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Abstract 

Heavy metals are among soil pollutant resources that in case of accumulation in the soil and absorption by 
the plant, enter into the food chain and poison the plants or the people who consume those plants. This 
research was performed in order to examine the role of cadmium as a heavy metal in the activity of 
catalase and peroxidase as well as protein concentration in Trifolium resupinatum L. based on a randomized 
block design with three repetitions. The used treatments included consumption of Cd (NO3)2at four levels, 
namely, 0, 100, 200, and 300 ppm. The plants under study were treated for 10 days. The results of the 
study showed that catalase activity decreased by the increase of cadmium. Moreover, peroxidase activity 
increased by an increase inthe consumption of cadmium. The analysis of protein level showed that plantlet 
protein decreased in high cadmium concentrations. The findings also demonstrated that cadmium 
concentration in roots was higher than in shoots. 
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Introduction 
 

Persian clover is used as a forage crop 
and also for regeneration of pasture. Re-growth 
after grazing or cutting is excellent and it has a 
high nutritive value as pasture or hay (Lacy et al., 
2003).  

Nowadays there are around 400 plant 
species such as Violaceae, Poaceae, 
Caryophyllaceae, Brassicaceae, Astraceae, and 
Fabaceae that possess the ability to tolerate very 

high levels of heavy metals in the soil 
(Poschenrieder et al., 2006; Matthew and Leon, 
2008). Phytoremediation is an alternative to 
traditional chemical methods of treating polluted 
soils (Mathur et al., 2007). Heavy metals 
contamination decreases crops production in 
agricultural lands (Smith, 2009). Soil pollution by 
metals differs from air or water pollution because 
heavy metals remain in soil much longer than in 
other compartments of the biosphere (Lasat, 
2002).  

At high concentrations, a number of 
heavy metals have been reported to inhibit the 
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growth and decrease the productivity of garlic 
(Liu et al., 2003). Cadmium is well known as a 
highly toxic environmental element due to its 
great toxicity and high mobility from soil to plants 
and further down the food chain (Vig et al., 
2003). High amounts of cadmium can be 
accumulated by all organisms and can break 
some of the physiological metabolisms in plants 
including transpiration, photosynthesis, 
evaporation, and stabilization of nitrogen (Zhou 
et al., 2006; Wang et al., 2008; Chugh and 
Sawhney, 1999). Increase in cadmium in the 
environment reducees chlorophyll and growth 
(Zhou and Qiu, 2005) and affects the 
performance of chloroplast or stabilization of CO2 
(Krupa and Baszynski, 1995; Seidlecka et al., 
1997). Cadmium is the fourth element which has 
the highest level of toxicity for vascular plants 
(Qadir et al., 2004). One of the main effects of 
cadmium stress is the increased generation of 
Reactive Oxygen Species (ROS) that usually 
damage cellular membrane by reducing lipid 
peroxidation (Unyayar et al., 2006; Goncalves et 
al., 2007). Heavy metals such as cadmium, lead, 
copper, and zinc are easily absorbed by plants 
and cause toxicity and damage the plant by 
reducing enzymatic activity, protein level, and 
damaging nutrient materials (Arun et al., 2005). 
The plants grown in the soils with high cadmium 
concentration show symptoms of damage 
including chlorosis, impaired growth, brownness 
of root tips, and finally death (Wojcik and 
Tukiendorf, 2004; Mohanpuria et al., 2007). 
Therefore, in this research the effects of 
cadmium on enzymatic activity and protein level 
of Persian clover were examined. 

 

Material and Methods 

The research was conducted in The 
Research Farm Greenhouse of The Faculty of 
Agriculture, Islamic Azad University, Saveh Branch 
during the agricultural year 2011-12. The seeds 
were first disinfected for cultivation by NaClO5% 
for 10 minutes and then were washed for three 
times with distilled water. The seeds were placed 
on Whatman filter papers. They were then 
planted in vases with 12 cm in diameter and a 
height of 10 cm with cocopeat and peat moss 
substrates. Seeding depth was 2 cm. Cultivation 

was followed by irrigation (electrical conductivity 
of the used water was 0.5 ds/m²). On the 9th day 
after cultivation, Hoagland solution was added. 
From the 10th day until the 25th day of cultivation, 
0.1, 0.2, and 0.3 g/l of Cd (NO3)2.4H2O were 
added to the Hoagland solution. Depending on 
the plant condition, a daily amount of 150 m/l of 
nutrient was used.  

Level of catalase activity was measured 
by Pereira method (Pereira et al., 2002). Koroi 
method (Koroi, 1989) was used to determine 
peroxidase activity. Moreover, Bradford method 
(Bradford, 1976) was used to calculate protein 
level.  

