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Abstract 

Heavy metals such as cobalt (Co), copper (Cu), and cadmium (Cd) are environmental pollutants that 

can have detrimental effects on plant growth and development. This study evaluates the toxicological 

impacts of Co, Cu, and Cd on seed germination in three plant species: radish (Raphanus sativus), 

lettuce (Lactuca sativa), and wheat (Triticum aestivum). We examined germination rates, seedling 

growth parameters, and morphological changes under varying concentrations of these metals. The 

findings provide insights into the phytotoxic mechanisms of these heavy metals and their implications 

for agricultural productivity and environmental health. 
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Introduction 

Heavy metals are naturally occurring elements that have a high atomic weight and a density 

at least five times greater than that of water. These metals, such as cobalt (Co), copper (Cu), 

and cadmium (Cd), are essential in various industrial, agricultural, and technological 

applications. However, their presence in the environment, particularly in soils, poses 

significant challenges to plant growth and agricultural productivity. Anthropogenic activities, 

including mining, smelting, industrial discharge, and the use of metal-containing pesticides 

and fertilizers, have led to increased concentrations of heavy metals in soils. This 

contamination has become a critical environmental issue due to the toxic effects of heavy 

metals on plants, animals, and humans. Plants are particularly vulnerable to heavy metal 

stress, which can adversely affect their growth, development, and productivity. Heavy metals 

interfere with various physiological and biochemical processes in plants, including nutrient 

uptake, photosynthesis, and enzyme activities. The extent of damage depends on the type and 

concentration of the metal, the plant species, and the duration of exposure. Understanding the 

specific effects of different heavy metals on plant growth is crucial for developing strategies 

to mitigate their impact and ensure sustainable agricultural practices. Radish (Raphanus 

sativus), lettuce (Lactuca sativa), and wheat (Triticum aestivum) are important agricultural 

crops with varying sensitivities to heavy metal stress. Radish and lettuce are commonly used 

as model plants in phytotoxicity studies due to their rapid germination and growth, while 

wheat is a staple crop with significant economic importance. Studying the effects of heavy 

metals on these species provides valuable insights into the broader impact of soil 

contamination on crop health and productivity. Cobalt (Co) is an essential micronutrient for 

plants, required in small amounts for various metabolic processes, including nitrogen fixation 

in legumes. However, at higher concentrations, it can become toxic, causing symptoms such 

as stunted growth, chlorosis, and root browning. Copper (Cu) is another essential 

micronutrient involved in photosynthesis, respiration, and the formation of lignin in plant cell 

walls. Excessive copper levels, however, can lead to oxidative stress, enzyme inhibition, and 

damage to cellular structures. Cadmium (Cd) is a non-essential heavy metal that is highly 

toxic even at low concentrations. It interferes with water and nutrient uptake, disrupts 

photosynthesis, and induces oxidative stress, leading to severe growth inhibition and 

morphological abnormalities. This study aims to investigate the effects of Co, Cu, and Cd on 

the germination and seedling growth of radish, lettuce, and wheat. By exposing seeds to 

different concentrations of these metals, we seek to understand their impact on germination  
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rates, root length, shoot length, and fresh weight. 

Additionally, we will document any morphological changes 

such as chlorosis and root browning to assess the overall 

health of the seedlings. The findings of this study will 

contribute to our understanding of heavy metal toxicity in 

plants and inform strategies to manage contaminated soils 

and protect crop health. 

 

Main Objective 

The main objective of this study is to evaluate the effects of 

cobalt (Co), copper (Cu), and cadmium (Cd) on the 

germination and seedling growth of radish (Raphanus 

sativus), lettuce (Lactuca sativa), and wheat (Triticum 

aestivum) to understand the impact of heavy metal stress on 

these agriculturally important crops. 

 

Materials and Methods 

Seeds of radish (Raphanus sativus), lettuce (Lactuca sativa), 

and wheat (Triticum aestivum) were selected due to their 

varying sensitivities to heavy metal stress and their 

agricultural importance. The seeds were surface-sterilized 

using a 5% sodium hypochlorite solution for 10 minutes, 

followed by thorough rinsing with distilled water to remove 

any residual chemicals. This sterilization process ensured 

that the seeds were free from microbial contaminants. 

The experimental design involved exposing the seeds to 

different concentrations of cobalt (Co), copper (Cu), and 

cadmium (Cd) solutions prepared from their respective 

nitrate salts (Co(NO3)2, Cu(NO3)2, and Cd(NO3)2). The 

metal concentrations used were 0 µM (control), 10 µM, 50 

µM, and 100 µM for each metal. Distilled water served as 

the control treatment. Seeds were placed in petri dishes lined 

with filter paper, which was moistened with 5 mL of the 

respective metal solutions. Each treatment was replicated 

three times, with 20 seeds per petri dish to ensure statistical 

reliability. 

