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ABSTRACT: Cadmium is a hazardous toxic element that adversely affects plant vegetative and 

reproductive processes. Garden cress (Lepidium sativum L.) is a fragrant and savory herb, 

widely consumed in human diets, particularly in salads. This study researched the responses of 

garden cress to Cd in two experimental setups: germination tests in Petri dishes and hydroponic 

treatments during the early vegetative stage. In the germination experiment, seeds were put in 

Petri dishes with filter paper, and treated with CdCl₂ solutions at 0, 25, 50, 100, 200, and 500 

µM concentrations. The Petri dishes were kept in a controlled environment, and germination 

parameters, including germination percentage, germination index, radicle and plumule length, 

and fresh and dry weight of sprouted seeds, were recorded. Then, the hydroponic experiment 

was carried out, and germinated seedlings were transferred to a nutrient solution with the same 

Cd concentrations. At harvest, root-shoot length, fresh and dry weight were measured, later 

pigment and proline analyses were done. Cd treatments caused a slight, non-significant 

reduction in germination percentage. While no marked changes were observed in plumule 

length, a significant reduction in radicle length was detected, particularly at doses of 100 µM 

and above. The fresh weights of germinated seeds showed a non-significant decreasing trend, 

whereas their dry weights increased and their water contents decreased significantly. In the 

hydroponic experiment shoot fresh and dry weights were markedly reduced under Cd 

treatments. Although no significant changes were detected in root fresh and dry weights, root 

length was found to be significantly reduced. Pigment contents slightly increased at low Cd 

levels but declined significantly at ≥100 µM. Proline accumulation increased progressively, 

reaching the highest level at 500 µM. The results indicate that Cd exposure induces stress in 

garden cress by adversely affecting germination, growth, and physiological processes. 
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INTRODUCTION 

 

Heavy metals are among the most significant environmental 

contaminants, and their accumulation in ecosystems 

constitutes a global concern. Heavy metals can be released 

into the environment through anthropogenic (human-

induced) or natural processes and can accumulate in various 

ecosystems. Cadmium (Cd), similar to lead, arsenic, and 

mercury, is a non-essential heavy metal (not required for 

biological functions) that poses significant risks to living 

organisms due to its highly toxic and hazardous nature [1, 2, 

3]. Cd is classified as a heavy metal due to its density of 8.7 g 

cm⁻³, which exceeds the threshold of 5 g cm⁻³ [4]. Major 

sources of Cd contamination include industrial emissions, 

sewage pollutants, agricultural fertilizers, and atmospheric 

deposition [5].  

Cadmium has a wide range of detrimental effects on 

plants, affecting processes from seed germination to 

maturation. It reduces germination rates, induces water and 

oxidative stress, disrupts nutrient uptake, impairs enzyme 

activities, and interferes with carbon metabolism, ultimately 

decreasing crop yields [6]. Cadmium exposure also triggers 

leaf rolling, chlorosis, necrosis, and stomatal closure [7] and 

inhibits photosynthetic pigments and the overall 

photosynthetic process [8]. Moreover, Cd induces the 

production of non-enzymatic antioxidants such as proline, 

ascorbate, glutathione, flavonoids, vitamins, carotenoids, and 

alkaloids as a defense mechanism [7, 9]. 

Leafy vegetables are known to accumulate higher levels 

of metal ions compared to other types of vegetables [10, 11]. 

Garden cress (Lepidium sativum L.), a leafy vegetable from 

the Brassicaceae family, grows rapidly and is commonly used 

for medicinal purposes and as a spice. This cosmopolitan 

plant can adapt to various climates and soil types [12]. 

Garden cress has also been employed to assess the phytotoxic 

effects of contaminated environments [13]. In the present 

study, it was proposed that the effects of different cadmium 

concentrations on garden cress in two different growth 
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periods: germination and the early vegetative stage, be 

researched.  

 

MATERIALS AND METHODS  

 

Plant material 

Seeds of garden cress (Lepidium sativum L.) cv. Helen, 

characterized by broad, bright-green leaves and commonly 

used as a culinary herb, were obtained from a commercial 

firm and used as plant material. 

