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Abstract       This paper sought to determine the transfer of micro-, 
macroelements and heavy metals in the soil-plant system, as measured both 
the vineyard soil and the vegetable material represented by the canes and 
leaves of vines. 
For the analysis of the plant (vine) in order to determine the total content of 
micro-, macroelements and heavy metals are particularly suitable analysis of 
the green bodies of vine (canes and leaf) or of the total plant, through these 
key indicators can be characterized well enough nutrition level of the plant, or 
stage in  cycle nutrients in the soil-plant system, but also the health of the 
plant and the degree of pollution. 
From the vineyard were collected soil and plant material samples in April and 
September 2014, by taking the actual plot in rows or in a zigzag, to be 
analyzed chemically. The analyzes were carried out using two samples of soil 
at various depths from Dăbuleni vineyard and one vine variety for the plant 
material analyzed: canes and leaves. For the determination of the canes were 
collected samples from the median and from the base of the vine plant.   
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Soils may become contaminated by the accumulation 

of heavy metals and metalloids through emissions from 

the rapidly expanding industrial areas, mine tailings, 

disposal of high metal wastes, leaded gasoline and 

paints, land application of fertilizers, animal manures, 

sewage sludge, pesticides, wastewater irrigation, coal 

combustion residues, spillage of petrochemicals, and 

atmospheric deposition (2, 3, 5, 6, 11). 

Heavy metals may be present as a deposit of the 

surface of the fruits, or may be taken up by the crop 

roots and incorporated into the plant tissue. Heavy 

metals composition of foods is of interest due to their 

essential toxic nature. For instance, iron, zinc, copper, 

chromium, and manganese are essential, while lead, 

cadmium, and nickel are toxic at certain levels (9). 

Heavy metals such as cadmium, lead and nickel are 

readily transferred through food chains while do not 

serve any essential biological function (4). 

All plants need an adequate supply of macro- and 

micro-elements in order to match their normal 

physiological and biochemical function. Besides basic 

mineral nutrients (N, P and K), some other elements 

(Mg, Fe, Zn, B) are considered to be essential for plant 

metabolic processes because they are cofactors and/or 

activators of many metabolic enzymes (1, 7). 

 

In order to achieve the intended purpose determinations 

were carried out for evaluating the behavior of micro- 

and macro-elements and heavy metals (Mn, Zn, Al, Cr, 

Cu, B, Ca, Fe, Mg, Al, K and Cd) in the system soil - 

vine plants at different phenological phases. This 

objective has been stimulated by the accumulation in 

soil of high concentrations of metals from various 

sources of pollution, in particular, from industrial 

activities, activities that have important implications 

for the environment and can severely disrupt the 

equilibrium existing in soil - plant system. 

For the analysis of the plant (vine) in order to 

determine the total content of micro-, macroelements 

and heavy metals are particularly suitable analysis of 

the green bodies of vine (canes and leaf) or of the total 

plant, through these key indicators can be characterized 

well enough nutrition level of the plant, or stage in  

cycle nutrients in the soil-plant system, but also the 

health of the plant and the degree of pollution. 

 

Material and Methods 

 
The biological material studied is a new grape variety 

created in Romania characteristic for the viticultural 

center Dăbuleni, namely: Selena - a variety of high 

quality white wines. 

From the vineyard were collected soil and plant 

material samples in April and September 2014, by 

taking the actual plot in rows or in a zigzag, to be 

analyzed chemically. The analyzes were carried out 
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using two samples of soil at various depths from 

Dăbuleni vineyard and one vine variety for the plant 

material analyzed: canes and leaves. For the 

determination of the canes were collected samples from 

the median and from the base of the vine plant. 

Samples of vine leaves were taken by choosing 10-15 

representative vines, and which are uniformly 

distributed in the plot. For each vine were collected 2-4 

leaves, which were included in common sample for 

variety/month. Leaf samples are labeled as follows: S1 

- S6 for  Selena variety. 

After sampling, the blades were separated from the 

petioles and were washed up with tap water first and 

deionised water thereafter, in order to remove dust and 

other residues on the leaf surface, and then the leaves 

were dried in the oven at 105 °C. 

