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 Abstract 
 
Among microelements, low level of zinc seems to be the most 
common property in Hungarian soils. Horticultural cultivation 
requires a balanced supply of nutrients. Southern part of the 
Great plain contributes significantly to the supply of the fruit and 
vegetable to the population, so it is important to follow the soil 
properties, including measurement of those elements which have 
special effects on plant growing and human health. In our present 
investigation we continued the analysis of soils, via determination 
of the average level and distribution of available zinc content and 
followed the occurrence of the low and high zinc levels in the 
surrounding soils. Based on our results we suggest 
supplementing zinc microelement in plant growing in our region, 
to get healthy functional products and foods. 
 

1 Introduction  

Zinc deficiency is the most widespread micronutrient deficiency problem in the plants. Zinc is 
essential for both plants and the animal and human body, as it is a structural component in many 
enzymes and regulatory factors in many biochemical processes. This is true despite the fact that 
zinc is not a valence changing element, and when it is incorporated into enzymes, not the promotion 
of certain redox processes is in the background of the physiological phenomena [10]. Zinc ions exist 
primarily in complexes, mainly formed with proteins and some nucleic acids. 

The proportion of zinc-deficient areas is significant worldwide. According to the scientific 
literature data, the most affected areas are Central America, Central and South Africa and Southern 
Asia in the world [1]. In this aspect, Hungary is not in the most endangered countries. 

Probably about one-third of the human population suffers from not suitable zinc intake in the 
world [1]. Increased rates of some diseases (e.g. prostate cancer) were associated with reduced soil 
zinc concentrations and elevated groundwater use [17]. Zinc plays a key role in growth and 
development, and the functioning of the immune system [3]. 

The main soil factors which affect the availability of zinc for plants are low total zinc content in 
the soil high pH, high calcium carbonate and organic matter contents [15]. Saline soils with high 
concentrations of Na, Ca, Mg, phosphate and bicarbonate are also often show zinc deficiency [2]. 
However, in very acid soils, soluble concentration of zinc may be significantly higher, indicating that 
soil pH is strongly and inversely linked to zinc content [6]. Soil concentration may be affected by 
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other ligands in the soil, forming stabile complexes; microbial activity and the presence of other 
micro- macro- and trace elements, as well. 

Hungarian natural, uncontaminated soils contain about 10-300 mg/kg zinc (50 mg/kg in the 
average), but in some industrial area near to zinc smelters it increased up to 1000 mg/kg [14].   

Among plants, maize, rice, bean, grape and fruit trees are the most sensitive for Zn deficiency. 
Zinc fertilizers, in various form, can be used in the prevention of Zn deficiency. Zinc deficiency 
symptoms are the following in plants: chlorotic and necrotic leaf tips, interveinal chlorosis in new 
leaves, retarded growth of entire plant, and injured roots resemble barbed wire [6]. However, apart 
from crops showing clear deficiency symptoms, in most cases, disappointing yield was later proved 
to be the result of hidden Zn deficiency in many areas [21]. 

Zinc toxicity is rare, but excess use of zinc fertilizers may lead to high zinc content in plants. 
Scientific team of our institute make nutrient replenishment experiments for decades, our main 

results have been reported in a lot of publications. Performing of exact tests are supported via 
operation of certified Soil and Plant Testing Laboratory of the faculty. Our laboratory is connected to 
thousands of farmers, and makes tests continuously. Former studies showed that soils in our region 
are slightly calcareous sand with a low or medium humus content and slightly alkaline in usual [11, 
12]. 

Formerly EU grants for farmers supported total micro- and toxic element analysis in the soil. 
Nowadays EDTA soluble Cu, Zn and Mn tests are supported. In our study we investigated the level 
and distribution of zinc content in a large number of soil samples derived from the southern part of 
the Great Plain, and drew conclusions about zinc supply and its possible physiological 
consequences. 

  
 

2 Materials and methods 

Soil samples, which have been taken and brought into our accredited Soil and Plant Testing 
Laboratory at the Faculty of Horticulture and Rural Development, John von Neumann University, 
were processed in our present investigation. The number of samples was highly significant: it was 
5090. Most of the soil samples derived from the southern part of the Great Plain, mainly from 
vineyards and orchards, and in a small extent (about 15%) from fields. The depth of sampling was 
0-30 cm, and in the case of plantations 30-60 cm as well. The results of samples arriving in 2016, 
were compared to the results of samples tested in 2008-2009 (n=752), in the similar way. 

Soil tests were made by standard methods. Air dry and homogenized soil samples were 
extracted with 0.05 mol/dm3 EDTA solutions, in the presence of 0.1 mol/dm3 KCl. Filtered soil 
solutions were measured for soluble Zn level by ICP-OES spectrometry (Horiba). Total Zn level in 

soil was also measured by ICP-OES, after HNO3/H2O2 microwave digestion in 2008-2009. 
Number of soil samples was 655. 

Results were expressed in mg/kg air dry matter. Distribution of soluble Zn levels in 2016 was 
also estimated. The frequency of different ranges was calculated in percentage occurrence, as well.   

 

3 Results 

Most of the samples arrived at our laboratory derived from the Southern Great Plain region of 
the country. In 2016, more than 5,000 soil samples we processed in our lab.  For estimating the level 
of the essential zinc micronutrient in soil we can choose more techniques. Hungarian soil test 
standard uses EDTA extraction solution to estimate the amount of zinc that can be easily taken up 
by plants.  The other opportunity is to determine whole amount of the nutrient after sample 
exploration by total destruction. Of course, the latter concentration is much larger in usual. 