 

Method 

Two treatments were conducted for this research. The 

germination period was assessed using a Petri dish treatment 

to focus on the initial seed sprouting, and the early vegetative 

stage was researched in hydroponic systems. The treatments 

were set up in Cukurova University Biology Department 

Plant Physiology Laboratory, in February and March months 

of 2024. 

 

Petri dish treatment 

During the germination phase of this study, Petri dishes 

were utilized as the primary medium to research the effects 

of cadmium chloride (CdCl₂) on germination phase. 

Lepidium sativum (garden cress) seeds were initially 

subjected to a surface sterilization procedure to eliminate 

potential microbial contaminants. This process involved 

immersing the seeds in a 3% sodium hypochlorite (NaOCl) 

solution for 5 minutes, followed by multiple rinses with 

distilled water to clear away any residual disinfectant. 

After disinfection, 25 seeds were carefully put in each 

Petri dish between two layers of filter paper. To assess the 

impact of cadmium exposure on seed germination, the filter 

papers were moistened with cadmium chloride (CdCl₂) 

solutions at concentrations of 0, 25, 50, 100, 200, and 500 

µM. Each treatment had four replications, ensuring statistical 

reliability. The Petri dishes were then arranged in a 

completely randomized design to minimize positional effects 

and potential biases. 

This experimental setup facilitated a controlled and 

systematic evaluation of the dose-dependent effects of 

cadmium chloride (CdCl₂) on seed germination, allowing for 

a comprehensive assessment of its phytotoxic impact. To 

ensure uniform environmental conditions across all treatment 

groups, all Petri dishes were placed in a controlled climate 

chamber. The incubation conditions were kept at a constant 

temperature of 25°C, and the seeds were kept in complete 

darkness throughout the germination period to prevent the 

influence of light on germination responses. 

To provide consistent moisture levels and ensure 

adequate cadmium exposure, the seeds were irrigated daily 

with their respective CdCl₂ solutions, corresponding to the 

predetermined concentrations. The number of germinated 

seeds was recorded every 24 hours to track the temporal 

progression of germination. A seed was considered 

successfully germinated when its radicle reached a minimum 

length of 2 mm, as per established germination criteria [14, 

15]. 

By adhering to these standardized protocols, this study 

aimed to provide reliable and reproducible data on the 

negative effects of cadmium on seed germination, 

contributing valuable insights into the physiological effects 

of plants to heavy metal stress. After four days, the lengths of 

the radicle and plumule, along with the total fresh weight of 

the sprouted seeds, were measured. Germination percentage 

and germination index were then determined using the 

following formulas. The sprouted seeds were dried at 65 °C 

in an oven to obtain dry weights. 

Germination percentage = (number of germinated seeds 

on the final day/number of tested seeds) × 100 [16] 

Germination index= ∑Germination seeds at a given 

day/Day number [17] 

 

Hydroponic treatment  

In the second experimental treatment, seeds were 

initially sown in a perlite medium and maintained under 

controlled conditions until germination was completed. 

Subsequently, they were carefully transferred to a hydroponic 

system consisting of a nutrient solution with the following 

concentrations: 700 µM K₂SO₄, 100 µM KCl, 2000 µM 

Ca(NO₃)₂, 750 µM MgSO₄, 200 µM KH₂PO₄, 100 µM Fe-

EDTA, 10 µM H₃BO₃, 1 µM MnSO₄, 0.2 µM CuSO₄, 0.01 

µM (NH₄)₆Mo₇O₂₄·4H₂O, and 1 µM ZnSO₄, the solution was 

refreshed every five days. 

To ensure uniform environmental conditions across all 

experimental units, the pots containing the seedlings were 

randomly arranged within a climate-controlled growth 

chamber. To maintain oxygen availability in the nutrient 

solution, the hydroponic system was continuously aerated 

using an aquarium pump. 

The climate chamber conditions were strictly regulated 

at a temperature of 25 ± 2°C, with a 16-hour light/8-hour 

dark photoperiod to optimize seedling development [18]. 

Each treatment was conducted with three independent 

replicates to enhance the statistical robustness of the study. 

This setup ensured a controlled and reproducible 

environment, allowing for an accurate assessment of plant 

responses under hydroponic conditions. Following a one-

week adaptation period in the hydroponic system, cadmium 
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chloride (CdCl₂) was administered at concentrations of 0, 25, 

50, 100, 200, and 500 µM to evaluate its effects on seedling 

growth. The cadmium treatments were applied directly to the 

nutrient solution, ensuring uniform exposure across all 

experimental units. 

