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Abstract       Soil has a diverse heavy-metal concentration that is dependent 
on the parent material from which it is formed, the formation processes, and 
the composition and proportion of the components of the solid phase. The 
total forms of Cu, Zn, Pb, Ni, Cr, Co and Cd in vineyard soil from Breasta, 
Craiova were analyzed in order to understand the existence of metals in soils 
and their potential availability to plants. The content of metals was determined 
by ICP-MS analysis. Also, soil samples were analyzed in terms of 
agrochemical characteristics as these properties of soils are a key factor in 
determining the degree of fertility, so their productive potential and also to 
develop measures to improve agrochemical and increasing fertility through 
the use of chemical and organic fertilize.   
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The quality of the land fund is determinate by the 

limiting factors of agricultural production, of which the 

most important are: soil (physical, hydro-physical and 

agrochemical properties), topography (size slope and 

its orientation, or the presence of landslides), 

groundwater, climate, etc. (3). 

Maintenance of good soil quality is of prime 

importance for sustainable agriculture. Soil quality 

plays a vital role in soil fertility and primary 

production through organic matter decomposition and 

nutrient cycling. When some stress factors such as 

temperature, extreme pH or chemical pollution are 

imposed on a natural environment, soil can be affected 

(12). Soil may become contaminated with heavy metals 

from a variety of anthropogenic sources. Elevated 

concentrations of these compounds are known to affect 

soil (6, 7). The soil acts as a depository of heavy metals 

emitted into the environment, behavior which is 

favored by their ability to accumulate over time. 

Various factors can affect these deposits, mobilizing 

them to be taken over the form of particles in air and 

water, or being absorbed by plants. 

The long-term effects of metals or other pollutants 

added to soil are very difficult to assess, as there are 

few such experiments and consequently few data (7, 

15). 

The soil is exposed to contamination through 

several anthropic activities, mainly agriculture. The 

contamination of soil by heavy metals results in a high 

risk of its productive capacity and of the balance of the 

ecosystems (4). 

Soil has a diverse heavy-metal concentration that 

is dependent on the parent material from which it is 

formed, the formation processes, and the composition 

and proportion of the components of the solid phase 

(1). This concentration may be affected by several 

anthropic activities, including irrigation, fertilizer and 

chemical applications, and industrial or urban sewage 

incorporation (11, 14). Moreover, the concentration, 

distribution, and bioavailability of heavy metals in the 

environment are influenced by the soil type, 

topography, geology, and erosive processes (13). 

Cultivation may cause soil contamination by 

heavy metals, specifically copper in vineyard areas (4, 

5, 10).  

Viticulture is a very important agricultural practice 

in many countries. In order to control vine diseases 

caused by fungi, different fungicides, especially Cu-

based have been applied intensively to soils. The 

intensive use of agrochemicals with Cu and Zn in their 

composition may pollute the soil. Historical and 

current applications have resulted in Cu accumulation 

in the soil, and total Cu quantities have been measured 

in vineyards worldwide. 

The use of Cu-based pesticides can introduce other 

metals (Cd, Cr, Pb, and Zn) into the soil (8) and the 

studies from literature revealed that vineyards posts 

treated with Cu-Cr-As can be other source of these risk 

elements in vineyards soils. 

The chemical characteristics of heavy metals - Pb, 

Cd, Cu, Zn - are tackled and their crustal representation 

(total representation), and in soils and plants, as well as 

their dependence on the presence and activity of some 

soil indicators - pH, humus, CaCO3, clay etc. and the 

influence of human activities that determine the way 

that these metals can become pollutants of the 

environment. 
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 Material and Method 
 

Soil samples collected in September 2014 from 

Breasta vineyard were analyzed in terms of 

agrochemical characteristics in accordance with the 

methodology cited in the literature (9), and in terms of 

heavy metals. There have been analyzed 7 elements: 

Cu, Zn, Pb, Co, Ni, Mn, Cr, Cd - using the ICP-MS 

instrument. 

For analyzing soil samples was used the following 

equipment: mass spectrometer with inductively 

coupled plasma, ICP-MS, Perkin - Elmer Elan 9000, 

flame atomic absorption spectrometer Avanta PM. 

Calibration standards were made from stock solutions 

ICP-MS multi element calibration STD3, monoelement 

standard solutions 1000 ppm K, nitric acid 65% puris 

p.a. (Fluka), hydrogen peroxide 30% p.a. (Merck) and 

ultrapure water, grade 1 according to ISO 3696: 1987. 

