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ABSTRACT 
 

The effect of calcium (Ca) nutrition on cadmium (Cd) toxicity and accumulation in chamomile seedlings 
was studied in a hydroponic culture. The inhibitory effect of Cd on plant growth and anatomical traits was 
dependent on CaCl2 level. Morphological traits such as root elongation, shoot elongation, number of branches 
per plant and increase in leaf number were not much affected by an increased Cd stress at 0.1 mM CaCl2, but it 
showed a rapid increase when the plants were exposed to moderate (1 mM) and high (5 mM) CaCl2 

concentrations. Anatomical treats such as diameter of root, central vein, phloem and xylem of roots, size of 
precycle, epidermal and parenchyma cells were affected by experimental treatments. But there was a less 
significant effect among different CaCl2 concentrations on the size of aerechyma. High CaCl2 application caused 
also a marked increase in anatomical traits of roots. Reduction in anatomical traits of roots was higher at high 
Cd (180 μM) stress than at low Cd (0 and 120 μM) stress. These results suggest that high level Ca would reduce 
cell-surface negativity and alleviate the harmfulness of Cd. It is also suggested that the occurrence of Cd toxicity 
in chamomile plants is mediated by Ca nutrition.  
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Introduction 

 
Cadmium pollution is regarded as one of the 

most harmful environmental issues that mainly 
resulted from mining, use of phosphatic fertilizers, 
sewage sludge and untreated wastewater [13,17]. 
Elevated concentrations of Cd in agricultural soils 
have posed a significant threat to safe crop 
production and have therefore become a global 
concern [22].  

Uptake and accumulation of heavy metals at 
higher concentrations can be cytotoxic in some plant 
species, causing structural and ultrastructural 
changes affecting the growth and physiological well 
being of the plants [23]. Cd accumulation causes a 
breakdown of chloroplasts in bush bean plants [6] 
and decreases plant growth in Brassica napus [36].  

Several studies demonstrate that great 
interdependence exists between the nutrition status of 
the plants and the degree of accumulation and 
toxicity of heavy metals such as cadmium [1,3,14]. 
Nutrient deficiency may be a cause of enhanced 
toxicity of heavy metals, whereas high intake of 
nutrients, including calcium, may protect from 
adverse effects of these metals or reduce some 
effects of their action [16].  

The role of calcium in signal transduction during 
environmental stress is clear [25,31]. Plasma 
membrane as the first target of heavy metal toxicity 
in plant cells serves as an important stress indicator 
that its disturbance changes normal Ca signal 
transferring system [28]. Therefore, application of 
moderate amount of exogenous calcium can alleviate 
heavy metal toxicity by increasing the stability of 
plasma membrane and restoring calcium signal 
transferring system [27,28].  

On the other hand, limited extent of agricultural 
soils led to cultivation of plants non-essential for 
food production on the soil with lower 
physicochemical quality [11,12,13,14]. 

Chamomile (Matricaria chamomilla L.) is a 
medicinal plant frequently used in herbal teas and for 
the extraction of bioactive that accumulate in the 
anthodia [4,13,14]. It has been reported that this plant 
accumulates high amounts of Cd preferentially in the 
roots [11,12,14,15], indicating that it belongs to the 
group of facultative metallophytes or metal excluders 
[12]. A number of studies have focused on the effects 
of cadmium on biochemical and physiological 
response of this plant [3,7,14,21,29]. However, there 
are no published, comprehensive investigations on 
the impacts of cadmium toxicity and calcium 
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nutrition on the anatomical and structural response of 
this plant. Therefore, in this research, the hypothesis 
that calcium may alleviate Cd stress in plants was 
examined. Due to the absence of information 
regarding Cd stress, we undertook an experiment to 
test the alleviating effect of CaCl2 on Cd stress on 
morphological and anatomical aspects of chamomile 
plants.  
 
