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Abstract 
 The destructive effect of cadmium (Cd) on morphological, anatomical and physiological parameters of 
maize seeds stressed with different concentrations were studied. Cd inhibited germination and seedling 
growth of maize in parallel with increasing concentrations. Increasing concentrations of Cd resulted in 
decreased stomatal responses in maize leaves compared with control, leaf area also diminished with Cd 
stress, photosynthetic pigment contents decreased, the chlorophyll degradation also increased. The changes 
on germination, growth and development of maize seed exposed to Cd stress were determined as more 
sensitive parameters to detect its damage. 
 
Introduction 
 Heavy metals polluted soil and water are serious environmental problem. Plants exposed to 
various stresses, and intensity and duration of stress may occur slowly and it gradually changes 
plant growth conditions. Cadmium, a non-essential element for plants, is potentially toxic for 
higher plants, animals and humans, and is one of the most dangerous heavy metals. Even its 
smallest concentrations (1 µM) can have toxic effects on all organisms (Seregin et al. 1998). 
Furthermore, Cd has a higher solubility than other metals (Xie et al. 2013) and so it is present in 
higher amounts in the environment and quickly absorbed and accumulated in plants.  
 Cd cannot be degraded, even at low concentration, its uptake by root and transportation to the 
all plant parts can adversely effect water uptake imbalance (Clemens 2006), macro and 
micronutrients uptake distribution and photosynthesis rate (Dias et al. 2013). The destructive 
effects are constantly increased because of its accumulation. Even, strength and duration of stress 
exposure can also cause irreversible changes in plant growth and development (Fitter and Hay 
2002). As a result of all these negative effects, Cd causes significant degradations in germination 
and seedling growth (Shaikh et al. 2013), root, stem (Salvatore et al. 2008) and leaf (Baryla 2001) 
parameters of plants, and gradually eradicated plants from the environment. However, with the 
investigation of modifications in germination and growth parameters of plants under various 
stresses which leads to changes on biochemical and physiological processes, anatomical and 
morphological anomalies that may be the visible signs of these changes can be determined 
(Anastasov 2010). Therefore, in this study, ecotoxicological effects of Cd were determined via 
investigated that morphological, anatomical and physiological changes in seed and seedling of 
maize induced Cd stress. This is the first comprehensive study by employing morphological, 
anatomical and physiological approaches in order to have a deeper look about stomatal 
movements in maize leaves under Cd stress.  
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Materials and Methods 
 The experiment was performed to determine the effects of different concentrations of Cd2+ on 
maize seeds (Zea mays L. cv. caramelo). Seeds were surface sterilized with sodium hypochlorite 
0.5% (v/v). They were soaked in 100 ml CdCl2H2O solutions with different Cd2+ concentrations of 
0 (control), 20, 40, 60, 80, 100 and 120 µM in beakers for 96 hrs. Subsequently, for each 
experiment, 25 seeds were placed on a Whatman paper soaked with 20 ml distilled water and then 
incubated in 20ºC for 7 days. Each treatment was replicated three times. The edge of radicle 
through the seed coat was taken as the criteria of seed germination. On the 7th day after sowing, 
required parameters were calculated to determine germination index (GI) (Tiquia 2010) and vigor 
index (VI) (Hangarter 1997). These indexes were calculated using the following equations; GI = 
(% relative seed germination × % relative root growth)/100. [% relative seed germination: 
(Number of seeds germinated in Cd concentration/number of seeds germinated in control) × 100; 
% relative root growth: Mean root length in Cd concentration/Mean root length in control × 100]. 
VI = Seedlings length (cm) × Germination percentage/100. Seedlings were transplanted into pots 
with perlit, and in each pot Hoagland’s nutrient solution was regularly added for 45 days. Stomatal 
index was calculated by the number of stomata and epidermal cells counted in each field (1 mm2) 
at independent measurement by superficial sections taken from adaxial and abaxial surfaces of 
leaves (Rengifo et al. 2002), based on average of 50 microscopic field. Stomatal sizes were 
defined using an ocular micrometer. The leaf area of plants was determined using the following 
equations (Pandey and Singh 2011). LA: × /y (x: Graph paper weight of the leaf surface; y: 
Similar graph paper weight of 1 cm2 area). 
 Cd contents of seeds and pH amount of Cd absorption in seeds treated with different 
concentrations of Cd for 96 hrs were determined by ICP-OES analysis (SDU Environmental 
Engineering Lab.). After 96 hrs, the medium pH was measured with pH meter (ADWA AD1020). 
Total chlorophyll contents of 25 plants belonging to each treatment were calculated using a 
chlorophyll meter (Minolta SPAD-502). Pigment degradation was calculated according to Um and 
Kirdmanee (2009). 
 Data were analyzed using one-way ANOVA followed by Duncan’s multiple range test for 
post-hoc (SPSS, version 14.0) (p ≤ 0.05).  
 
