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 Different concentration of heavy metals in polluted ecosystems and plants is considered 

one of the most important issues in the world. Today, one of the new and 

environmentally techniques in sound water and soil contamination, is phytoremediation 

which heavy metals are eliminated in the environment by this technique. In amidst of 

some medicinal plants, can do detoxification of heavy metals in several ways, including 
secondary metabolism. Based on this strategy plants grown in soils contaminated with 

metal can be classified in various items such as accumulator  and phytoextraction; since 

medicinal plants are economically high valuable in the pharmaceutical and cosmetics 
industries, it is better the ability of the plants in this field is researched. In this paper, 

summary is taken place by review of the outstanding issues in this area that could be the 

beginning of new researches; also a research was conducted to evaluate the effect of 
Cadmium chloride on morphological and biochemical properties of Aloe vera. In this 

study, half Hoagland solution and Cadmium levels (0. 4, and 6 mg) were used in 

triplicate and plants were harvested in 15 and 45 days and after analyzing the data, the 
results showed that Cadmium chloride did not apply stress on the plant and increased 

levels of soluble sugars, is represented the adaptive mechanisms of plants in available 

conditions. 
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INTRODUCTION 

 

Heavy metal pollution in the environment: 

One of the main concerns of present century is Environmental Protection. One of the destructive factor of 

biosphere is releasing of heavy metals and compounds of this nature, which directly or indirectly enter into the 

aquatic ecosystem and at high concentrations are harmful for animals. The main sources of heavy metal are 

household, industrial waste and agricultural runoff that of course the industry's share in the among is further. 

Industries such as automobile, metal, electroplating, battery and electric cables factories, mines, tanneries, steel 

and textiles are released heavy metals such as cadmium, copper, chromium, nickel and lead into the 

environment. The improper application of agricultural pesticides, is entered pollutant heavy metals into the 

systems of soil, plant and water with high concentrations that by accumulating in organisms endanger 

ecosystems and human health, [20].  

Agriculture is increased significantly in marginal areas in recent years due to increasing population and 

urbanization,  thus heavy metals contaminate agricultural lands through urban and industrial wastewater, and 

because these metals are persistent in the soil and are absorbed by plants and can accumulate in humans and 

animals is very disturbing. Refinement of metal-polluted soils, such as excavation, followed by washing and 

disposal (physicochemical methods) is very expensive strategy that costs a lot, especially in the field of 

washing, therefore, phytoremediation that is relatively cheaper and less damage to soil organisms, in recent 

years have focused attention of many researchers [19]. 

 

1.2.1 Damaging effects of heavy metals: 

Heavy metals are elements that exist naturally in the soil, but its value can be increased by the 

contamination of human or nature origin. When they accumulate in the food chain, they can be origin of damage 

to the environment and human health. Much of them like zinc and copper have physiology role in plants and 
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animals, but will be toxic at high concentrations. Some, such as cadmium and lead, are toxic to plants and 

animals, even in small amounts. Cadmium is one of the most ecotoxic metals. Some plants absorb directly the 

large concentration of heavy metals from contaminated soils. These plants, which called accumulator, absorb 

metals in roots and stems that probably has been the way up to the resistance and detoxification against presence 

of high concentrations of metals in the soil [6]. 

Harmful effects of heavy metals include non-growth of plant, changes in the activity of various enzymes 

and disorder with plant photosynthesis system. Uptake of heavy metals take place based on genetic 

characteristics of plants so the toxic effects of heavy metals in plants may vary in different plants. Heavy metals 

are controlled in soil by properties such as pH, cation exchange capacity, organic matter, redox conditions and 

chloride. It is found that increasing of soil salinity, is improved heavy metal mobility, and enhanced metal 

uptake by plants. In fact salinity increases anionic salts complex and ambivalence cations of calcium and 

magnesium compete with other heavy metals, moreover, salt enable ions of transmission system in the plant by 

stress making and thereby increases ion transmission of heavy metal in plants [18]. 