After one week of cadmium exposure, the seedlings 

were carefully harvested, and a random selection of four 

seedlings per treatment was made for morphological and 

physiological assessments. The selected seedlings were 

subjected to detailed measurements, including root and shoot 

lengths, as well as fresh and dry biomass. 

This experimental approach enabled a systematic 

evaluation of cadmium-induced stress, providing insights into 

its impact on plant growth parameters under hydroponic 

conditions. 

 

Pigment analysis 

To determine the pigment content, 100 mg of fresh leaf 

material was extracted in 10 mL of 80% acetone. The 

homogenate was then filtered to remove solid residues, 

ensuring a clear extract for spectrophotometric analysis. 

The absorbance of the filtrate was measured using a UV-

Vis spectrophotometer at 470, 646, and 663 nm, which 

correspond to the characteristic absorption peaks of 

carotenoids, chlorophyll b, and chlorophyll a, respectively. 

The concentrations of chlorophyll a, chlorophyll b, and total 

carotenoids were subsequently calculated using standard 

equations [19, 20]. This method provides a quantitative 

assessment of pigment composition, allowing for the 

evaluation of potential cadmium-induced alterations in 

photosynthetic pigment levels. 

 

Proline analysis 

To determine the proline content, 500 mg of fresh plant 

leaf was extracted using 3% sulfosalicylic acid. The extract 

was then filtered to remove solid residues, ensuring a clear 

supernatant for further analysis. 

For colorimetric quantification, 2 mL of the extracted 

sample was transferred into a glass test tube, followed by the 

sequential addition of 2 mL of ninhydrin reagent (composed 

of ninhydrin, orthophosphoric acid, and acetic acid) and 2 

mL of acetic acid. The reaction mixture was then incubated 

in a boiling water bath for one hour to facilitate the 

development of a chromophoric complex. Immediately after 

incubation, the tubes were rapidly cooled in an ice bath to 

stabilize the reaction products. 

Subsequently, 4 mL of toluene was added to the reaction 

mixture to extract the colored proline-ninhydrin complex. 

The organic phase was carefully separated, and its 

absorbance was measured spectrophotometrically at 520 nm. 

The proline concentration in the samples was determined by 

referencing a standard curve generated using known 

concentrations of L-proline [21]. 

 

Statistical analyses 

The experiments were conducted using a completely 

randomized design (CRD) to ensure the validity and 

reproducibility of the results. To assess the effects of 

cadmium (Cd) treatments, statistical analyses were performed 

using IBM SPSS Statistics 22. One-way analysis of variance 

(ANOVA) was applied to determine the differences among 

groups. When the assumption of homogeneity of variance 

was met, Tukey’s HSD test was used for multiple 

comparisons; when homogeneity was not met, the Games–

Howell post hoc test was employed. Results were presented 

as mean ± standard deviation (SD), and statistical differences 

among groups were indicated by different letters (a, b, c). In 

all tests, the significance level was accepted as p < 0.05. 

 

RESULTS AND DISCUSSION 

 

The Effects of Cadmium on Germination 

According to the results, differences in germination 

percentage among the groups were statistically significant (p 

< 0.05); however, post-hoc multiple comparison tests did not 

reveal significant pairwise differences. A partial decreasing 

trend was observed in germination percentage with 

increasing Cd doses, although it did not reach statistical 

significance. This tendency suggests that cadmium exerts a 

dose-dependent inhibitory effect on seed germination. The 

adverse impact of Cd on germination has been well-

documented [22, 23], and studies on species within the 

Lepidium genus provide additional support for these findings 

[24]. Overall, these results contribute to a broader 

understanding of Cd stress in garden cress and its 

implications for germination and early growth. In contrast, 

the germination index was not significantly affected by Cd 

treatments. 

