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Abstract 
Soil is a non-renewable resource, so it should be taken care of it. High quality food 
with sufficient yield for a growing human population can be produced only if plant 
nutrients are added to the soil by fertilizers to increase soil fertility, but the fertilizers 
have to be used economically, with the aim of raising the nutrient content available in 
the soil in order to meet plants’ needs. The goal of the present investigation was to 
determine the effect of application of organic and mineral fertilizers as well as the 
effect of research environment on micronutrient content in red beet root. A field trial 
(2003–2005) was set up in a hilly part of Croatia according to the Latin square 
method, with four types of fertilization (control, 50 t stable manure*ha-1, 500 and 
1,000 kg NPK 5-20-30*ha-1). After digestion of plant material with concentrated 
HNO3, iron, manganese, and zinc were determined by an atomic absorption 
spectrophotometer (AAS). The highest average red beet root micronutrient contents 
(270 mg Fe*kg-1 in dry matter, 96 mg Zn*kg-1 in dry matter, and 53 mg Mn*kg-1 in dry 
matter) were determined in the first research environment (Brašljevica in 2003) with 
low potassium soil content. There was a general decreasing trend in contents of the 
studied micronutrients (Fe, Mn and Zn) with NPK 5-20-30 fertilization (and by 
application of high doses of potassium), certainly due to antagonistic activity with 
potassium. It is suggested to fertilize with both 500 kg NPK 5-20-30*ha-1 and 
microelement fertilizers. 
 
Keywords: Beta vulgaris var. conditiva Alef., iron, manganese, microelement, 
vegetable, zinc 
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Introduction 
The understanding that soil is actually a non-renewable resource is more and more 
highlighted lately (Abawi and Widmer, 2000), and it has become clear that the 
economics of agricultural production depend heavily on the strength of concern for 
both soil fertility and productivity. The biggest serious threat for the survival of 
humanity is the constantly increasing difference between population growth and food 
supply (Wallace et al., 1998). The high yields that are essential for overcoming 
hunger and securing sufficient quantities of high quality food for a growing human 
population can be achieved only if plant nutrients are added to the soil by organic or 
mineral fertilizers that affect soil fertility (Bergmann, 1992; Petek et al., 2008; Herak 
Ćustić et al., 2009). In 1960’s and 1970’s, increased use of various types of fertilizers 
led to an impressive increase in yields in developing countries (Sillanpää, 1982). 
However, it should be kept in mind that fertilizers have to be used economically, with 
the aim of raising the nutrient content available in the soil in order to meet plants’ 
needs for optimal growth and development (Bergmann, 1992; Madhava Rao et al., 
2006). Also, along with combining different forms and formulations of fertilizers, 
balanced fertilization is greatly important for agriculture production and sustainable 
investing (Jordão et al., 2003). At the end of the 20th century, concern about the 
environmental impact of fertilization increased (Davenport et al., 2005). 
Environmental problems can occur when excessive and unprofessional fertilization is 
applied and fertilizers remain unused in the soil after the harvest. Application of 
fertilizer without considering the amount of crop residues may cause excessive 
nutrients in the soil that can be leached into groundwater (Jackson et al., 2004; 
Hartz, 2006; Schenk, 2006). This is one more reason why it is so important to 
perform soil analysis before fertilization. 
Many authors investigated effect of different mineral and organic fertilization on 
different cultures as Cynodon dactylon (Imoro et al., 2012), potato (Mitova et al., 
2014), stevia (Xiangyang et al., 2011) and amaranth (Onyango et al., 2012). 
 