 

1.2 Importance of Phytoremediation and Medicinal Plants: 

Phytoremediation technology, i.e., the use of green plants to extract, freeze or detoxification of pollutants, is 

the technical that has expanded by passing and recently its benefits and limitations of the environment is 

expressed, in this green technology, the plants are chosen that will grow fast, endure growing in contaminated 

soils, have the root system stability and eventually produce high biomass to accumulate high concentration of 

metals in their shoots [13]. 

It seems that some herbs may have the ability to accumulate heavy metals from contaminated soils. 

Therefore, it is thought that these plants probably can be used in phytoremediation of contaminated agricultural 

soils which have been infected with a range of heavy metals, lead, copper, and calcium. Furthermore, 

accumulation of heavy metals in different organs of medicinal plants are harvesting in soils that have a high 

concentration of them for any reason is also important. Toxic effects on animals and plants in various 

concentrations are assessed partially. Although this contamination is not well known on essential oils of 

medicinal plants. While metal concentrations in soil are increasingly on the rise, the plants become consistent 

with the strategy of storing metals in the cell of root walls and vacuoles [12]. 

Medicinal plants are in the attention of valid studies on determining the use of pharmacological effects, and 

in recent years, drug companies have spend a lot of time and money to develop medicines based on natural 

products derived from plants of the group [15]. Medicinal plants are very important in the health of individuals 

and communities, medicinal value of these plants is so that are also used in some chemical drugs because in the 

human body can cause certain physiological activities. Most of these important biological activities are due to 

the compounds of alkaloids, tannins, flavonoids and phenolic compounds. More local medicinal plants are used 

in food and feed spices and have been added to the foods of pregnant and lactating mothers by medicinal 

purposes [10]. 

 

1.3 The ability of medicinal plants to absorb and accumulate heavy metals: 

In a study of the decomposition of Mentha piperita plants grown in soil contaminated it was found that the 

medicinal plant of Mentha piperita facilitates  uptake of trivalent chromium by acid secretion and decreasing of 

pH. Also chromium makes band combination with iron and manganese oxides in the soil, and is readily 

available to plants. Aboveground and root decomposition indicated that the concentration of chromium in the 

root system of the plant were higher than the aboveground parts of the plant because the root has high capacity 

to enclose chrome and thereby the plant prevent poisonous of its edible parts [25]. 

In a study that the effect of metal concentration on the role of oxidative stress and accumulation rate of 

some essential elements in Mentha piperita were studied, concentration of zinc increased the accumulation of 

this element in the root of the plant and this could be blank for this hypothesis that Mentha piperita plant 

through reduction of the transition of zinc metal from root to the aboveground part reduces toxicity therefore it 

is suggested that Mentha piperita plant can be place in the category of bearing plants with strategy of avoiding 

disposal (excluder). So that this plant up to a critical level of metal concentration prevent of its accumulation in 

the aboveground organs and keeps it in the root [31].  

The accumulative effect of toxic metals, cadmium, cobalt, copper and nickel on Allium sativum .L has been 

evaluated under hydroponics harvesting. Results have shown that Allium sativum .L is a Hyperaccumlator plant 

for the metal cadmium, and as result of accumulation of copper and cobalt the amount of chlorophyll and 

carotenoid has been reduced. Due to accumulation of cobalt and nickel, root growth has significantly reduced 

and plant exposure to copper has furthered amino acids production up to 100 times. So Allium sativum .L has 

high potential for attracting heavy metals and can be a good model for the study of phytoremediation. 

Accumulation of cobalt and copper elements in Allium sativum .L Bulbs indicating that the plant is suitable for 

biofortification purposes [28]. 
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Researchers in their studies addressed to determine quantity and toxicity centers of lead, zinc and cadmium 

in plants of lamiaceae, Lavandula vera L. and ocimum basilicum family and in fact have assessed the level of 

tolerance of these plants versus the heavy metals. Ocimum basilicum have accumulated large amounts of heavy 

metals in roots and only has transferred a few amount to the aboveground organs, but Lavandula vera L. has 

accumulated a bit of heavy metals in roots and are gathering higher values in the upper organs, such as stems 

and leaves and inflorescences. The results showed that Lavandula vera L. like ocimum basilicum can be grown 

successfully in areas contaminated by heavy metals, however, accumulation of lead, zinc and cadmium in stems, 

leaves and inflorescences of Lavandula vera L. is indicating that this plant is more suitable for phytoremediation 

purposes and these plants in the future may be introduced as appropriate phytoextraction plants. However in the 

cited research the effects of heavy metals on quality and quantity of active materials of plants has not been 

studied [3]. 

