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HIGHLIGHTS 
• With increasing doses of plants under cadmium and lead stress, a decrease was observed in stem diameter and 
fresh and dry weights of plants and roots. 

• Seedling height and number of leaves per plant increase with the increase in metal applications. showed a 
decreasing trend. However, all of the applications are in the same statistical group and are not affected by the 
increase in metal. It was not affected as negatively as other parameters. 

• It has been observed that as the concentration of heavy metals (Cd, Pb) increases, chlorophyll (SPAD) value 
and leaf area are suppressed. 

• Increased cadmium and lead compared to the electrical conductivity control group has increased with its 
applications. It has been determined that metal applications have a negative effect on the RWC value. Enzyme 
activity is generally increased due to metal stress. 

Abstract 

This study was carried out to determine the tolerance level of cadmium and lead applications at different concentrations 
on physiological and morphological parameters in soybean (Glycine max L.) The experiment was carried out in Atatürk 
University Plant Production Application and Research Center greenhouses. Yeşilsoy variety of feed soybean (Glycine max 
L.) was used as plant material. Plant growth (seedling height, stem diameter, fresh and dry weight, etc.), physiological 
properties (tissue proportional water content, tissue electrical conductivity) and biochemical parameters (chlorophyll 
amount, superoxide distumase (SOD), catalase (CAT), heavy metal applications) peroxidase (POD) enzyme activities, etc.) 
were investigated. All treatments had negative effects on all parameters compared to the control group. Growth 
retardation was experienced at the highest concentrations applied, but plant deaths were not observed. Although it is 
known that cadmium metal is more toxic than lead metal, the wet weight values of the plants to which the highest dose of 
both metals were applied were included in the same statistical group. 
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1. Introduction 

Environment; It is a physical, chemical, biological, social, economic and cultural environment in which all 
living things maintain their relationships and interact with each other throughout their lives. Environmental 
pollution basically exists in nature in the form of air, soil and water pollution, and as a result, it affects the 
entire ecosystem, including humans. While protecting the environment and natural resources from pollution 
is important in terms of preventing environmental pollution, the purification of polluted areas is also an 
important issue in the solution of existing environmental pollution (Özay & Mammadov 2013). 

Industrialization and urbanization are the leading factors that cause environmental pollution (Bayçu 1997). 
The energy that emerged as a result of rapid population growth has led to rapid progress in industry and 
industrialization (Cihangir & Sağlam 1999). This situation results in the very rapid consumption of natural 
resources, and intensive agricultural practices cause heavy metal accumulation in the soil and in the 
environment (Çağlarrmak & Hepçimen 2010; Mikhailenko et al 2020). Earthquakes, floods and volcanic 
eruptions are the first ones that come to mind as sources of heavy metals in nature. Its spread to the 
environment occurs from human-based activities rather than natural resources (Kahvecioğlu et al 2010). Many 
factors such as the use of fossil fuels, mineral deposits, melting of metal ores, motor vehicles, urban wastes, 
wastewater, fertilizers, pesticides and sewage have paved the way for human-induced heavy metal pollution 
(Kabata-Pendias & Pendias 1999; Yerli et al 2020). It is stated that this situation has reached critical levels in 
many countries (Robinson et al 2001). 

Heavy metals 

Heavy metals are explained as metals with a density of more than 5 g/cm3, atomic number greater than 20, 
causing toxicity and pollution (Sönmez et al 2021). In plants, low stimulant concentrations of some heavy 
metals are necessary for normal and healthy plant growth (Bera et al. 2005). Metals such as copper (Cu), zinc 
(Zn), iron (Fe), manganese (Mn), molybdenum (Mo), nickel (Ni), cobalt (Co) are micronutrients that play an 
active role in the growth and development of plants and animals. In addition, some heavy metals such as 
arsenic (As), mercury (Hg), cadmium (Cd) and lead (Pb) are elements that are not important for the 
development of living things (Niess 1999). 