 

Table 1. The effects of Cd applications on germination 

percentage and germination index at the germination period 

(Mean±SD)  

 
Germination percentage 

(%) 

Germination  

index 

C 98±4.00 25.50±1.29 

25 µM Cd 91±5.03 23.75±2.06 

50 µM Cd 89±5.03 24.00±1.41 

100 µM Cd 98±2.31 25.75±0.96 

200 µM Cd 92±6.53 24.50±1.29 

500 µM Cd 90±2.31 23.75±0.96 

Where significant differences exist among the groups, they are indicated by 
superscript letters above the means in the table (p < 0.05). 
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Although ANOVA indicated significant differences 

among groups for both plumule and radicle lengths, post-hoc 

multiple comparison tests revealed significant variation only 

in radicle length (Table 2). The results indicate that while 

plumule length remained relatively stable across treatments, 

radicle length exhibited a significant reduction at higher Cd 

concentrations (p < 0.05). A significant decrease in the 

radicle lengths was observed, especially at doses of 100, 200, 

and 500 µM Cd. These results suggest that roots are more 

sensitive to Cd than shoots and that toxic Cd accumulation 

may further inhibit root growth. 

 

Table 2. The effects of Cd applications on plumule and 

radicle lengths at the germination period (Mean±SD)  

 Plumule length (mm) Radicle length (mm) 

C 15.40±1.70 a56.80±10.91 

25 µM Cd 14.85±1.39 a62.05±13.08 

50 µM Cd 16.55±2.67 ab49.90±13.29 

100 µM Cd 16.45±2.14 c38.80±11.15 

200 µM Cd 15.35±2.18 c40.35±14.45 

500 µM Cd 14.70±3.11 c32.45±8.24 

Where significant differences exist among the groups, they are indicated by 

superscript letters above the means in the table (p < 0.05). 

 

When the effects of Cd treatments on fresh weight and 

dry weight and water content of sprouted seeds in garden 

cress were examined, no significant differences were found 

among the groups in terms of fresh weight. Although fresh 

weight exhibited a decreasing trend with increasing Cd 

concentrations, the most pronounced reduction occurred at 

500 µM (Table 3). In contrast, significant differences were 

detected in sprouted seed dry weight. The control and 25 µM 

Cd groups remained at similar levels, whereas Cd treatments 

at ≥50 µM significantly increased dry weight. Moreover, 

water content exhibited a dose-dependent decline, with 

particularly significant reductions observed at 100–500 µM 

Cd compared to the control.  

 

Table 3. The effects of Cd applications on sprouted seeds 

fresh-dry weights and water content at the germination period 

(Mean±SD)  

 
Fresh weight 

(mg) 

Dry weight 

(mg) 

Water 

content (%) 

C 99±15.59 a5.98±0.21 a94±1.15 

25 µM Cd 81±14.08 a5.83±0.22 a93±1.26 

50 µM Cd 93±11.09 b7.45±0.38 ab92±0.82 

100 µM Cd 83±10.00 b8.00±0.29 b90±1.50 

200 µM Cd 86±15.09 b7.48±0.53 b91±1.15 

500 µM Cd 80±8.81 b7.75±0.24 b90±0.82 

Where significant differences exist among the groups, they are indicated by 

superscript letters above the means in the table (p < 0.05). 

These findings indicate that high Cd exposure induces 

physiological stress in sprouted seeds by reducing biomass 

and disrupting water balance. Cadmium disrupts cellular 

metabolism, limits water and nutrient uptake, and induces 

oxidative stress [25], all of which contribute to growth 

inhibition. Dry weight increased in response to Cd 

treatments. This apparent rise is likely attributable to stress-

induced cellular water loss, resulting in a relative rather than 

an actual increase in dry biomass. Previous studies have 

reported that Cd stress reduces water content in plants [26, 

27], and in agreement with these findings, our results also 

showed a decline in water content with increasing Cd 

concentrations. 

 

The Effects of Cadmium on The Early Vegetative 

Period 

Figure 1 illustrates the dose-dependent effects of 

cadmium (Cd) exposure on seedling growth, with increasing 

Cd concentrations (0, 25, 50, 100, 200, and 500 µM) visibly 

inhibiting root and shoot elongation. The control group (C) 

exhibited the most vigorous growth, with the longest root and 

shoot, indicating optimal development in the absence of Cd 

stress. At low Cd concentrations (25 and 50 µM), growth 

reduction was relatively minor; however, at higher 

concentrations (100, 200, and 500 µM), a pronounced decline 

in root elongation was observed. This figure demonstrates 

that Cd toxicity primarily affects root development. 

