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Ağır metal kirliliği son yıllarda artan çevre kirliliğini oluşturan 

etmenlerin başında gelmektedir. Kurşun, sanayide en fazla kullanılan 

elementlerden biri olduğu için toprak kirliliğinde tespit edilmektedir. 

Toprak kirliliğinin giderilmesinde son yıllarda alternatif bir yöntem 

olarak fitoremediasyon tercih edilmektedir ve fitoremediasyon toprağın 

biyolojik özelliklerini ve fiziksel yapısını korumaktadır. Bu çalışmada, 

EDTA (etilendiamin tetraasetik asit) ve hümik Asit şelatlayıcı 

ajanlarının ve mikrobiyal gübrelemenin kurşunla kirlenmiş topraklarda 

Allium cepa L. (soğan)’nın fitoremediasyon etkinliği ve bitki büyüme 

parametreleri üzerindeki etkileri araştırılmıştır. Buna göre EDTA + 

mikrobiyal gübre kombinasyonu uygulanan saksılarda kök tolerans 

indeksi Tİ değerlerinin daha yüksek olduğu tespit edilmiştir. Hümik asit 

uygulanan saksılarda ise kök Tİ değerleri daha yüksektir.  Yine EDTA 

+ mikrobiyal gübre kombinasyonu uygulanan saksılarda yaprak yaş 

ağırlık ve kuru ağırlık Tİ değerleri yüksektir. Araştırmada mikrobiyal 

gübrenin türün tolerans indeksini arttırdığı tespit edilmiştir. A. cepa’da 

Pb değerlerlerine göre 5 mmol kg-1 EDTA ilaveli saksılarda sırası ile 

kök, soğan, yaprak ve toplam bitkide (28.93 mg kg-1, 36.16 mg kg-1, 

262,56 mg kg-1,327.65 mg kg-1) bulunmuştur. Hümik asit ilaveli 

saksılarda toplam bitkide 10 mmol kg-1’da yüksek akümülasyon (16.19 

mg kg-1) bulunmuştur. Bitkinin Pb’yi yaprağında daha çok biriktirme 

eğilimi gösterdiği tespit edilmiştir. EDTA ve hümik Asit şelatlarında 

BCF değerlerinin 1’den büyük olduğu tespit edilmiştir. 

Şelat+mikrobiyal gübre kombinasyonunda yetiştirilen A. cepa 

biyokonsantrasyon fakötürü (BCF) değerlerinin 1’den küçük olduğu 

tespit edilmiştir. Sonuç olarak mikrobiyal gübre ilavesinin türün Pb 

alımını düşürdüğü söylenebilir. 
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 Heavy metal pollution is one of the leading environmental pollution 

increasing in recent years. Since lead is one of the most widely used 

elements in industry, it is detected in soil pollution. In recent years, 

phytoremediation has been preferred as an alternative method for the 

removal of soil pollution and phytoremediation protects the biological 

properties and physical structure of the soil. In this study, the effects of 

EDTA (ethylenediamine tetraacetic acid) and humic acid chelating agents 

and microbial fertilization on phytoremediation efficiency and plant 
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Humic Acid  growth parameters of Allium cepa L. (onion) in lead contaminated soils 

were investigated. Accordingly, it was determined that root TI values were 

higher in the pots where EDTA+ microbial fertilizer combination was 

applied. In the pots where humic acid was applied, root) tolerance index 

(TI) values were higher.  Again, leaf wet weight and dry weight TI values 

were higher in the pots where the EDTA+microbial fertilizer combination 

was applied. It was determined that microbial fertilizer increased the 

tolerance index of the species. According to Pb values in A. cepa, it was 

found in root, bulb, leaf and total plant (28.93 mg kg-1, 36,16 mg kg-1, 

262.56 mg kg-1, 327. 65 mg kg-1) in pots with 5 mmol kg-1 EDTA addition, 

respectively.  High accumulation (16.19 mg kg-1) was found at 10 mmol 

kg-1 in total plant in pots with humic acid addition. It was found that the 

plant tended to accumulate Pb more in its leaves. BCF values of EDTA 

and humic acid chelates were found to be greater than 1. Bioconcentration 

factor (BCF) values of Allium cepa grown in chelate + microbial fertilizer 

combination was found to be less than 1. As a result, it can be said that the 

addition of microbial fertilizer decreased the Pb uptake of the species. 
To Cite: Tanyıldız Aİ., Kılıç DD. Investigation of Chelate and Microbial Fertilizer Assisted Phytoremediation Efficiency of 

Onion (Allium Cepa L.) in Lead Contaminated Soils. Osmaniye Korkut Ata Üniversitesi Fen Bilimleri Enstitüsü Dergisi 

2023; 6(Ek sayı): 263-277. 
 