Heavy metals have a high relative density and even at low concentrations, they have a toxic effect on living 
things. All plants have the ability to collect the heavy metals necessary for them from soil and water. These 
metals are magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), molybdenum (Mo) and nickel 
(Ni) (Langille and Maclean 1976). Some plants also have the ability to accumulate heavy metals whose 
biological functions are unknown. These heavy metals are cadmium (Cd), chromium (Cr), lead (Pb), cobalt 
(Co), silver (Ag), selenium (Se) and mercury (Hg) (Hanna & Grant 1962; Baker & Brooks 1989). 

Reaching a certain level of heavy metal concentration in the atmosphere, water and soil also causes great 
problems for living things (Özay 2013). Filtering soil with its buffering feature can protect itself against various 
pollutants (Yerli et al 2020). However, high doses of heavy metals disrupt the physical, chemical and biological 
structure of the soil and cause a decrease in product yield and quality (Long et al 2002). Reaching a certain 
level of heavy metals directly affects the development and physiology of plants negatively and serious yield 
losses. 

Lead (Pb) 

It is the first metal of human origin to cause serious damage to the ecological system. Lead can enter the 
soil and atmosphere from a wide variety of sources. These sources include chimney and exhaust gases, wastes 
from different industries (paint, electricity, oil) and pesticides (Saygıdeğer 1995; Kalinowska 1984; Aksoy 
1995). A large part of lead, which constitutes a large share in environmental pollution, is caused by the 
emission of gases into the environment by the combustion of gasoline used in motor vehicles (De Jonghe &  
Adams 1986). As a result of pollution, lead (Pb), copper (Cu), zinc (Zn) etc., which strengthens its place in the 
soil and atmosphere. heavy metals are becoming dangerous for plants, animals and humans. Lead has been 
reported to be the largest environmental pollutant. It is one of the heavy metals that cause worldwide concern 
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(Salt et al 1999) and the most severe toxic effect (Okçu et al 2009). It causes morphological, physiological and 
biochemical dysfunctions in plants. Although it is not essential for plants, it is rapidly absorbed by plants and 
accumulates in different parts of the plant (Fahr et al 2013). It has an inhibitory effect on activities such as seed 
germination, root growth, stem development, transpiration, chlorophyll synthesis and cell division in plants. 
However, these effects vary according to the amount of lead exposed, the duration of the effect, the 
developmental stage of the plant and the exposed plant tissue (Doğru 2020). Lead affects plants through their 
roots (Fahr et al 2013). The uptake of Pb by the roots of plants prevents its development by reducing nutrient 
intake (Öktüren & Sönmez 2006). Lead accumulation in plants causes stunted growth, chlorosis and darkening 
of the root system (Sharma &  Dubey 2005). In plants under extreme lead stress, the number of leaves 
decreases, their length becomes smaller and their leaves become more fragile (Gupta et al 2009). 

Cadmium (Cd) 

Today, it is one of the heavy metals, which is an important factor in environmental pollution. Among the 
heavy metals, it is an element with high solubility in water. Since it is soluble in water, it is taken into biological 
systems by plants and sea creatures, and it accumulates and spreads rapidly in nature (Özkan 2009). Cadmium 
is found in phosphate fertilizers, detergents and refined petroleum derivatives in compound form, and 
cadmium pollution occurs with their widespread use. It is used industrially in nickel/cadmium batteries, 
coating of steel in the ship industry, paint industry, alloys and electronics industry due to its resistance to 
corrosion, especially in sea conditions (Kahvecioğlu et al 2007). Cadmium is an element that is toxic to plants 
(Çatak et al 2000). Some of the cadmium sources that affect the respiration of plants; water pipes, burning coal, 
fertilizers used in the seed stage and flue gases released from factories (Kahvecioğlu et al 2007). 