The study of vegetation contaminated with heavy metals in Rey city showed that the uptake of various 

metals by plants, is appropriate with the tolerance level of plants against heavy metals and type of plants. 

Analysis of irrigation water also indicated that the water has been infected by the metals nickel, cadmium, 

copper and lead, due to the vicinity to the factory of dyeing, soap and melt industry. In fact, the industrial waste 

of gas stations and hospitals and household waste is entered daily into irrigation water. Lead concentrations have 

been reported over the limit in all plants and these plants tend to absorb cadmium in their stems and leaves, in 

particular in radishe, fennel, dill, spinach and green pepper which in amidst fennel and dill are among the 

medicinal plants. Zinc concentrations in celery, peppermint, dill, spinach and green pepper were over the limit 

which in this category fennel and dill also are counted as medicinal plants. It can be said that the use of these 

plants in the region is reduced somewhat damaging to human health [7]. 

In another study, the effects of pesticides use with heavy metals like cadmium, lead and copper on spinach 

were studied, the results showed that pesticide use (DELVAP 1000Ec) increased concentrations of cadmium, 

lead and copper in spinach, of course, maroon is more than green willing to accumulation of cadmium, lead and 

copper, and the leaves of plant, have accumulated high concentrations of heavy metals compared to stems and 

roots [8]. 

It is reported that cardoon plant is consistent with different soil types as well as is bearing to unfavorable 

conditions, so it seems cardoon is appropriate for Phytoextraction. Plant roots in soil contaminated with mixed 

secretions, created chelate–metal complexes and thus is effective in transition metals to the stems, and in fact, 

reduces the toxicity of metal by metal accumulation in stems [13]. 

Investigation of heavy metals content in medicinal plants Sempervivum armenum. Bioss and huetsubsp. 

armenum (crassulacea) revealed the determination of heavy metal content in the plant depends on the factors: 

sample collection procedures, preparation of sample extract by various digestion methods etc. However, the 

most affected species from growing with Fe, Mn in higher concentration in above ground parts than below 

ground parts shows that these element, are of more mobility our finding suggest the Sempervivum armenum. 

Bioss and Huetsubsp. armenum may be considered bio indicators for Fe, Zn, Mn and may be useful for 

monitoring changes in the contents of these metals in the environment [26]. 

Comparison of the chemical composition of the essential oils, concentration of elements in soil and 

antibacterial properties of Ziziphora tenuior in two region of Iran showed that given to that in Venarach region 

in Qom there is the largest manganese mine and manganese accumulation in soil of the region is significant; 

Ziziphora tenuior harvested from this region in terms of growth has no significant differences compared to the 

Hisarak region and it seems that Ziziphora tenuior is a plant with high accumulation of manganese and is as 

manganese accumulator and that the concentration of manganese in the soil is not stressful for Ziziphora tenuior 

and this plant can bear high density of manganese [21].  

The level of accumulation of heavy metal copper in Portulaca oleracea L. was studied in two types of soils 

and the results showed that stem cuttings of Portulaca oleracea L. have the ability of metal accumulation and 

study of the plant looks interesting because of the abundance of seed and easy release of Portulaca oleracea L. as 

well as high tolerance to drought, salinity and heavy metal as an accumulator of heavy metals and its utilization 

in technology known as Phytoremediation [11]. 

Essential and non-essential heavy metals such as Zn, Fe, Mn, Cu, Ni, Cr, Pb and Cd were investigated in 

Rhyzia stricta, Withania coagolans, Conyza candensis, Steleria media, Meicage denticulate, Parthenium 

hysterphorous, Malvastrum tricuspidatum and Launaea nodicaulis by using atomic absorption spectrometry. 