Cadmium enters the roots through the same transporters as 

nutrient elements such as calcium, iron, and magnesium, 

competing with them for uptake. Most of the absorbed Cd is 

retained in the roots, while a smaller fraction is translocated 

to the shoots via the xylem [28, 29, 30]. Consequently, roots 

are more severely affected by Cd toxicity than shoots. The 

severe growth inhibition observed at 500 µM Cd highlights 

the pronounced phytotoxic nature of cadmium in plants. 

 

 

 
Figure 1. The effects of the Cd applications on garden cress 

seedlings during the early vegetative period 
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Shoot fresh weight, dry weight, and shoot length were 

found to be significantly affected by Cd treatments (Table 4). 

Cadmium exposure significantly reduces shoot biomass in a 

concentration-dependent manner, with a particularly 

pronounced impact on fresh weight. While shoot length does 

not exhibit a consistent pattern of reduction, the decline in 

fresh and dry weight indicates a severe physiological impact 

of Cd toxicity on shoot development. Although the variations 

among groups in root fresh and dry weights were not 

statistically significant, a significant reduction was observed 

in root length (Table 5). Cd exposure primarily inhibits root 

elongation rather than root biomass accumulation at lower 

concentrations, as evidenced by the initial decrease in root 

length despite stable fresh and dry weights at 25–100 µM Cd. 

However, at higher Cd concentrations (200 and 500 µM), 

both root length and biomass declined, indicating severe 

toxicity.  

Previous studies have demonstrated that cadmium 

significantly decreases seed germination, reduces plant 

length, and suppresses root elongation [31]. The adverse 

effects of cadmium on root and shoot length and fresh weight 

are well documented [32, 33]. Moreover, cadmium may 

inhibit the photosynthetic mechanism [34], leading to growth 

retardation, particularly in shoots, and to a reduction in 

biomass production. The emergence of metabolic disorders 

may also contribute to reductions in root and shoot length. 

Consistent with these reports, our results clearly indicate that 

cadmium causes significant regression in both shoot and root 

length. Although a decreasing trend in pigment contents was 

observed in Table 6 with increasing Cd concentrations, no 

statistically significant differences were found. At low Cd 

concentrations (25–50 µM), chlorophyll a (Chl a), 

chlorophyll b (Chl b), and total chlorophyll content exhibited 

a slight increase compared to the control, possibly reflecting 

a transient stress response. This response can be explained by 

‘hormesis,’ in which low concentrations of cadmium exert a 

stimulatory effect [35]. 

 

Table 4. The effects of Cd applications on shoot fresh-dry 

weights and lengths at early vegetative period (Mean±SD)  

  
Shoot fresh 

weight (mg) 

Shoot dry 

weight (mg) 

Shoot length 

(mm) 

C a110±21.98 a9.23±1.45 ab27±4.08 

25 µM Cd b55±20.50 b5.13±1.90 a30±2.36 

50 µM Cd b30±11.03 b2.95±1.04 ab28±2.08 

100 µM Cd b36±19.14 b4.93±1.65 b20±6.70 

200 µM Cd b34±7.44 b5.30±1.87 ab26±3.30 

500 µM Cd b13±6.80 b3.30±0.37 ab28±2.89 

Where significant differences exist among the groups, they are indicated by 

superscript letters above the means in the table (p < 0.05).  

Table 5. The effects of Cd applications on root fresh-dry 

weights and lengths at early vegetative period (Mean±SD)  

  
Root fresh 

weight (mg) 

Root dry 

weight (mg) 

Root length 

(mm) 

C 12±6.22 1.63±0.41 a198±45.45 

25 µM Cd 16±1.91 2.23±0.43 b133±22.20 

50 µM Cd 16±12.34 2.28±0.70 b105±0.96 

100 µM Cd 18±7.42 2.13±0.75 b111±11.36 

200 µM Cd 16±7.87 2.50±0.44 b95±9.22 

500 µM Cd 15±3.32 1.78±0.30 b104±7.59 

Where significant differences exist among the groups, they are indicated by 

superscript letters above the means in the table (p < 0.05). 