There is no biological activity of cadmium, which is not an absolutely necessary metal in the nutrition of 
living things (Marschner 2008). Its mobility in the soil facilitates its inclusion in the food chain. Cadmium taken 
by plants causes disruption of many activities such as protein synthesis, nitrogen and carbohydrate 
metabolism, enzyme activation, photosynthesis and chlorophyll synthesis (Mengel 2001). Cadmium prevents 
the growth and development of plant roots, making it difficult to take water and ions, and also reduces the 
yield and quality of the plant because it inhibits the plant photosynthesis rate and enzyme activity (Asri & 
Sönmez 2007). In a study on legumes (alfalfa, soybean), it was reported that cadmium inhibits photosynthesis 
by respiration (Huang et al 1974). 

Some of the plants can carry high levels of metal in their bodies. These types of plants, which can 
accumulate many metals in a hundred times more than other plants without any damage, are called 
hyperaccumulator (metal accumulator) plants (Özbek 2015). Plants take the heavy metal from the soil into 
their body at high rates through their roots, transmit it to the stem and store it in other tissues and organs of 
the plant (stem and leaf). Studies to investigate the usability of these tolerant plants in the remediation of 
heavy metal-containing soils or waters are increasing. 

Phytoremediation is the use of hyperaccumulator plants (Dushenkov et al 1997) to bring the ecological 
pollution caused by heavy metals to a controllable level or to neutralize this pollution (Dushenkov et al 1997), 
a method of making nature cleaner and more useful through plants (Clemens et al 2002; Pulford &  Watson 
2003; Gardea-Torresdey et al 2005). In the phytoremediation technique, hyperaccumulator plants are selected 
that can absorb the heavy metals contained in the pollutants in the environment, have a high ability to 
accumulate in their tissues and passivate the heavy metals they have accumulated after different stages. Green 
breeding is a breeding method that achieves positive results by choosing genetically adjusted plants, especially 
selected, in the breeding of low and medium risk polluted environments. Compared with different breeding 
methods, it has many advantages such as low input cost, convenience in application and time saving (Glass et 
al 1999). 

Soybean (Glycine max L.) 

The first country where the soybean (Glycine max L.) plant, which is known to have emerged in the lands 
of East Asia about 5000 years ago, is accepted as China (Öner 2006). Soybean, which has been noticed in the 
Far East countries, has increased its importance in the region by creating an important food and livelihood for 
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the people living in these regions. Nutritionists underline that the use of soybean in food and animal feed use 
has increased rapidly in many countries in the last 30 years, and that it should increase even more in terms of 
good nutrition (Thuzar et al 2010). 

Soybean is one of the plants with the largest cultivation area in the world (Turhan 2019). According to 2018 
data, 34.68% of the world's oilseed production belongs to soybeans and ranks sixth among the most produced 
plants in the world (FAO 2019). According to 2022 data, world soybean cultivation area is 126.951.517 ha and 
production is 353.463.735 million tons. In our country, according to the agricultural statistics of 2021; soybean 
cultivation area was 438.917 da and soybean production was 182 thousand tons (TUIK 2021). Since our country 
cannot meet the demand for soybean, it is an importer country, and according to the data of 2021, it imported 
3.0 million tons of soybean annually (Anonymous 2021). Soybean plant grows successfully in many parts of 
the world, as it adapts to various climatic conditions. The highest yield is obtained in climates where the 
temperature is 25°C between May and September. Temperatures lower than 18 °C  and higher than 40 °C  
adversely affect the growth and development of soybean plant (Tüfekçi 2019). 

80% of soybean (Glycine max L.) cultivation in Turkey is grown as a second crop in Çukurova (Metin and 
İlker 2016). Considering its place in human and animal nutrition (poultry, small cattle, dairy and beef cattle) 
and its workability in the industrial field, it is understood that the value of soybean has increased in our 
country (Nazlıcan 2010). Soybean, which is one of the few important plants in the world, takes its place as a 
protein source in the rations of poultry, sheep and cattle, dairy and beef cattle (Öner 2006). It is rich in linolenic 
acid, also known as omega-3 fatty acid. The amount of omega-3, which cannot be made by the body and is 
one of the essential fatty acids, varies by 5-11% in soybean (Arıoğlu 2007). Soybean, which has a wide place in 
the industry, is used as a variety of foodstuffs due to the excess protein content (in the production of flour, 
milk, yogurt and cheese in the production of soybean meat); It is used in the manufacture of many industrial 
products (paint, linoleum, glue, etc.). In summary, soybean, which is beneficial in all respects, is one of the 
most valuable industrial plants in the world (Turhan 2019). 