Micronutrients 
Micronutrients are essential for the growth and development of plants, animals, and 
humans (He et al., 2005), because they are an integral part of metalloenzymes 
(Horvatić et al., 1999). Mobility and availability of these elements control the number 
of chemical and biochemical processes such as precipitation-dissolution,    
adsorption-desorption, complexation-dissociation, and oxidation-reduction. Not all 
processes are equally important for each element, but soil pH and biological activity 
affect all these processes (Sillanpää, 1982; Borkert and Cox, 1999; He et al., 2005). 
Application of organic matter in agricultural soils shows no significant impact on the 
total soil micronutrient content, but increases the availability of micronutrients 
compared with the soil fertilized with mineral fertilizers (Moustaoui and Verloo, 1995; 
Tamoutsidis et al., 2002; Herencia et al., 2008). Perez-Murcia et al. (2005) 
mentioned that the contents of iron, copper, manganese, and zinc in plant tissue 
were increased by increasing application of sewage sludge. Herencia et al. (2008) 
stated that sequence analysis showed that the addition of organic matter to the soil 
favoured the oxidation fraction, except in the case of zinc, which showed the opposite 
trend, and Zhang et al. (2003) emphasized that copper, zinc, and manganese were 
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mainly found in the carbonate or oxide fraction, which indicated that they had a high 
mobility potential. 
 
Iron 
Iron is an essential micronutrient for the growth and development of plants      
(López-Millán et al., 2009). Plants uptake iron as ions (Fe2+ and Fe3+) and in the 
chelated form. Translocation in the plant is in the form of chelates. Mobility from old 
to young leaves is poor, so plants must uptake iron constantly (Bergmann, 1992). 
Iron plays an important role in metabolism, due to the possibility of changing its 
oxidation state (Fe2+↔Fe3+). The metabolically active form is Fe2+, which is built into 
biomolecular compounds. It is an integral part of many active groups of enzymes 
(catalase, peroxidase, dehydrogenase, and hydrogenase), heme protein, 
cytochrome, leghaemoglobin, and non-heme proteins such as feredoxin and 
lipoxygenase. It is also located in the mitochondria, where it participates in electron 
transfer in the process of respiration (Bergmann, 1992; Madhava Rao et al., 2006). 
As mentioned above, iron is part of feredoxin, which is essential in the first part of 
photosynthesis (the conversion of light energy into chemical), where feredoxin is an 
electron acceptor and transporter (Belkhodja et al., 1998). Iron is essential for the 
synthesis of chlorophyll and reduction of nitrate and sulphate, as well as assimilation 
of molecular nitrogen (N2) (Bergmann, 1992; Marschner, 1995; Madhava Rao et al., 
2006). Iron deficiency reduces pigment content in the plant (chlorophyll, carotene, 
xanthine, and lutein) and chlorosis appears on young leaves (Madhava Rao et al., 
2006), especially on alkaline soils (Rashid and Ryan, 2004; Herak Ćustić et al. 2008; 
López-Millán et al., 2009). 
 
Manganese 
Plants uptake manganese from the soil in the form of Mn2+, which competes with 
Mg2+ and can reduce its uptake (Mukhopadhyay and Sharma, 1991). A high soil pH 
(Borkert and Cox, 1999) and high contents of iron, zinc, and copper in the soil 
(Madhava Rao et al., 2006) can also reduce Mn uptake. Although mobility and 
remobilisation of Mn2+ in plants are low, they are greater than those of calcium, 
boron, copper, and iron. Manganese affects photosynthesis by chloroplast and 
chlorophyll synthesis, as well as water dissociation in Hill’s reaction in Photosystem I. 
The role of manganese is similar to magnesium, which can perform a non-specific 
replacement in many phosphorylation reactions (Bergmann, 1992; Marschner, 1995; 
Madhava Rao et al., 2006). Lime application with manganese positively affects the 
normal growth of red beet, which is sensitive to the toxicity of nickel and manganese 
deficiency (Siebielec and Chaney, 2006; Ronaghi and Ghasemi-Fasaei, 2008). 
Manganese toxicity occurs in plants that have a low silicon content or are deficient in 
calcium, iron, magnesium, and phosphorus (El-Jaoual and Cox, 1998). 
 
