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ABSTRACT: The effect of concentration of cadmium on chlorophyll-a, chlorophyll-b, total chlorophyll, 
carotenoids and anthocyanins content of dill (Anethum graveolens) ecotypes were investigated. This 
study was conducted under current hydroponic system in the greenhouse of the Faculty of Agriculture, 
University of Tabriz. The results showed that the application of cadmium at lower level (100 μM Cd) as 
cadmium chloride resulted increase in chlorophyll-a, chlorophyll-b and total chlorophyll compared with 
the control, but the effect of high concentration (200 μM Cd) was not significant. The plant exhibited Cd 
showed an increase in anthocyanin and carotenoid pigments. Ecotypes- by-stress interaction was not 
significant for any of the traits. Significant differences were observed among ecotypes for chlorophyll-b 
and carotenoid. Shahreza ecotype showed the highest chlorophyll-b and carotenoid content under 
cadmium stress while Ardabil and Esfahan ecotypes had the lowest content. 
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INTRODUCTION 
 

 Cadmium (Cd), being a highly toxic metal pollutant of soils, inhibits root and shoot growth and yield production, 
affects nutrient uptake and homeostasis, and is frequently accumulated by agriculturally important crops and then 
enters the food chain with a significant potential to impair animal and human health (di Toppi and Gabrielli, 1999). 
The reduction of biomass by Cd toxicity could be the direct consequence of the inhibition of chlorophyll synthesis 
and photosynthesis (Padmaja et al., 1990). Excessive amount of Cd may cause decreased uptake of nutrient 
elements, inhibition of various enzyme activities, induction of oxidative stress including alterations in enzymes of 
the antioxidant defence system (Sandalio et al., 2001). 
 Cd absorbed by plants accumulated in different parts of them which cause to inhibition growth and change in 
morphological, physiological and biochemical characteristics in plants (Benavides et al., 2005). Cd decreases root 
and shoot growth (Eshghi et al., 2010), leaf area (Skorzynska-Polit et al., 1998) and number of green leaves 
(Ghani, 2010) by inhibition cell division and the growth of cells or both of them (Pal et al., 2006). Also, Cd limited 
uptake and distribution of necessary elements in plants (Gussarson et al., 1996). Cadmium destructive effect on 
cause to decrease dry weight by reduction effects on morphological and physiological traits related to 
photosynthesis. Therefore the plants get weak and its tolerance to biotic and abiotic stresses is declined. 
Decreased transpiration and increased temperature occur in plant by reduction leaves area.  A method using a 
heavy metal accumulator crop to decrease heavy metal availability in the contaminated soil may offer a rapid, low-
cost, sustainable solution for the remediation of slightly metal-contaminated soils. 
 Heavy metals are known to interfere with chlorophyll synthesis either through direct inhibition of an enzymatic 
step or through induced deficiency of an essential nutrient (Van Assche and Clijsters, 1990). Chlorophyll 
degradation can occur when heavy metals enter the photobiont cells. Although, heavy metals are predominantly 
bound extracellularly to cation-exchange sites on the cell wall (Puckett et al., 1973; Tyler, 1989), K-efflux studies 
and sequential elution techniques (Brown and Slingsby, 1972; Branquinho and Brown, 1994; Branquinho et al., 
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1997) and impaired lichen metabolism (Nash, 1975; Brown and Beckett, 1983) indicate that heavy metals are also 
taken up into the lichen cells. 
 The sensitivity of plants to heavy metals depends on an interrelated network of physiological and molecular 
mechanisms such as (i) uptake and accumulation of metals through binding to extracellular exudates and cell wall 
constituents; (ii) efflux of heavy metals from cytoplasm to extranuclear compartments including vacuoles; (iii) 
complexation of heavy metal ions inside the cell by various substances, for example, organic acids, amino acids, 
phytochelatins, and metallothioneins; (iv) accumulation of osmolytes and osmoprotectants and induction of 
antioxidative enzymes (v) activation or modification of plant metabolism to allow adequate functioning of metabolic 
pathways and rapid repair of damaged cell structures (Cho et al., 2003). In this study, the effect of cadmium on the 
Photosynthesis character and metal accumulation in 10 dill (Anethum graveolens L.) ecotypes was studied to 
determine the suitability of this plant for phytoremediation or as alternative crop for metal contaminated soils. 
 

