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ABSTRACT 

Excess of some heavy metals as copper lead and cadmium are significant contaminants for agricultural soils, 

and they affect plant life cycles by changing their defense enzymes and mineral element contents. This study 

was aimed to determine the effects of copper, lead and cadmium (Cu, Pb, and Cd) on the mineral concentration 

and antioxidant, enzymes activities in root and leaves of corn. They changed mineral elements content in roots 

and leaves of plants. Cd and Pb levels increased depending on applied doses in growth medium. Pb and Cd 

treatment showed harmful effect by limiting uptake of nutrients to the roots. Cu application increased 

ascorbate peroxidase (APX), catalase (CAT), peroxidase (POD) and superoxide dismutase (SOD) activities in 

the plant roots; whereas Pb increased APX activity and Cd increased both SOD and APX activities. Their 

applications decreased enzyme activities in leaves compared to control. This study showed that Cd has limited 

the level of calcium, copper, iron, magnesium, manganese, and zinc in roots. Pb induced the uptake of calcium, 

magnesium, and zinc in leaves.  
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INTRODUCTION 

 

ndustrialization has caused an increase in 

the amount of heavy metals in soil, 

atmosphere, and water. It has been created 

one of the most important environmental 

problems. Cadmium, lead, and copper are the 

most important heavy metals increased in 

soil. Soil is one of the most important 

components of the biosphere and serves as a 

natural buffer task controlled transferring of 

chemical elements and substances to the 

atmosphere, hydrosphere and biota (Kabata-

Pendias and Pandias, 2001). Heavy metals 

are essential abiotic stress factors because of 

accumulation, toxicity, long half-life for 

organisms. These metals remain in the soil 

for a long time and have negative effect on 

the natural environment, soil fertility and 

human health through the food chain (Gratao 

et al., 2008). Metal content in plants has been 

increased by anthropogenic factor such as 

fertilizers, pesticides, sewage and waste water 

systems (Sbartai et al., 2011). Cd, Ni and Pb 

as heavy metals are taken up by palnts mostly 

through the root system and partly, in minor 

amounts through the leaves (Amari et al., 

2017). The accumulation of heavy metals in 

the roots affects the plant growth negatively 

by weakening the root development first in the 

root system. Metal toxicity decelerates water 

and nutrient uptake, and photosynthesis, as 

well as adversely affects mineral element 

distribution. High heavy metal concentrations 

may break the cell signalization and can 

cause irreversible damage in biological 

systems. The symptoms such as root tip 

darkening and growth slowdown are observed 

in the plants grown in the high heavy metal 

concentrations, and it can lead to death of 

them (Bertolini et al., 2012).  

Plants respond in various ways to heavy 

metal pollution depending on the physical 

and chemical properties of metal, heavy 

metals lead to the formation of reactive 

oxygen species (ROS) (Ekmekci et al., 2008). 

ROS produced by respiration and 

photosynthesis are quite strong oxidizing 

I 
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agent and lead to damage in lipid, protein, 

pigment, and nucleic acid content of the cells 

(Verma and Dubey, 2003). Plants have 

developed a series of defensive strategies to 

overcome oxidative stress. Antioxidant defense 

system includes the formation of APX 

(Ascorbate peroxidase), CAT (Catalase), 

POD (Peroxidase) and SOD (Superoxide 

dismutase) enzymatic or non-enzymatic 

components such as ascorbate and α-tocopherol 

in plant cells. Antioxidant system can play an 

important protective role in the elimination of 

toxic radicals caused by oxidative stress 

(Haribabu and Sudha, 2011).  

Metals are part of the terrestrial ecosystems 

included soil, water and organisms. Total 

metal concentration in the growth medium is 

essential to decide for toxicity of metals. 

Contamination of plant growth medium with 

heavy metals such as Cu, Cd and Pb 

adversely affect nutrient uptake. Plants have 

developed different adaptation mechanisms 

to prevent metal induced damages. These 

responses vary depending on metals and plant 

species. In the macro-level, metal toxicity 

depending on nutrient distribution is shown 

in growth reduction and foliar symptoms, but 

in the micro level, cellular symptoms are 

observed anatomically. Toxicity can reduce 

photosynthesis, transpiration, water status; 

affect enzyme activity, and have negative 

effects on cellular functions (Fageria and 

Barbosa Filho, 2006; Lequeux et al., 2010; 

Azooz et al., 2012). 