In the field were collected two soil samples in 7 

repetitions on three depths. Samples from the same 

depths were collected in a bucket and then were mixed 

well. Foreign materials were removed and then 

approximately 500 g soil was placed in labeled plastic 

bags. The samples were transported to the laboratory, 

where they were allowed to dry, they were milled and 

were then subjected to laboratory analysis. Soil 

samples collected from Dăbuleni are denoted by D1 

and D2 and they represent the mean values of the 

samples taken. 

For analyzing the samples of vine leaves, canes and 

soil were used the following equipment: mass 

spectrometer with inductively coupled plasma, ICP-

MS, Perkin - Elmer Elan 9000, flame atomic 

absorption spectrometer Avanta PM, Milestone 

microwave digestion system.  

Table 1 

The operating parameters for the mass spectrometer 

ICP-MS Model Elan 9000 

Rf power (W) 1000 

ICP torch fassele type 

Torch injector ceramic alumina 

Nebulizer tip cross flow 

Nebulizer gas flow (l/min) 0.93 

Spray chamber  

Sweeps/reading 20 

Reading/replicate 2 

Number of replicates 5 

 

Calibration standards were made from stock solutions 

ICP-MS multi element calibration STD 3, 

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.  

Table 2 

The operating parameters for flame atomic absorption spectrometer 

Flame atomic absorption spectrometer Model Avanta 

PM 

Optics double fascicles 

Flame air –acetylene 

Flame control programmed 

 

For mineralization of solid samples there was used a 

Milestone microwave digestion system. Amount of 

about 0.5 g of sample, weighed accurately 0.0001g, 8 

mL nitric acid 65% for the vegetables samples; and 8 

mL aqua regia for soil samples 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 

aqua regia and analyzed according to the specific 

procedures of spectrometric instruments.  

Control sample (Blank) was composed of 8 mL 65% 

nitric acid and 8 mL aqua regia being processed under  

the same conditions as the samples analyzed. 

 

 

There have been analyzed the following elements B; 

Mn; Zn; Ca; Cr; Cu; Fe; Mg; Al; Cd; - using the ICP-

MS instrument and K content was determined by flame 

atomic absorption spectrometer using as excitation 

source hollow cathode lamp for potassium. 

 

Results and Discussions 

 
The results of the elements determination in the vine 

canes are presented in Table 3. 

The highest concentrations of Mn, Zn, Al, Cr and Cu 

are contained at the base of canes vine for Selena 

variety compared to the median zone, with the 

following abundance: Mn> Zn> Al> Cr> Cu. The 

determined values were higher in September than in 

April, both for base and median samples. 
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Table 3 

The evolution of the content of Mn, Zn, Al, Cr, and Cu (mg/kg
-1

) in vine canes  

Vine canes sample Mn Zn Al Cr Cu 

Month, year 2014 IV IX IV IX IV IX IV IX IV IX 

Selena  

base 17.9 18.2 16.2 16.4 6.1 6.5 4.3 4.4 3.0 3.9 

median 16.0 16.8 14.6 14.8 4.9 5.1 3.7 3.6 2.5 3.3 

 

For Dăbuleni vineyard the highest concentrations of Cr 

were recorded for variety Selena. Based on the research 

carried out, it can be concluded that high 

concentrations of copper accumulated in the canes vine 

are due to the use of copper based fungicides. 

The average concentrations of micro-, macroelements 

and heavy metals in the leaves determined for Selena 

variety are shown in Table 4. 

Potassium content recorded values between 7942.53 

(S5) -10,472.41 (S1) mg/kg
-1

 for the 6 samples of the  

 

variety Selena (S1-S6), indicating a normal nutritional 

status in this cation. Potassium providing is normal, 

this will not adversely affect absorption of Mg, Na and 

B cations. Potassium is absorbed in the form of K 

monovalent cation and travels through the phloem in 

the plant. This is responsible for the activity of more 

than 60 enzymes involved in photosynthesis and in the 

transport and storage of substances in reserve organs 

and confers resistance to pests and diseases. 