For mineralization of samples there was used a 

Milestone microwave digestion system. Amount of 

about 0.5g of sample, weighed accurately 0.0001g, 5 

mL nitric acid 65%; 2 mL H2O2, 1 mL ultrapure water 

were placed in teflon vessels and were subjected to a 

heat treatment under pressure program: heating to 

180°C with a gradient of 4.5/min and held for 20 

minutes at 180°C. After cooling, liquid samples were 

transferred into flasks and were brought to volume of 

50 mL using ultrapure water and analyzed according to 

the specific procedures of the two spectrometric 

instruments. Control sample (Blank) was composed of 

5 mL 65% nitric acid; 2 mL H2O2, 1 mL ultrapure 

water being processed under the same conditions as the 

samples analyzed. 

The morphological analysis of soil involves 

describing observable characters in the field of 

horizons components of the soil profile and 

determination of the sequence of horizons. For 

morphological description of the soil profile in the field 

are considered certain soil properties, which relate 

mainly to: horizon thickness, color, moisture, texture, 

structure, cohesion, neoformations, roots frequency, 

humus content, porosity, skeleton, switching between 

horizons, soil depth, edaphic helpful volume, etc. (9). 

Direct observation was used to determine rock or 

parent material, morphological characterization of soil 

profile opened to determine the types of soils features 

and processes that characterize each type. 

Pedogenetic conditions and morphological 

description of the soil profile was done after "Soil 

Assessment Study Methodology", ICPA, 1987 and 

"Romanian System of Soil Taxonomy" ICPA, 2003 

(SRTS-2003). 
Colours were determined using Munsell Soil Color 

Charts Identification Manual, 2000 edition. 

For the preparation of soil samples for laboratory 

analysis were removed organic debris and skeleton, 

followed by grinding and sifting through 2 mm sieve ø 

(except soil samples collected in natural alignment). 

The soil samples brought to laboratory were 

subject, in order to perform analyzes, to drying in well 

ventilated rooms and provided with heating to a 

temperature of 40°C, after which they were milled to a 

particle size of less than 2 mm. Since was determined 

the humus content and total nitrogen, it was also made 

extra sample processing by removing plant debris roots 

and by fine grinding. 

The pH was measured potentiometrically with a 

combined glass and calomel electrode in an aqueous 

suspension in the ratio of soil / water: 1 / 2.5. Calcium 

carbonate (CaCO3) was determined by the Scheibler 

method. Humus is the most important organic 

component of soil, consisting, in most part, in specific 

organic compounds (humic acids). Currently, humus is 

determined by titration methods, the most common 

being the Tiurin method, method which is based on an 

oxidation process, by treating the sample with 

potassium dichromate in sulfuric acid. 

Total nitrogen (N) was determined by the Kjeldahl 

method, disaggregation with H2SO4 at 350°C, a 

catalyst of potassium sulfate or copper sulfate. Indirect 

to assess the level of assurance of soil nitrogen can be 

used the nitrogen index (IN), proposed by Borlan et al. 

100
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where: Hum = the humus content in %; VAh = 

degree of base saturation in %, calculated with 

hydrolytic acidity. 

The level of phosphorus supply is carried out by 

extracting it with a solution of acetate - ammonium 

lactate (AL) in pH=3.7, according to the method Egner 

- Riehm - Domingo and determined spectrophotome-

trically by the molybdenum blue. 

In order to determine the level of potassium supply 

it is used the same solution extractors used to extract 

phosphorus, potassium being dosed using flame 

photometry. 

 

Results obtained 
 

    EL st - vs – W3 – K3 – l/a - Spm /NB– Vn Nt  

Denomination: stagnic vertic preluvosol, moderate 

stagnogleyzed, mezocalcaric, textured loamy / clayey / 

clayish, generated by materials disintegration - slope 

carbonate alteration, represented by parent materials 

consisting of fine sized materials having as subjacent 

rock unconsolidated materials or poorly consolidated 

eubasic. 

General conditions of relief: Getic piedmont, weak 

moderately sloping land with an average slope ranging 

from 5 - 10%, groundwater depth is more than 10 m, 

characteristic vegetation; poor pasture with wooden 

vegetation hearths, undergrowth. 

Soil texture is clayey on A horizon (0 - 29 cm), 

clayey loam on 42 - 60 cm depth and clayish on the 

profile (figure 2). 

 Morphological description of the profile (figure 1): 
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 Thickness of A horizon varies between 22 to 29 

cm. 

0 – 29 cm = Ao, right transition, brown gray color, 

clay loam texture, small subangular polyhedral 

structure, firm consistency, moderate plasticity, 

moderate adhesion, poor compaction, frequent small 

pores, rare cracks or small cracks, common roots, dry. 