The presence of minor number of heavy 

metals do not cause stress in the plant tissue, 

but also, they adversely affect intake of other 

nutrients, and lead to decrease total biomass. 

They change the mineral contents and 

antioxidant enzymes of plant. Studies on heavy 

metals (Cd, Cu, Pb) have been intensively 

investigated on antioxidant enzyme activities 

(Zengin and Munzuroglu, 2005; Rellan-Alvarez 

et al., 2006; Rastgoo and Alemzadeh, 2011). 

However, there are not enough studies 

comparing antioxidant enzyme activity with 

mineral elements and heavy metals. In the 

current study, we investigated the effect of 

heavy metal accumulation on the content of 

nutrients, the relationship between antioxidant 

enzyme activities and mineral elements. 

Some enzymes include mineral elements as 

cofactors such as copper and zinc in catalytic 

site, so we aim to show the effect of heavy 

metals in corn plant. 

 

MATERIAL AND METHODS 

 

Plant material 

In this study, Sele F1 Corn (Zea mays 

convar. saccharata var. rugosa) variety seeds 

sown in multiple seedling vials filled with 

peat and then they were transplanted and 

grown in the pots contained by 10 kg mixture 

of peat and garden soil (1:1) in unheated 

greenhouse conditions. The study was carried 

out in greenhouses at Gaziosmanpasa 

University Research and Application Center 

in June 2016. The experiment was conducted 

as a randomized plot design with three 

replications. In the study, after the seeds 

emerged in the pots, the above ground and 

roots of the plants were sampled 50 days 

later. 150 ppm N, 80 ppm P and 100 ppm K 

were applied in sufficient quantities for plant 

growth. After 3 weeks, the seedlings were 

transferred into pots, 10, 20 and 50 ppm Cu, 

Pb and Cd were applied, and CuSO4, 

Pb(NO3)2 and CdCl2 were used as the source 

of heavy metals. The amount of heavy metal 

and nutrient elements, APX, CAT, POD and 

SOD enzyme activity were analyzed in plant 

roots and leaves. 

 

Determination of minerals in plant tissue 

and heavy metal contents 

Plant tissues were dried at 65°C in the 

oven until they were reached constant weight. 

Plant samples were treated with nitric acid 

for wet decomposition method and then 

heavy metals (Cu, Pb and Cd) and other 

nutrients were determined by a 7700-x  

model Inductively Coupled Plasma-Mass 

Spectrometry (ICP-MS) (Tokyo, Japan) 

equipment using an external calibration 

method. Dried plant samples were grinded 

and ashed in microwave using 2 ml of 35% 

H2O2 and 5 ml of 65% HNO3. Following the 

digestions, Mg, Ca, Fe, Zn, Mn, Cu, Pb and 

Cd were analyzed by an inductively coupled 

plasma optical emission spectrometer (ICP-

OES; VarianVista Pro) (Doker et al., 2014). 
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Enzyme extraction  

Corn leaves (0.3 g) were crushed in liquid 

nitrogen and then they were homogenized 

with 1 mM EDTA and 50 mM potassium 

phosphate buffer (pH 7) contained 1% (w / v) 

PVP in the mortar. They were centrifuged    

at 4°C with 15000 X g for 20 minutes. 

Supernatant was used for analysis activity    

of catalase, peroxidase, ascorbate peroxidase, 

superoxide dismutase.  

 

Catalase activity  

Catalase activity was begun with addition 

50 µl crude extract in 50 mM phosphate 

buffer (pH 7) and 10 mM H2O2 mixture. 

Decomposition of H2O2 was observed at 240 

nm and it was determined that absorbance 

changes were recorded (E = 0.036 mm
-1

 cm
-1

) 

(Aebi, 1984). 