 

Table 6. The effects of Cd applications on the pigment 

contents (mg/g fresh weight) at the early vegetative period 

(Mean±SD)  

  Chla Chlb Total chl Carotenoid 

C 0.58±0.25 0.28±0.10 0.86±0.34 0.24±0.10 

25 µM Cd 0.68±0.37 0.40±0.25 1.09±0.61 0.29±0.15 

50 µM Cd 0.65±0.02 0.34±0.02 0.98±0.03 0.27±0.00 

100 µM Cd 0.37±0.12 0.22±0.05 0.59±0.18 0.16±0.05 

200 µM Cd 0.49±0.04 0.25±0.01 0.74±0.05 0.20±0.02 

500 µM Cd 0.16±0.11 0.15±0.06 0.31±0.17 0.08±0.05 

Where significant differences exist among the groups, they are indicated by 

superscript letters above the means in the table (p < 0.05). 

 

At moderate Cd concentrations (100–200 µM), a marked 

decline in all pigment levels was observed, suggesting that 

Cd-induced oxidative stress and chloroplast dysfunction 

compromised pigment stability. At the highest Cd 

concentration (500 µM), Chl a, Chl b, and total chlorophyll 

content decreased substantially, with total chlorophyll 

dropping to nearly one-third of the control value. Similarly, 

carotenoid content declined progressively with increasing Cd 

levels, highlighting impairment of the photoprotective 

mechanisms. These findings are consistent with previous 

reports indicating that Cd toxicity disrupts pigment 

biosynthesis [36, 37].  

A statistically significant (p < 0.05) progressive increase 

in proline accumulation was observed with rising Cd 

concentrations (Table 7). 

In the control group, the proline content was minimal (10 

µM), reflecting normal physiological conditions. At low Cd 

concentrations (25–50 µM), proline levels began to increase, 

reaching approximately four times the control value at 50 µM 

Cd, indicating an early adaptive response. At moderate Cd 

levels (100–200 µM), proline accumulation became more 

pronounced, nearly sevenfold higher than the control at 100 

µM Cd, emphasizing its role in osmotic adjustment and stress 
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mitigation. The highest proline content (134.98 µM) was 

observed at 500 µM Cd, suggesting an extreme stress 

response under severe Cd toxicity. Nitrogenous metabolites 

synthesized by plants play a crucial role in coping with stress. 

Proline amino acid is one of these metabolites and is 

particularly effective in reducing protein degradation. 

Therefore, an increase in proline levels serves as a marker of 

stress in plants [38]. The same phenomenon is observed in 

this study, that the increase in proline levels indicates the 

adverse effects of heavy metal stress on plants. Proline acts 

as an osmotic protectant under stress conditions, regulates 

cell structures like proteins and membranes, scavenges free 

radicals and buffers cellular redox potential. Its chelator 

ability and protective role against cadmium also explain 

proline's anti-stress activity in plants [39, 40, 41, 42]. 

 

Table 7. The effects of Cd applications on proline content at 

the early vegetative period.  

  Proline content (µM) 

C a10±3.97 

25 µM Cd a19±2.44 

50 µM Cd ab40.864±16.81 

100 µM Cd b71.388±5.20 

200µM Cd b75.6±21.74 

500 µM Cd c134.984±4.13 

Where significant differences exist among the groups, they are indicated by 

superscript letters above the means in the table (p < 0.05). 

 

CONCLUSION 

 

This study demonstrated that cadmium (Cd) exposure 

significantly affected seed germination, seedling growth, and 

physiological responses in garden cress. Increasing Cd 

concentrations led to a decline in germination percentage and 

germination index, confirming the adverse effects of heavy 

metals on early plant development. Cd treatments also caused 

a significant reduction in sprouted seeds fresh weight, 

whereas dry weight increased, likely due to stress-induced 

water loss. Root growth was more severely impaired than 

shoot growth, indicating greater root sensitivity to Cd 

toxicity. Moreover, Cd stress altered pigment composition, 

particularly at the highest concentration (500 µM), 

suggesting potential disruptions in the photosynthetic 

process. A significant increase in proline content under Cd 

exposure further supported the stress response, as proline 

accumulation served as an adaptive mechanism to counteract 

oxidative damage. Overall, these findings highlight the 

detrimental impact of cadmium on plant physiology, 

emphasizing its role in growth inhibition, water imbalance, 

and oxidative stress induction. Future research should 

investigate potential mitigation strategies, such as the 

application of antioxidants or biostimulants, to enhance plant 

resistance against heavy metal stress. 
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