Zinc 
As with the other micronutrients, zinc is an essential trace element for all living beings 
(He et al., 2004). Plants uptake zinc as the Zn2+ ion, which can be inhibited by high 
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contents of iron and copper in the plant. Mobility of zinc in the plant is low, but better 
than that of iron, boron, and molybdenum. Zinc is important in metabolism as a 
specific and non-specific activator of more than 300 enzymes in all six groups (Parisi 
and Vallee, 1969; Bergmann, 1992; McCall et al., 2000; He et al., 2004). Chizzola 
and Mitteregger (2005) have reported that zinc antagonisms cadmium uptake. He et 
al. (2004) have reported similar results, and have also highlighted that zinc has a 
synergistic effect on calcium and magnesium, although calcium and magnesium 
have an antagonistic effect on zinc.  
The goal of the present investigation was to determine the effect of application of 
organic and mineral fertilizers as well as research environment on micronutrient 
content in red beet root. 
 

Materials and methods 
Field work 
A field fertilization trial with beetroot (Beta vulgaris var. conditiva Alef.), cultivar 
‘Bikor’, was carried out in Brašljevica and Hrvatsko Polje (Croatia) (Figure 1) from 
2003 to 2005 (Brašljevica in 2003, B-2003; Hrvatsko Polje in 2004, HP-2004 and 
Hrvatsko Polje in 2005, HP-2005) using the Latin square method with four treatments 
(unfertilized control, 50 t stable manure*ha-1, 500 and 1,000 kg NPK 5-20-30*ha-1). 
Untreated beetroot seed was sown (22nd May 2003, 21st May 2004 and 29th June 
2005) directly into soil with a plant spacing of 0.07 m x 0.4 m and a main plot area of 
12 m2. Beetroot were harvested (21st Aug 2003, 24th Aug 2004 and 28th Sep 2005) 
after ~90 days.  
 

 
Figure 1. Map of Croatia with highlighted locations of investigation 

(Brašljevica and Hrvatsko Polje) 

BRAŠLJEVICA

HRVATSKO POLJE

BRAŠLJEVICA

HRVATSKO POLJE
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Chemical plant analysis 
The edible parts of six plants from each plot at harvest were randomly selected for 
analyses. Samples of plant material (dried at 105 °C) were analysed in triplicate and 
the results presented as mean values. After digestion of plant material with 
concentrated HNO3 (MILESTONE 1200 Mega Microwave Digester), iron, manganese 
and zinc were analysed by an atomic absorption spectrophotometer (AAS) 
(Association of Official Analytical Chemists [AOAC], 1995). 
 
Chemical soil analysis 
Field investigations were carried out on silty loam soil with a soil reaction (pHH2O) of 
6.1-6.6, with low to moderate humus and nitrogen content, poor in phosphorus and 
low to rich in potassium (Table 1). Air-dried, ground and homogenized soil was 
analysed according to following methods: soil pH was determined electrometrically 
using a combined electrode (pH-meter MA5730) for a soil:water suspension (1:2.5, 
w/v) (active acidity) (Škorić, 1982); humus by the Tjurin method (JDPZ, 1966); 
potassium and phosphorus by the Egner-Riehm-Domingo method (Egner et al., 
1960) and nitrogen by Kjeldahl method (AOAC, 1995). 
 

Table 1. Chemical properties of the soils collected 

   % %  Al – mg*100 g-1 

Environmentx pHH2O  Humus N  P2O5 K2O 

B-2003 6.5  2.17 0.12  0.1 6 

HP-2004 6.1  2.65 0.13  1.5 15.3 

HP-2005 6.6  3.1 0.16  6.2 32.8 

xB-2003 – Brašljevica, year 2003; HP-2004 – Hrvatsko Polje, year 2004; HP-2005 – Hrvatsko Polje, 
year 2005 

