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AbstractAbstractAbstractAbstract    
    
In this study the fertilizing effect of ZnEDTA (zinc ethylenediaminetetraacetate), and ZnSO4ּ 7H2O 

(ZnSO4ּ) (zinc sulphate heptahydrate) was compared on calcareous loam soil. A pot experiment was set up with 
maize (Zea mays L. var. ‘P37N01’). Plants were treated with basic NPK doses and with Zn at increasing rates: 
0, 2.5, 5.0 and 10 mg kg-1 Zn in ZnEDTA and in ZnSO4 form, respectively. The ZnEDTA and ZnSO4 
treatments increased the dry matter production compared to control by an average of 16%. Applying 2.5 mg 
kg-1 Zn, shoot Zn uptake was 1.3-fold greater by plants treated with ZnEDTA, than that of treated with ZnSO4. 
In the case of higher rates (5.0 mg kg-1 Zn and 10 mg kg-1 Zn), Zn uptake from ZnEDTA was approximately 
twice as much as that of ZnSO4. This result confirms that ZnEDTA as Zn complex is more effective than 
ZnSO4 on calcareous soil. The increasing ZnEDTA and ZnSO4 doses enhanced the soil’s initial 
diethylenetriaminepentaacetic acid (DTPA) Zn concentration to 1.8, 3.0, 6.3 mg kg-1 and 1.9, 3.5, and 6.5 mg 
kg-1, respectively. Contrary to our expectations, DTPA soil extractant was not able to indicate the difference in 
Zn availability between soils treated with ZnEDTA and ZnSO4. During the experiment, 0.6-1.7% of the added 
Zn doses were absorbed by the plants, and 48-59% of it could be measured back in the form of DTPA-Zn for 
both Zn fertilizers, the other half of the added Zn presumably converted to less available Zn forms. 
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IntroductionIntroductionIntroductionIntroduction    
 
Zinc (Zn) deficiency is a global problem both in human and crop nutrition (Yadav et al., 2023). It can 

lead to stunted growth in children and increase the susceptibility to infectious diseases. Approximately 155 
million children have Zn deficiency induced malnutrition globally (Balk et al., 2019). Zinc deficiency of plants 
can be eliminated effectively by Zn fertilization, and as a consequence, Zn concentration in cereal grains can be 
increased to the optimum level (Prasad et al., 2013). Zinc is an essential micronutrient for human health, 
playing key roles in immune function, growth, and cellular metabolism. Zinc deficiency affects an estimated 
17% of the global population, particularly in developing countries where cereals are the primary staple food.  
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Due to the low availability of zinc in cereals, increasing its levels through farming methods or breeding 
techniques can greatly improve human health, particularly in populations at risk (Cakmak, 2009). Rice, wheat, 
together with maize are the three most important grains of the human diet and approximately one-third of the 
calories are from these crops (Soto-Gómez and Pérez-Rodríguez, 2022). Of the three crops, maize is the most 
susceptible to Zn shortages, it is also known as a Zn deficiency indicator plant (Suganya et al., 2020). Wheat is 
also sensitive to Zn deficiency when it is grown on calcareous soils as well as rice grown on soils that are flooded 
(Alloway, 2009; Saleem et al., 2022). 

Worldwide, nearly 50% of the arable soils contain inadequate available Zn (Alloway, 2008). About 33% 
of Hungarian soils are also Zn deficient (Várallyay et al., 2010). The zinc supply of the plant is most often 
provided by soil or foliar zinc fertilizers but organic fertilizers or composts can also have a high Zn content 
(Ragályi and Kádár, 2012). The application of different Zn fertilizers continues to receive great interest. Starter 
fertilizers for plants with high Zn demand such as maize often contain Zn. Nutrients applied in starter 
fertilizers provide the direct nutrient supply of the germinating, rooted plant. Even if the soil is not Zn deficient 
high yield can be connected with intensive use of soils, thus nutrients such as Zn are to be replaced (Gabryszuk 
et al., 2020). 