MATERIALS AND METHODS 
 

Plant material and growth conditions 
 The experiment was conducted in current hydroponic system in greenhouse of faculty of Agriculture, University 
of Tabriz, Iran. The experimental design consisted of 30 treatments replicated three times in a factorial design, with 
cadmium levels and ecotypes as factors. Ten dill ecotypes namely Ardabil, Birjand, Shiraz, Mobarekeh, Yazd, 
Shahreza, Esfehan, Varamin, Mashhad and Varzaneh subjected to three cadmium concentrations (0, 100 and 200 
μM). Seeds were germinated in petri dishes and seven day-old seedlings of uniform size were transferred into 
large sand tanks housed within an environmentally controlled greenhouse (17 h daily light, 600-800 μmol m

-2
 s

-1
 

photosynthetic photon flux density (PPFD), thermo period 24/16 °C day\night, and relative humidity 50/60% 
day/night) (Aghaz et al., 2012). The tanks were sub irrigated with a modified Hoagland nutrient solution (Bandeh-
hagh et al., 2008). 
 
Pigment content determination 
 Chlorophyll-a, chlorophyll-b, carotenoids and anthocyanins were determined in leaves. About 0.1–0.2 g weight 
of biological tissue was placed in a mortar half full with liquid nitrogen and it was ground to powder. Then, pigments 
were extracted from the powdered sample by adding 2.0 ml of the extraction solvent 85% acetone and 15% Tris 
stock buffer (1% w/v Tris final concentration; adjusted to pH 8 with HCl) previously cooled in ice. The extract was 
centrifuged at 12000 g for 3 min. A defined quantity of supernatant (1 ml) was removed and diluted to 3.0 ml. Its 
absorbance was measured at 537, 663, 647 and 470 nm in a 1-cm path-length cell. The pigment content was then 
calculated according to equation (1–4) (Sims and Gamon, 2002). 
Anthocyanin = 0.08173A537 - 0.00697A647 - 0.002228A663                    (1) 
Chla = 0.01373A663 - 0:000897A537 - 0:003046A647                               (2) 
Chlb = 0.02405A647 - 0.004305A537 - 0.005507A663                               (3) 

Carotenoids =  
                           –                     

      
        (4) 

 where Ax is the absorbance of the extract solution in a 1-cm path-length cuvette at wavelength x. The units for 
all the equations are μmol ml

-1
. Equation (1–4) were deduced in reference (Sims and Gamon, 2002) for different 

plant species to assess pigment content in the presence of high amounts of anthocyanins. 
Statistical Analysis 
 Each experiment had three replicates. Significant differences were determined using ANOVA and separation of 
means using Duncan’s New Multiple Range Test (P≤0.05). 
 

RESULTS AND DISCUSSION 
 

 Different Cd treatments had significant on chlorophyll a, chlorophyll b, total chlorophyll, anthocyanins and 

carotenoids of dill leaves. Ecotypes- by-stress interaction was not significant for any of the traits. Significant 

differences were observed among ecotypes for chlorophyll-b and carotenoid (Table 1). Chlorophyll-a and 

chlorophyll-b increased in the leaves under cadmium stress conditions. These results are in agreement with those 

reported Drazkiewicz et al. (2003) who found that chlorophyll content increased in cadmium stress. Chlorophyll-a 

and chlorophyll-b more affected by 100 μM Cd compared with 200 μM, scilicet increasing the amount of 

chlorophyll-a and chlorophyll-b in 100 μM Cd was significant compared to control, but severe stress (200 μM Cd) 

was not significant compared to the control (Table 2). The high concentration of cadmium was reduced chlorophyll-
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a and chlorophyll-b and no significant difference among the stress levels. Chlorophyll-b significant differences 

among ecotypes and Shahreza showed higher chlorophyll-b content under cadmium stress while this was lower in 

Ardabil and Esfahan ecotypes (Figur 1). 