Table 4

The concentration of micro-, macroelements and heavy metals determined for Selena variety  

Sample 

mg/kg
-1

 

 

Element 

April 2014 September 2014 

S1 S2 S3 S4 S5 S6 

B 5.92 15.62 17.60 40.22 26.97 29.18 

Mn 60.03 56.69 147.61 137.90 149.78 131.66 

Zn 14.95 20.59 23.88 17.15 15.60 15.07 

Ca 7544.10 5191.32 8365.75 11820.33 9913.16 11325.44 

Cr 4.68 5.18 2.03 2.78 4.12 2.42 

Cu 4.74 2.63 6.92 6.77 5.16 5.63 

Fe 196.77 253.22 235.03 325.50 331.11 251.94 

Mg 2712.76 2847.25 3186.93 2519.68 2274.89 2613.97 

Al 60.41 149.94 105.98 160.54 197.63 77.91 

Cd 0.01 0.02 0.019 0.02 0.02 0.003 

K 10472.41 10046.18 10053.75 8664.23 7942.53 10183.71 

 

The small amount of K was recorded at the sample S5, 

then followed S4 sample, S2 and S3 samples having 

close values, detaching S6 and S1 samples that have 

recorded the highest amount of potassium. 

Magnesium recorded values between 2274.89 mg/kg
-1

 

(S5) – 3186.93 mg/kg
-1

 indicating a poor nutritional 

state, this being due to the moderately acidic pH of the 

soil and the presence of Ca, Mn, NH4 cations in soil 

solution which affects the absorption of Mg. 

Magnesium is absorbed in the form of Mg
2+

 and is vital 

in the process of photosynthesis, favors the absorption 

and translocation of phosphorus, maintaining acid-base 

balance of the cell, favors the production of protein and 

carbohydrate metabolism. At grapevine is important 

the value of K/Mg ratio, which for healthy plants is 2.5 

and deficiency state, is 1.5. 

Calcium content of samples S1 and S2 recorded the 

lowest values 7544.10 mg/kg
-1

, respectively 5191.32  

 

mg/kg
-1

 indicating a calcium deficient nutritional 

status. At these samples were recorded elevated K 

contents (10472.41 mg/kg
-1

 and 10046.18 mg/kg
-1

) and  

is normal that the values of Ca content to be smaller, 

due to the phenomenon of ionic antagonism of these 

two cations. Ca content of the other samples ranged 

from 8365.75 mg/kg
-1

 at S3 and 11820.33 mg/kg
-1

 at 

S4, indicating a poor nutritional status of plants. 

Calcium is a basic element in plant metabolism, which 

cannot grow and develop without it. It is necessary for 

maintaining cellular plasma in an active and stable 

condition, for maintaining acid-base balance by 

neutralizing organic acids that are in excess, 

participates in the formation of cell walls and 

contributes to the development of the root system. 

Lead and cadmium are on the list of the most 

dangerous metals that cause acute and chronic 

environmental contamination. Lead is involved in the 

synthesis of chlorophyll, carbohydrates, cellular 

respiration, and chemical reduction of nitrate and 

sulphate and nitrogen assimilation. 

Lead registers values between 196.77 mg/kg
-1

 (S1) and 

331.11 mg/kg
-1

 (S5) values characteristic of a normal 

nutritional status, as high mobility and bioavailability 

of lead is in the acid pH range.  
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Cadmium is a non-essential nutrient, and together with 

selenium, cesium, silver, lead and mercury, doesn’t 

have yet a well-established biological role, being 

poisons for plants depending to the concentrations. 

Cadmium accumulation in plants depends on the 

species and gender, as well as the soluble form in the 

soil. As regards the quantities of Cd determined in the 

samples of leaves of vine, they have similar values, 

varying in the range: 0.003 mg/kg
-1

 (S6) to 0.02 mg / 

kg
-1

 (S2, S4) for Selena variety. 

The boron content at S1 sample recorded the lowest 

value of 5.92 mg/kg
-1

 which indicates a poor nutritional 

status. For the other five samples content increased and 

ranged between: 15.62 mg/kg
-1

 (S2) and 40.22 mg/kg
-1

 

(S4) and fits in a normal nutritional state of boron. 

Values recorded are normal for soils of our country, 

because boron is rather poorly represented in soils as a 

result of participation to the formation of sparingly 

soluble compounds with Al and Fe and retention in the 

organic matter and clay minerals. 