Results and Discussion 
 Heavy metals exerted adverse affect on germination and growth satages of seeds (Hu et al. 
2015). In the present study it had been found that Cd treatment led to different morphological and 
physiological responses with the increase concentrations of Cd in maize seeds and seedlings. 
Cadmium content also increased in seeds with in increased Cd concentration the treatment. At the 
highest Cd concentration (120 µM) with the lowest medium pH (pH: 5.05) (Fig. 1a), amount of 
absorbed Cd in the seeds were found to be the highest (35.79 µg/g) (p ≤ 0.05). We can say that the 
pH had shown an effect on Cd absorption by maize plant. In this study, we found that seed 
weights decreased with increasing Cd concentrations (Fig. 1b). Seed weights decreased by 2, 4, 7, 
8, 15 and 23% in 20, 40, 60, 80, 100 and 120 µM concentrations, respectively (p ≥ 0.05), but at 80 
µM and higher concentrations we also observed statistically significant decreases (p ≤ 0.05). We 
think that the reduction of seed weights as Cd concentration increases could be caused by a 
decrease in water imbibition rate.  
 It was observed that the harmful effects of Cd stress on GI and VI decreased by 9, 56, 65, 83, 
92, 98% and 45, 73, 81, 87, 92, 98% in 20, 40, 60, 80, 100 and 120 µM Cd concentrations, 
respectively in compared to control (Fig. 2a, b). Cadmium caused significant decreases in growth 
parameters (Fig. 2c) (p ≤ 0.05). Especially, root length decreased by 58% at 80 µM and the 
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decrease continued as the concentration increased. The effects on coleoptile length were similar to 
root length. It is thought that the decrease in this parameters with increasing Cd concentrations is 
probably proportional to chromosomal and mitotic abnormalities (Hemachandraand and Pathiratne 
2015).  

 
Fig. 1. Cd contents, pH levels (a) and weights of maize seeds before and after pre-treated with different 

concentrations of Cd. (p ≤ 0.05). 

 
Fig. 2. Effects of different concentrations of Cd on germination and seedling growth; GI (a), VI (b) 

         and seedling growth (c) for 7 days. (p ≤ 0.05). 
 

 Stomata are apertures that have an important role in transpirational control, and stomatal 
parameters such as stomata density and stomata sizes are thought to be at the center of gas 
exchange (Fu et al. 2014). In the present study, stomata and epidermis number decreased with 
increasing Cd concentrations on both adaxial (Fig. 3a) and abaxial (Fig. 3b) surfaces, compared to 
the control. Furthermore, inhibitory effects of Cd stress on stomata and epidermis numbers on 
both surfaces were shown by decreased stoma index (Fig. 3a, b). 
 Stomata length and width on abaxial surface of maize leaf reduced by 28 and 51%, compared 
with the control, at the highest concentrations of Cd (120 µM) (Fig 4a, b). Decline in stomata 
index and size per unit area with increasing Cd concentrations resulted in a reduction in leaf 
surface area (Fig. 4c). Significant reductions in transpiration by the toxic effect of stress reduces 
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photosynthesis rate (Li et al. 2015) and negatively affects the growth of the plants. The decreases 
in stomata and epidermis counts and sizes on both leaf surfaces were reflected by a parallel 
decrease in leaf surface area, as increased Cd stress, compared to control (p ≤ 0.05). We think that 
the decrease of leaf parameters with increasing Cd concentrations can affect CO2 assimilation and 
evoporation negatively, and growth of plants will be inversely related to increasing Cd 
concentrations. 
 

     
Fig. 3. Comparison of stomatal properties on adaxial surfaces (a) and abaxial surfaces (b) of maize seedling 

leaves exposed to different levels of Cd stress (p ≤ 0.05). 
 

 Total chlorophyll contents of maize seeds exposed to increasing Cd stress were investigated 
and the most total chlorophyll contents was observed on the plant tissues grown at 0 µM (control) 
(pH: 7.6) while the least were on the plant tissues exposed to the highest concentration of Cd (pH: 
1.2) (Fig. 5a). Photosynthetic pigments is one of the important indicators determining 
photosynthesis rate (Xu et al. 2013), but photosynthetic pigment content are inhibited in the 
presence of stress (Meier et al. 2011).  
 Chlorophylls are known to be easily degraded by various environmental conditions. Although, 
chlorophyll degradation is an important parameter in determining plants’ responses to 
environmental stress, the mechanism is less well understood (Hörtensteiner and Kräutler 2011). 
Total chlorophyll content showed inverse relation with chlorophyll degradation with increasing 



ECOTOXICOLOGICAL RESPONSES OF MORPHOLOGICAL PARAMETERS 215 

concentration of Cd (Fig. 5b) (p ≤ 0.05). If a phytotoxic effect is present, cells carrying this 
biomolecule die because inhibition of Chl biosynthesis or degradation can lead to cell death 
(Tanaka and Tanaka 2006). The fact that chlorophyll contents decrease as concentration of Cd 
increases in maize seeds grown under Cd stress indicated that photosynthesis rate of these plants 
can also be affected negatively.  

 
Fig. 4. Effects on stomata sizes (width/length) on both surfaces of maize leaves exposed to Cd stress; 

      adaxial surfaces of leaves (a), abaxial surfaces in leaves (b), leaf surface areas (c). (p ≤ 0.05). 
 

 
Fig. 5. Comparison of total chlorophyll content (a) and chlorophyll degradation (b). (p ≤ 0.05). 

 

 The results presented, here clearly indicated the effect of Cd on all growth parameters of 
maize plant depended on its dose, and they can be considered as a sensitive indicator for Cd 
toxicity. In addition, have it is thought to adversely affect all livings nurtured with plants exposed 
to chemicals, and also negative effects to environmental factors such as, soil and water, as 
accumulation of chemical compounds increased. 
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