Damage to the soybean plant during its developmental stages can create stress in the plant, which can 
negatively affect plant growth and development. The ability of soybean plant to compensate for these 
negativities is quite low. In the studies carried out to eliminate the damage caused by heavy metals in 
agricultural lands, it has been focused on preventing heavy metals from reaching people directly or indirectly. 
Studies conducted with many plant varieties also show differences in the reactions of plants to heavy metal 
stress. As a result of our literature research, it is seen that there are few studies of heavy metal stress in soybean 
plant. This study was carried out to determine the effects of soybean plant on some parameters against heavy 
metal stress, which has become an important agricultural problem in the world and in our country. 

2. Materials and Methods 

The study was carried out as pot work in the greenhouses of Atatürk University Plant Production 
Application and Research Center in 2021. In the study, 'Yeşilsoy' forage soybean variety, which was registered 
by the Eastern Mediterranean Agricultural Research Institute, was used as plant material. In pots with a 
volume of 2 liters; Garden soil, sand, peat mixture was filled and planted at a depth of 2-3 cm, with 5 seeds in 
each pot. The plants that reached the seedling stage were thinned so that three plants with homogeneous 
appearance were left in each pot. 

Heavy Metal Application 

Attempt; cadmium 3 doses (CdSO 4.8H 2O (100, 200 and 300 mg/kg), lead 3 doses (PbNO3 (1000, 2000 and 
3000 mg/kg) and 1 control group (no application), 7 applications, 3 replications) and 5 pots from each 
replication, a total of 105 (7x3x5=105) pots were conducted in a randomized plot design. To pollute the soil, 
different concentrations of cadmium (Cd) (100, 200 and 300 mg/kg) and lead (Pb) (1000, 2000 and 3000 mg/kg) 
metals were mixed into the trial soil and watered in the amount of field capacity and the incubation period of 
3 weeks was started. At the end of the incubation period, soybean seeds were planted. The pot trial was 
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completed in 50 days and at the end of the trial, the measurements, observations, weighing and analyzes stated 
below were performed while the plants were in or out of the pots. has been made. 

Body Diameter (mm) 

The stem (stalk) part of the above-ground parts of the plants at the harvest stage was measured in mm 
using a digital caliper (Güllap et al 2022). 

Above Ground Fresh Weight (g/plant) 

It was calculated by removing the above-ground part of the plant, weighing each plant on a sensitive scale 
and taking the average (Güllap et al 2022). 

Above Ground Dry Weight (g/plant) 

It was calculated by drying in an oven at 68°C for 48 hours (Güllap et al 2022). 

Root Fresh Weight (g/plant) 

The roots were removed from the soil, washed and cleaned of soil particles, and then the water was 
removed with blotting papers. Its weight was determined by weighing it on a precision scale (Güllap et al 
2022). 

Root Dry Weight (g/plant) 

The measurement was made by drying in an oven at 68°C for 48 hours (Güllap et al 2022). 

Seedling Length (cm) 

It was measured in cm with a ruler (Güllap et al 2022). 

Number of Leaves (piece/plant) 

The number of leaves in each pot and each plant was taken as a number and the average was calculated 
(Güllap et al 2022). 

Amount of Chlorophyll (as SPAD Value by Chlorophyll Meter) 

Chlorophyll content of plant leaves (SPAD-502, Konica Minolta Sensing, Inc., Japan brand) was determined 
with the SPAD-502 meter device (Lichtenthaler &  Wellburm 1983). 

Leaf Area (cm2 /plant) 

Leaf areas of the plants in each heavy metal application were determined with a leaf area meter (LICOR, 
Model: LI-3100, Lincoln, USA) (Güllap et al 2022). 