 

  
 

Fig. 1. Soil profile view: stagnic-vertic preluvosol from 

Breasta vineyard, Dolj 
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Fig.  2.  The results of particle size analysis 

 

29 – 40 cm = A/Ew3, gradual transition, yellowish-

olive brown color, marbled 10-15% with redox colored 

spots and dots, loam-clay, little weak subangular 

polyhedral structure, strong consistency, high 

plasticity, strong adhesion, poor compaction, frequent 

small pores, rare fissures or cracks, rare thin roots, 

neoformations of oxides and hydroxides as spots, 

damp. 

40 – 62 cm = Btw3, gradual transition, dark 

yellowish brown color with 20-25% of redox spots, 

clay-loam texture, high angular polyhedral structure 

well developed (average prism), hard consistency, 

very plastic, very adhesive, strong compaction, rare 

fine pores, medium rare cracks or crevices, rare soft 

small bobovines, rare thin roots, wet. 

62 – 83 cm = B/C , gradual transition, brown 

yellowish reddish color with 3 - 5% open deck redox 

color, texture clay loam, small-medium angular 

polyhedral structure weak developed, strong 

consistency, very plastic, very adhesive, compaction 

moderate to strong, very rare fine pores, rare small 

cracks or cracks, moderate effervescence, damp. 

83 – 110 cm = Cca, dark yellowish color with 

orange hue, loam-clay texture, massive structure, 

strong consistency, very plastic, very adhesive, 

moderate compaction, strong effervescence, 

disseminated carbonate concretions present in mass 

soil, damp.  

110 – 150 cm = C/W, dark yellow color with 

orange hue, clayish texture, massive structure, strong 

consistency, very plastic, very adhesive, moderate 

compaction, damp. 

Agrochemical properties of soils are a key factor 

in determining the degree of fertility, so their 

productive potential and also to develop measures to 

improve agrochemical and increasing fertility through 

the use of chemical and organic fertilize (2). 

The results of pH, CaCO3, total N and IN index, 

mobile phosphorus and mobile potassium are presented 

in table 1. 
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Fig. 3. pH distribution on the soil profile 

 

 

In general, it is considered that soils rich in humus 

(4-6%) are positive for table grapes. 

Poor supply with humus (1-2%) of soil is not 

considered a weakness, quite the contrary. In order to 

obtain quality varieties are considered as appropriate 

use of soils with low humus content (1%). 

It can be appreciated that in the case of the 

analyzed profile, humus content is medium on 0 - 29 
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cm depth, clayey texture, with the value of 3.44%; on 

29 - 40 cm depth humus content is low - 2.00% for 

clayish texture, on depth 40 - 62 cm very small and 

extremely small for the following three depths, 

recording values less than 0.62 %.  

Total nitrogen in the soil is between 0.176 % (the 

depth of 0 - 29 cm) and 0.008 % (per depth of 110 - 

150 cm). 

 We appreciate that the level of total nitrogen (%) 

is very small for the studied soil, except for 0 - 29 cm 

depth, where the total nitrogen content is medium. 

 

 

 

 

Table 1

Agrochemical soil analysis

 

Depth 

(cm) 

pH  

in distilled water 

ratio 1:2.5 

CaCO3 

(%) 

Humus 

(%) 

Total 

nitrogen 

 (N %) 

IN 

Mobile  

phosphorus 

(ppm) 

Mobile 

potassium 

 (ppm) 

0 - 29 6.04 0.00 3.44 0.176 2.80 14 202 

29-40 6.23 0.00 2.00 0.089 1.70 3 125 

40-62 7.12 0.00 1.32 0.073 1.20 1 124 

62-83 8.30 2.20 0.62 0.038 0.6 0.0  0.0   

83-110 8.44 18.60 0.44 0.026 0.4 0.0   0.0   

110-150 7.83 4.60 0.10 0.008 0.1 0.0   0.0   

 

 

IN values less than or equal to 2 shows low soil 

nitrogen supply, a situation common in depths from 29 

to 150 cm, between 2.1 and 4.0 indicates a medium 

supply, seen only on the depth of 0 - 29 cm. 

Depending on the physical and chemical properties 

of the soil (particularly pH), heavy metals are 

mobilized in the soil solution and are adsorbed by the 

plants. 

 

 

The soil profile from Breasta vineyard, on the 

depths of 0 - 29 cm and 29 - 40 cm, has a soil reaction 

slightly acidic, pH is ranging between 6.04 and 6.23, P 

supply is small (0 - 29 cm depth) and extremely small 

(depths of 29 - 40 cm and 40 - 62 cm) and K content is 

high (0 - 29 cm depth) and low on the following two 

depths: 29 - 40 cm, 40 - 62 cm (figure 3).   
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Fig. 4. Heavy metals on soil profile 

 
 

On 40 - 62 depth, soil reaction is neutral and on 

the next 3 depths reaction is weak - alkaline (7.83 -  

8.44). 

