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ABSTRACT 
 

Heavy metal pollution has developed as an ecological problem which threatens primary and secondary 
consumers and finally humans. Heavy metal stress is an important factor influencing plants growth. Since 
germination is a vulnerable stage in the plant life cycle, in this research the effects of lead and cadmium on seed 
germination and seedling growth in Matricaria chamomilla were studied. M. chamomilla seeds have been 
exposed to a concentration of 0, 5, 30, 60, 120 and 180 µM Pb+2 and Cd+2. The results showed how Pb and Cd 
toxicity effected the germination and seedling growth of M. chamomilla. Treatments of 180 µM of Pb and Cd 
exhibited the lowest amount germination percentage and seedling growth as compared to control. 
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Introduction  

 
In the recent years increasing levels of heavy 

metal pollution in biosphere is as a result of 
anthropogenic activities such as mining, smelting, 
combustion of fossil fuels and the release of sewage 
[6]. Excess amounts of heavy metals in environment 
are risky for all living organisms [7]. Among non- 
essential heavy metals, Cd and Pb are the most well-
known, these heavy metals influence all 
physiological and biochemical processes in plants 
[19,22]. For example Pb pollution induces a 
significant reduction in biomass production [9,8], 
induction of leaf chlorosis (Kopittke et al., 2007), 
reduction in photosynthesis [23], Besides, Cd 
induces disorders plant growth and development [2]. 
Cd caused membranes aberrations [19], it not only 
affects the PSII-related electron transport but also 
inhibit chlorophyll synthesis [14], moreover Cd 
caused disorganize the electron transport chain in 
mitochondria [12]. 

Some plants can tolerate even concentrations of 
different metals without visual symptoms of toxicity 
[20,4]. For example Matricaria chamomilla is an 
important medicinal plant which is tolerant to Cd and 
Pb [13,4]. With attention to different usages of 
M.chamomilla plant in agriculture, industry and 
pharmacy [5,25] and our limited information about 
on the effects of heavy metals on seed germination 
and seedling growth of this plant; in this study, we 
have investigated effects of different lead and 
cadmium concentration on germination and early 
growth stages of M.chamomilla. 

 
Materials and Methods  
 
Plant material and culture conditions: 

 
Chamomile (Matricaria chamomilla L. var. 

Bona) seeds used in the present investigation were 
procured from the Isfahan Agriculture Research 
Centre, Isfahan; Iran.The seeds were surface 
sterilized in 3% v/v formaldehyde/deionized water 
for five minutes to avoid fungal contamination. Then 
seeds were rinsed thoroughly with deionized water 3-
4 times. For germination experiments seeds were 
then transferred to Petri dishes (8 cm diam) that were 
washed with deionized water and lined with filter 
paper (Whatman No 1) and containing different 
concentrations 0, 5, 30, 60, 120 and 180 µM of 
PbNO3or CdNO3. Each Petri dish received 50 seeds 
and 20 mL of treatment solution. Solutions were also 
changed every 24 hours. The whole experiment was 
performed in a growth chamber under controlled 
conditions: 12 h day length , the photon flux density 
was 210 µmolm−2 s−1 PAR at leaf level, supplied by 
cool white fluorescent tubes (TLD 36W/77; Fluora, 
Germany); 25/20 ◦C day/night temperature. 
 
Samples harvesting and analysis 

 
The seeds were observed and scored for 

germinated each day. Germination percentage [7] 
was determined by the following formula:
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                                                  Number of germinated seeds 
Germination percentage=                                                                           Х100 
                                                 Total number of planted seeds 
 
The seedlings were harvested 10 days after the 

start of imbibition and recorded length of root and 
shoot, then washed with water and deionized water, 
oven dried at 70°C for 48 h, weighed for determined 
dry biomass. 
 
Statistical analysis: 

 
The statistical analyses were carried out using 

SAS 9.1 for Windows. Values reported here are 
means of three replicates. Data were tested at 
significant levels of P < 0.05. Analysis of variance 
was used for comparing the group means between 
control and treated groups by Duncan examination, 
also charts were drawn by excel software. 
 
Results: 
 
Effects of Pb and Cd on Seed Gemination: 

 

Reduction in seed germination percentage was 
observed with increasing Pb and Cd concentration in 
various treatments (Table 1 and 2). There was delay 
in in seed germination during the first three days in 
120 and 180 µM of Pb and Cd and also 60 µM Cd. 
Treatments of 180 µM of Pb and Cd inhibited of seed 
germination by 33.9% and 23.4% respectively. 
 
Effects of Pb and Cd on Root Growth and Biomass: 

 
In present study, was observed as compared to 

the control plant Pb and Cd significantly decreased 
the root length and biomass except the dose of 5 µM 
of Pb and Cd that had seen no significant difference 
with the amount of root length and biomass of 
control plant (Table 1 and 2). Root growth in 
concentration of 180 µM of Pb, 120 and 180 µM of 
Cd was non-existent and some when limited only to 
the formation of rudimentary buds and root hairs 
appeared browning (fig. A, B, C). 