Tissue Electrical Conductivity 

An indication of the damage caused by the stress on the leaf tissue and especially in the cell membrane is 
the electrical conductivity measurements taken from the wet leaf tissues. For this analysis, discs (1cm in 
diameter) taken from the last grown true leaves of 2 plants taken randomly from each of the replications were 
placed in glass bottles filled with 20 ml of distilled water, shaken for 24 hours in the shaker, and then the 
electrical conductivity of the soaking water was measured with a device, and the permeability of the cell 
membrane was determined. (damage rate) was determined (EC1). The samples were placed in an autoclave 
and kept at 121 °C for 20 minutes, and the second measurement was taken (EC2). Relative electrical 
conductivity values were determined by calculating the EC1/EC2 ratio (Kaya et al 2003). 

Tissue Proportional Water Content (RWC) 

The leaf discs (1 cm in diameter) taken from 2 randomly selected plants among the plants in the treatments 
were immediately weighed and their fresh weights were determined (TA). After weighing, the discs were 
taken into petri dishes containing 20 ml of distilled water and kept for 5 hours, then the discs were wiped with 
the help of blotting paper, the excess water was removed and weighed again. With this method, turgorous 
weights (TU) were determined. Afterwards, these discs were taken into petri dishes, dried in an oven at 72°C 
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for 48 hours, and their dry weights were determined (KA). Tissue water content  (RWC) values were calculated 
according to the following formula (Kaya et al 2003). 

(RWC) = [ ( TA – KA) / ( TU – KA ) ] x 100 

Determination of Catalase (CAT - EC: 1.11.1.6) Activity (EU/Gta) 

The method used to determine catalase (CAT) activity is the method used by researchers named Havir &  
Mchale (1987) on the principles in the literature of Luck (1965). According to this method, the activity 
determination was made on the basis of monitoring the absorbance decrease at 240 nm while providing the 
conversion of H 2O 2  to O2 and H2O for catalase (CAT) activity measurement (Havir &  Mchale 1987). 

Determination of Peroxidase (POD - EC: 1.11.1.7) Activity (EU/gTA) 

In order to determine the peroxidase (POD) activity assay, guaicol was made by monitoring the absorbance 
increase of the colored compound, which is the result of the reaction in which H 2O 2 is the substrate, at 470 
nm (Angelini et al 1990). 

Determination of Superoxide Dismutase (SOD – EC: 1.15.1.1) Activity (EU/Gta) 

Superoxide dismutase (SOD) activity, inhibition of photochemical reduction of nitro blue tetrazolium 
(NBT) was determined on the basis of spectrophotometric detection (Agarwal and Pandey 2004; Yordanova 
et al 2004). 

Hydrogen Peroxide (H 2O 2) Analysis (mmol/kg) 

Hydrogen peroxide (H 2O 2) analysis, Velikova et al (2000) was carried out according to the method 
reported. (H 2O 2)  contents were calculated using a pre-made standard calibration curve using different 
concentrations of (H 2O 2) 

Malondialdehyde (MDA) Analysis(nmol/g) 

Thiobarbituric acid (C 4H 2 N 2O 2S)-reactive substances are formed as a byproduct of lipid peroxidation (ie 
degradation products of fats). Therefore, TBARS values were measured as mal ondialdehyde (MDA), which 
is a degraded product of lipid and determines lipid peroxidation. Lipid peroxidation analysis, Şahin et al. It is 
based on the transaction steps reported in (2018). MDA concentration was determined from the absorbance 
curve using an extinction coefficient of 155 mmol/L. 

Statistical Evaluation 

The experiment was set up in a randomized plot design with three replications. All the data obtained at 
the end of the study were subjected to the variance analysis test with the SPSS 18 package program, and the 
comparison of the averages was made according to the Duncan multiple comparison test (Yıldız &  Bircan 
1991). 

Intervention ARY studies involving animals or humans, and other studies that require ethical approval, 
must list the authority that provided approval and the corresponding ethical approval code. 

