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ABSTRACT 

 

Cadmium (Cd) contamination in soil is an 

environmental problem that can reduce soil 

quality, inhibit plant growth, and increase the 

risk of heavy metal accumulation in the food 

chain. This study aimed to evaluate the 

potential of Saccharomyces cerevisiae for 

reducing Cd concentration in contaminated 

soil and to determine its effect on the growth 

of tomato (Solanum lycopersicum L.). A 

completely randomized design with five 

treatments and three replications was 

employed, consisting of fertile soil as a 

positive control (P1), Cd-contaminated soil 

without bioremediation as a negative control 

(P2), and Cd-contaminated soil treated with 

S. cerevisiae at 5 mL (P3), 10 mL (P4), and 

20 mL (P5). Soil Cd concentration, plant Cd 

concentration, plant height, number of 

leaves, and fresh weight were evaluated after 

four weeks. The results showed that the 

application of S. cerevisiae reduced Cd 

concentration in both soil and tomato plants 

while improving plant growth. The highest 

application rate (P5) produced the lowest Cd 

concentration in soil (0.05 mg/kg) and plant 

tissues (0.0002 mg/kg), compared with the 

untreated contaminated soil (0.14 mg/kg and 

0.0012 mg/kg, respectively). The same 

treatment also resulted in the greatest plant 

height (26.30 cm), number of leaves (21 

leaves), and fresh weight (11.53 g). These 

findings indicate that S. cerevisiae 

effectively reduced Cd availability in 

contaminated soil and enhanced tomato 

growth, suggesting its potential as an 

environmentally friendly bioremediation 

agent for Cd-contaminated agricultural soils. 
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INTRODUCTION 

Cadmium (Cd) is one of the most toxic heavy 

metals contaminating terrestrial ecosystems 

due to its persistence, high mobility, and non-

biodegradable nature1. Anthropogenic 

activities, particularly municipal solid waste 

disposal, have significantly contributed to Cd 

accumulation in soil through landfill 

leachate2. Once accumulated, Cd can be 

readily absorbed by plants, disrupting 

nutrient uptake, photosynthesis, and other 

physiological processes, ultimately reducing 

crop productivity3. Furthermore, Cd 

accumulation in edible crops poses a serious 

threat to food safety and human health 

because of its bioaccumulative properties4. 

Previous studies have also reported the 

presence of heavy metal contamination in 

soils surrounding the Sumompo Landfill, 

Manado, Indonesia, highlighting the need for 

sustainable remediation strategies5. 

http://www.ijrrjournal.com/
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Bioremediation has emerged as an 

environmentally friendly and cost-effective 

alternative for restoring heavy metal-

contaminated soils6. Among various 

microorganisms, Saccharomyces cerevisiae 

has received considerable attention because 

of its ability to adsorb heavy metals through 

biosorption mechanisms7. The yeast cell wall 

contains β-glucans, chitin, mannoproteins, 

and several functional groups, including 

carboxyl, hydroxyl, amino, phosphate, and 

sulfhydryl groups, which effectively bind 

metal ions and reduce their bioavailability in 

soil8. Previous studies have demonstrated 

that S. cerevisiae can decrease heavy metal 

concentrations while improving soil quality 

and promoting plant growth under 

contaminated conditions9. 

Tomato (Solanum lycopersicum L.) is one of 

the world's most important horticultural 

crops and is widely cultivated because of its 

high nutritional and economic value10. 

However, tomato is also capable of 

absorbing and accumulating Cd from 

contaminated soils, making it a potential 

pathway for heavy metal transfer into the 

human food chain11. Although the 

effectiveness of S. cerevisiae as a biosorbent 

has been widely reported, most studies have 

been conducted under laboratory conditions 

or using artificially contaminated media. 

Information regarding its application for 

remediating naturally Cd-contaminated 

landfill soils while simultaneously reducing 

Cd accumulation in tomato plants remains 

limited9. 

Therefore, this study evaluated the 

effectiveness of different application rates of 

Saccharomyces cerevisiae in reducing Cd 

concentrations in soil collected from the 

Sumompo Landfill, Indonesia, and assessed 

their effects on Cd accumulation and the 

growth of tomato (Solanum lycopersicum 

L.). By integrating soil remediation and plant 

growth evaluation under naturally 

contaminated conditions, this study provides 

scientific evidence supporting the potential 

application of S. cerevisiae as an 

environmentally friendly bioremediation 

agent for sustainable management of Cd-

contaminated soils.  