The most commonly used Zn fertilizer is (ZnSO4), this  is followed by ZnEDTA which is a chelated 
source of Zn (Alloway, 2008). The application of zinc-oxide (ZnO) is not so common, but  according to 
Mazhar et al. (2023) its use as nanoparticle fertilizer is very promising. ZnEDTA as a soil fertilizer can be more 
effective on certain soils than that of ZnSO4, however it is also more expensive (Zhao et al., 2016). Naik and 
Das (2008) compared the effect of ZnSO4 vs. ZnEDTA as soil fertilizer in a rice cultivating experiment (soil 
properties: DTPA-Zn = 0.78 mg kg-1, pH = 7.2). As much as 0.5 kg ha-1 Zn dose as ZnEDTA resulted in a 
higher yield increase than 20 kg ha-1 Zn as ZnSO4. The effectiveness ratios of ZnEDTA to ZnSO4 can vary 
greatly depending on the soil properties, the plant species, the fertilizer application methods, and the degree of 
Zn deficiency. 

The purpose of this study was to compare the effect of soil applied ZnEDTA and ZnSO4 on the dry 
matter (DM) production, Zn concentration, and Zn uptake of maize shoots obtained in a pot experiment set 
up on Chernozem soil with 2.9% CaCO3 content. Observations include the Zn content of (DTPA) soil 
extracts and of the maize shoots, and the impact of the treatments on the photosynthetic and mineral 
composition of the leaves and shoots. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Description of the study site 

A greenhouse experiment was set at the University of Debrecen (Hungary). The soil sample was 
collected from the surface (0-20 cm) soil layer in Nádudvar (GPS 47.464968, 21.233613). The most important 
soil characteristics were the following: soil type according to the World Reference Base classification system 
was Chernozem, pHH2O = 7.28, the texture was loam, soil organic matter (SOM) = 3.2%, CaCO3 content = 
2.9%. The ammonium-lactate (AL) extractable element concentrations were measured according to  Egnér et 

al. (1960) AL P2O5 = 186 mg kg-1, AL K2O = 242 mg kg-1. The NPK supply of the studied soil was determined 
based on the Hungarian fertilizer advisory system (MÉM-NAK, 1979).  Original soil N and K supplies were 
good, while the P supply was medium. DTPA-Zn concentration was 0.7 mg kg-1, and it was measured according 
to Lindsay and Norvell (1978). Deficiency symptoms in the studied soil on maize were observed under field 
conditions. 
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Treatments and design of the study 

The experimental soil was dried, crushed then passed through a 10 mm diameter sieve. Twenty-eight 
pots were filled with 2.4 kg of air-dry soil. The test plant was maize (Zea mays L., var. P37N01). Plants were 
grown in 2.5 L polypropylene pots (17.5 cm upper diameter, 12 cm lower diameter, and 15.5 cm high). 

Seven treatments were replicated four times. Zinc rates were the following: 0, 2.5, 5.0 and 10 mg kg-1 Zn 
as ZnEDTA and ZnSO4ּ (Table 1). The NPK rates were uniform for all pots: 100 mg kg-1 N as NH4NO3, 100 
mg kg-1 of P2O5 in the form of KH2PO4 and 100 mg kg-1 of K2O as KCl and KH2PO4. The applied fertilizer 
doses were dissolved in 50 cm3 water, mixed thoroughly with the soil in a bowl, then the soil was poured back 
into the pot. The NPK rates were set taking into account the specific nutrient requirements of maize and the 
soil original NPK supply as well. 

 
Table 1.Table 1.Table 1.Table 1. Zinc treatments of the experiment 

TreatmentsTreatmentsTreatmentsTreatments    Zn rate (mg kgZn rate (mg kgZn rate (mg kgZn rate (mg kg----1111))))    
Zn fertilizerZn fertilizerZn fertilizerZn fertilizer    

formformformform    
CodeCodeCodeCode    

1 0 - control 
2 2.5  

ZnEDTA 
 

2.5 ZnEDTA 
3 5.0 5.0 ZnEDTA 
4 10 10 ZnEDTA 
5 2.5  

ZnSO4 
 

2.5 ZnSO4 
6 5.0 5.0 ZnSO4 
7 10 10 ZnSO4 

 
Four maize seeds were sown on April 30th. Pots were irrigated to 60% of water holding capacity. After 

germination two plants were removed and the two healthy seedlings remained in the pots until harvest. At eight 
leaves plant growth stages (46 days after sowing) SPAD (Soil Plant Analysis Development) values of the 7th 
leaves from base were measured with SPAD-502 meter (Minolta Corporation, Ramsey, NJ). SPAD values 
relate to the relative chlorophyll content of the plant. Maize plants at 71 days after sowing were harvested, the 
above ground part of the plants was cut, chopped, air-dried then grounded. 