Introduction 

With the development of industry, environmental pollution has become one of the most important 

problems of the last century. Chemical substances, petroleum products, thermal and nuclear power 

plants, solid wastes accumulated in the soil, metals, paper, leather, textile, cement, factory wastes, 

accumulation or burial of some solid wastes in inappropriate places, fertilizers and growth regulators 

(pesticides, fungicides, herbicides) are among the factors of soil pollution. Heavy metals are the 

leading cause of soil pollution. Heavy metals in the soil, in addition to reducing soil fertility, cause the 

microorganisms in the soil to be adversely affected and the yield and quality of the grown products to 

decrease. Moreover, heavy metals harm humans and animals through the food chain. Therefore, it has 

become inevitable to conduct studies and research for the elimination of heavy metal pollution in the 

ecosystem (Pinto et al., 2011; Lu et al., 2012; Zhou et al., 2020). Heavy metals cause inadequate 

development of vegetative and generative organs of plants, disruption of physiological activities such 

as photosynthesis, germination, stomatal functions, enzyme, protein synthesis, production and activity 

of hormones. Lead is a group IV A element of the periodic table with atomic number 82, atomic 

weight 207.19 g/mol and symbol Pb. Lead is the most widespread of the heavy metals, widely used in 

industry and easily processed. Above 550 ºC, it evaporates in the ambient air and the condensed lead is 

emitted as lead oxide particles. Lead is one of the leading heavy metals that cause environmental 

pollution. Lead can be transferred to plants through air, water and soil and to other living organisms 

through the nutrient cycle (Wang et al., 2009). Pb, which is naturally present in all soils, poses a 

potential problem for plant and human health when its concentration exceeds 100 mg kg-1 and its 

extractable amount exceeds 4 mg kg-1 in agricultural areas (Chapman, 1971; Pak, 2011). 

In recent years, phytoremediation has been preferred as an alternative method for the removal of soil 

pollution and phytoremediation protects the biological properties and physical structure of the soil 

(Khan et al., 2000; Kılıç and İpek, 2019, Tanyıldız et al., 2022,  İpek 2019). Phytoremediation is the 
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removal of contaminants from contaminated areas using plants. Phytoremediation of contaminated 

areas helps to clean and protect the soil from pollution. It prevents the spread of pollution and enables 

soil recovery (Nair et al., 2019). Phytoremediation is classified as phytoextraction, phytostabilization, 

phytovolatilization, rhizodegradation, phytodegradation, rhizofiltration according to the way the 

pollution is separated (Er et al., 2021). Plants are called hyperaccumulators when they can accumulate 

50 to 500 times more heavy metals in their organs (Elkıran, 2016; Clemens, 2006; Baker and Brooks, 

1989). Although these plants accumulate 100 to 1000 times heavy metals in their organs, they do not 

show toxicity (Elkıran, 2016; Özay and Mammadov, 2013). The use of chelates to increase the 

accumulation efficiency of plants has been an increasing practice in recent years (Romkens et al., 

2002; Zhang et al., 2016). Among the most widely used chelating agents in the literature, 

ethylenediaminetetraacetic acid, ethyleneglutaric acid, diethyltriaminepentaacetic acid, sodium 

dodecyl sulfate, nitrilotriacetate, humic acid, boric acid, etc. can be given as examples (Ladillas, 

2012).  Ethylenediaminetetraacetic acid (EDTA) forms strong complexes with metal ions and is an 

effective chelate that affects and increases the solubility, mobility and bioavailability of heavy metals 

in soil (Shahid et al., 2014; Oh and Yoon, 2014; Guo et al., 2020). In various studies, EDTA 

application to soil has been reported to increase phytoextraction and bioaccumulation of Cd, Zn and 

Pb in plants (Farid et al., 2013; Hadi et al., 2014; Ali et al., 2020).  However, there are also some 

disadvantages of applying different chemicals to soil and plants.  Applied chemicals can leach into 

groundwater, causing toxicity to plants and disrupting of translocation of heavy metals.  In addition, 

these chemicals may not biodegrade and may form complexes with other heavy metals, which can 

cause a secondary source of pollution (Nowack et al., 2006; Ali et al., 2020). Humic acids are 

macromolecules containing humic substances, which are organic substances distributed in nature 

(Haworth, 1971). Due to their amphiphilic character, humic acids form micelle-like structures under 

neutral or acidic conditions. Due to these properties, they are used in many fields such as agriculture, 

phytoremediation, medicine and pharmaceuticals (de Melo et al., 2016). Humic acids can retain 

pollutants and promote the natural breakdown of these substances by promoting the activity of 

microorganisms. The most important issue in the phytoremediation method is to select fast-growing 

hyperaccumulator plants that can accumulate heavy metals without being affected by specific soil 

contamination conditions (Sheoran et al., 2016). However, the immobility of some metals in the soil 

creates a limitation in the uptake of the metal by the roots of the species even if suitable 

hyperaccumulator species are selected (Kayser et al., 2000; Padmavathiamma and Li, 2007; Park and 

Sung, 2020).  

