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ABSTRACT 

Nowadays , the potential dangers and risks of toxic heavy metals  existing in water, soil and their entrance  to the food 
chain of human beings and animals upon human , plants and animals is well known. In order to study the rate of 
Cadmium absorption by lettuce plant, a research was executed in the form of a factorial test and based on a completely 
randomized plan of 6 treatments. The treatments of this test include Zeolite Clinoptilolite in the three levels zero ,2000, 
4000 kg  per hectare and Humic acid (from trade resource of American Humax) in the three levels zero,20 and 40 liters 
per hectare. For cadmium contamination in soil, un amount of 3 mg per kilo of  pure cadmium from  cadmium nitrate 
source was added to the soil of the treatments  under experiment in an equal range. At the end of experiment, the 
absorption ratio of cadmium, zinc and nitrogen and also dry weight of aerial organ and root were measured. The results 
showed that the second level of Zeolite  and third level of Humic acid  had the minimum cadmium absorption in the plant 
compared to the control. The maximum rate of nitrogen absorption was seen at the third levels of Zeolite and Humic 
acid. About the ratio of dry weight of aerial organ and root, the maximum amount of root and leaf dry material was seen 
at the second treatments of Zeolite and Humic acid. The findings of the research illustrated that application of Zeolite 
and Humic acid can reduce absorption of the heavy metal of cadmium in lettuce plant and insist on further application of 
these two elements to improve plants’growth. 
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INTRODUCTION  
Soil pollution by heavy metals is one of the most important environmental problems in many parts of the 
world [1]. One of the most important environmental pollutants, are heavy metals and among these 
metals, cadmium has attracted much attention due to several adverse environmental effects and 
relatively high mobility in soil-plant systems. Accumulation of these elements in soil, in addition to cause 
harmful effects on plants and fauna of soil, can enter human organism through plant products and 
consuming food elements and with the biological half-life of 20 years and accumulation in liver and 
kidney can cause liver and kidney failure, liver or kidney disease, cardiovascular disease, hypertension, 
inflammation of the lungs and bone diseases [2]. The most important part of heavy metals ‘pollution 
reported in China is related to cadmium element which has been entered to farm lands through 
phosphate fertilizers and zinc and lead sources [3]. But, there are materials in the nature that can 
decrease  somewhat these harmful effects of heavy metals to plants  that among them zeolite and humic 
materials can be mentioned.  
Zeolites are crystalline solids with tiny pores containing pores and channels with dimensions of 3 to 10 Å  
and It acts like a molecular sieve and in addition to being moderators to the soil , they can have a nutritive 
and feeding role and permit plant growth in the agricultural lands with the capacity of low cation due to 
high capacity of cation exchange and existence of some cations like ammonium in their network [4]. It 
seems that zeolite can store food elements particularly Ammonium and potassium in reservoir form in its 
structural canals and give them to the plant progressively [5]. 
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Humic materials consist of complicated combinations of humus, having high molecular weight and high 
complex producer power as well. These materials have the capacity to complex with various cations and 
can be used as a storage source of polyvalent cations in the soil [6].The benefits and performance of 
humic materials can be classified into indirect chemical, physical and biological impacts and direct effects 
upon biochemical and physiological processes of plants [7]. 
Considering un paralleled and unique characteristics of organic materials in qualitative and quantitative 
growth of plants and also due to abundance, low price of natural mineral of zeolite in Iran and with 
regard to importance of soil pollution issue and the need to conserve soil  in order to realize the 
sustainable agriculture ,the necessity of the present study to examine the impact of zeolite and humic acid 
consumption upon cadmium absorption in lettuce plant ,one of the most consuming vegetables with 
leaves in the world, is clear and explicit.  
 
MATERIALS AND METHODS 
This empirical plan was performed in a farm located at west of Karaj in the year 2012-2013 and applied 
from lettuce plant. Zeolite Clinoptilolite was available at 3 levels including 0, 2000 and 4000 kg per 
hectare and Humic acid at 3 levels including 0, 20 and 40 liters per hectare with 3 repetitions on factorial 
basis within complete random plan and empirical treatments. Upon disinfection and sterilization of seeds, 
they wee washed with distilled water and seeds were soaked in water for better germination. In order to 
culture plant, empirical dividing (agricultural land into patches) was prepared by using monotonous 
slope and texture of soil and for creation of cadmium pollution as 3ml cadmium in soil, it was applied 
from cadmium nitrate and empirical treatments. Then the treatments were applied based on dividing 
(agricultural land into patches) and the ready seeds were grown for culture in soil. Finally the empirical 
plants were exited from dividing (agricultural land into patches) and the aerial organ of plant was 
separated from bush. Then the wet and dry weight of serial section of plant and root was written by 
digital bathroom scale. At next stage, the cadmium, zinc and nitrogen level in root of plant was measured. 
At the end of experiment, the data analyses were executed using SAS software and Duncan Multi Range 
Test was used in the probability levels of 1 and 5 % for comparison of the averages. 
 
RESULTS AND DISCUSSION  
1- Cadmium rate in the plant aerial organ  
The graphs 1 and 2 show that the application and use of zeolite in a ratio of 2000 kg per hectare and 
humic acid in an amount of 40 liters per hectare have caused that the minimum quantity of cadmium 
absorption in the lettuce plant will be accumulated compared to the control. 
Zeolites have tetragonal structures (four atoms of oxygen around a Silicon atom) where there are canals 
and pores. There is 10 to 20 % of water in these pores . Existence of such structure in zeolites permit 
them to exchange cations with a capacity between 2/16 to 4/73 meq/g [8] and causes that zeolite  is 
considered as an appropriate absorbent for removing different types of heavy metals. Similarly, Panuccio 
et al [9]also used zeolite for removing cadmium and obtained acceptable results. About humic acid, it may 
be able to conclude that the higher quantity of this organic material can reduce cadmium accumulation in 
the plant due to its complex producer power [6]. 