 
Soil and plant analysis 

The whole shoots were dried at 60 °C and the DM production was determined, then the above-ground 
part of the plant was digested with HNO3-H2O2 mixture according to the European standard (EN14084, 
2003). The Zn, Ca, Mg, and Mn concentration of the plant were measured by Flame Atomic Absorption 
Spectrometry (FAAS) technique (Varian Spectr. AA-20), and the K concentration with a flame emission 
photometer (UNICAM SP95B). The P concentration of the plants was determined from sulphuric acid 
digestion with ammonium molybdenate vanadate UV-VIS spectrophotometry method. The Zn, Ca, Mg, Mn, 
and P uptake of plants were calculated by multiplying the shoot masses and the element concentrations. The 
DTPA Zn concentration of soil samples was also measured following the harvest. 

The Zn fertilizer use efficiency was expressed in percentage and calculated by the following formula: 
 

Zn fertilizer use  efficiency =
Zn uptake of Zn fertilized plants − Zn uptake of control plants

added Zn
 100 

 
The statistical analyses were conducted with SPSS Statistics 20 software. One way ANOVA analysis and 

Tukey’s post hoc test at P ≤ 0.05 were performed to compare the effects of the treatments. Significant 
differences between the treatments were indicated with different letters. The data in the figures and tables are 
presented as the mean ± 2 SEM (standard error of the means). 
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ResultsResultsResultsResults    
 
The ZnEDTA and ZnSO4 treatments increased the DM production significantly compared to the 

control (averaged across Zn doses,) (Figure 1). However, the effect of the separate treatment could not be 
proved statistically in each treatment, due to the high standard deviations. The increment was significant in the 
case of 5 mg kg-1 ZnEDTA and 2.5 mg kg-1 ZnSO4. In the average of the Zn doses, the effect of the two Zn 
forms was equal, i.e., the ZnSO4 form resulted in 1% higher DM production as compared to the ZnEDTA 
form. 

 

 
Figure 1.Figure 1.Figure 1.Figure 1. The effect of ZnEDTA and ZnSO4 rates on maize shoot dry matter production 
Different capital letters indicate significant differences between treatments averaged across Zn forms.  
Different small letters indicate significant differences between the individual fertilization treatments 

 
The effects of Zn treatment on the Zn concentration of plants were much more considerable than that 

on DM production (Figure 2). As an effect of 2.5 mg kg-1 ZnEDTA and ZnSO4 application, shoot Zn 
concentrations increased by 130 and 60%, respectively, compared to the control. The maize Zn concentration 
by ZnEDTA treatments was nearly twice as much as that by ZnSO4 treatment. 

 

 
Figure 2.Figure 2.Figure 2.Figure 2. The effect of ZnEDTA and ZnSO4 rates on maize shoot Zn concentration  
Different small letters indicate significant differences between the individual fertilization treatments 

 
The DTPA available Zn gradually increased with the applied Zn rates (Figure 3). As an effect of 2.5 mg 

kg-1 ZnEDTA and ZnSO4 application, DTPA soluble soil Zn concentrations increased by 200 and 220%, 
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respectively, compared to the control. There were no significant differences between the extracted Zn 
concentrations of ZnEDTA and ZnSO4 treatments with the same Zn dose. 