 

 Total chlorophyll increased with increasing cadmium concentration. Increasing the amount of total chlorophyll 

just mild stress (100 μM cd) caused a significant difference from control and severe stress (200 μM cd) was not 

significant compared to the control (Table 2). This may be due to the toxicity of cadmium and chlorophyll is 

destroyed. Under low concentration Cd may increase chlorophylls and carotenoids content (Jia et al., 2012). The 

chlorophyll content reduction is due to inhibiting different stages of chlorophyll biosynthesis by Cd (Hegedus et al., 

2001). Also, chlorophyll content reduction can due to the content of essential nutrients reduction by Cd-stress 

(Ouzounidou et al., 1997). 

 

Table 2. Mean values for the traits investigated in ten dill ecotypes in response to cadmium stress 

cadmium 

Concentration 

(μM cd) 

Chlorophyll-a Chlorophyll-b 
Total  

Chlorophyll 
Anthocyanin Carotenoid 

0 (Control) 0.0365 a 0.0126 a 0.0491 a 0.896 a 0.0172 a 

100 
0.0447 

(122) b 

0.0153 

(121) b 

0.06 

(122) b 

1.033 

(115) ab 

0.0185 

(107) ab 

200 
0.0393 

(107) ab 

0.0145 

(115) ab 

0.0539 

(109) a 

1.138 

(127) b 

0.0207 

(120) b 

Values in parentheses represent % changes compared to control. Amounts that have at least one similar letter are not significant 

difference 

 

 Carotenoid and anthocyanins increased in the leaves under cadmium stress conditions. Increasing the amount 

of carotenoid and anthocyanins just severe stress (200 μM cd) caused a significant difference from control and mild 

stress (100 μM cd) was not significant compared to the control and are not significant difference between the stress 

levels (Table 2). Carotenoid significant differences among ecotypes and Shahreza showed higher carotenoid 

content under cadmium stress while this was lower in Ardabil and Esfahan ecotypes (Figur 2). Recent reports have 

confirmed that anthocyanin can function as antioxidants and thus alleviate toxic effects of reactive oxygen radicals 

in plant cells (Yamasaki, 1996; Ghiselli, 1998; Gould et al., 2002; Neill et al., 2002). GulCin et al. (2005) also 

reported that total anthocyanins from Perilla pankinensis had strong antioxidant activity, reducing power, 

superoxide anion scavenging, hydrogen peroxide scavenging, and metal chelating activities when compared to 

standard antioxidant compounds such as α-tocopherol and trolox.  

 The cellular anthocyanin level can increase when a plant encounters various abiotic stresses (Winkel-Shirley, 

2002; Dixon et al., 2005; Grotewold, 2006). As a general rule, anthocyanins are considered light attenuators and 

Table 1.  Analysis of variance for the traits investigated in ten dill ecotypes in response to cadmium stress 

S.O.V. d.f. 

MS 

Chlorophyll-a Chlorophyll-b Total  

Chlorophyll 

Anthocyanin Carotenoid 

Replication 2 0.011
**
 0.001

**
 0.017

**
 3.54

**
 0.001

** 

Stress (cadmium) 2 0.001
*
 5.95×10

-5**
 0.001

**
 0.442

*
 9.04×10

-5*
 

Ecotypes  9 1.35×10
-4
 3.77×10

-5*
 1.79×10

-4
 0.187 5.47×10

-5*
 

Stress ×Ecotype 18 1.28×10
-4
 1.58×10

-5
 1.58×10

-4
 0.142 3.72×10

-5
 

Error  58 1.27×10
-4
 1.84×10

-5
 1.41×10

-4
 0.124 2.74×10

-5
 

Cv (%) 
- 28 30 21 34 27 

* and ** indicate significant at 0.05 and 0.01 level of probability, respectively 
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antioxidants. In this context, it is believed that under stress situations, their main function is the quenching of the 

reactive oxygen species generated by stress (Neill and Gould, 2003). These results are in agreement with those 

reported by Ferretti et al. (1993) who found that carotenoid increased under cadmium stress. 

 

 
Figure 1. Mean of chlorophyll-b in dill ecotypes under cadmium stress 

 
Figure 2. Mean of carotenoid in dill ecotypes under cadmium stress 

 

CONCLUSION 

 

 The results showed that the application of cadmium at lower level (100 μM Cd) resulted increase in 

chlorophyll-a, chlorophyll-b and total chlorophyll compared with the control, but high concentration (200 μM Cd) 

was not significant compared to control. The plant exhibited increase in anthocyanin and carotenoid under Cd 

stress.  
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