Materials and Methods 
 
Plant material and experimental treatments: 

 
Seeds of chamomile (Matricaria chamomilla L., 

tetraploid ‘Bodegold’, Asteraceae) from Esfahan 
Agricultural and Natural Resources Research Center, 
Esfahan, Iran were purchased. After 4 h of soaking in 
distilled water the seeds were placed on a surface of 
zeolite moistened with Hoagland nutrient solution 
[5,12] and germinated 12 d in the growth chamber. 
Seedlings were then transferred into plastic 
containers with 2.5 dm3 of Hoagland nutrient 
solution (pH 6.8). The seedlings were left to grow in 
a growth chamber with a 14-h photoperiod (6:00 am 
to 8:00 pm) supplied by sunlight plus metal halide 
lamps at an irradiance of 500 µmol m−2 s−1 with a 
25/20 ◦C day/night temperature and 60–80% air 
humidity. The nutrient solution was renewed every 
four days to prevent nutrient depletion. After 7 d of 
cultivation Cd and CaCl2 were added to the nutrient 
solution: 0 (control), 0.1, 1 and 5 mM CaCl2 together 
with 0, 120, and 180 µM CdCl2. Control plants did 
not receive any additional chemicals. After 14 d of 
exposure to these elements, the plants were 
harvested, the roots and shoots were separated and 
morphological parameters were measured. 
 
Anatomical studies: 

 
For anatomical studies, 5-mm root segments 

were sampled from central regions of the roots for 
anatomy observation. Root samples were 
immediately fixed in FAA fixative (5% 
formaldehyde, 5% glacial acetic acid, 90% by 
volume of 70% ethanol) and vacuum-infiltrated for 
15 min, then left in FAA for 24 h. Cross-sections of 
the roots were made by hand cutting. Then, root 
sections were cleared in sodium hypochlorite and 
stained by carmine-vest (1% w/v in 50% ethanol) 
and methyl green (1% w/v, aqueous), and mounted in 
gelatin. Cross section of roots was studied by SEM 
for which the samples were covered by gold.  
 
Statistical analysis: 

 
For all variables, two–way analysis of variance 

(ANOVA) was performed to test for differences 
between Cd and CaCl2 treatments and their 
interactions, using the GLM procedure in SAS (SAS 
release 9.0., 2002). The significance of differences 

among treatment means were compared by Fisher’s 
least–significant difference test (LSD) at P < 0.05.  
 
Results and Discussion 

 
Morphological studies: 
 

Root elongation of chamomile plants were 
shown in Fig 1. Addition of Cd in solution radically 
reduced root elongation in chamomile plants. But, 
application of CaCl2 increased root elongation in 
non-Cd-stressed and Cd-stressed chamomile plants 
(Fig. 1). Compared to control plants, CaCl2 
application alone significantly improved root 
elongation, in a dose-dependent manner; however, 
significant improvement was only seen in the shoots 
at the concentrations of 1 and 5 mM of CaCl2 (Fig. 
1).  

The data presented here indicate that addition of 
Cd in solution increased shoot elongation in 
chamomile plants. But, application of CaCl2 slightly 
increased shoot elongation in non-Cd-stressed and 
Cd-stressed chamomile plants (Fig. 1). A dose-
dependent manner was also observed in shoot 
elongation to CaCl2 application (Fig. 1).  

As shown in Figs. 3 and 4, number of branches 
per plant and increase in leaf number per plant also 
affected by different Cd and CaCl2 concentrations. 
Similar trends to root and shoot elongation were also 
observed here. But, a higher increase in number of 
branches was found in the plants treated with 5 mmol 
CaCl2 and 0 µmol Cd (Fig 1). Surprisingly, the 
lowest increase in leaf number also observed in 
plants treated with 0.1 mmol CaCl2 and 180 µmol Cd 
(Fig 1). 

A number of studies revealed a significant 
decline in plant growth of chamomile plants under 
heavy metal stress [2,8,12]. In present study, the Cd 
toxicity stress inhibited growth of chamomile 
seedlings that was evident from reduction root and 
shoot elongation. Application of CaCl2 recovered the 
growth of Cd-stressed seedlings. It has been reported 
that cadmium toxicity decreases plant growth by 
inhibition of proton pump [9,35], reduction of root 
elongation, and decrease in photosynthetic ability 
[10,35]. Wan et al [18,26,36] also reported harmful 
effects of Cd on canola growth that were reversed by 
CaCl2 application. Similar results also observed by 
Suzuki [16,35] in Arabidopsis seedling. 
 
Anatomical studies:  

 
As shown in Table. 1, diameter of root, central 

vein, phloem and xylem of roots were affected by 
different treatments. Obtained results of transversal 
section of the different cellular and cultural parts of 
roots showed that application of calcium led to 
increase in diameter of root, phloem and xylem under 
different Cd concentration, so that highest root 
diameter, phloem and xylem diameter were observed 
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in plants treated with 5 mmol CaCl2, while the lower 
concentrations had less effects on this treats (Figs. 2 

and 4). 