 

 
Figure 3.Figure 3.Figure 3.Figure 3. The changes in DTPA soluble Zn concentration of the soil after harvesting the experiment 
Different small letters indicate significant differences between the individual fertilization treatments 
 
The Zn uptake showed a similar trend to Zn concentration (Table 2). In the average of the Zn doses, 

ZnSO4 resulted in only 56% shoot Zn uptake as compared to the effect of ZnEDTA. During the experiment 
at most 0.6 to 1.7% of the added Zn doses were absorbed by the plants. The highest Zn utilization value (1.7%) 
was obtained in 5 mg kg-1 ZnEDTA treatment. Zinc balances were strongly positive in the Zn fertilized pots 
and increased with Zn rates. Only 48 to 59% of the added Zn can be measured back in the form of DTPA-Zn. 
The net DTPA Zn recoveries (Zn fertilized – control), measured after harvest increased together with the Zn 
rates (Table 2). 

 
Table 2.Table 2.Table 2.Table 2. Zn turnover of the pots, depending on the added Zn fertilizer forms and rates 

ZnZnZnZn    
raterateraterate    

AddedAddedAddedAdded    
ZnZnZnZn    

ZnZnZnZn    
uptakeuptakeuptakeuptake    

Zn fertilizerZn fertilizerZn fertilizerZn fertilizer    
use efficiencyuse efficiencyuse efficiencyuse efficiency    

ZnZnZnZn    
balancebalancebalancebalance    

FinalFinalFinalFinal    
DTPA ZnDTPA ZnDTPA ZnDTPA Zn    

∆(���� ��)

!""#" ��
 $%%    

(mg kg-1) (mg pot-1) % (mg pot-1) % 
control 0 0.046 - -0.046 1.44 - 
2.5 ZnEDTA 6 0.13 1.40 5.87 4.32 48 
5.0 ZnEDTA 12 0.247 1.68 11.75 7.20 48 
10 ZnEDTA 24 0.379 1.39 23.62 15.12 57 
2.5 ZnSO4 6 0.101 0.92 5.90 4.56 52 
5.0 ZnSO4 12 0.121 0.62 11.88 8.40 58 
10 ZnSO4 24 0.199 0.64 23.80 15.60 59 

∆(DTPA Zn)=DTPA Zn of Zn fertilized pots-DTPA Zn of the control pots 

 
The zinc doses and forms had no significant effect on the K concentration and uptake of plants, which 

ranged from 2.89 to 3.59% (Table 3). These values are considered as good K supplies. The P concentration of 
the control plants (0.26% P) was significantly larger than those of the Zn treated plants. Lower P 
concentrations were obtained in the ZnEDTA treatments (0.17 to 0.19% P) than in the ZnSO4 treatments 
(0.19 to 0.22% P). 
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Table 3.Table 3.Table 3.Table 3. Effect of Zn doses and forms on the element concentration, uptake and SPAD values of plants 

ZnZnZnZn    raterateraterate    
((((mg kgmg kgmg kgmg kg----1111))))    

Nutrient concentrationNutrient concentrationNutrient concentrationNutrient concentration    
SPADSPADSPADSPAD    KKKK    

(%)(%)(%)(%)    
PPPP    

(%)(%)(%)(%)    
CaCaCaCa    
(%)(%)(%)(%)    

MgMgMgMg    
(%)(%)(%)(%)    

MnMnMnMn    
(mg kg(mg kg(mg kg(mg kg----1111))))    

 
 

0.079 ns0.079 ns0.079 ns0.079 ns    0.010*0.010*0.010*0.010*    0.014*0.014*0.014*0.014*    0.000***0.000***0.000***0.000***    0.000***0.000***0.000***0.000***    0.323 ns0.323 ns0.323 ns0.323 ns     
Control 3.59 ± 0.51 0.26 ± 0.03 b 0.73 ± 0.09 b 0.44 ± 0.02 b 78.3 ± 6.6 b 26.7 ± 2.6  

2.5 ZnEDTA 2.89 ± 0.37 0.17 ± 0.01 a 0.62 ± 0.04 ab 0.35 ± 0.00 a 60.8 ± 5.2 a 29.1 ± 2.6  
5.0 ZnEDTA 2.91 ± 0.49 0.19 ± 0.01 a 0.62 ± 0.04 ab 0.35 ± 0.02 a 57.6 ± 5.3 a 30.8 ± 2.0  
10 ZnEDTA 2.89 ± 0.36 0.17 ± 0.01 a 0.64 ± 0.06 ab 0.36 ± 0.02 a 53.8 ± 2.4 a 29.7 ± 1.4  