Allium cepa is a widely cultivated vegetable species. Onion contains three different phytochemicals: 

organosulfur, flavonoids and fructan. In addition to vitamins C, E, B6, B2 and B1, it contains proteins 

such as lectin, pectin adenosine, fatty acids, essential amino acids, glycolipids and phospholipids 

(Pareek et al., 2017).   
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Research on phytoremediation has been conducted on the genus Allium. One of them is the study on 

Allium sativum L. species (Liu et al., 2009). It was reported that this species gave successful results on 

Cd uptake from soil. No other study on the hyperaccumulator property of A. cepa was found in the 

literature. The fact that this plant grows well and fast in Amasya conditions was an important factor in 

its selection for phytoremediation study. 

In this study; Allium cepa L. (onion), an agricultural plant, was used in soils synthetically 

contaminated with Pb ions; 

1. Effect of EDTA (Ethylenediamine tetraacetic acid) and Humic Acid on plant growth and 

development 

2. The ability of onion plant to accumulate Pb heavy metal and chelate effect on heavy metal uptake 

3. The hyperaccumulator property of the onion plant was investigated. 

 

Materials and Method 

Characteristics of the Experimental Area 

The experimental greenhouse was established in the Merzifon district of Amasya province. The 

synthetically contaminated soil was taken at a depth of 20 cm from the rural area of Akören Village, 

37 km away from Merzifon district, where there is no industry and traffic.  

 

Soil Preparation and Lead Used in the Experiment 

Based on the literature information, lead was added to the soil in the form of Pb(NO3)2; 100 mg kg-1 

and the soil was homogenized and kept for one month. The soil was then placed in 20 cm diameter 

plastic pots at a rate of 3000 g/pot. The experiment was carried out according to the factorial 

experimental design in randomized blocks with three replications. The experiment was conducted 

under greenhouse conditions with natural light, 14 h (24.2 °C) / 10 h (16.7 °C) day/night cycle and 

about 50% relative humidity. The moisture content of the soil in the pots was maintained at about 75% 

of the field capacity. The pots were watered twice a week according to the soil water holding capacity. 

The chemical properties of the soil used in the experiment and the methods were as follows. Saturation 

62, pH 7.76, EC 572 ds/cm (Richards, 1954); lime 14% (Çağlar,1949); organic matter 7.99% (Walkley 

and Black, 1934); phosphorus 6.726 kg/da (Olsen et al., 1954); potassium 7.116 kg/da (Bower and 

Gschwend, 1952).  

 

Plant cultivation and chelate addition 

Shallots of A. cepa of equal size and weight were used in the experiment. Shallots were previously 

sterilized with a 10% sodium hypochlorite solution. They were then immersed in sterile distilled water 

for 2 hours and then immersed in 3.5% hydrogen peroxide solution for 5 minutes and finally rinsed 

with sterile distilled water. Experimental pots were grouped as chelate and chelate+microbial fertilizer 

combinations. Shallots were planted in 20 pieces per pot. Then, BM-MegaFlu branded fertilizer, 
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which is a mixed microbial fertilizer prepared as 1 liter per 100 mL, was added to the experimental 

pots selected as chelate + microbial fertilizer. After the vegetative growth of the plants (8 weeks), 

EDTA and humic acid chelates were added to the soil at doses of 0-2.5-5.0-10 mmol kg-1. Plants were 

harvested four weeks after chelate addition. The pots without the addition of heavy metal, chelate, 

chelate + microbial fertilizer were determined as the control group. After harvesting, all plants were 

washed to remove sludge and other objects from the root zone and rinsed three times with deionized 

water.  

 

Chemical Analyses 

The plants were divided into three parts: root, bulb and leaf and all plant parts were dried in an oven at 

110 °C for 30 minutes and then at 70 °C for 96 hours until constant weight. Lead heavy metal analyses 

were carried out using a microwave analysis system for mineralization. For this purpose, the sample 

was placed in a glass container, added enough 65% nitric acid and disintegrated by stirring at 50 °C 

for 2 hours. Metal amounts were determined by the Inductively Coupled Plasma-Optical Emission 

Spectrometry (ICP-OES) method. For leaf dry matter content, the leaves of 4 plants selected during 

harvesting were weighed on a precision balance and their wet weights were determined in grams then 

dried in an oven at 65 °C for 72 hours and their dry weights were determined in g (Kacar and İnal, 

2008).   