 

Peroxidase activity 

For peroxidase activity, 30 µl enzyme 

extract was added into 50 mM phosphate 

buffer (pH 6.5), 30 mM Guaiacol, 10 mM 

H2O2 reaction mixture. It was determined    

by measuring of absorbance increasing     

with occurrence of quaiacol oxidation          

(E = 6.26 mm
-1

 cm
-1

) (Angelini et al., 1990). 

 

Ascorbate peroxidase 

The reaction mixture contains 50 mM 

phosphate buffer (pH 6), 2.5 mM ascorbate, 

H2O2 30 µl enzyme extract. H2O2 was added 

at the end and it was observed ascorbate 

oxidation at 290 nm reaction medium          

(E = 2.8 mm
-1

 cm
-1

) (Nakano and Asada, 1981). 

 

Superoxide dismutase 

Superoxide dismutase activity was 

determined by Beyer and Fridovich method 

with a slight modification (Beyer and 

Fridovich, 1987). It is based on creating 

nitroblue tetrazolium farmazon by superoxide 

anion and giving an absorbance at 560 nm. 

An amount of 50 mM phosphate buffer     

(pH 7), 13 mM methionine, 60 pM nitroblue 

tetrazolium, 0.1 mM EDTA and 100 µl 

enzyme extract and 2 μM riboflavin was 

added in the reaction mixture and then it was 

kept of light (4000-5000 lux) for 30 minutes. 

The reaction was stopped by closing the light. 

An enzyme unit was accepted enzyme 

amount, inhibited 50% for absorbance 

increasing at 560 nm. The amount of enzyme 

that inhibited 50% formazan formation is 

regarded as one enzyme unit. 

 

Statistical analysis 

Statistical analysis of the results was 

performed by ANOVA using SPSS 20.0 

program package. Comparisons between 

means were performed with Duncan test. 

Significant differences were accepted if         

p < 0.05. 

 

RESULTS AND DISCUSSION 

 

According to the results, root and leaf 

nutrient contents and antioxidant defense 

system enzymes were affected significantly 

by heavy metal applications 

 

Effects of heavy metals on mineral 

contents in roots 

Mineral contents were affected significantly 

by heavy metal applications and the results 

are given in Figure 1. So, its increased in 

roots depending on Pb and Cd levels added 

into the growth medium. Cd amount increased 

from 3 ppm to 29, 61 ppm-94 ppm. Pb level 

increased from 49 ppm to 113 ppm-278 ppm. 

Nutrient’s concentration was affected by 

heavy metal application. Mg, Ca, Mn, Fe, Zn 

and Cu contents were reduced by Cd and Pb 

stress when it was compared to control. 

Cadmium reduced Fe content about 65%, 

while Pb and Cu reduced Fe content 

significantly in 20 and 50 ppm. Higher Pb 

concentration (50 ppm) decreased 

approximately twice the Fe content, 

compared to the control. Mg, Ca, Mn, Zn, 

and Fe levels were increased when 10 ppm 

Cu was added to the growth medium,     

while they were decreased at higher Cu 

concentrations (20 and 50 ppm). Cd and Pb 

applications reduce root nutrient content, 

whereas Cu affect depending on doses. 
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Figure 1. Effect of heavy metals on some nutrients in roots of corn. Values are the means ± sd, and data expressed as  

g or mg kg
-1

 DW. Bars marked with the different letters indicate significant differences at P ≤ 0.05 (Duncan test) from 

each other. Letters represent separate analysis of the plant tissue exposed to different treatment of Cu, Pb and Cd (each 

element was analyzed within itself compared to the control group to evaluate the effect of the applied heavy metals). 

 

Effects of heavy metals on mineral 

contents in leaves  

Heavy metals have shown synergistic or 

antagonistic effect on nutrient content and  

the results are shown in Figure 2. Cd and    

Pb levels increased correspondingly depend 

on dose applied into the growth medium. 