2.5 ZnSO4 3.09 ± 0.32 0.22 ± 0.01 ab 0.61 ± 0.03 ab 0.37 ± 0.03 a 64.8 ± 3.5 a 29.6 ± 2.7  
5.0 ZnSO4 3.56 ± 0.54 0.19 ± 0.01 a 0.57 ± 0.04 a 0.34 ± 0.02 a 56.3 ± 2.8 a 28.2 ± 2.5  
10 ZnSO4 3.04 ± 0.24 0.20 ± 0.03 a 0.61 ± 0.03 a 0.34 ± 0.02 a 59.8 ± 5.7 a 29.3 ± 2.0  

ZnZnZnZn    raterateraterate    
((((mg kgmg kgmg kgmg kg----1111))))    

Nutrient uptakeNutrient uptakeNutrient uptakeNutrient uptake     
KKKK    

(mg pot(mg pot(mg pot(mg pot----1111))))    
PPPP    

(mg pot(mg pot(mg pot(mg pot----1111))))    
CaCaCaCa    

(mg pot(mg pot(mg pot(mg pot----1111))))    
MgMgMgMg    

(mg pot(mg pot(mg pot(mg pot----1111))))    
MnMnMnMn    

(μg pot(μg pot(μg pot(μg pot----1111))))    

 

 
 

0.348 ns0.348 ns0.348 ns0.348 ns    0.061 ns0.061 ns0.061 ns0.061 ns    0.182 ns0.182 ns0.182 ns0.182 ns    0.123 ns0.123 ns0.123 ns0.123 ns    0.058 ns0.058 ns0.058 ns0.058 ns     
Control 203 ± 37 14.30 ± 2.56 41.3 ± 4.4 25.4 ± 1.1 447 ± 29  

2.5 ZnEDTA 195 ± 41 11.95 ± 1.98 42.6 ± 6.0 24.6 ± 3.8 414 ± 68  
5.0 ZnEDTA 208 ± 48 13.70 ± 1.04 44.7 ± 6.9 25.6 ± 3,1 414 ± 71  
10 ZnEDTA 196 ± 32 11.95 ± 0.60 43.3 ± 1.4 24.4 ± 0.3 363 ± 35  

2.5 ZnSO4 232 ± 31 15.81 ± 1.20 46.0 ± 2.3 27.9 ± 3,2 487 ± 13  
5.0 ZnSO4 230 ± 78 11.50 ± 1.12 36.2 ± 3.4 21.9 ± 3.8 360 ± 58  
10 ZnSO4 202 ±14 15.65 ± 3.78 41.0 ± 7.0 22.7 ± 2.4 404 ± 86  

* P ≤ 0.05; ** P ≤ 0.01; *** P ≤ 0.001; ns = not significant; Different small letters indicate significant differences between 
the individual fertilization treatments within a column. 
 
In our pot trial, the Ca and Mg concentration ranged from 0.57 to 0.73% and from 0.34 to 0.44% 

respectively (Table 3). In the case of Mn the concentration values ranged between 54 to 78 mg kg-1. Generally, 
the K, P, Ca, Mg and Mn uptake did not change significantly with increasing Zn doses. The SPAD values of 
the upper developed leaves in control treatment were 26.7, while in the ZnEDTA treatments, they varied 
between 29.1 to 30.8 and in the ZnSO4 treatments, between 28.2 and 29.6. 

 
    
DiscussionDiscussionDiscussionDiscussion    
 
The effect of increasing ZnEDTA and ZnSO4 doses was reflected in the plant DM production, the Zn 

concentration, and uptake and the DTPA Zn concentration of soil, but the magnitude of the effect differed 
for each variable. While the DM production had a very slight increment with increasing Zn doses, the plant Zn 
concentration and Zn uptake responded to a great extent. From Zn concentration values of plant, the Zn 
supply related to certain treatments can be evaluated. 