 
Table 1: Mean comparisons of size of the diameter of central vein, xylem, phloem and diameter of root under different levels of cadmium  
             and calcium. 

CaCl2 concentrations Anatomical treats 
5 mM 1 mM 0.1 mM 0 mM

    Diameter of central vein (μm)

279.15 a   272.19 ab 269.86 bc 265.21 cd   0 μM Cd 
47.264 cd 259.85cd 255.69 e  254.98 e      120  μM Cd 
253.85 ef  246.01 fg 243.19 g  242.40 g     180  μM Cd 
  Diameter of xylem (μm)
191.22 a     185.94 ab 183.44 abc 186.04 ab 0 μM Cd 
183.87 abc 179.21 bcd 175.34 cd   173.59 de 120  μM Cd 
166.15 ef   158.93 fg 155.61g     155.73 g  180  μM Cd 
    Diameter of phloem (μm)
71.05 a   69.09ab 62.37 bc 60.20c 0 μM Cd 
52.75 cd 52.75 de  49.19ef  48.83 ef 120  μM Cd 
51.25 c   51.25 def 45.80 ef  44.18 f 180  μM Cd 
  Diameter of root (μm) 
638.47 a     626.51 ab 611.74 b 603.79 bc 0 μM Cd 
603.54 bc 594.56 c   584.35 cd 568.03d   120  μM Cd 
579.02 cd 566.87 d   553.08 e     541.56f     180  μM Cd 
Values are mean ± SE (n = 4) and differences between means were compared by Fisher’s least significance test. Different letters 
indicate significant differences at P < 0.05. 
 
 Table 2: Mean comparisons of size of epidermal cells, precycle, aerenchyma cells and parenchyma cells under different levels of  
              cadmium and calcium. 

CaCl2 concentrations Anatomical treats 
5 mM 1 mM 0.1 mM 0 mM  
    Size of epidermal cells (μm)

23.15 a 20.29 b 18.49 c 17.84 d 0 μM Cd 
16.7 e 15.53 f 13.84 g 13.5 gh 120  μM Cd 
13.31 h 12.19 i 10.52 j 9.6 k 180  μM Cd 
   Size of precycle (μm)
13.13 a 12.75 b 12.67 b 12.39 c 0 μM Cd 
11.94 d 11.53 e 10.87 f 10.46 gh 120  μM Cd 
10.58 g 10.36 h 9.56 i 9.24 j 180  μM Cd 
   Size of aerenchyma cells (μm)
88.63 a 86.9 a 82.73 b 81.63 b 0 μM Cd 
74.7 c 68.56 d 63.36 e 61.02 f 120  μM Cd 
69.49 d 59.96 f 54.99 g 49.3 h 180  μM Cd 
   Size of parenchyma cells (μm)
188.11 a 184.22 b 173.19 c 170.19 d 0 μM Cd 
164.96 e 160.06 f 149.09 h 142.03 k 120  μM Cd 
154.28 gs 146.08 i 143.45 j 134.09 l 180  μM Cd 
Values are mean ± SE (n = 4) and differences between means were compared by Fisher’s least significance test. Different letters 
indicate significant differences at P < 0.05.  

 
Mean comparisons of different treatments also 

showed that the size of precycle, epidermal and 
parenchyma cells were increased significantly by 
increase in concentration of calcium, as the 
application of 5 mmol CaCl2 led to highest increase 
in these treats (Figs. 3 and 4). Morevere, it was 
observed that there was less significant effect among 
different CaCl2 concentrations on the size of 
aerechyma. Our results also showed that the addition 
of CaCl2 to growth media in the plants treated with 
120 and 180 µmol Cd, led to increase in size of 
precycle, epidermal, parenchyma cells and the size of 
intercellular spaces (Figs. 3 and 4). Also we found 
that application of lower CaCl2 concentrations on 
size  of epidermal cells, precycle, aeranchyma cells 
and paranchyma cells was more effective in 
comparison to diameter of root, central vein, phloem 
and xylem of roots.  