Transport factor (TF) shows the amount 
of transport of heavy metals from the root to 
aerial organ of the plant (Marchiol et al., 2004). 
TF amount higher than 1 indicates the transport 
of heavy metals from the root to the aerial organ 
(Jamil et al., 2009) while the TF lower than 1 
indicates transport to the plant root. Transport 
factor is calculated by the following formula: 

 
𝑇𝑟𝑎𝑛𝑠𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (𝑇𝐹) = 
 
Metal Concentration (stems +  leaves)

Metal Concentration (roots)
 

 

Statistical calculations and analysis of 
data variance were done by using SAS software. 
Comparison of means was conducted by using 
Duncanʼs Multiple Range test (P<0.05). 
 

Results 

Increase of cadmium in nutrient solution 
decreased catalase activity (Fig. I). Also, no 
significant difference was found between 100 and 
200 ppm treatments. It was found in this 
research that cadmium in nutrient solution 
increased the level of peroxidase activity (Fig.II). 
However, no significant difference was found 
between the levels of consuming cadmium and 
only the difference with control was significant 
(P<0.05). 

The results obtained from measuring 
protein level showed that the increase in 
consuming cadmium decreased the amount of 
protein (Fig. III). However, there was no 
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significant difference between 200 ppm and 300 
ppm treatments.  

As is shown in Figs. (IV) and (V), cadmium 
concentration increased in root and shootsupon 
increase of cadmium in the nutrient solution. 

The findings of this study indicated that 
cadmium concentration in roots was higher than 
in shoots and this suggests that cadmium 
transport were not conducted well in the plant. 
Transport factor decreased by the increase in 
cadmium concentration and on the whole, 
transport factor in the plants under studywas less 
than 1 (Table 1).Therefore, Persian clover lacks a 
suitable potential in cadmium transport from the 
root to aerial organs and the metal remains more 
in the plant root. Moreover, as cadmium 
increases in the nutrient solution, cadmium 
transport factor of Persian clover reduces and 
plant transport capability gets lower. 

 
Discussion 

Catalaseactivity was decreased as the 
cadmium increased in this study. The reduction in 
the catalase activity in the presence of cadmium 
can be attributed to plant’s growth response to 
cadmium and this is consistent with the results 
obtained by Touiserkani and Haddad (2012). 

Results of this study indicate that 
increasing consumed cadmium leads to an 
increase in peroxidase activity.This is consistent 
with the findingsof studies on beans (Shaw, 
1995), barley (Erdie et al., 2002), tomato (Quiroga 
and Guerrero, 2000), peanuts (Li and Feng, 2001), 
radish (Chen and Chen, 2002), and sunflower 
(Laspina and Groppa, 2005).  Peroxidase is one of 
the most significant enzymes engaged in the 
plant'sresponse to the stressful situations. It plays 
a role in destruction of H2O2 (Pandolfini et al., 
1992). H2O2 is often consumed within membrane 
lipid peroxidation process as a cellular planned 
signal mediator (Cakmak and Horst, 1991). 
Moreover, H2O2 improves mechanical power and 
decreases plant cell wall potential stretch 
(Schopfer, 1996). 

Thepresence of cadmium decreased 
protein content in the plants. A study on the 
effects of different concentrations of cadmium on 
Brassicea jounica was revealed that the levels of 
proline and proteins increased atlower 
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Fig. I. Effect of Cd on the catalase activity
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concentrations of heavy metals but at higher 
concentrations these parameters decreased 
(John et al., 2009). 

Studies on the plants under the stress of 
heavy metals such as cadmium and nickel have 
shown decrease in absorption of water and 
nutrients, decrease in water transport, 
disruptionin water balance and enzyme activities, 
decreasein cellular metabolism, reduction in 
photosynthesis, respiration and transpiration, 
nitrogen and phosphor deficiency, controlled 
growth, accelerated senescence, and even death 
of the plant (Sanita and Gabbrielli, 1999). 

Findings of the present study suggest that 
Iranian clove is not a right choice for 
phytoremediation as it could not tolerate long 
term cadmium concentration. Results showed 
that concentration of heavy metals in roots was 
higher than that of shoots. It has been reported 
that continuous absorption of metals by the plant 
depends on its ability for absorption, transfer, 
aggregation, and resistance to high levels of 
heavy metals within plant growth period (Abbott 
and Robson, 1991).  
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Translocation factor (TF) of Cd in Persian clover 
 

Treatment Cd 
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TF 
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ppm 
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300 
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