According to Singh and Banerjee (1987) the critical value for Zn concentration for maize (70th day, 
shoot) is 9.5 mg kg-1. The Zn concentration of the shoots reached adequate values approximately by 2.5 mg kg-

1 ZnEDTA and 5 mg kg-1 ZnSO4. Converting this value to kg ha-1 we get 6 kg ha-1 Zn for ZnEDTA and 12 kg 
ha-1 Zn for ZnSO4 (the bulk density of the soil was 1.2 g cm-3 and the soil layer depth was 20 cm). 10 mg kg-1 
Zn rates were still not toxic for the plant, as the shoot Zn concentrations were in the range of proper supply. 

Maize is sensitive to Zn deficiency but not sensitive to excessive Zn. Baran (2013) stated that maize Zn 
concentration at which 20% yield decline occurs was 745 mg kg-1. In accordance with this no negative effect of 
even extremely high concentrations of Zn could be demonstrated on different soil microbial parameters (Szécsy 
et al., 2011). 
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Zinc uptake values of maize are suitable to compare the efficiency of the ZnEDTA to ZnSO4. According 
to it the efficiency of 2.5 mg kg-1 Zn in ZnEDTA form is slightly larger than that of 5 mg kg-1 Zn in ZnSO4 
form (Table 2). Due to the soil high CaCO3 content (2.9%) presumably one part of ZnSO4 was fixed, as the 
presence of CaCO3 causes the precipitation of Zn-carbonate and Zn-hydroxide or calcium zincate (Rico et al., 
1996; Aljumaily et al., 2022). At pH > 6 Fe oxides also adsorb Zn in an irreversible way (Rengel, 2015). Zinc 
in ZnEDTA form was prevented from forming precipitation, therefore, it was a more effective Zn source of 
plants. Recena et al. (2021) found that the soil DTPA-Zn characterizes the plant Zn uptake better than the 
applied ZnSO4 dose.  

The critical level of DTPA Zn is 0.8 mg kg-1 and 0.6 mg kg-1 according to Lindsay and Norvell (1978), 
and Srivastava and Gupta (1996), respectively. At the same time, Zare et al. (2009) obtained a 1.5 mg kg-1 
threshold value for DTPA Zn on calcareous  Iranian soils , which calcium carbonate content were higher than 
30%. 

The DM production was 14% lower in the case of control soil with 0.6 mg kg-1 DTPA Zn than that on 
Zn fertilized soil with 1.8 mg kg-1 DTPA Zn. Thus, it can be stated that the control soil was Zn deficient and 
the DTPA critical value is larger than 0.6 mg kg-1 on the studied soil.  As an effect of Zn fertilization, the soil 
DTPA Zn concentration (1.8 mg kg-1) exceeded even Zare’s critical value (1.5 mg kg-1), and the DM production 
results confirmed that the soil with 1.8 mg kg-1 DTPA Zn was not Zn deficient. However, the adequate DTPA-
Zn concentration of soil does not always guarantee a good Zn supply for all soils. Zhao et al. (2011) found that 
the application of 7.5 kg Zn ha-1 as ZnSO4 increased the soil DTPA soluble Zn concentration by 270% after 7 
days, but despite this, the Zn fertilization had no effect on the wheat grain concentration on calcareous soil. In 
our experiment, we observed that even though DTPA Zn concentrations of ZnEDTA and ZnSO4 treatments 
with the same Zn dose were similar (3 and 3.5 mg kg-1 respectively, at 5 mg kg-1 Zn dose) the Zn uptake values 
related to them were significantly different (247 and 121 mg Zn / pot). The plant Zn concentration and / or 
uptake characterizes plant available Zn supply much more sensitively than DTPA soluble Zn concentration. 

The sum of the final DTPA Zn and the plant Zn uptake is lower than the added Zn (Table 2). It suggests 
the fact that during the experiment a major part (around half) of the added Zn was converted into less available 
forms. Contrary to our expectations there were no significant differences between Zn concentration of DTPA 
extracts of soils treated with ZnEDTA and ZnSO4. According to Sharma et al. (2004) DTPA primarily extracts 
Zn from organic fraction and exchange sites of coarse clays. Less mobile forms of Zn include the above-
mentioned precipitates (Zn-carbonate and Zn-hydroxide or calcium zincate), Zn phosphate, Zn forms 
adsorbed by iron-oxides, manganese oxides and Zn specifically adsorbed to clay minerals. According to 
González-Costa et al. (2017), clay minerals are the main sorbent surfaces of Zn in soil. 