In figures 4 and 5 is presented the heavy metal 

content, namely Ni, Mn, Cr, Cd, Cu, Zn, Pb and Co 

expressed in ppm, on the soil profile. 

On 0 - 29 cm depth, for a soil pH of 6.04, the 

highest values are observed for Cu - 66.5 ppm, 72.5 

ppm Zn, Ni - 7.5 ppm, Mn - 261 ppm, Cr - 57.5 ppm 

and Cd - 0.701 ppm. On this depth, humus has the 

highest value of 3.44 %. 

The surface of 25 cm zone of soil is mostly 

affected by heavy metals pollutants resulting from 
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anthropogenic activities. Heavy metals are adsorbed 

and accumulated in this soil layer probably due to 

relatively high organic matter. 

The pH of the soil has direct implications on the 

mobility and accessibility of nutrients in the soil and 

can delineate an area of plant nutrition for optimum pH 

6.0 - 6.5: area which is characterized by a higher 

solubility and optimal accessibility for the majority of 

nutrients from the soil. 

CaCO3 was not detected on the first 3 depths, for 

62 - 83 cm depth has the value of 2.2%., the highest 

value of 18.6% being recorded on the 83 – 110 cm 

depth, declining thereafter to 4.6% on the depth 110- 

150 cm. 
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Fig. 5. Heavy metals on soil profile 

 

 
 

Among these metals, Cd and Cr are highly toxic, 

while Pb is moderately toxic and Zn, Mn, and Cu are 

essential elements and micronutrients. The ranking 

order of occurrence of the heavy metals in vineyard 

soil was Mn  >  Zn  >  Cr  >  Cu  >  Pb > Co > Cd, 

indicating that Mn followed by Zn was in the 

maximum concentrations and Cd was in minimum 

concentration.  

On the next three depths, is seen that pH increases 

from 6.23 to 8.3, and the amount of copper decreases 

from 17.5 ppm to 15.3 ppm, Mn decreases from 217.5 

ppm to 164.5 ppm, and Cd from 0.654 ppm to 0.35 

ppm. Also, we notice a decrease in Zn content. Zinc 

mobility in soil decreases with increasing soil pH and 

phosphorus content due to the formation of Zn3(PO4)2 

insoluble. 

Regarding the content of Zn, Pb, Co, Ni and Cr, 

values decrease from 29-40 cm to 40-62 cm depth, and 

for the depth of 62 – 83 cm content of these elements is 

higher than the one determined on the depth 29 - 40 

cm, except Co which records a lower value. 

pH recorded the highest value of 8.44 on the depth 

of 83 - 110 cm, and decreases to 7.83 on 110 - 115 cm 

depth. Note that the contents of Cu and Ni increases on 

83 - 110cm depth and decreases on the following 

depth. 

For Zn, Pb, Co, Mn and Cd, it is observed that the 

contents of these metals are higher on the depth 110 - 

115 cm compared with previous depth. 

 

Conclusions 
 

Stagnic-vertic preluvosol fron Breasta vineyard is 

characterized as follows: 

- the soil has a slightly acidic reaction in the first 

two horizons, a neutral reaction on Bt horizon (argic) 

and a slightly alkaline reaction form transition horizon 

B/C, 

 - the total content of alkaline earth carbonates is 

medium under 60 cm depth and high on the profile, 

- humus content depending on the texture is 

medium in upper horizon, small on the next and very 

small to extremely small on profile, 

- total nitrogen content in the upper horizon is 

medium and very small on profile, 

- after nitrogen index, soil is supplied medium on 

the surface horizon and low supplied on the profile, 

- the distribution of mobile phosphorus on profile 

reveals a weak supply of the soil in this element. 

Comparing the values determined in this study 

with reference values of Order 756/1997 for sensitive-

use soil we can conclude the followings: 

- normal content of copper in the soil is 20 ppm, 

which is exceeded on 3 of the 6 depths analyzed, 

- determined Zn content is lower than normal soil 

content of 100 ppm, 

- Pb normal content of the soil is 20 ppm, 

determined values slightly exceeded this value, 
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- in the case of nickel values determined are small 

compared to normal soil content of 20 ppm, 

- only in case of Cr is observed exceeding the 

normal content of 30 ppm, 

- Cd is below normal soil content of 1 ppm. 

- for any analyzed element there have not been 

recorded exceedances of alert threshold specified in the 

Order 756/1997. 
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