Zinc content increased by Cd application 

10%, 16% and 33% respectively according  

to control. Mg, Ca and Mn contents increased 

in various amounts. Cadmium has caused    

to imbalance in Ca, Fe and Cu contents. Mg, 

Ca and Zn contents were significantly 

increased by Pb doses, whereas Fe and Cu 

contents were reduced; Mn level was not 

stable. Cu is one of the essential elements for 

plants in low doses increased Mg level,  

while it reduced Fe content, and Ca, Mn,    

Zn contents was imbalanced. 
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Figure 2. Effect of heavy metals on some nutrients in leaves of corn. Values are the means ± sd, and data expressed as 

g or mg kg
-1

 DW. Bars marked with the different letters indicate significant differences at P ≤ 0.05 (Duncan test) from 

each other. Letters represent separate analysis of the plant tissue exposed to different treatment of Cu, Pb and Cd (each 

element was analyzed within itself compared to the control group to evaluate the effect of the applied heavy metals). 

 

Effect of Cu, Pb and Cd on antioxidant 

enzymes activities  

Four enzyme activities were determined 

related to antioxidant defense systems in 

roots and leaves. The results are shown in 

Figures 3 and 4. Enzyme activities were 

higher in leaves than in roots depending on 

metabolic rate. Cu application increased  

POD activity, while it was decreased by Cd 

and Pb in roots. APX activity was more 

increased by Cu, Cd and Pb than in control 

roots. APX activity increased by Cu 

application approximately 3 times more in 

the highest concentration. CAT activity was 

not affected significantly by heavy metal 

stress in roots. SOD enzyme activity was 

correlatively increased in higher Cu and     

Cd concentration, but it was decreased by   

Pb in roots. POD, APX and CAT activities 

were reduced by higher Cu, Pb and Cd 

concentration in leaves, whereas SOD 

activity was not affected by heavy metal 

stress. 
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Figure 3. Effect of heavy metals on POD and APX activities. Values are the means ± sd, and data represents 

the average of three experiments with three replicates. Bars marked with the different letters indicate significant 

differences at P ≤ 0.05 from each other. Letters represent separate analysis of the plant tissue exposed to different 

treatment of Cu, Pb and Cd (each element was analyzed within itself compared to the control group to evaluate the 

effect of the applied heavy metals and letters without an apostrophe for leaves, and letters with apostrophe for roots). 

 

 
 

Figure 4. Effect of heavy metals on SOD and CAT activities. Values are the means ± sd, and data represents 

the average of three experiments with three replicates. Bars marked with the different letters indicate significant 

differences at P ≤ 0.05 from each other. Letters represent separate analysis of the plant tissue exposed to different 

treatment of Cu, Pb and Cd (each element was analyzed within itself compared to the control group to evaluate the 

effect of the applied heavy metals and letters without an apostrophe for leaves, and letters with apostrophe for roots). 
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Changes in antioxidant enzyme activity 

depend on plant species, plant age, application 

duration and experimental conditions. Toxic 

metals in the cells cause activated oxygen 

species formation and an advanced level of 

oxidative damage in different cell organelles 

and biomolecules (Hussain et al., 2013). 

According to the findings, POD, APX, CAT 

and SOD were affected variously by Cu, Pb 

and Cd. SOD converts superoxide radical to 

hydrogen peroxide. Hydrogen peroxide is 

catalyzed by antioxidant enzymes such as 

POD, APX and CAT. Catalase converts H2O2 

to water and molecular oxygen and it acts as a 

key enzyme for eliminating of toxic peroxides 

(Gratao et al., 2008). 

Pb is one of the most polluter heavy metals 

existed in the soil and absorbed by plant root 

systems. When lead concentration increases in 

plant tissues, toxicity increases (Kasturi et al., 

1992). If Pb is soluble in the plant nutrient 

solution, plant roots can receive most of it. Pb 

transport and accumulation is limited from 

roots to upper part of plants. Therefore, it is 

stored in roots more than in stem (Sharma and 

Dubey, 2005). This study indicates that Pb 

accumulation in roots was six times higher 

than in leaves. If Pb concentration is higher in 

the soil, it inhibits plant growth. Pb 

application increases APX activity, while it 

decreases in POD and SOD activity in roots. 

CAT activity was not affected significantly by 

Pb in roots. POD, CAT and APX activities 

were significantly inhibited by Pb depending 

concentration in the leaves. It was reported 

that Pb toxicity reduces CAT activity in rice 

plants (Verma and Dubey, 2003) and APX 

activity is decreased in mung bean plants 

(Hassan and Mansour, 2014). Pb shows 

specific effects, according to tissue type. This 

effect may be originated by differences in 

enzyme amount and Pb localization in tissues.  