 
Statistical data analysis 
Statistical data analyses were performed using the SAS 8.2 System (2002-2003). 
Where the ANOVA was significant, Tukey's multiple comparison test (Tukey's HSD - 
Tukey's Honestly Significant Difference test) was applied for the effects of 
fertilization, the environment and their interactions. The statistical level of significance 
for all analyses was defined as an error of 10% (with tags: P<1% = **; P<5% = *; 
P<10% = +). 
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Climate conditions 
The closest meteorological station for Brašljevica is Jastrebarsko and for Hrvatsko 
Polje is Otočac. 
Brašljevica, year 2003 
The total precipitation throughout the year 2003 (Figure 2a) was 766 mm, which is 
less than a multi annual average (935 mm, Table 3). Precipitation during the 
vegetation months of red beet growing was 247 mm. Mean daily air temperature 
during the period of red beet growing were 19-23 °C and were higher for 2 to 4 °C in 
comparison to multi annual average (Table 2). There was an arid period since the 
beginning of February, so plants were not able to use the water reserves from the 
soil, as well as above average daily temperature during that period. Generally, year 
2003 was relatively unfavourable for red beet growing because of low precipitation 
and poor ratio of temperature and precipitation. 
Hrvatsko Polje, year 2004 
In year 2004 (Figure 2b) weather conditions during the growing season were 
favourable for red beet growing thanks to the reserves of soil water before the 
growing, as well as to the rain during the first half of the growing period. Total 
precipitation during the year was 1,238 mm, which is 133 mm higher than the multi 
annual average (1,105 mm, Table 2). Temperatures were lower, the ratio between 
temperature and precipitation was good and had favourable influence on the growth 
and development of red beet. Generally, temperatures were lower so there was not 
so much difference to the temperature and precipitation ratio what resulted with a 
favourable impact on the growth and development of red beet. 
Hrvatsko Polje, year 2005 
The total precipitation in year 2005 was 1,339 mm and was higher for 234 mm than a 
multi annual average (1,105 mm, Table 2). Also, during the vegetation period     
(July-September) the total precipitation was 423 mm and was higher for 198 mm than 
a multi annual average (225 mm, Table 3). Temperatures were favourable for the 
growth of red beet. During the whole growing period precipitation and temperature 
ratio was favourable, except in August, when fell 231 mm of precipitation, 
significantly more than required which could adversely affect the soil water-air ratio, 
and thus the red beet growth and minerals accumulation.  
Comparing climatological conditions in all three investigation years during the 
growing period, it is evident that the most favourable conditions for normal growth 
and development of red beet prevailed in year 2004. Precipitation in 2003 was 247 
mm and was poorly distributed. Temperatures were between 19 °C and 23 °C. In 
year 2004 was less precipitation (176 mm) during the red beet growth, air 
temperatures ranged from 17 °C to 21 °C, so this year was favourable for red beet 
growing because of favourable temperatures, and better distribution of precipitation. 
Air temperatures in year 2005 (15-20 °C) were also within the biological optimum for 
the growth and development of red beet, but the precipitation was excessive (423 
mm) so the weather conditions were unfavourable. 
 
 

559

Petek et al.: Status Of Fe, Mn And Zn In Red Beet Due To Fertilization And Environment

559

Petek et al.: Status Of Fe, Mn And Zn In Red Beet Due To Fertilization And Environment

559

Petek et al.: Status Of Fe, Mn And Zn In Red Beet Due To Fertilization And Environment

http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1930


Table 2. Multi annual (1961-1991) climate data from the Jastrebarsko and Otočac 
meteorological stations 

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Jastrebarsko 

TMP* 54 51 60 70 74 100 78 87 105 92 88 76 

AMT** -0.4 1.1 5.9 10.6 15.6 18.7 20.7 20.2 15.6 10.8 4.9 0.9 

              Otočac 

TMP* 79 68 75 89 86 77 47 81 127 113 137 127 

AMT** -1 0.1 3.9 8.9 14.1 17.8 19.7 19 13.9 10.5 5 0.1 

* TMP – total month precipitation (mm); ** AMT – average month temperature (°C). 
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Figure 2 (a, b and c). Walter climate diagrams for Jastrebarsko 

and Otočac meteorological stations 
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Results 

Table 3 shows the results of variance analysis for fertilization across the 
environments. Table 4 shows the results of the combined variance analysis in the 
three environments. From this, it is evident that the weather conditions (environment) 
significantly affected the value of all studied micronutrients. Statistical analysis 
showed a slight interaction between environment and fertilization treatments for red 
beet zinc and a slightly stronger interaction for red beet manganese content in dry 
matter. 
 