Loponen et al [17] found that Cd stress led to 
reduction in size of parenchyma cells and diameter of 

root xylem. Our results also were in accordance with 
those of Somashekaraiah et al [32]. They reported 
that size of parenchyma cells and diameter of central 
vein and xylem of roots were reduced in Sorghum 
bicolor L. plants under cadmium and copper stress. 
Wan et al [36] observed that addition of nickel to the 
root media of Brassica napus plant caused to 
reduction in parenchyma cells. We also found that 
treatment of Cd-stressed plants with CaCl2 led to 
increase in mentioned anatomical treats. The 
disturbance in mineral-nutrient homeostasis is one of 
the important mechanisms for Cd toxicity in plants 
[19,22,24]. It has been shown that Cd uptake and 
accumulation in oilseed rape were dependent on Ca 
nutrition; more uptakes occurred when Ca was not in 
the environment [20,36]. In present work, anatomical 
root treats of chamomile seedlings decreased by the 
increase in Cd application, while, Ca content led to 
alleviation of adverse effects of Cd. 
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Fig. 1: Effect of CaCl2 on root elongation, shoot elongation, number of branches per plant and increase in leaf 
number of Cd-treated chamomile seedlings. Values are mean ± SE (n = 6) and differences between 
means were compared by Fisher’s least significance test at P < 0.05 

 

 
Fig. 2: Transversal section of chamomile roots under different treatments. Treatments include A(0 mM CaCl2 

and 0 μM Cd), B(0.1 mM CaCl2 and 120 μM Cd) and C(1 mM CaCl2 and 120 μM Cd). Ep: Epidermal 
cells, Pr: Precycle, Ph: Phloem, X: Xylem, P: Parenchyma cells, IS: Intercellular Spaces. 
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Fig. 3: Transversal section of chamomile roots under different treatments. Treatments include A(0.1 mM CaCl2 

and 180 μM Cd), B(1 mM CaCl2 and 180 μM Cd), C(1 mM CaCl2 and 0 μM Cd) and D(5 mM CaCl2 
and 0 μM Cd). Ep: Epidermal cells, Pr: Precycle, Ph: Phloem, X: Xylem, P: Parenchyma cells, IS: 
Intercellular Spaces. 

 

 
 

Fig. 4: Scanning electron microscope of chamomile root under different treatments. Treatments include A(0 
mM CaCl2 and 0 μM Cd), B(0 mM CaCl2 and 120 μM Cd), C(5 mM CaCl2 and 120 μM Cd), D(0 mM 
CaCl2 and 180 μM Cd) and E(5 mM CaCl2 and 180 μM Cd) 
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In this study we observed that Cadmium acts as 
repressor of root growth and anatomical treats. A 
number of studies reported that reduction in root 
growth may be due to a decrease in cell division that 
led to increase the thickness of cell wall, and or a 
disorder in the activity and contents of 
phytohormones like auxin in the roots exposed to 
heavy metals [27,30,33]. On the other hand, 
reduction of shoot elongation in the presence of Cd is 
due to reduction of photosynthesis. It has been 
reported that, heavy metals may cause anatomical 
changes in leaves and stems [34,36]. High absorption 
and accumulation of heavy metals in roots of 
different plants result in different anatomical 
changes. Reduction in diameter of cortex, pith, 
vascular system and xylem in the species Sorghum 
bicolor has been observed under Cd and Cu stress 
[36,37]. Cu toxicity in Origanum vulgare causes a 
reduction in root diameter and induction of xylem 
diameter, but no effect was observed on phloem 
diameter [2,35,38]. According to our results, root as 
the first organ of plant in different stages of 
development makes use of different mechanisms in 
the presence of heavy metals. 

Several reasons for Ca amelioration of heavy 
metal toxicity have been reported. A proposed 
mechanism is the displacement of cell-surface toxic 
cations like Cd by Ca. Plasma membrane surface are 
negatively charged, therefore high level Ca may be 
reduce cell-surface negativity and ameliorate the 
adverse effects of heavy metals [13,14,35]. The 
second mechanism is the uptake of Cd through 
calcium channels to mimic Ca [35]. According to this 
mechanism, high concentrations of Ca around Ca 
channels lead to reduction in Cd uptake due to 
competition for metal ion influx.  
 
Conclusion: 

 
The interaction between Cd and Ca, as obvious 

in our research, substantiates to be useful for 
alleviation of Cd toxicity in chamomile seedlings. 
High Ca nutrition may reduce the Cd transportation 
trough Ca channels, leading to reduced adverse 
effects of Cd on morphological and anatomical treats 
of this plant. In addition, this study proposed an 
environmentally friendly, inexpensive way to remove 
cadmium because plants would provide an efficient 
method for removal of heavy metals such as 
cadmium from soils which must accompany field 
experiments.  
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