Plants showed different metal concentration high content of Fe and Mn were found in all eight plants. Other 

heavy metals were present in low quantity. The purpose of this study was to identify each type of metal 

associated with a given plants contaminated by environmental pollution and also to highlight the toxic heavy 

metals present in these plants [2]. 

Angelova et al [4] have researched aimed to evaluate the tolerance ability of kinds of plants (wheat plants,  

legume family, industrial plants which their oil and fiber are used in industry and aromatic and medicinal plants) 

in areas contaminated by heavy metals (cadmium, lead and zinc) and through this research were divided 

accumulator plants into four groups: 
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1- Low accumulator: Corn and peas 

2- Medium accumulator: Barley, lentils, chickpeas, sunflower, sesame, fennel, coriander, dill, peppermint, 

basil, cotton, potato and Datura 

3- High accumulator: Wheat, soya, beans, peanut, anise, black mustard, flax, hemp and sugar beet 

4- Hyperaccumlator: Saliva sclarea L., and tobacco 

As is clear from the 24 plants, 10 listed plants are also among the medicinal plants. These herbs include 

fennel, coriander, dill, peppeermint, basil, datura, black mustard, hemp, saliva sclarea L. and tobacco. Group 

plants of two, three and four are most commonly used for reclamation of industrial polluted areas, but in sum all 

of grouped plants are suitable for growth in soils contaminated with heavy metals. Saliva sclarea L. is aromatic 

and medicinal herb of peppermint family, and because it is hyperaccumlator of heavy and toxic metals, its 

cultivation is  suitable in polluted industrial areas in order to Phytoremediation and finally its active elements 

can be used in cosmetics and perfumery industry since toxic metals do not have negative effects on its active 

elements. 

In an experiment with sandy soil bed the effects of urban waste water on essential active elements of 

geranium, peppermint, fennel, marjoram and chamomile have been studied. The results show that since urban 

waste contained large amounts of nutrients for plant growth, biomass yield were high and in geranium and 

fennel is causing a significant increase in the concentration of active elements. Also uptake and accumulation of 

heavy metals in various plants varied,  roots of peppermint, geranium and fennel have accumulated the large 

amounts of nickel, cadmium and lead, in order of lower concentration to higher concentration, and chamomile 

root also has large amounts of copper and iron accumulation than the other plants. In terms of metal 

accumulation in aboveground organs, peppermint attracted more nickel, manganese, iron, lead than the other 

herbs, it can be concluded that the uptake and accumulation of heavy metals in different parts of plant is based 

on the type of element and plant and plant organs. In this meant, urban waste water can be used in arid regions 

in order to cultivation of aromatic plants with the aim of producing active element without reducing the quality 

and quantity of active elements [24]. Also  Kalantari et al [16] have conducted a study with the aim of managing 

salinity of irrigated lands with brackish waters and saline water by harvesting resistant plants and absorbing salt 

and examine the possibility of reducing soil salinity through biological modification methods utilizing non-

conventional water for four plants of tamarisk, chamomile, rosemary and aloe vera. 

Afzali et al [1] studied the effects of sodium chloride on germination, growth and ion concentrations in 

medicinal plant of chamomile and concluded that Matricaria Chamamilla has moderate to strong degree of 

tolerance to salinity during growth that this resistance is through the provision of high concentrations of K
+
/Na

+
 

and Ca
+
/Na

+
 in stem, Na

+
 accumulation in root and accumulation of proline in stem and that the concentration of 

chloride ions were observed predominantly in shoots and sodium ions were observed mainly in roots. 

Since the heavy metal contamination of the environment by the indiscriminate use of chemical fertilizers in 

agriculture and sewage sludge from industrial activities is resulted to the accumulation of excessive amounts of 

these elements in the soil, and cadmium is one of the most important types of pollutants. A research took place 

in this field in Agricultural College of Shiraz University in 2012 to investigate the effect of cadmium chloride 

on morphological and biochemical properties of aloe vera plants. 