Table 3. Results of variance analysis for fertilization in the three environments for red 

beet root micronutrient content and significance levels1 

Micronutrient  

(mg*kg-1 in dry matter) 

 Environment2 

 B-2003  HP-2004    HP-2005 

Fe 
Fexp3 1.21  0.57  0.32  

Pr > F4 0.384  0.6559  0.8081  

Mn 
Fexp 5.97 * 3.59 + 2.99  

Pr > F 0.0311  0.0854  0.1178  

Zn 
Fexp 3.58 + 3.7 + 2.57  

Pr > F 0.0859  0.0811  0.1499  
1 Statistical significance level: ** P=1%; * P=5%; + P=10%; 2 B-2003 – Brašljevica, year 2003;            
HP-2004 – Hrvatsko Polje, year 2004; HP-2005 – Hrvatsko Polje, year 2005; 3 Fexp – F experimental 
factor; 4 Pr > F – error probability F factor. 

 
Table 4. Results of combined variance analysis in the three environments for red 

beet root macronutrient content and significance levels1 

Micronutrient  

(mg*kg-1 in dry matter)  Fertilization Environment 
Environment x 

Fertilization 

Fe 
Fexp2 1.31  47.8 ** 1.07  

Pr > F3 0.3562  0.0036  0.4156  

Mn 
Fexp 2.38  50.48 ** 3.85 * 

Pr > F 0.1686  <0.0001  0.0123  

Zn 
Fexp 2.52  17.61 ** 2.35 + 

Pr > F 0.1548  0.0001  0.0745  

1 Statistical significance level: ** P=1%; * P=5%; + P=10%; 2 Fexp – F experimental factor;                       
3 Pr > F – error probability F factor. 
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Iron 

The average red beet iron content in dry matter is shown in Table 5. In terms of 
annual average values, the highest red beet iron content in dry matter was 
determined in Brašljevica in 2003 (270 mg Fe*kg-1 in dry matter), while the iron 
content was not significantly different between Hrvatsko Polje in 2004 and 2005 (102 
and 96 mg Fe*kg-1 in dry matter, respectively). In the first research environment 
(Brašljevica in 2003), the highest iron content was determined in the control 
treatment (310 mg Fe*kg-1 in dry matter) and the lowest in fertilization with 1,000 kg 
NPK*ha-1 (223 mg Fe*kg-1 in dry matter). In Hrvatsko Polje in 2004. A slightly higher 
value of iron was determined in red beet that was not fertilized (109 mg Fe*kg-1 in dry 
matter) with respect to the fertilizer treatments. Considering the average values for 
the fertilization treatments, the highest red beet iron content in the three studied 
environments was determined in the control treatment (172 mg Fe*kg-1 in dry matter), 
while the lowest iron content was determined in treatment with 1,000 kg NPK*ha-1 
(140 mg Fe*kg-1 in dry matter). 
 

Table 5. Red beet iron content (mg Fe*kg-1 in dry matter) for different fertilization 
treatments and environments 

 mg Fe*kg-1 in dry matter 

Fertilization treatments B-2003x HP-2004 HP-2005 Average 

Control 310 109 97 172 

50 t stable manure*ha-1 267 103 97 156 

500 kg NPK*ha-1 278 98 93 156 

1,000 kg NPK*ha-1 223 99 97 140 

Average 270 Ay 102 B 96 B  

x B-2003 – Brašljevica, year 2003, HP-2004 – Hrvatsko Polje, year 2004; HP-2005 – Hrvatsko Polje, 
year 2005; y Factor level means accompanied by different letters are significantly different, with error 
P≤0.05 according to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters 
refer to average values of environments. 