3. Results 

The differences in the mean stem diameter (mm), plant fresh and plant dry weight (g), root fresh and root 
dry weight (g) of lead (Pb) and cadmium (Cd) applications are presented in Table 1. It is known that heavy 
metal accumulation in the soil negatively affects plant production and reduces the yield and quality obtained 
from the unit area (Yerli 2020). In our study, the application without Pb and Cd pollution in all parameters 
(control application) had the highest values. With the increase of metal concentration, the amount of decrease 
in the values accelerated. For example, the difference between the lowest doses (Pb1000-Cd100) of the control 
application and Pb-Cd applications was 0.04-0.05 mm, while the difference between the highest doses (Pb3000-
Cd300) was 0.36-0.28 mm. Similarly, in the plant fresh weight parameter, the control group has a higher weight 
than the plants in all treatments, but the decrease in the first applications (Pb1000-Cd100) was 0.52-0.83 g, 
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while in the highest concentration application (Pb3000-Cd300) it was 2.52-2 compared to the control. There 
was a weight loss of .39 g. The lowest value (1.45 g) in plant dry weight measurements was obtained from Cd 
300 application. The negative effects of increasing doses of cadmium on plant weight have been supported by 
many studies (Bachir et al 2004; Tiryakioğlu et al 2006; John et al 2009; Safarzadeh et al 2013). The increase in 
metal concentration in root fresh and dry weights had a reducing effect on root mass. Researchers have 
reported that root inhibition is an important factor in determining metal toxicity (Lyu et al 2018). In our study, 
Pb (3000) and Cd (300) applications caused a 52-70% decrease in root fresh weight and 63-76% decrease in root 
dry weight compared to the control application (Table 2). According to Groppa et al (2008) determined as a 
result of his studies that heavy metals negatively affect root growth, development and new root formation in 
plants. 

Table 1. Effects of Applications on Plant Growth in Soybean1 

Treatments  
(mg kg-1) 

Stem Diameter 
(mm) 

Plant Fresh weight 
(g) 

Plant Dry Weight 
(g) 

Root Fresh Weight 
(g) 

Root Dry Weight 
(g) 

Control 2.35 a 8.41 a 2.29 a 1.66 a 0.62 a 
Pb 1000 2.31 a 7.89 a 1.96 ab 1.38 ab 0.35 b 
Pb 2000 2.25 ab 7.64 a 1.87 abc 1.11 abc 0.28 bc 
Pb 3000 1.99 c 5.89 b 1.61 bc 0.79 bc 0.23 bc 
Cd 100 2.30 a 7.58 a 1.95 ab 1.02 abc 0.19 bc 
Cd 200 2.19 ab 7.15 ab 1.91 ab 0.69 bc 0.16 c 
Cd 300 2.07 bc 6.02 b 1.45 c 0.50 c 0.1 c 

1Means marked with different letters are statistically different. 

The average seedling length, which is one of the basic growth parameters, was determined as 20.06 cm in 
the control application (Table.2). Plant height averages of lead (Pb) and cadmium (Cd) metal applications were 
behind the average seedling height of the control group. Plant heights in lead applications were measured as 
19.93 cm, 18.06 cm and 16.53 cm. A 17% height loss was observed between the seedling height of the control 
group and the highest concentration of lead application (3000 mg/kg). The average seedling height in Cd 
applications is 19.13 cm, 17.26 cm and 16.26 cm. The average height of the plants grown under the conditions 
of the highest Cd application (300 mg/kg) was determined as 19% shorter than the control group. In the stress 
studies on the subject, Siyah et al (2013) found that Cd applications in cotton plant, Aksu (2019) lettuce, Yılmaz 
& Kökten (2019) sorghum reduced plant height, root-stem dry and wet mass growth parameters compared to 
control. 