Zinc fertilization can affect the concentration and uptake of other elements in the plant (Table 3). P 
induced Zn deficiency is a well-known limiting factor of Zn availability. In our experiment, 100 mg kg-1 P2O5 
rate was applied in each pot because of the medium P supply of the initial soil. The P/Zn ratio of plants was 
317 in the control treatment. Csathó et al. (2019) observed P induced Zn deficiency when the P/Zn ratio 
exceeds 200 in the case of flowering stage maize leaves. As a result of Zn fertilization, the P/Zn ratio decreased 
gradually with Zn rates and varied between 54 and 100. Therefore, in Zn fertilized pots the applied P doses did 
not hinder the plant Zn uptake. 

In our experiment, the P concentration of the plants treated with Zn was significantly lower than that 
of the control plants (Table 3). On average, there was a 27% decrease.  Similarly to our observation Sánchez-
Rodríguez et al. (2021)  also observed significant decrease of P concentration of maize as an effect of Zn 
fertilization in a greenhouse experiment.  This can be explained mainly by the dilution effect due to the larger 
biomass. The DM production increased by 16%, on average, compared to the control, therefore the extent of 
dilution effect cannot be more than that. At the same time, P-Zn antagonism also contributed to the decrease 
in P concentration. The added Zn could also hinder P uptake, and a reduction in transport of P to the plant 
tops can be assumed as well. 
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Although 0; 2.5; 5 and 10 mg kg-1 Zn (0, 6, 12 and 24 kg ha-1 Zn) applied in a pot experiment may be 
relatively high Zn doses, the 100 mg kg-1 (240 kg ha-1) P2O5 dose probably provided almost sufficient P to the 
plant, since no visible P deficiency symptoms occurred, although P concentrations were below the critical P 
value (8-leaf stage), which is 0.25%.   

Based on the Ca and Mg concentration of the plants, the Ca and Mg supply was adequate as sufficiency 
levels range from 0.25% to 0.8% and from 0.15% to 0.6% related to Ca and Mg respectively (upper mature 
leaf). The relatively high CaCO3 content of soil did not shift Ca/Mg ratio unfavorably. Zinc fertilization 
reduced Ca and Mg concentration compared to the control, which can be explained by the dilution effect 
(Table 3). The fact that the Ca and Mg uptake of plants did not change with Zn fertilization confirms this 
assumption. Comparing the plants’ Mn concentration (54-78 mg kg-1) to the sufficient range of Mn (40-100 
mg kg-1) it can be stated that the Mn supply of the plants was also adequate. The decrease of Mn concentration 
of Zn treated plants can be attributed to the dilution effect and Mn-Zn antagonism as well. 

The SPAD values averaged across ZnEDTA treatments increased significantly compared to the control 
(26.7a vs. 29.85b) but this tendency can not be proved statistically for the separate treatments due to the high 
standard deviations. Zn acts as a cofactor of enzymes involved in pigment biosynthesis. Wang et al. (2009) and 
Tavallali (2017) also found, that Zn deficiencies cause a reduction in photosynthesis. It is reflected in our results 
as well.  

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The studied soil with 0.7 mg kg-1 DTPA Zn was deficient in Zn, as the applied Zn fertilization increased 

the DM production. According to the shoot Zn concentrations, we concluded that either 2.5 mg kg-1 Zn as 
ZnEDTA or 5 mg kg-1 Zn as ZnSO4 is the most favorable rate to eliminate Zn deficiency on the studied 
calcareous chernozem soil. Maize Zn uptake results also proved that ZnEDTA was twice as effective as ZnSO4ּ 
under the studied circumstances. This result confirms the advantages of ZnEDTA as Zn complex on calcareous 
soil. After the experiment, 48-59% of the applied Zn could be measured back in the form of DTPA-Zn for both 
Zn fertilizers. The soil DTPA Zn concentration was approximately the same in the case of ZnEDTA and 
ZnSO4 treatments, DTPA soil extractant could not indicate the difference in bioavailability of the inorganic 
and chelated Zn forms. 
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