 
Manganese 
Table 6 shows red beet manganese content in dry matter. The highest manganese 
content was found in Brašljevica in 2003 (96 mg Mn*kg-1 in dry matter) and the 
lowest in Hrvatsko Polje in 2004 (44 mg Mn*kg-1 in dry matter). In the first research 
environment (Brašljevica in 2003), manganese content ranged from 83 to 106 mg 
Mn*kg-1 in dry matter. The highest manganese content was found in red beet that 
was not fertilized (106 mg Mn*kg-1 in dry matter). Manganese values in Hrvatsko 
Polje in 2004 ranged between 42 and 46 mg Mn*kg-1 in dry matter. The highest value 
was determined in red beet that was not fertilized. Neither in Hrvatsko Polje in 2005 
were no statistical differences in red beet manganese content due to different 
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fertilization. The highest manganese content was again determined in the red beet 
that was not fertilized (62 mg Mn*kg-1 in dry matter). The highest manganese content 
among the three studied environments was determined in the control treatment (71 
mg Mn*kg-1 in dry matter). 
 

Table 6. Red beet manganese content (mg Mn*kg-1 in dry matter) for different 
fertilization treatments and environments 

 mg Mn*kg-1 in dry matter 

Fertilization treatments B-2003x HP-2004 HP-2005 Average 

Control 106 ay 46 62 71 

50 t stable manure*ha-1 83 b 42 57 61 

500 kg NPK*ha-1 100 ab 44 58 67 

1,000 kg NPK*ha-1 94 ab 42 60 65 

Average 96 A 44 C 59 B  
x B-2003 – Brašljevica, year 2003, HP-2004 – Hrvatsko Polje, year 2004; HP-2005 – Hrvatsko Polje, 
year 2005 
y Factor level means accompanied by different letters are significantly different, with error P≤0.05 
according to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to 
average values of environments. 

 
Zinc 
A statistically significant difference was found in red beet zinc content in dry matter 
between the environments (Table 7). The zinc content determined in Brašljevica in 
2003 (53 mg Zn*kg-1 in dry matter) was significantly higher than that for Hrvatsko 
Polje in 2005 and 2004 (40 and 30 mg Zn*kg-1 in dry matter, respectively). In 
Brašljevica in 2003, the zinc values ranged from 47 mg Zn*kg-1 in dry matter in 
treatment with 1,000 kg NPK*ha-1 to 60 mg Zn*kg-1 in dry matter in the control 
treatment. Zinc values in Hrvatsko Polje in 2004 ranged from 28 to 31 mg Zn*kg-1 in 
dry matter, and in Hrvatsko Polje in 2004 from 39 to 41 mg Zn*kg-1 in dry matter. 
Looking at the fertilizer treatments in the three research environments, the highest 
average zinc content was determined in the control treatment (44 mg Zn*kg-1 in dry 
matter), while the lowest was determined in fertilization with 1,000 kg NPK*ha-1 (38 
mg Zn*kg-1 in dry matter). 
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Table 7. Red beet zinc content (mg Zn*kg-1 in dry matter) for different fertilization 
treatments and environments 

 mg Zn*kg-1 in dry matter 

Fertilization treatments B-2003x HP-2004 HP-2005 Average 

Control 60 30 41 44 

50 t stable manure*ha-1 50 29 40 40 

500 kg NPK*ha-1 55 31 41 42 

1,000 kg NPK*ha-1 47 28 39 38 

Average 53 Ay 30 C 40 B  
x B-2003 – Brašljevica, year 2003, HP-2004 – Hrvatsko Polje, year 2004; HP-2005 – Hrvatsko Polje, 
year 2005 
y Factor level means accompanied by different letters are significantly different, with error P≤0.05 
according to Tukey's HSD test. Small letters refer to fertilization treatments. Capital letters refer to 
average values of environments. 