Table 2. Effects of Applications on Seedling Height, Number of Leaves, Chlorophyll Value (SPAD) and Leaf Area in 
Soybean1 

Treatments (mg kg-1) Seedling height (cm) Number of leaves (pcs/plant) Chlorophyll SPAD Leaf area (cm²/plant) 
Control 20.06 a 13.60 a 37.50 a 112.75 a 
Pb 1000 19.93 a 11.13 b 37.10 ab 101.48 ab 
Pb 2000 18.06 bc 11.06 b 35.46 bc 90.98 bcd 
Pb 3000 16.53 cd 10.80 b 34.89 c 87.46 bcd 
Cd 100 19.13 ab 11.66 b 35.96 abc 99.51 abc 
Cd 200 17.26 cd 11.03 b 35.03 c 86.69 cd 
Cd 300 16.26 d 11.53 b 34.66 c 83.99 d 

1Means marked with different letters are statistically different. 

In the study carried out under greenhouse conditions, it was determined that Cd and Pb applications 
caused a decrease in the number of leaves, leaf area and chlorophyll values in soybean (Table 2). While the 
lowest value (10.80 pieces/plant) was observed in the application of lead (3000 mg/kg), it was determined that 
all doses of Cd and Pb were in the same group statistically in terms of the number of leaves. Chlorophyll 
(SPAD) value decreased statistically in all treatments of Pb and Cd compared to the control treatment. One of 
the negative effects of cadmium toxicity on plants is that it affects the chlorophyll biosynthesis process 
(Sheoran et al. 1990). It has also been reported that all heavy metals increase chlorophyll destruction and inhibit 
its synthesis (Zengin & Munzuroğlu 2005). In terms of leaf area, the highest value was observed in the control 
application with 112.75 cm², while the lowest value was found in the Cd 300 application with 83.99 cm². In 
general, applied heavy metals decreased the leaf area compared to the control application (Table 2). It is known 
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that the essential nutrients of plants exposed to metal toxicity are less than plants under control conditions. 
Therefore, plant height, number of leaves and leaf area have lower values (Mengoni et al 2000; Jayakumar et 
al 2007) 

The effects of different doses of heavy metal applications on tissue electrical conductivity (DEI) and tissue 
proportional water content (RWC) values in soybean are shown in Table 3. As Pb and Cd stress increased, it 
was observed that DEI value increased in soybean compared to the control application. The lowest value was 
seen in Cd 100 application as 16.25%. In  RWC values, heavy metal applications showed a decreasing trend, 
although there was not much difference compared to the control, and the closest average value to the control 
was seen in Cd 100 application as 83.54% 

Table 3. Effects of Applications on Electrical Conductivity and RWC in Soybean1 

Treatments mg/kg MP (%) RWC (%) 
Control 15.91 c 84.42 a 
Pb 1000 16.3 bc 82.95 a 
Pb 2000 18.7ab 80.8 bc 
Pb 3000 19.9 a 78.81 d 
Cd 100 16.5 c 83.54 a 
Cd 200 17.3 bc 81.18 b 
Cd 300 19.16 a 79.01 cd 

1 Means marked with different letters are statistically different. 

Metal applications create toxicity in the plant, affect the plasma membrane permeability and cause a 
decrease in water content. Cadmium has been reported to interact specifically with water balance (Barceló et 
al 1986; Poschenrieder et al 1989; Costa &  Morel 1994). The decrease in RWC values may be due to the decrease 
in hydraulic conductivity caused by metal applications (Ehlert et al 2009). Previous studies have shown that 
metal toxicity causes a decrease in  RWC values in some plant species (Manousaki &  Kalogerakis 2009; Ahmad 
et al 2011). 