Average level of EDTA soluble zinc and standard deviation in the samples were estimated 
(Table 1.) Data shows that zinc concentration were in the lower range. Standard deviation of samples 

was significant.  
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Table 1. Average zinc levels in the soil samples in 2016 

 

 Zn 

No. of samples 5090 

Average 2.60 mg/kg 

SD 3.90 mg/kg 

 
29% of the samples had Zn concentration lower than 1 mg/kg. In 61% of the samples, Zn level 

was lower than 2 mg/kg, and in 88% it was lower than 5 mg/kg. Only 0.49% of the samples had 
higher Zn level than 20 mg/kg Zn. The maximum concentration in the observed sample was 71 
mg/kg, in one case. 

Distribution of EDTA soluble Zn level in the soil samples is shown in Figure 1. Zinc showed a 
lognormal distribution. 

 
 

 

Figure 1. Distribution of EDTA soluble zinc level in the soil samples  

 
At the beginning of the first support period of the EU agri-environmental program in Hungary, 

testing of the concentration of total microelements and some toxic elements in the soil was 
obligatory. This time, in 2008-2009, our lab made total element analysis as well. As shown in Table 
2., average level in the samples EDTA soluble Zn content was in the same range than in 2016. 

Standard deviation of samples and the distribution were similar, as well. 
 
 

Table 2. EDTA soluble and total zinc concentration in our soils (2008-2009) 
 

 
Zn    

(EDTA) 
Zn 

(HNO3/H2O2) 

mg/kg mg/kg 
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No. of samples 752 655 

Average 2.93 28.1 

SD 3.08 15.4 

 
 
Data in Table 2. show that total Zn level, determined after total digestion of the samples, was 

about an order of magnitude larger than that of determined by mild EDTA extraction.  
On the other hand, we can state that the concentrations in 2008-2009 were in the same 

concentration range than in 2016. Zinc levels were low in usual in 2008-9 and 2016 as well, so zinc 
deficiency seems to be a common feature in our region. 

 

4 Discussion 

Zinc deficiency became evident in large part of the soils in the world, and according to some 
paper, zinc deficiency is the most ubiquitous micronutrient deficiency problem in the world crops [1]. 
In our investigation we tested more than five thousand samples, and observed low zinc level in our 
region. Our previous studies highlighted that these soils are slightly alkaline and have significant 
calcium carbonate content [12]. These factors probably contribute to the decrease in zinc level taken 
up by plants [19, 20]. Our sandy textured soils had low humus content in usual [11]. Organic colloids 
have large specific surfaces and ion exchange capacity, so significantly affect the fertility and nutrient 
supply of soils in general [4, 5]. 

Average Zn concentrations did not change regarding 2008-9 and 2016. The observed 
distribution of Zn levels was in accordance with studies of McLaren et. al [8].  

EDTA solvent extraction of soil samples, for estimating micronutrient uptake, was introduced 
in the sixties [16]. According to the scientific results, EDTA is able to clean the soil from heavy metals, 
making the easily absorbed microelements soluble creating chelate compounds. Analytical 
preparation works in a similar way [8]. 

The uptake of Zn by plants is approx. one-tenth of all Zn content, according to our data. Our 
results are in accordance with that of Szabó et al, who say that sandy soils contain about 30 mg/kg 
zinc in Hungary [13]. EDTA soluble zinc proves to be a much more informative data, as it shows the 
nutrient amount available for plants, i.e., how much the plants are able to absorb from the stock. 
Good correlation between EDTA-extractable copper and plant uptake has been reported [16]. 

The vast majority of samples derived from vineyards and orchards in the southern part of 
Hungarian Great Plain. It is well known that grape and fruit trees are among the most sensitive plants 
for Zn deficiency, so we have to make special attention for the supply of this element during plant 
growing.  

Controlled use of organic fertilization, manure use and/or recycling of the organic matter is 
extremely important in sandy soils to improve soil structure and balance nutrient levels in the soil. 
Degradation of organic matter in soil results nutrient source for cultivated plants [5, 7, 9]. However, 
high humus content and strong binding to colloids may decrease the sufficient nutrient uptake. 

Further studies are needed  
- to compare zinc and other micronutrient levels as well, 
- to expand the scope of investigations for other years and to make subgroups with sampling 

depth and area location, 
- to make comparative study of EDTA soluble and HNO3/H2O2 zinc levels, though latter tests 

are much more expensive, 
- to compare soil test and plant analysis results, 
- to make tests on the effect of foliar fertilization in different growth phases. 
- to examine the correlation between Zn and soil texture whether it is a general deficiency 

problem in the area or it is problem only on sandy areas. 
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5 Conclusion 

Our region is the centre of horticultural activities of the country and so it is essential and 
important to follow soil properties, including measurement of those elements which have special 
effects on plant growing and human health. On the base of processing many thousands of soil 
samples, we were able to record the distribution curve of this important micro element, and we found 
that zinc level in soils of our region - except a few cases - is in the lower range. Easily taken up zinc 
concentration was under 3 mg/kg in the average. This fact shows that calcareous sandy soils with a 
slightly alkaline pH are often may be deficient in zinc level in our region. It may be worthwhile to 
increase zinc content in the soil and plants in different ways, thus producing even functional foods 
for the health of the population. 
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