EPIK (%) DRASTIC (%) 
Very high 4 0.45 
High 14 16.79 
Moderate 82 80.08 
Low - 2.68 

Both methods present very high and high 
vulnerability classes for areas with very 
developed karst landforms, including shallow 
holes and springs.  
 
CONCLUSIONS  
 
This study presented the intrinsic vulnerability 
assessment for the karst aquifer Zaton-Bulba, 
using EPIK- a specific method used for karst 

aquifers- and DRASTIC - a general method 
used for all kind of aquifers. The vulnerability 
assessment maps can be used by administration 
to develop environmental policies. 
As vulnerability assessment methods are 
empirical methods, the obtained results present 
a certain degree of uncertainty. Thus, the final 
results should be interpreted considering the 
input data and the initial assumptions for 
assessing vulnerability. 
Time and costs represent some advantages of 
these used methods for assessing groundwater 
vulnerability, in contrast with other methods. 
For our studied area, by applying the two 
specified methods, similar vulnerability 
assessment maps were obtained. The most 
vulnerable zones are situated on the limestone 
bar, in the most karstified areas. The main 
actions to be considered in order to protect the 
groundwater in this area, are defining and 
mapping the aquifer protection areas on the 
basis of the vulnerability analysis results. 
Restricting some activities in the vulnerable 
areas could be benefice to preserve the quality 
of the groundwater.  
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Abstract  
 
Climate change is one of the most important factors influencing agricultural production, by natural energy flows 
blocking the work of the plant systems. Human activity, primarily the use of fossil fuels as the main energy source, 
contributes with over 40% increase greenhouse gas emissions. The principles of conservation agriculture include 
practices that retain soil undisturbed, conservation of soil fertility, minimum loss of organic matter and reduce the 
amount of water lost from the soil, conservation and use of water by plants spread throughout the growing season. The 
purpose of this paper is researching the influence of the minimum tillage systems application and climate conditions on 
the momentary soil moisture reserves and yield in the case of pea crops. The experimental factors were: factor A - 
tillage system, a1 = classical tillage system (with plowing), a2 = minimum tillage system (chisel variant), a3 = no-tillage 
system (direct sowing); factor B -  experimental years, b1 = 2014, b2 = 2015, b3 = 2016. The afila pea variety cultivated 
was Tudor. Momentary soil moisture reserves were determined by the oven drying method. The average annual 
temperature increased during 2014-2016 by 0.9-2.00C from the annual average of the past 59 years of 9.10C recorded 
at the Meteorological Station Turda. Rainfall monthly registered over the three years were higher than the average on 
59 years by 127.6 mm in 2015, 227.9 mm in 2014 and 303.2 mm in 2016. Soil reserve moisture determined between 
March and July at pea crop was higher in 2016 both the depth of 0-20 cm and 0-50 cm, the pea yield was 4210 kg/ha, 
compared to 2015 when the moisture reserve was close to the minimum limit and the yield obtained was 2360 kg/ha. 
Momentary soil moisture reserves calculated on 0-20 cm and 0-50 cm of depths were influenced by the soil tillage 
processing, in the minimum tillage systems and no-tillage the momentary soil moisture reserves are preserved better 
than in the classical tillage system. Reserve momentary soil moisture and pea yield are influenced by climate conditions 
and the processing of soil.  
 
Key words: climate conditions, water conservation, tillage systems, yield, peas. 
 
INTRODUCTION 
 
Climate changes are one of the biggest 
economical, social and environment threats and  
one of the most important factors which 
influence agricultural production by blocking 
natural energy flows to the plant’s working 
systems (Rusu et al., 2015); it’s necessary to 
adapt applied technologies and to make the 
works in the optimal period (Simon et al., 
2016), so as the result should be an efficient 
use of available water but also the increase of 
the water reserve in the soil (Teka, 2002; 
French, 2004; Mihailovic and Mikic, 2010; 
Marin et al., 2015; Chetan et al., 2016). 
The result of keeping at the soil surface vegetal 
debris in the case of minimum tillage (Mcphee, 

2003) is an increase of the content of organic 
mass in the soil (Malecka et al., 2012), the 
protection of soil against water erosion during 
heavy rain and wind (Assayehegne, 2002), the 
reduction of water quantity evaporated from the 
soil and surface leaks (Rukavina et al., 2002). 
The principles of conservative agriculture 
include practices which keep the soil 
undisturbed, preserve soil fertility, minimum 
losses of organic mass, preserve and use in 
steps of water by plants during the entire 
vegetation period (Rusu et al., 1999; Simon et 
al., 2015). 
How soil is processed affects significantly the 
soil structure and moisture during the 
vegetation period of the crop, in general these 
changes are related to the type of soil, the soil 