Table 4. Effects of treatments on antioxidant enzyme activities (CAT, POD and SOD) in Soybean1 

Treatments (mg/kg) CAT-(EU/Gta) POD-(EU/gTA) SOD-(EU/Gta) H 2O 2-(mmol/kg) MDA- (nmol/g) 
Control 0.017 b 27.84 a 77.20 cd 241.66 e 157 d 
Pb 1000 0.014 cd 21.52 bc 80.86 bc 310.04 c 2.04 c 
Pb 2000 0.036 b 12.06 e 83.82 b 313.63 c 4.54 a 
Pb 3000 0.077 a 18.29 cd 73.38 d 366.67 a 4.45 a 
Cd 100 0.008 e 14.17 de 90.24 a 272.68 d 1.9 c 
Cd 200 0.012 de 23.10 b 92.59a 266.04 d 2.35 b 
Cd 300 0.013 cde 14.05 de 92.05 a 331.73 b 2.30 b 

1 Means marked with different letters are statistically different. 

In the phytoromediation technique, antioxidant enzymes play a major role in the process of heavy metal 
uptake by plants or in the process of heavy metal stress (Bhaduri & Fulekar 2012). This role is to allow the 
plant to survive in case of heavy metal overload in plant organs. Numerous studies have reported that the 
working principle of enzyme activity depends on a combination of parameters such as the type of stress 
conditions, its functioning in the plant, and the type of plant. Table 4 shows the effects of heavy metal 
applications on antioxidant enzyme activities in soybean. It was observed that the activation of catalase 
enzyme increased as the cadmium concentration increased. In the lead application, it was concluded that the 
Pb1000 concentration decreased below the control group and increased in other applications. There was a 
decrease in POD value compared to the control application. The highest POD value was 23.10 in Cd 200 
application. There was a regular increase in SOD values except for Pb 3000 application. It was observed that 
there was an increase in SOD enzyme activity in parallel with the increasing concentration in cadmium 
application. The highest increase was observed in the Cd 200 application as 92.59, followed by the statistically 
similar Cd 100 (90.24) and Cd 300 (92.05) applications. Cadmium-induced increases in enzyme activities in 
soybean are in agreement with other studies (Melo et al 2011; Alyemeni et al 2017; Finger-Teixeira et al 2010). 

In Table 4, it was observed that hydrogen peroxide (H 2O 2) and malondialdehyde (MDA) activity increased 
in the soybean plant treated with Pb and Cd compared to the control application. The highest peroxidase 
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(H2O2) values were observed in Pb 3000 and Cd 300 applications as 366.67 and 331.73 mmol/kg, respectively. 
Again, the highest malondialdehyde (MDA) value was determined as 4.54 nmol/g in the Pb 2000 dose, which 
increased compared to the control application, and it was found to be in the same group statistically with the 
subsequent Pb 3000 (4.46) application. Malondialdehyde (MDA) is a value that varies depending on the type 
and severity of the stress source (Tunçtürk et al 2021). In a study on quinoa, it was stated that root length, root 
fresh-dry weight and chlorophyll amount decreased due to the increase in drought stress, but the MDA value 
increased by 82% (Aslam et al 2020). In a thesis study examining the effects of cadmium applications on 
hydrogen peroxide (H 2O 2) and malondialdehyde (MDA) activities in cress, it was observed that the values 
increased due to the increase in metal application (Alım 2020). 

Reducing the existing pollution through in situ plants has been one of the research topics of recent years. 
Knowing the metal uptake removal system of the plant to be used is a very important factor for success in 
removing pollution. In this study, it was tried to understand the reactions of soybean to heavy metal 
applications in greenhouse conditions through some parameters. It was observed that lead and cadmium 
metals significantly suppressed plant growth. However, since the results of the research are based on one-year 
data, it may be recommended to repeat the research by using more genotypes and metal concentrations, and 
to conduct similar studies in field conditions where soil depth and climate factors are important in order to 
reveal more reliable and precise results for the purpose of the research. 

4. Discussion 

Reducing existing pollution through plants has been one of the research topics of recent years. Knowing 
the metal uptake and removal system of the plant to be used in the environment, It is a very important factor 
for success in eliminating pollution. In this study conducted. The tolerance of soybean to heavy metal 
applications under greenhouse conditions was tried to be understood through some parameters. Lead and 
cadmium metals have important effects on plant growth. It was observed that it suppressed the research results 
consist of one year's data. Research using more genotypes and metal concentrations It may be recommended 
to repeat. 
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