 

MATERIALS AND METHODS 

 

In greenhouse it is used of soil sample containing sand, perlite and soil of land in a ratio of 1:1:1 (Table 1) 

and six months offshoot of Aloe vera were cultured in the pots (161616 cm long and about 4 kg soil) with 

proper drainage. Half Hoagland solution [14] was used when irrigation and in times of stress applying the 

salinity values were treatment after approximately one week of culture gradually in triplicate, including salt 

CdCl2. 2.5H2O in order to achieve cadmium levels of 0, 4 and 6 mg groups. Plants were harvested in two 

periods of 15 and 45 days after planting and were studied to conduct tests in the growth stage.  

 
Table 1: Physical and chemical properties of soil 

PH Ec (ms) Sand% Silt% Clay% Soil texture 

7/58 0.46 76/36 14/72 10/92 Sandy Loam 

 

Post harvest and after removal of roots and aboveground organs of plants, all samples were washed with 

distilled water. Then plant height, leaf length, root length, leaf thickness and leaf area was measured. Fresh and 

dry weight of leaves and roots were measured and after gel extraction, gel weight was also measured.  
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Image 1: Plants harvesting and separation plants aboveground organs and roots 

 

After extracting aloe vera gel in order to investigate the effect of cadmium chloride on gel soluble sugars, 

phenol-sulfuric acid test was done according to standard glucose, xylose and mannose. In this method, for 0/5 

ml of sample solution, 0/5 ml of 5% phenol solution and 2/5 ml of concentrated sulfuric acid was added then 

tubes containing test was stirred vigorously on Vortex device (cat.No.129, USA) for 30 seconds. Tubes 

containing test incubated at 27 ° C for 10 minutes and then absorbance of samples was read at 490 nm for 

glucose, 485 nm for xylose, and 480 nm for mannose. Blank solution containing 0/5 ml of 5% phenol, that 2/5 

ml of concentrated sulfuric acid was added to it, was used as blank. The total sugar content in the samples 

according to standard glucose, standard xylose and standard mannose were calculated by comparing of sample 

absorbance in phenol-sulfuric acid test with the standard curve. 

To draw standard curve, solutions with different concentrations (1-30 micrograms per milliliter) of standard 

glucose, xylose and mannose were prepared and followed by phenol-sulfuric acid test, their absorption in 

spectrophotometer device at the wavelength of 490, 485 and 480 nm, respectively, were read. Standard curve 

based on the amount of absorbance versus concentration of glucose, xylose and mannose present in each 

standard sample was plotted and the equation of curve line was calculated [9]. 

 

 
 

Image 2: View from doing testing phase of                    Image 3: Phase of sample solution Preparation  

          phenol-sulfuric acid    

 

In this study, a factorial experiment in the format of randomized complete basic design with factors of 

cadmium chloride concentration (three levels), was used in triplicate. Data collected with the softwares of Excel, 

and SAS were analyzed using Duncan's test. 

 

Results: 

Results of this research is presented by separation of measuring stages of morphological properties and 

soluble sugars in shoots and roots and the impact of each of treatments and factors effective on it which is 

cadmium chloride. 

 

Effect of cadmium chloride on morphological characteristics: 

Cadmium chloride had no significant effect on plant height and leaf length (Table 2). At 15 days as 

increasing the levels of cadmium chloride with no significant difference plant height and leaf length has 

increased, but over time it has declined. 

Cadmium chloride has a significant effect on one percentage level on the root length (Table 2). At 15 days 

as increasing the levels of cadmium chloride with no significant difference the rate of root length increased but 
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over time, it has declined with a significant difference. Cadmium chloride has no significant effect on leaf 

thickness (Table 2). At 15 days, first with no significant difference reduced in 4 mg/l and then increased in 6 mg 

l-level. Conversely, in the long term, but in the 4 mg/l- level with no significant difference increased and then 

decreased with no significant difference compared to blank.  

Effect of cadmium chloride on a percentage of leaf area and fresh weight of shoot were significant (Table 

2). At 15 days, at 4 mg/l-level reduced and then increased significantly. At 45 days, the most values can be 

observed significantly at 4 and 6 mg, respectively. Cadmium chloride had no significant effect on root fresh 

weight (Table 2). Root fresh weight in 15 days, increased with no significant difference as increasing of 

cadmium levels. In 45 days, first at 4 mg/l increased significantly compared to the other levels and then 

declined. 