 
Graph 1- Effect of zeolite on cadmium absorption by plant aerial organ 
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Graph 2- Effect of humic acid on cadmium absorption by plant aerial organ 

2- The ratio of zinc in the plant aerial organ  
The graph No.3 shows that zeolite application caused the increase in zinc density in lettuce aerial organ 
and more the zeolite consumption increase, more zinc density rises. Of course, this increase was 
significant on the higher level of zeolite compared to control. This may be due to the high range of this 
metal in the regional soil. 
According to the graph No.4 the minimum ratio of zinc absorption was seen in the treatment of 40 liters 
per hectare of humic acid. The findings of Asik et al [10] has also shown that the use of humic materials in 
the soil causes the rise in nitrogen absorption as well as the increase of zinc and copper absorption ;in 
this research higher consumption of this organic material ,the rate of zinc accumulation was reduced in 
lettuce aerial organ. 
 

 
Graph 3- Effect of zeolite on zinc absorption by plant aerial organ 

 

 
Graph 4- Effect of humic acid on zinc absorption by plant aerial organ 

 
3-The ratio of nitrogen in the plant aerial organ 
The graphs nos.5 and 6 shows that the maximum nitrogen absorption is seen in the treated plants with 
high levels of zeolite and humic acid. It can be stated that zeolites with their crystal structure act like 
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molecular sieve and ammonium ion can enter zeolite pores through appropriate cationic exchange 
capacity and selected absorption; but the size of such pores and canals are so that prevent  nitrifying   
bacteria to enter zeolite structure .Therefore, the existence of zeolite clinopetilolita in the soil reduce the 
rate of ammonium conversion to nitrate  and as a consequence, nitrogen washing is reduced [11]. On the 
other part, motivating effects of humic materials have also a direct correlation with the rise of azotes, 
phosphor and sulfur elements [12]. Researchers like Ayas and Gulser [13] reported that humic acid 
causes the increase in the growth and height of carrot pant through rise in nitrogen content. 
 

 
Graph 5- Effect of zeolite on nitrogen absorption by plant aerial organ 

 

 
Graph 6- Effect of humic acid on nitrogen absorption by plant aerial organ 

 
4- Dry weight of the plant aerial organ 
The graphs nos 7 and 8 show that the second level of zeolite (2000 kg per hectare) and humic acid (20 
liters per hectare) have had maximum dry weight of aerial organ compared to control. Gul et al [14] 
studied the impact of different proportions and rates of perlite and zeolite at the lettuce hydroponics 
cultivation bed and the results showed that weight produced by lettuce at zeolite bed was further than 
perlite and its weight was increased by rise in zeolite level in cultivation bed. Zeolite can improve water 
and nutritive elements conserving capacity and product weight and quality due to the high capacity of 
cationic exchange. Therefore, the result of this experiment illustrates the more and more use of this 
mineral as a part of cultivation beds. Positive impacts of humic acid on plants growth  has been attributed 
to its direct impact upon plant  growth like effects on cellular membrane (leading to treatment of 
nutritive elements transmission), rise in protein synthesis, hormone-like activity, photosynthesis 
motivation and effects upon enzyme activity [15]. Accordingly, Vaughan and Linehan proved that low 
range humic acid consumption had direct and positive impacts upon performance and growth of wheat 
and also increase of dry and fresh weight of the aerial organs. 
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Graph 7- Effect of zeolite on dry weight of plant aerial organ 

 
Graph 8- Effect of humic acid on dry weight of plant aerial organ 

 
5- Dry weight of the plant root  
According to the graphs nos 9 and 10, zeolite  and humic acid application has caused that the plants with 
dry weight  have higher root than to control and among these, zeolite second level and humic acid third 
level show a better situation than double-ionized distilled water.In addition to being moderators to the 
soil, Zeolite can have a nutritive and feeding role and permit plant growth in the agricultural lands with 
the capacity of low cation due to high capacity of cation exchange and existence of some cations like 
ammonium in their network [4]. Therefore, it is not unexpected that we see the dry weight of roots and 
higher aerial organ in the plants treated with this mineral than double-ionized distilled water. On the 
other hand, humic acid can also show hormone-like activity and  will increase the number of roots and 
subsequent nutrient uptake and growth [16].  
This hormone –like activity leads to an increase in rooting, root biomass and rise in plant growth [17]. 
 

 
Graph 9- Effect of zeolite on dry weight of plant root 
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Graph 10- Effect of humic acid on dry weight of plant root 

 
CONCLUSION  
The results of this research show that zeolite second level and humic acid third level could have minimum 
ratio of cadmium absorption than double-ionized distilled water. The maximum range of nitrogen 
absorption was seen in the third levels of zeolite and humic acid. Regarding the rate of aerial organ dry 
weight and root, the maximum ratio of dry weight of leaves and root,was observed in the second levels of 
zeolite and humic acid .This results indicate that mineral zeolite and organic materials such as humic acid 
can play a very effective role in the increase of plants growth and consequently improvement of plants 
performance. Moreover, these two materials can reduce the absorption of heavy metal cadmium by the 
plant in the environments polluted by this metal. 
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