 

MATERIALS & METHODS 

Soil samples naturally contaminated with 

cadmium (Cd) were collected from the 

Sumompo Landfill, Manado, North 

Sulawesi, Indonesia. The laboratory 

experiment was conducted from January to 

March 2026 at the Advanced Biology 

Laboratory, Department of Biology, Faculty 

of Mathematics and Natural Sciences, Sam 

Ratulangi University, Indonesia. Fertile soil 

obtained from an uncontaminated 

agricultural area was used as the positive 

control. The biological materials consisted of 

Saccharomyces cerevisiae and tomato 

(Solanum lycopersicum L.) seedlings, while 

cadmium concentrations in soil and plant 

samples were determined using an Atomic 

Absorption Spectrophotometer (AAS). 

A Completely Randomized Design (CRD) 

with five treatments and three replications 

was employed, resulting in fifteen 

experimental units. The treatments consisted 

of fertile soil as the positive control (P1), Cd-

contaminated soil without S. cerevisiae 

application as the negative control (P2), and 

Cd-contaminated soil treated with S. 

cerevisiae at application volumes of 5 mL 

(P3), 10 mL (P4), and 20 mL (P5). Tomato 

seeds were germinated for three weeks 

before transplantation into polybags 

containing 2 kg of soil according to each 

treatment. The S. cerevisiae suspension was 

diluted with sterile distilled water to a final 

application volume of 200 mL per polybag 

and applied once every week throughout the 

experimental period9. 

Cadmium concentrations in soil and tomato 

plant samples were determined by flame 

AAS following the Indonesian National 

Standard (SNI 01-2896-1998). Prior to 

analysis, the samples were oven-dried, 

homogenized, and digested with 

concentrated nitric acid using a closed-vessel 

microwave digestion system. Plant growth 

was evaluated four weeks after 

transplantation by measuring plant height 

(cm), number of leaves, and fresh weight (g). 



Rivaldo Nababan et al. Potential of Saccharomyces cerevisiae in reducing cadmium (Cd) from final disposal 

site soil for tomato (Solanum lycopersicum L.) cultivation 

                                      International Journal of Research and Review (ijrrjournal.com)  262 

Volume 13; Issue: 7; July 2026 

RESULT 

Effect of Saccharomyces cerevisiae on 

Cadmium Concentration 

Table 1 presents the cadmium (Cd) 

concentrations in soil and tomato plants after 

four weeks of treatment with different 

application rates of Saccharomyces 

cerevisiae. Analysis of variance indicated 

that S. cerevisiae application significantly 

affected Cd concentrations in both soil and 

tomato plants (p < 0.05). The untreated 

contaminated soil (P2) exhibited the highest 

Cd concentration, whereas the lowest 

concentration was recorded in treatment P5, 

which received 20 mL of S. cerevisiae. A 

similar trend was observed in tomato plants, 

where Cd accumulation progressively 

decreased with increasing application rates 

of S. cerevisiae. The reductions observed in 

plant tissues corresponded with the decreases 

in soil Cd concentrations, indicating that 

increasing S. cerevisiae application was 

associated with lower Cd availability and 

uptake. 

 
Table 1. Cadmium concentrations in soil and tomato plants following different application rates of 

Saccharomyces cerevisiae 

Treatment Cadmium concentration (mg/kg) 

Soil Tomato Plant 

P1 0.04 0.0004 

P2 0.14 0.0012 

P3 0.08 0.0010 

P4 0.08 0.0013 

P5 0.05 0.0002 

Note: P1 = uncontaminated soil (positive control); P2 = Cd-contaminated soil without Saccharomyces cerevisiae 

(negative control); P3 = Cd-contaminated soil + 5 mL S. cerevisiae; P4 = Cd-contaminated soil + 10 mL S. 

cerevisiae; P5 = Cd-contaminated soil + 20 mL S. cerevisiae. 

 

The reduction in Cd concentrations observed 

in the present study is consistent with 

previous reports describing the biosorption 

potential of S. cerevisiae. Volesky and May 

Phillips (1995) demonstrated that S. 

cerevisiae effectively adsorbs Cd through 

biosorption mechanisms. Similar findings 

were reported by Nurfadilah et al. (2022)12, 

who showed that S. cerevisiae reduced Cd 

concentrations in contaminated soil media. 

These findings support the effectiveness of S. 

cerevisiae as a biological agent for reducing 

Cd contamination in naturally contaminated 

landfill soil. 

 

Effect of Saccharomyces cerevisiae on 

Plant Height 

Plant height was significantly affected by 

different application rates of Saccharomyces 

cerevisiae (p < 0.05), as presented in Table 2. 

Tomato plants grown in untreated 

contaminated soil (P2) exhibited the lowest 

mean plant height, whereas plants treated 

with 20 mL of S. cerevisiae (P5) attained the 

greatest height. Treatments P3 and P4 

showed intermediate values, indicating a 

gradual increase in plant height with 

increasing S. cerevisiae application. 