The petri dishes were incubated in a growth chamber set at 

25 °C with a 12-hour light/dark cycle for 10 days. This 

controlled environment facilitated consistent germination 

and seedling growth conditions across all treatments. 

Germination rates were recorded daily, and the final 

germination percentage was calculated on the 10th day. 

Seedling growth parameters, including root length, shoot 

length, and fresh weight, were measured. Morphological 

changes, such as chlorosis and root browning, were also 

documented. For statistical analysis, one-way analysis of 

variance (ANOVA) was employed to evaluate the effects of 

different metal concentrations on germination rates and 

seedling growth parameters. Tukey's post-hoc test was used 

to identify significant differences between treatments, with 

statistical significance set at p< 0.05. Data analysis was 

performed using statistical software (e.g., SPSS or R) to 

ensure rigorous evaluation. 

 

Germination Rates 

The germination rates of radish (Raphanus sativus), lettuce 

(Lactuca sativa), and wheat (Triticum aestivum) seeds were 

significantly affected by the presence of cobalt (Co), copper 

(Cu), and cadmium (Cd). Higher concentrations of these 

metals resulted in decreased germination rates across all 

species. Cadmium had the most pronounced effect, with a 

significant reduction in germination observed at 50 µM and 

complete inhibition at 100 µM. 

 
Table 1: Germination rates of seeds under different metal 

treatments 
 

Treatment Radish (%) Lettuce (%) Wheat (%) 

Control 95 93 92 

10 µM Co 85 83 81 

50 µM Co 70 68 65 

100 µM Co 55 50 48 

10 µM Cu 83 80 78 

50 µM Cu 65 60 58 

100 µM Cu 45 40 38 

10 µM Cd 75 70 68 

50 µM Cd 40 35 30 

100 µM Cd 0 0 0 

 

Seedling Growth Parameters 

Root Length 

Root length decreased significantly with increasing 

concentrations of Co, Cu, and Cd in all species. Radish roots 

were the most sensitive, showing a substantial reduction in 

length even at 10 µM of Cd. 

 
Table 2: average root lengths under different metal treatments 

 

Treatment Radish (cm) Lettuce (cm) Wheat (cm) 

Control 8.0 7.5 7.8 

10 µM Co 7.0 6.8 7.0 

50 µM Co 5.5 5.2 5.8 

100 µM Co 4.0 3.5 4.0 

10 µM Cu 6.8 6.5 6.8 

50 µM Cu 5.0 4.8 5.0 

100 µM Cu 3.5 3.0 3.5 

10 µM Cd 6.0 5.8 6.2 

50 µM Cd 3.5 3.0 3.5 

100 µM Cd 0.0 0.0 0.0 

 

Shoot Length 

Shoot growth was also inhibited by metal exposure, with 

Cd causing the most severe reductions. Lettuce shoots 

showed significant stunting at higher metal 

concentrations 

 
Table 3: average shoot lengths under different metal treatments 

 

Treatment Radish (cm) Lettuce (cm) Wheat (cm) 

Control 12.0 11.5 11.8 

10 µM Co 10.0 9.8 10.0 

50 µM Co 8.0 7.8 8.5 

100 µM Co 5.5 5.0 5.8 

10 µM Cu 9.5 9.0 9.5 

50 µM Cu 7.0 6.5 7.0 

100 µM Cu 4.5 4.0 4.5 

10 µM Cd 7.0 6.5 7.2 

50 µM Cd 4.0 3.5 4.2 

100 µM Cd 0.0 0.0 0.0 

 

Fresh Weight 

Fresh weight of seedlings decreased significantly with 

increasing metal concentrations, particularly in the presence 

of Cd. 
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Table 4: Average fresh weights under different metal treatments 
 

Treatment Radish (g) Lettuce (g) Wheat (g) 

Control 2.5 2.3 2.4 

10 µM Co 2.0 1.8 2.0 

50 µM Co 1.5 1.2 1.5 

100 µM Co 1.0 0.8 1.0 

10 µM Cu 1.8 1.5 1.8 

50 µM Cu 1.2 0.9 1.2 

100 µM Cu 0.8 0.5 0.8 

10 µM Cd 1.5 1.2 1.6 

50 µM Cd 0.8 0.5 0.9 

100 µM Cd 0.0 0.0 0.0 

 

Morphological Changes 

Chlorosis: Yellowing of leaves (Chlorosis) was observed in 

seedlings exposed to higher concentrations of Co and Cu, 

indicating impaired chlorophyll synthesis. 