Cadmium chloride at one percent level has significant effect on shoot dry weight (Table 2). In 15 days at 4 

mg/l-level dry weight have significantly decreased and then increased. Conversely, over time we see first at 4 

mg/l significantly increased and then decreased. Cadmium chloride at a level of five percent has had a 

significant effect on root dry weight (Table 2). At 15 days, with no significant difference and also over time 

shows increasing in root dry weight with significant difference. 

As shown in Table (2) the effect of cadmium chloride on gel weight at a percent level is significant. In 15 

days at 4 mg/l-level we see decrease and then significantly increase in the gel weight. At 45 days, the maximum 

amount of gel weight with significant difference is in 4 mg/l and then in blank and 6 mg/l is reduced. 

 
Table 2: Mean of variance analysis of morphological properties at different levels of cadmium of Aloe vera  

Source of 
change 

Degree
s of 

freedo
m 

Plant 
height 

(cm) 

Leaf 
length 

(cm) 

Root 
length 

(cm) 

Leaf 
thicknes

s (cm) 

Leaf 
area 

(cm) 

Shoot 
fresh 

weight 
(gr) 

Root 
fresh 

weight 
(gr) 

Shoot 
dry 

weight 
(gr) 

Root 
dry 

weigh
t (gr) 

Gel 
weight 

(gr) 

Cadmium 2 18/28ns 8/54ns 10/44*

* 

0/016ns 84/65** 8949/50
** 

9/43n 12/57** 10/96* 1382/25
** 

Harvest time  1 601/46*

* 
581/23*

* 
1/65ns 0/017ns 104/44*

* 
1819/12
ns 

178/60*

* 
107/01*

* 
68/54*

* 
3425/02
** 

Cadmium*Ti

me 

2 8/43ns 6/8ns 1/61ns 0/03* 7/75ns 2163/16
ns 

35/94ns 0/048ns 19/26*

* 

729/66** 

Error 48 8/66 7/04 0/88 0/010 10/85 1713/75 17/96 2/11 3/21 111/77 

* and **, respectively, significant at probability levels of 5 and 1 percent, , and ns not significant 
 

Table 3: Comparison the mean of morphological properties of Aloe vera  

Cadmiu

m 
(mg/l) 

Tim

e 

Plant 

height 
(cm) 

Leaf 

length 
(cm) 

Root 

length 
(cm) 

Leaf 

thicknes
s (cm) 

Leaf 

area 
(cm) 

Shoot 

fresh 
weight 

(gr) 

Root 

fresh 
weight 

(gr) 

Shoot 

dry 
weight 

(gr) 

Root 

dry 
weight 

(gr) 

Gel 

weight 
(gr) 

Blank 15 38/833bcd

ef 
33/057ab

c 
6/5g 0/8733cd

e 
5/677ijk 280/67de

fg 
15/803ef 6/417fgh

i 
4/587hi 96/400ghi 

4  15 39/567abc

de 

32/733ab

c 

7/867efg 0/8433cd

e 

50/990kl 191/67hij

k 

15/917ef 4/390j 5/987fghi 57/353jk 

6 15 47/7abcd 36/890a 8/333def 0/9233bc

d 
69/853c

de 
313/00cd

ef 
20/953cd

ef 
6/483fgh

ij 
6/963efgh

i 
109/343e

fg 

Blank 45 44/767a 36/333a 8/1667de

fg 

1/2667a 7/530b 495/33a 25/410bc

d 

11/837a

b 

7/103defg

hi 

216/857b 

4 45 43/9ab 36/723a 9/667abcd

e 
1/3667a 90/650a 559/33a 45/187a 13/603a 10/742ab

c 
248/427a 

6 45 37/233def

gh 

31/833ab

cd 

10/667ab 1/3133a 88/717a 424/67b 31/287b 10/00bc

de 

10/750ab

c 

200/290b 

Similar letters indicate no significant. 
 

2.3. Effect of cadmium chloride on soluble sugars: 

Cadmium chloride has significant effect on glucose levels at one percent level (Table 4). In 15 days and 

also over time the amount of glucose in the 4 mg/l-level increased significantly compared to blank, and then 

declined. 