Although plant height in P5 remained lower 

than that of the uncontaminated control (P1), 

the observed improvement suggested that 

microbial treatment alleviated the adverse 

effects of Cd contamination on plant growth. 

Comparable improvements in plant height 

following microbial application have been 

reported previously. Aulia et al. (2024)9 

reported that microbial bioremediation using 

S. cerevisiae significantly enhanced plant 

growth under Cd stress. The present findings 

further demonstrate that increasing 

application rates of S. cerevisiae were 

associated with better vegetative growth of 

tomato plants under Cd-contaminated 

conditions. 
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Table 2. Growth performance of tomato plants following different application rates of Saccharomyces 

cerevisiae. 

Treatment Plant height (cm) Number of leaves Fresh weight (g) 

Mean ± SD Mean ± SD Mean ± SD 

P1 25,17 ± 0,15a 19,67 ± 2,08a 8,97 ± 2,76a 

P2 20,37 ± 0,15a 12,33 ± 2,52c 2,67 ± 0,95c 

P3 23,83 ± 2,49a 16,33 ± 2,08b 5,80 ± 1,40b 

P4 25,43 ± 0,71b 17,33 ± 0,58ab 6,90 ± 2,76ab 

P5 26,30 ± 1,07c 21 ± 2,65a 11,53 ± 2,97a 

Note: Values are presented as mean ± standard deviation (SD). Means followed by the same lowercase letter 

within the same column are not significantly different according to the Least Significant Difference (LSD) test 

at p < 0.05. 

 

Effect of Saccharomyces cerevisiae on 

Number of Leaves 

The number of leaves differed significantly 

among treatments (p < 0.05) (Table 2). Plants 

grown in untreated contaminated soil 

produced the fewest leaves, whereas the 

highest number of leaves was recorded in 

plants treated with 20 mL of S. cerevisiae. 

The treatments receiving 5 mL and 10 mL of 

S. cerevisiae also showed improvements in 

leaf production compared with the untreated 

contaminated soil. These results indicate that 

increasing application rates of S. cerevisiae 

positively influenced vegetative 

development in tomato plants. 

The increase in leaf number observed in the 

present study agrees with previous findings 

demonstrating that microbial remediation 

can improve plant performance under heavy 

metal stress. The innovative microbial-based 

approach could substantially improve plant 

growth under soil compaction stress (Yao et 

al., 2025)14. Similar observations were also 

reported by Aulia et al. (2024)9, who found 

increased vegetative growth following S. 

cerevisiae application in Cd-contaminated 

soil. 

 

Effect of Saccharomyces cerevisiae on 

Fresh Weight 

Fresh weight was significantly influenced by 

Saccharomyces cerevisiae application (p < 

0.05), as shown in Table 2. Tomato plants 

grown in untreated contaminated soil 

exhibited the lowest fresh weight, whereas 

plants receiving the highest application rate 

(20 mL) produced the greatest fresh biomass. 

Intermediate values were observed in 

treatments P3 and P4, demonstrating a 

gradual increase in biomass production with 

increasing S. cerevisiae application. Overall, 

fresh weight showed a positive trend 

corresponding to reductions in Cd 

concentration and improvements in 

vegetative growth. 

Similar improvements in plant biomass 

following microbial remediation have been 

reported previously. Meirindany et al. 

(2026)13 demonstrated that S. cerevisiae 

application increased plant biomass in Cd-

contaminated soil. Likewise, Aulia et al. 

(2024)9 observed significant improvements 

in plant growth parameters following 

microbial bioremediation treatments. These 

findings further support the potential of S. 

cerevisiae to improve tomato growth in 

naturally Cd-contaminated landfill soil. 

 

CONCLUSION 

The application of Saccharomyces cerevisiae 

effectively reduced cadmium (Cd) 

concentrations in naturally contaminated 

landfill soil and decreased Cd accumulation 

in tomato (Solanum lycopersicum L.) plants. 

Increasing application rates consistently 

enhanced the remediation performance, with 

the 20 mL treatment providing the greatest 

reduction in Cd concentration among all 

treatments. The decrease in Cd accumulation 

was accompanied by significant 

improvements in tomato growth, as reflected 

by greater plant height, increased leaf 

production, and higher fresh weight 

compared with untreated contaminated soil. 

These findings demonstrate that S. cerevisiae 

is an effective and environmentally friendly 

bioremediation agent for mitigating Cd 

contamination in landfill soil while 
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improving tomato growth. The results also 

provide scientific evidence supporting the 

application of microbial bioremediation as a 

sustainable approach for the rehabilitation of 

Cd-contaminated soils and the production of 

safer agricultural crops. 
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