 

Discussion 
Statistical analysis of the studied environments has shown variations in red beet iron, 
manganese, and zinc contents, which were greatly affected by the initial soil nutrient 
level (especially potassium) and weather conditions (precipitation and mean daily 
temperature) during the study period. Despite the finding that fertilization did not 
significantly increase the red beet iron content, there were very interesting and 
important findings, namely, that the red beet iron content obtained in this study 
(annual average values ranged from 96 to 270 mg Fe*kg-1 in dry matter) is 
significantly higher than that reported in the literature (Silanpää ,1982; Maynard and 
Hochmuth, 1997; Kołota and Adamczewska-Sowinska, 2006) (71, 69 and 69 mg 
Fe*kg-1, respectively), and the values in Brašljevica in 2003 (223-310 mg Fe*kg-1 in 
dry matter) are even up to 10 times higher than those reported by some authors 
(Lisiewska et al., 2006; Ekholm et al., 2007) (26 and 29 mg Fe*kg-1, respectively). 
The red beet manganese content was highest in Brašljevica in 2003 (83-106 mg 
Mn*kg-1 in dry weight), and among the treatments, the highest value was obtained in 
the control treatment. This value is also higher than those reported by many authors 
(Lindow and Peterson, 1927; Mikula and Indeka, 1997; Lisiewska et al., 2006; 
Ekholm et al. ,2007; and Nizioł-Łukaszewska and Gawęda, 2016) (35-76, 26, 27, 30 
and 26 mg Mn*kg-1, respectively). In terms of red beet zinc content, variation among 
studied environments was found. Again, the highest values were recorded in 
Brašljevica in 2003 (50-60 mg Zn*kg-1 in dry matter). It is worth highlighting that the 
obtained red beet zinc content is higher or similar to the data in the literature 
Silanpää (1982), Mikula and Indeka (1997), Sękara et al. (2005), Lisiewska et al. 
(2006), Ekholm et al. (2007) and Nizioł-Łukaszewska and Gawęda (2016) (52, 44, 
33, 41, 16 and 45 mg Zn*kg-1 respectively). 
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Looking at the effect of fertilization in general for all three studied micronutrients (iron, 
manganese, and zinc) there was a noticeable general decreasing trend of the 
content of these microelements with fertilization treatments. This was certainly the 
result of antagonistic activity of the investigated nutrients, especially potassium 
(Bergmann, 1992; Madhava Rao et al., 2006), which was confirmed in this study (the 
highest values of micronutrients were determined in the control treatment). The 
antagonism theory was also confirmed by the finding that the highest average red 
beet micronutrient content (270 mg Fe*kg-1 in dry matter, 96 mg Zn*kg-1 in dry matter, 
and 53 mg Mn*kg-1 in dry matter) was determined in Brašljevica in 2003, where the 
starting soil potassium content was lower (6 mg K2O*100 g-1 soil), compared with 
Hrvatsko Polje in 2004 and 2005 (15.3 mg K2O*100 g-1 soil). But on the other hand, 
there is possibility that reducing content of micronutrients can be a result of dilution 
as the effect of increased mass of plants, especially in Hrvatsko Polje in 2004 when 
the obtained yield was 43,4 t*ha-1 (data not shown). 
Despite the finding that the red beet micronutrient content was influenced more by 
environment than by NPK fertilization, fertilization with micronutrients would also 
increase the content and thus increase the nutritional value of red beet as a 
functional food. Red beet is a very valuable foodstuff that should be included very 
often on the daily menu. In addition, as already mentioned, the obtained 
micronutrient values are mostly considerably higher or at the upper level of the data 
in the literature. Therefore, to increase the micromineral content in plants, it is 
necessary to fertilize with microelements also, not just with NPK only, as is common 
practice. 
 

Conclusions 
The environment has a great effect on red beet micronutrient content. The highest 
average red beet root micronutrient content (270 mg Fe*kg-1 in dry matter, 96 mg 
Zn*kg-1 in dry matter, and 53 mg Mn*kg-1 in dry matter) was determined in Brašljevica 
in 2003 with low potassium soil content. In general, according to fertilization 
treatments, there was a general decreasing trend in contents of the studied 
micronutrients (iron, manganese and zinc) with NPK 5-20-30 fertilization (and by 
application of high doses of potassium). This was certainly the result of antagonistic 
activity of the investigated elements with potassium. Therefore, it is suggested to 
fertilize with both 500 kg NPK 5-20-30*ha-1 and microelement fertilizers in order to 
increase the content of all nutrients to produce highly valuable food. 
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