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Abstract. In this study, the effect of cadmium metal ion to 7, 14 and 21day after germination (DAG) 
autumn barley samples under laboratory condition is investigated. We determined the biomass of plant 
organs and the amount of cadmium accumulation in above-ground organs at germination (7 DAG), 2-leaf 
(14 DAG), 3-leaf (21DAG) stages. The results showed that the dry mass of 7, 14 and 21 DAG barley plant 
was decreased under cadmium metal treatment. However, the root biomass did not change compared with 
control plant. It is also observed that the 21 DAG plant accumulated around 2.4 and 5.6 times more 
cadmium than the 14 DAG and 7 DAG plants respectively.  

 

 
1 Introduction 

Copper (Cu), zinc (Zn), manganese (Mn), and iron (Fe) are essential heavy metals that plants require as structural and 
catalytic components of proteins and as cofactors of enzymes. They are commonly referred to as microelements. Non-
essential heavy metals like lead (Pb), cadmium (Cd), mercury (Hg), and chromium (Cr) have no physiological 
function and are therefore harmful. The fact that all heavy metals are highly phytotoxic at greater doses is a common 
property of both essential and non-essential heavy metals [1]. 
Heavy metals in the environment come from a variety of natural and manmade sources. Weathering of the bedrock 
and volcanic activity are two natural sources. Natural concentrations of heavy metals have little effect on plants and 
other biota components [2]. Heavy metals have become one of the most serious anthropogenic stressors for plants and 
other living organisms as a result of increasing anthropogenic emissions of heavy metals from agriculture (fertilizers 
and pesticides), metallurgy (mining and foundry works), energy production and fuel burning, microelectronic 
production and waste disposal [3-7]. 
Cadmium is one of the toxic element for all organisms including plants [8]. Cadmium, as differences from heavy 
metals that is not essential for plants like other metals. However, plants can uptake this element from soil and 
accumulate in several vegetative organs [9]. In plants, a cadmium ion is usually accumulated as a toxic in cell and 
tissues. This toxicity affects structural and functional regulation, physiological processes. In results, the yield can 
significantly decrease [10].     
Nowadays, it is know that the uptake of cadmium carry out through ion transport system, same as other micro 
elements. It is mentioned that the accumulation speed of this metal in plant organs depends to its growth condition and 
biological species [11-14]. 
Some researches indicate accumulation of cadmium changes during the oncogenes in plants. But all experimental data 
is similar, the references are not enough on that issue. 
In this study, we aimed to investigate the accumulation of cadmium ion in above-bottom organs in barley plant. 
  
2 Materials and Methods   

In our experiment, we used one of autumn barley cultivar, called Mavlono. The selected Mavlono cultivar seeds were 
sown to soil-filled special containers. The Knop solution was used as nutrition for barley growth. As an effect of 
cadmium, we have added 100mM cadmium sulphate (CdSO4) for four days.  During the experiments, we studied a 
barley cultivar at the germination (7 DAG), 2 leaf (14 DAG) and 3 leaf (21DAG) developmental stages. We measured 
the amount of Cadmium from above-bottom organs included root, shoot, leaf plastics. The amount of cadmium was 
determined in the polygraph using an inversion method on a voltampermeter [10, 15]. 
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3 Results and Discussion 
 

In this research, Mavlono cultivar of barley was grown at Laboratory condition and treated with relevant solution of 
CdSO4 for evaluation of some physiological processes. An amount of accumulation of Cadmium was determined in 
above-bottom plant organs at 7 DAG (days after germination), 14 DAG and 21 DAG stages. Our results showed that a 
similar effect of cadmium at 7.14 and 21 DAG was obtained. In this table1 described that dry mass of barley was 
decreased in metal treatment at all stages. However, the root biomass was followed with control. The same reaction of 
barley to cadmium has been observed by other authors using similar or higher concentrations of this metal [16]. 
 
Table 1. Effect of cadmium metal ions in above-ground biomass in barley 

Samples Shoot dry mass, mg Root dry mass, mg 

Control Treatment Control Treatment 

7 DAG 167.8 ± 4.5 134.9 ± 4.8* (80) 154.7 ± 13.2 141.9 ± 7.5 (92) 

14 DAG 254.9 ± 16.1 182.9 ± 4.0* (72 268.9 ± 24.4 246.5 ± 16.7 (92) 

21 DAG 393.5 ± 15.7 325.8 ± 12.8* (83) 273.0 ± 21.8 325.1 ± 24.6 (119) 

 
There is no effect of cadmium on the root biomass because it has a sufficiently developed root system before starting 
the experiment. Chemical analysis of plants in the control variant showed that the cadmium content was 0.19-0.26 
mg/g in the roots. However, it was not found cadmium in above organs. 
Table 2 shows that the amount of cadmium significantly increased in plant root after treated by cadmium sulphate 
solution. It was also found that the amount of cadmium varies in the root of plants under different stages. 
 