Cadmium chloride at a level of five percent has had a significant effect on the amount of xylose (Table 4). 

At 15 days, the maximum amount of xylose with no significant difference is observed in blank and the level of 4 

mg/l and then with significant difference is declined. In 45 days, as increasing of Cadmium levels, is passed 

ascending with no significant difference. 

As shown in Table (4) you can see cadmium chloride is significant on the amount of mannose at one 

percent level. In 15 days with increasing of treatment levels of Cadmium, shows descending significantly. 

Conversely, in 45 day with increasing of treatment levels, we can observe ascending course significantly.  
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Table 4: Average of variance analyze of soluble sugars at different levels of cadmium of Aloe Vera 

Source of change Degrees of freedom Glucose (mg/l) Xylose (mg/l) Mannose (mg/l) 

Cadmium 2 10616/673** 1630/005* 3524/485** 

Harvest time  1 15169/916** 3/920ns 279/149ns 

Cadmium*Time 2 872/165ns 1501/950* 2554/440** 

Error 48 1405/728 326/098 309/938 

 

Discussion and conclusions: 

Anjum et al [5] reported that plants biomass was significantly reduced by applying different levels of 

cadmium in different stages. 

Cadmium has severe toxic effects on plant metabolic processes [17]. Cadmium also affects root metabolism 

and plants’ susceptibility is shown by the effect of cadmium toxicity compared to reduce of root size [30], 

however, in this study in 15 days the root length of the plants is increased with increasing of cadmium chloride 

concentration. 

In a research were performed by Soltani et al [27] on the effects of cadmium chloride on Rapeseed 

(Brassica napus L.) it was observed that in 600 and 800 micromolar concentrations of cadmium, the amount of 

reducer sugars in the roots and leaves show a considerable increase compared to the blank plant. It was also 

reported that in germinated rice (Oryza Sativa) cadmium is caused to increase reducer sugars. Cadmium by 

reducing transport water to leaves and therefore disorder in the rate of leaf transpiration is resulted to 

ultrastructural changes of cell organelles and changes in the behavior of several key enzymes in the metabolic 

pathway including glucose metabolism and by reduction of water transport to leaves and followed by cadmium 

accumulation in cells, content of reducing sugars grows in the plant. This phenomenon is likely the adaptation 

mechanisms of plant to maintain osmosis potential with cadmium in toxicity conditions. In addition to the role 

of sugars in regulating the osmosis pressure it is assumed with increasing of soluble sugars plant can keep its 

carbohydrate storing at optimal rate to maintain metabolism of basic cells in environmental conditions under 

stress [29]. 

In the study, the accumulation of traces, Zn, Cd, Pb in to soil as well as Aloe vera plant was examined at the 

three selected regions. Given the concentration of Pb in the gel follows that of pbin the soil, it is recommended 

that the Aloe vera in not grown in the lands polluted by Pb. Since the length of leaf has direct relation with Cd 

concentration in the gel, we suggested that the leaf with short length is used. Given that in Aloe vera the gel is 

used and that the measured parameters in all the regions [22]. 

The potential of Aloe vera, an agriculture waste material, to be a low cost adsorbent of removing metal ion 

from aqueous solution. It is clear that Aloe vera has considerable number of heterogeneous layers of pores 

sphere is a good possibility for metal ion to be adsorbed [23]. 

According to this study, water and soil pollution with heavy metals through human activities in industrial 

areas is now considered as one of the most important environmental stress for plants. Now more attention is paid 

on promising method of phytoremediation for soil and water, absorb of pollutants or being surrounded by plants; 

especially, categorizing of medicinal plants is considered important and critical in the ability of 

phytoremediation due to their high value in the health of individuals and communities and in a research which 

took place on the effect of cadmium chloride salt on medicinal plant of Aloe vera in the desert saline conditions, 

results showed that the effect of cadmium chloride on morphological properties on Aloe vera plant has not 

created stressful state and the concentration level of soluble sugars also increased by applying various 

concentrations of cadmium chloride and this phenomenon is probably the adaptive mechanisms of Aloe vera 

plant to maintain osmosis potential with cadmium in toxicity conditions. 
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