Cadmium is a non-essential element in 

plant nutrition that can inhibit growth and 

stimulate ROS production, resulting in several 

metabolic perturbations (Yakimova et al., 

2006). It was observed that Cd is easily 

moved from the roots to the upper organs 

depending on concentration so Cd 

concentration in root is closely related in 

leaves. Cd applications decreased POD 

activity in roots, while it increased APX and 

SOD activity. However, Cd did not affect 

SOD activity in leaves, also; it reduced 

significantly POD, APX and CAT enzyme 

activities compared to control plants. 

Similarly, it was reported that Cd reduced 

APX activity in cucumber seedlings 

(Gonçalves et al., 2007). Bocova et al. (2012) 

reported that Cd reduces CAT activity in 

Arabidopsis thaliana leaves. Pb and Cd stress 

decreased CAT activity in bean leaves 

(Bhardwaj et al., 2009). It has been reported 

that superoxide radical inactivates the catalase 

in vitro and Cd can cause to inhibition of 

catalase when superoxide radicals increased. 

Cadmium directly affects the sulfhydryl 

groups in proteins and leads to inhibition of 

activity or disruption of structure, or from the 

displacement of an essential element, resulting 

in deficiency effects (Shah and Nongkynrih, 

2007).  

The concentrations of the applied heavy 

metals in the roots and leaves differed. The 

highest concentration of Cu, Pb and Cd 

applied in our study was determined as 

Pb>Cu>Cd, respectively. It arises from leaf 

Cd concentrations that the movement of 

cadmium in the plant is greater and that the 

transport in the plant is greater. This transport 

is a condition that can reduce the toxicity level 

of cadmium in the plant up to certain levels. 

Martinez et al. (2020) reported that as the 

cadmium doses in beans increased, the 

cadmium concentration increased in the roots 

and that there were no significant changes in 

the Cd concentrations in bean leaves. 

Researchers reported an increase in enzymatic 

activities in leaves while different changes 

occurred in enzymatic activities in roots with 

Cd applications. Li et al. (2013) reported that 

increases in SOD, CAT and POD activities 

occur in the roots of two Kenaf (Hibiscus 

cannabinus L.) plants grown under cadmium 

stress. POD activity of Fuhong 991 variety 

used in their studies gave close results in 

almost all Cd levels. Muradoglu et al. (2015) 

reported that Cd applications in strawberries 
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increased statistically, SOD, CAT, APX from 

antioxidant enzyme activities in plant roots 

and leaves. 

Copper is not mobile in the plants; hence, 

its deficiency first appears in younger leaves 

(Fageria and Barbosa Filho, 2006). If mobility 

is low, it leads to Cu more accumulation in 

roots than leaves. Higher Cu concentrations 

increased POD, APX and SOD activities in 

roots. Cetinkaya et al. (2014) reported that Cu 

increases APX and SOD activities in corn 

seedlings. Higher Cu concentrations decreased 

POD, APX and CAT activities in leaves. It 

was reported that Cu reduces APX activity 

and it does not affect CAT activity in tomato 

(Mazhoudi et al., 1997). Catalase is sensitive 

to copper stress (Verma and Dubey, 2003). In 

this study, catalase activity was reduced in 

high Cu concentrations. The decline of CAT 

activities in leaves and in roots may be related 

with the Cu accumulation in tissues, and 

because there is Fe in the active site of 

catalase. 

Cd can be absorbed easily by plant roots 

and transferred to the aerial organs (Eker et 

al., 2013). In this study, Cd increased its 

concentration in roots and leaves, but it 

indicated antagonistic effect on minerals 

because Mg, Ca, Mn, Fe, Zn and Cu levels 

were reduced in roots. Cd showed synergistic 

effect on intake Zn, Ca and Mg in leaves. Cd 

distribution and concentration vary according 

to plant species, varieties and tissues. It was 

reported that Cd increases intake of K, Mn 

and Mo in roots and Fe amount in the stem, 

but it decreases Fe, Mn and Mg contents in 

seeds of wheat (Zhang et al., 2002). Liu et al. 