 
Table 1: Influence of Pb on seed germination and seedling growth of M.chamomilla. 

Pb concentration 
)Mµ( 

Germination dry weight of root 
(g) 

dry weight of 
shoot(g) 

root length (mm) shootlength (mm) 

0 90.43a 0.029a 0.029a 21.17a 3.23a 
5 88.07a 0.026a 0.028a 20.13a 3.13a 
30 85.13a 0.021b 0.023b 18.23b 2.57b 
60 77.83ab 0.013c 0.016c 11.1c 2.03b 
120 67.53bc 0.01d 0.014d 2.67d 1.13c 
180 59.8c 0.007e 0.009e 0.97e 0.67c 

Within a column, means followed by the same letter are not significantly different at the 0. 05 level of probability by Duncan's multiple 
range tests. 
 
Table 2: Influence of Cd on seed germination and seedling growth of M.chamomilla. 

Pb concentration 
)Mµ( 

Germination dry weight of root
(g) 

dry weight of 
shoot(g) 

root length (mm) shootlength (mm) 

0 92.03a 0.029a 0.031a 21.67a 3.3a 
5 89a 0.028a 0.029a 20.67a 3.13a 
30 88.2ab 0.023b 0.021b 17b 2.07b 
60 81.7b 0.013c 0.016c 9.33c 1.33c 
120 75.23c 0.007d 0.014c 1.7d 1d 
180 70.53c 0.005d 0.008d 0.8d 0.56e 

Within a column, means followed by the same letter are not significantly different at the 0. 05 level of probability by Duncan's multiple 

range tests. 
 

Effects of Pb and Cd on Shoot Growth and Biomass: 
 
Both shoot length and biomass of Chamomile 

with increasing concentration of Pb and Cd were 
decreased compared to the control (fig. A, B, C). 

While the concentration of these two heavy metals 
was increased to 180 µM, the shoot length reduced 
by 79.30% and 83% respectively and biomass 
decreased by 69% and 74.2% respectively (Table 1 
and 2). 

 
Discussion: 

 
Germination is a vulnerable stage in the plant 

life cycle [24] that is reflection external parameters 
and conditions as light, temperature and nutrient 
[26]. In fact, germination and seedling growth are 
key events for the establishment of plants in current 
environment [27]. In our study, heavy metal 
treatment in comparison with the control samples 

observed reduction in seed germination and seedling 
growth of M.chamomilla. These results are 
conformity with other species like Lens esculenta 
[1], Prosopis juliflora [10], wheat [22] and Sinapis 
arvensis [6]. Also, reported delay in our study was 
consistent with observations of Houshmandfar and 
Moraghebi [7] who expressed a delay in onset of 
germination of safflower in exposure of mixed heavy 
metal. 
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Fig. 1: germination of Chamomile seeds: (A) control, (B); 180 µM treatment of Cd(C); 180 µM treatment of Pb. 

 
On the other hand, the presence of small 

concentration of heavy metals in the solution showed 
a non significant effect on germination percentage of 
M.chamomilla that was consistent with findings of 
other researchers [3,15,17,7]. According to Weiqiang 
et al. [26] tissues covering the embryo are able to 
protect the embryo against heavy metal toxicity by 
selective penetration but the following seedling 
growth (after the breakage of seed coat) was virtually 
repressed at lower concentrations of heavy metals. 

The reason for diminish in seed germination of 
plant in the presence of high concentrations of heavy 
metal could be due to the accelerated breakdown of 
stored food materials in seed [21,6] and or be due 
changes of selection permeability properties of cell 
membrane [21].  

Heidari
 
and Sarani [6] in their study suggested 

that decreasing of seedling growth may be as a result 
of inhibition of mitosis, reduction in synthesis of cell 
wall components, damage to the Golgi apparatus and 
changes in the polysaccharide metabolism. Also 
reducing in meristematic cells [11] and inhibition of 
some enzyme activity [16,11] could be the 
inducements for decreasing of seedling growth under 
metal stress. On the other hand, in this study in high 
concentration of heavy metal root hairs appeared 
browning that according to investigate of Punz and 
Sieghardt [18] is caused by suberin deposits. 
 
Conclusions: 

 
General observation of the present study showed 

that the seed germination and seedling growth of 

Chamomile plant are virtually affected with the 
increase of Pb and Cd concentration. According to 
our data root growth and seed germination were 
sensitive to cadmium than lead stress. Further studies 
need to be carried out for investigate the effects of Pb 
and Cd mixtures germinate and growth of 
Chamomile plant. 
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