Copper recorded the lowest value at S2 sample of 2.63 

mg/kg
-1

 and the highest value at S3 – 6.92 mg/kg
-1

, 

these values indicating a poor nutritional status. Low 

values recorded for copper indicate that the acidic pH 

of the soil affects the absorption of copper in the plant. 

Copper is necessary for photosynthesis and is part of 

some metalloproteins and some enzyme having a role 

in redox processes. Usually copper is an essential 

element for the plant growing. This microelement 

reaches into the composition of many enzymes in 

plants, but the interval of positive actions being limited 

it may became very toxic in high concentrations.  

Zinc content recorded values between 14.95 mg/kg
-1

 

(S1) and 23.88 mg/kg
-1

 (S3), indicating a poor 

nutritional status. At the time of sampling the plant 

does not show signs of zinc deficiency that occurs on 

top of annual increases through greenish-yellow 

discoloration in spots all over parenchyma, the veins 

with narrow bands of parenchyma near them remain 

green. Zinc participates in the activation of enzymes 

that catalyze the synthesis of tryptophan and 

heteroauxin. Zinc is a good nutrient for plants, which 

help the chlorophyll formation in leaves. 

Zinc is one of the more available nutrients that can be 

accumulated by the plant and then translocated to the 

different parts of it. It is well known that cadmium in 

combination with zinc can be accumulated in high 

concentration, if the pH of soil is between 5.0 and 7.0, 

and if the pH is higher than 7.0. This can explained the 

higher concentrations of zinc. 

Manganese content registered high values in four of the 

six samples from 131.66 mg/kg
-1

 (S6) to 149.78 mg 

/kg
-1

 (S5), indicating a state of excessive nutrition with 

this element. Manganese contents are higher because 

this element is, in plants, in amounts higher than other 

micronutrients, especially in leaves. Manganese 

participate in physiological processes that provides 

conversion of Fe
2 + 

to Fe
3 + 

and activates enzyme 

systems. 

For the other samples were registered smaller values 

ranging from: 56.69 mg/kg
-1

 (S2) – 60.03 mg/kg
-1

 (S1). 

Manganese is one of the most important nutrients for 

plants and for this reason, all fertilizers are containing 

large amounts of manganese. 

The amount of chromium does not have significant 

differences between the six samples thus determined 

values varied in the range: 2.03 mg/kg
-1

 (S3) to 5.18 

mg/kg
-1

 (S2) for Selena variety. 

As regards the aluminum content were found 

significant differences among the six samples. Thus, 

the lowest value determined was 60.41 mg/kg
-1

 (S1) 

and highest value was for sample S5 of 197.63 mg/kg
-1

. 

The results of the vineyard soil samples analysis are 

presented in Table 5. 

Table 5 

Determination of Zn, Cr, Cu and Mn (mg/kg
-1

) in the soil of Dăbuleni vineyard

Sample 
Zn Cr Cu Mn 

IV IX IV IX IV IX IV IX 

D1 (0-20 cm) 56.2 52.4 26.2 29.2 19.1 15.6 248.4 360.8 

D1 (20-40 cm) 40.4 35.4 26.6 32.6 10.4 15.3 236.2 338.6 

D1 (40-60 cm) 32 32.5 26.8 29.2 10.2 14.9 197.4 309.8 

D2 (0-20 cm) 30.9 31 28.6 31.7 15.9 16.9 277.9 374.3 

D2 (20-40 cm) 31.9 33.2 29.8 29.6 15.3 16.7 256.3 356.2 

D2 (40-60 cm) 40.4 41.6 32.9 29.4 15.9 16.3 286.2 346.2 

 

 

Heavy metal pollution, particularly pollution with 

copper, is a phenomenon that occurs particularly in the 

surface layers of the soil, due to the widespread 

application of Cu-based products in plant treatments. In 

soil, copper accumulates in most cases, on the surface 

layers of the soil due to its tendency to bind carbonates,  

organic matter, as well as hydrated oxides of Fe, Al 

and Mn (8). 