Table 2. Amount of accumulated cadmium metal ion in above-ground organs in barley  

Samples Amount of cadmium, mg/g 

root shoot 1-leaf 2-leaf 3-leaf 

7 DAG 16.19 ± 0.48 3.41 ± 0.09 3.02 ± 0.12   

14 DAG 23.89 ± 0.46* 6.02 ± 0.10* 0.66 ± 0.01* 1.73 ± 0.08  

21 DAG 42.80 ± 1.41* 7.59 ± 0.16* 1.22 ± 0.05* 0.70 ± 0.03* 1.45 ± 0.03 

 
Amount of cadmium at 21 DAG was 1.8 times higher than 14 DAG and 2.6 times higher than 7 DAG when the plants 
treated with metal for four days. A similar result was obtained with other researches. Accumulation of zinc in maize 
and other works can be example in this field. 
Analyzing of above organs shows, amount of cadmium increased in shoot and root under growth stages. Meantime, it 
is also determined that amount of cadmium did not change or slightly decreased in leaves. Accumulation of cadmium 
in plant organs showed that the 21DAG plant accumulated 2.4 times more cadmium than the 14DAG plant and 5.6 
times more than the 7DAG plant. 
However, it was found that the amount of cadmium in the roots and stems significantly increased by follwed plant 
ages, while the total amount of cadmium in the leaves has not changed although it’s number is increased. 
We have found that as the barley plant developmental stage may positively correlates with the metal accumulation 
ability of plant roots. 
It is also known that the rate of absorption or accumulation of minerals may depends to the plant development stages.  
The uptake of mineral element nutrition has been stimulated during the first week of vegetation period in annual 
cereal plants. 
In case, it is facilitated by the structural-functional alterations where occurs in root system. In particular, there is a 
significant increases in root surface area for absorption during this period. It is also increases on the cation exchange 
capacity of cell membranes, the hydraulic variability and changes the working intensity of ion transport systems. 
 The uptake of toxic ions into the roots carried out by the same mechanisms with the regular ions, therefore, 
absorption of cadmium into the roots also raise in barley plant. 
Plant developmental stages greatly influence to increase of cadmium absorption in root and shoot, but decrease in the 
leaves. Such process may be related to the speed and properties of the metal ion movements through the organs. For 
example, in experiments with rice, cadmium ions were found one hour after the onset of treatment in the shoot.  In 
case, the movement of cadmium ions may blocked by many anion groups in the xylem [17]. 
The cadmium distribution was significantly decreased in 14 and 21DAG compared to 7DAG plant samples in above 
organs. This indicates, there is a barrier function in root system. Such as distribution of cadmium has been observed in 
the Vigna radiation plant. 

It is known the metal resistance depends on the effectiveness of mechanisms that provide immobilization of metal 
ions in the plant root, which allowed protecting the negative effects from above organs. Such mechanisms have 
included ion binding in root cell apoplasts, chelating in the cytoplasm, and compartmentalization in vacuoles [9, 18].  
Moreover, the xylem controls the transport of metal ions in above organs by altering of transport proteins activity 
[19]. However, there is other evidence that the cadmium movement from above to bottom organs is decreased via 
phloem tissue. But there are no clear references on the mechanisms for comparison of developmental stages.   
It can be assumed that the factors related developmental phases may lead to increased immobilization of cadmium 
ions in the root. 
In root cells, there may be differences in the effectiveness of the metal binding mechanisms depending on the phases 
of plant. For instance, after treated of cadmium solution for barley plant, the amount of phytochelatin (kind of 
peptides involved in the binding of heavy metal ions in the cytoplasm) in root cells can be significantly increased 
compared to young autumn barley plant samples. Recent data suggest that the barrier function of the roots also 
increases during the plant developmental stages. 
 

4 Conclusions 

Our studies showed that the effect of cadmium ion remained at the same level, although a significant differences were 
observed at the amounts of metal ions in 7, 14 and 21 DAG plants. 
It was also observed that the amount of cadmium has increased in root and shoot, but decreased in leaves under 
developmental stages of barley. 
It was found that the transfer of cadmium metal was reduced from roots to shoot under the developmental stages. This 
may be due to age-related changes in stem cells and tissues, and an increase in the efficiency of the mechanisms that 
ensure the immobilization of excess metal ions in its underground organs. This condition allows in above organs, 
especially protect the leaves from toxicity of cadmium. In case, plant root may easily adapt to the increase of metal 
concentration.    
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