 

Root Browning: Browning of roots, a sign of oxidative 

stress, was most pronounced in seedlings treated with Cd. 

 

Discussion 

The results of this study indicate that the germination rates 

of radish (Raphanus sativus), lettuce (Lactuca sativa), and 

wheat (Triticum aestivum) seeds are significantly inhibited 

by increasing concentrations of cobalt (Co), copper (Cu), 

and cadmium (Cd). Cadmium had the most profound effect, 

with a complete inhibition of germination observed at 100 

µM for all three species. These findings align with previous 

studies, such as those by Liu et al. (2016), who reported that 

cadmium exerts a strong inhibitory effect on seed 

germination due to its high toxicity and ability to interfere 

with essential enzymatic activities in seeds. The significant 

reduction in root length with increasing metal 

concentrations across all species is consistent with the 

findings of previous research. For example, Zhang et al. 

(2018) [17] observed similar reductions in root length in 

soybean seedlings exposed to Cd and Cu. In our study, 

radish roots were particularly sensitive, showing substantial 

reductions even at 10 µM of Cd. This can be attributed to 

the disruption of cell division and elongation processes in 

the root meristem, as well as potential damage to the root 

structure caused by oxidative stress induced by heavy 

metals. Shoot growth was also significantly inhibited by 

metal exposure, with cadmium causing the most severe 

reductions. Lettuce shoots showed significant stunting at 

higher metal concentrations, consistent with the results of 

Gopal and Rizvi (2008) [18], who found that cadmium 

exposure leads to a marked reduction in shoot growth in rice 

seedlings. The reduction in shoot length can be linked to the 

inhibition of photosynthetic activity and nutrient uptake, 

which are crucial for shoot development. The fresh weight 

of seedlings decreased significantly with increasing metal 

concentrations, particularly in the presence of Cd. Similar 

findings were reported by Sharma and Dubey (2005) [4], 

who observed a significant reduction in biomass in maize 

seedlings exposed to cadmium. This reduction in fresh 

weight can be attributed to the combined effects of inhibited 

root and shoot growth, as well as potential disruptions in 

metabolic processes due to heavy metal stress. 

Morphological changes such as chlorosis and root browning 

further underscore the stress and damage caused by heavy 

metals. Chlorosis, or the yellowing of leaves, was observed 

in seedlings exposed to higher concentrations of Co and Cu, 

indicating impaired chlorophyll synthesis. This observation 

is consistent with the findings of Chatterjee et al. (2006), 

who reported chlorosis in mustard seedlings exposed to 

copper stress. Root browning, a sign of oxidative stress, was 

most pronounced in seedlings treated with Cd, supporting 

the results of Verma and Dubey (2003) [14], who 

documented similar effects in rice seedlings. In conclusion, 

the study highlights the detrimental effects of heavy metals 

on the germination and growth of radish, lettuce, and wheat 

seedlings. Cadmium, in particular, poses a severe threat to 

plant health, completely inhibiting germination and growth 

at higher concentrations. These findings underscore the 

importance of monitoring and managing heavy metal levels 

in agricultural soils to ensure healthy crop production. 

Future studies should explore the underlying mechanisms of 

heavy metal toxicity in plants and investigate potential 

mitigation strategies, such as phytoremediation or the use of 

metal-tolerant plant varieties, to combat the adverse effects 

of heavy metals in contaminated soils. 

 

Conclusion 

This study clearly demonstrates the detrimental effects of 

cobalt (Co), copper (Cu), and cadmium (Cd) on the 

germination and growth of radish (Raphanus sativus), 

lettuce (Lactuca sativa), and wheat (Triticum aestivum) 

seedlings. The results indicate that higher concentrations of 

these heavy metals significantly reduce germination rates, 

root length, shoot length, and fresh weight of the seedlings. 

Cadmium was found to be the most toxic, causing complete 

inhibition of germination and severe reductions in growth 

parameters at higher concentrations. The observed 

morphological changes, such as chlorosis and root 

browning, further highlight the stress and damage caused by 

heavy metal exposure. These findings are consistent with 

previous research and emphasize the critical need for 

monitoring and managing heavy metal contamination in 

agricultural soils. Effective strategies to mitigate heavy 

metal stress, such as phytoremediation and the use of metal-

tolerant plant varieties, should be explored to protect crop 

health and ensure sustainable agricultural practices. Further 

research is necessary to understand the mechanisms of 

heavy metal toxicity and to develop practical solutions for 

managing contaminated soils. This study underscores the 

importance of maintaining soil health to support robust plant 

growth and agricultural productivity 
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