(2006) also explained that Cd reduces intake 

of Fe, Mn and Cu, but mineral elements 

content varies depending on corn varieties. 

There is no correlation between Cd 

concentration and nutritional minerals such as 

P, Ca, S, Mn, Zn; but it increases Fe content 

(Bertolini et al., 2012). Nada et al. (2007) 

report that in leaf and root of almond, Cd 

addition reduced the concentration of 

macronutrients such as Ca, Mg and K in 

leaves and in root. Ion distributions alter 

depending on plant roots and leaves. One of 

the normal functions of roots is to take up ions 

selectively founded in the soils, though leaves 

cannot have the ability to select which ions 

have to take. Cd accumulation is reduced 

toward the inner cortex of the epidermis. 

Endodermis constructs barrier for ion moving; 

as a result, root cortex cells contain more 

elements than central vascular cylinder cells 

(Liu et al., 2006). Muradoglu et al. (2015) 

reported that Cd applications (0, 15, 30, 45 

and 60 mg kg 1) on strawberry plant 

statistically affect K, Ca, Mg, Fe, Mn, Cu   

and Zn concentrations in the leaf and root  

part of the plant. While leaf and root Cu 

concentrations were 10.99 and 206 ppm in the 

control application, it was determined as 6.45 

and 35.63 ppm in 60 ppm Cd application.  

Plant Zn concentration also decreased with  

Cd application. Pb uptake and accumulation 

was changed depending on applied Pb 

concentrations in roots and leaves of corn 

plants. Pb concentration increased accordingly 

content of Pb in roots and leaves. Pb is usually 

accumulated in roots and then a small amount 

is transferred to upper organs (Malkowski et 

al., 2005). Number of macro and micro 

elements was reduced in roots when Pb 

increased. Lead showed antagonistic effects 

limiting uptake of Fe and Cu in roots and 

leaves; Mg, Cu, Mn and Zn levels reduced 

only in roots. However, it showed synergistic 

effects encouraging Mg, Ca, and Zn intake in 

leaves. Lamhamdi et al. (2013) reported that 

Na, Ca, Mg, Fe, Cu and Zn contents were 

decreased by Pb stress in wheat and spinach. It 

was also reported that Ca, Zn and Mn were 

decreased in leaves, but Fe was increased in 

roots by Pb in Amaranthus gangeticus. Fe and 

Mn content were reduced in stem; and Ca, Zn 

and Mn were decreased in roots by Pb in 

Amaranthus oleracea. On the other hand, Zn 

contents were increased in stem, and Fe was 

increased in roots by Pb in Amaranthus 

oleracea (Kibria et al., 2009). 

Cu is a transition metal with oxidation 

properties in physiological conditions. It is 

cofactor of several enzymes which are   

related to the electron transport system. When 

10 ppm Cu was supplemented to the growth 

medium, it had a synergistic effect on uptake 

of Mg, Ca, Mn and Fe, but higher Cu doses 

had an antagonistic effect on uptake of these 

elements. Mg content was increased, but Fe 
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content was decreased by Cu in corn leaves. 

Similar results have been reported that copper 

increased Mg, Ca, Fe and Zn contents; 

decreased K and S contents in roots of 

Arabidopsis thaliana. Also, it decreased Ca 

and Mn levels, and increased Zn content in 

stem of Arabidopsis thaliana (Lequeux et al., 

2010). Copper application showed synergistic 

effects, increasing Mg and Ca intake in wheat 

seedlings (Azooz et al., 2012). 

 

CONCLUSIONS 

 

As a conclusion, antioxidant enzyme 

activities were affected significantly by heavy 

metals such as Pb, Cd and Cu when they were 

added to the corn plant growth medium. 

Heavy metals which have low mobility like 

Cu and Pb were accumulated more in roots. 

Heavy metals which have high mobility such 

Cd were moved from roots to leaves. In 

particular, consumption of plants exposed to 

Cd toxicity creates problems at this stage. 

When farming in soils containing heavy 

metals such as Cd, it should be taken into 

account that these metals may be transported 

into the edible parts of plants. 
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