Copper concentrations are higher on the depth of 0-20 

cm in Dăbuleni vineyard. As the copper is accumulated 

on the surface, vines which have a deep root system 

disposed are not affected. Copper concentrations 

determined for Dăbuleni vineyard have slight 

variations for soil samples D2, both in April and in 

September, as well for the samples D1 in September, 

the highest concentration of Cu determined on the 

depth of 0-20 cm, of 19.1 mg/kg
-1

 for sample D1. 
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In terms of content of Cu concentrations determined in 

April the minimum values was 10.2 mg/kg
-1

 (D1, depth 

40-60cm) and the maximum of 19.1 mg/kg
-1

 (D1, 0-

20cm depth). In September there have been registered 

much lower values, so the minimum value was 14.9 

mg/kg
-1

 for sample D1 on the depth 40-60 cm and a 

maximum of 16.9 mg/kg
-1

 for sample D2 on depth of 

0-20cm. 

It was also observed a decreasing trend of 

concentration of these elements along on the soil 

profile, except Zn for sample D2 is having higher 

values on the depth of the soil profile. For this element, 

for all samples, the values measured are below the alert 

threshold specified in legislation (12). 

For manganese is specified in Order 756/1997 (12), as 

the attention threshold, the value of 1500 mg/kg
-1

 and 

2500 mg/kg
-1

 for the intervention threshold. 

Determined concentrations of Mn have slight 

variations in the two study periods, determining the 

highest concentration of 286.2 mg/kg
-1

 in April (D2, 

40-60 cm) and 374.3 mg/kg
-1

 in September for the soil 

sample D2 (0-20cm). By comparing the obtained 

values with the values in literature it can be concluded 

that they are about 150 mg/kg
-1

 lower in the present 

study. 

It is noted that in September were determined highest 

concentrations of Cu and Mn in soil. The copper 

content determined on the 0-20 cm depth is greater 

than on the depth of 20-40 cm, as confirmed by the 

results of the literature (10). Although Cu 

concentrations are high, this is common in vineyards, 

taking into account the application of fungicide copper 

over time. 

The concentrations of Zn determined in the soil in the 

vineyard Dăbuleni have values between 30.9 mg/kg
-1 

(D2, 0-20 cm, April), 31 mg/kg
-1 

(D2, 0-20cm, 

September) to 56.2 mg/kg
-1 

(D1, 0-20cm, April), 

respectively 52.4 mg/kg
-1 

(D1, 0-20cm, September), 

being situated around the average content of this 

element in the soil in accordance with literature. In this 

case, the content of Zn does not exceed the norm for 

the use sensitive soils, as the threshold alert value is 

300 mg/kg
-1

 and 600 mg/kg
-1

 for the intervention 

threshold. The Zn concentrations in vineyard soils are 

generally due to long term use of fungicides containing 

zinc to control vine downy mildew (2). 

The content of Cr in the vineyard Dăbuleni shows the 

same trend for all the soil samples, the values being in 

the range from 26.2 to 32.9 mg/kg
-1

, concentrations are 

lower than the determined average content of 100 

mg/kg
-1

 mentioned in literature. In this case, the Cr 

content is much lower than the alert threshold of 100 

mg/kg
-1

 for normal use sensitive soils. 

 

Conclusions 

 
Recent studies have shown that plants can accumulate 

a significant amount of heavy metals directly 

proportional to the gradual addition of the metal in the 

soil, but the accumulation rate depends on the 

characteristics of the soil, plant species, plant age, and 

hydroclimatic conditions. 

Distribution monitoring of heavy metals in samples of 

soil and plants is useful to become a threshold main 

reference or guide for monitoring and to prevent 

environmental pollution to worsen in terms of soil 

quality and also the level of safety for plants. 

Leaf analysis is widely recognized as the most reliable 

laboratory method to determine the nutritional status of 

the vine. Heavy metals are present in different 

concentrations in plants, which, in some cases, exceed 

the permissible levels. This could be attributed to 

contamination from traffic and industrial activities and 

the use of different fertilizers and pesticides. 

The analyzed vineyard soils can be classified as non-

polluted soils, because most of the heavy metal 

concentrations are lower than the limits imposed by the 

romanian legislation. 
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