 

Calculations and Statistical Analyses 

Tolerance index (TI) as plant growth index is based on plant growth parameters such as root and green 

parts length, root and green parts wet and dry matter and is calculated as follows (Wilkins, 1978). Root 

and leaf lengths were measured with a ruler. 

TI(%)=(Metal treated plant growth parameters / Control plant growth parameters) x 100 

The Bioconcentration factor (BCF) used in the selection of plants to be grown for phytoremediation 

was calculated as follows (Padmavathiamma and Li, 2007). 

Bioconcentration factor (BCF)= Heavy metal concentration in harvested plant/ Soil heavy metal 

concentration 

The translocation factor (TF) of each metal in plants was calculated as the total metal content in shoots 

divided by the total metal content in roots. Both factors were calculated on a dry mass basis (Brooks, 

1994; Gurajala et al., 2019).  In this study, root and green leaf parts were used as plant growth 

parameters. 

Heavy metal concentrations in each sample were determined by making 5 series of measurements with 

3 repetitions and statistical analysis of the data was performed using SPSS (Version 18) package. 
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Results and Discussions 

Plant growth parameters of A.cepa species are given in Table 1. According to this, higher root TI 

values (120%, 100%, 120%) were obtained in pots applied with EDTA + microbial fertilizer 

combination. In the pots where humic acid was applied, root TI values were higher. Again, leaf wet 

weight and dry weight TI values were higher in the pots where the EDTA + microbial fertilizer 

combination was applied. Thanks to the microbial fertilizer, the tolerance index of the species has 

increased. In the study, it was found that EDTA and humic acid decreased the negative effects of Pb 

on the growth factors of onion plants and increased lead accumulation. Mousavi et al., (2021) reported 

that EDTA increased the tolerance index and alleviated the harmful effects of Cd on okra plants in 

their experiments with Abelmoschus esculentus. Gul et al., (2020) reported that EDTA increased Pb 

concentration in shoots, roots and uptake of Pelargonium × hortorum L.H. Bailey (synonym of 

Pelargonium × hybridum (L.) L'Hér. ) but showed phytotoxicity by decreasing biomass and tolerance 

index. In a study conducted on Brassica napus L. species, it was reported that humic acid application 

caused an increase in shoot and root TI values (Canal et al., 2022). Contrasting results were obtained 

in studies with chelate application. The increase in heavy metal intake together with the intake of 

beneficial nutrients in chelated soils causes a decrease in the amount of root, onion and leaf dry matter 

(Nascimento et al., 2006). The addition of chelating agents increases the availability of Pb in the soil, 

thus negatively affecting plant growth (Yang et al., 2022). In another study, it was found that EDTA 

inhibited plant growth in EDTA treated soils (Ali and Chaudhury, 2016; Tanyıldız et al., 2022; İpek, 

2019). In the study, A. cepa species exposed to high EDTA levels showed toxic effects manifested as 

necrosis and chlorosis. A similar situation was reported in a study with Zea mays (Hovsepyan and 

Greipsson, 2005). 

 

Table 1. Plant parameters, root and leaf data and tolerance index (TI) values for chelate and chelate + 

microbial fertilizer doses used in the experiment 

  
Chelate 

Dose 

Root 

Length 

(cm)  

Root 

(Tİ) 

Leaf 

Length 

(cm)  

Leaf 

(%Tİ) 

Leaf Wet 

weight (g) 

Leaf 

Wet 

weight 

(%Tİ) 

Leaf Dry 

weight 

(g) 

Leaf Dry 

weight 

(%Tİ) 

EDTA 

(mmol kg-1) 

  

  

0* 6±0.08 
 

31±0.12 
 

10.59±0.4 
 

2.2±0.1 
 

2.5 5±0.07 83 30±0.11 91 10.45±0.1 99 2.0±0.1 91 

5 5±0.07 83 32±0.13 109 8.80±0.3 83 1.11±0.1 50 

10 6±0.08 100 30±0.12 91 20.69±0.8 195 6.2±0.6 282 

EDTA  

+ Microbial 

Fertiliser 

  

0 5±0.10 100 42±0.16 100 10.30±0.4 
 

2.5±0.3 
 

2.5 6±0.11 120 40±0.15 83 10.80±0.1 105 3.3±0.4 132 

5 5±0.10 100 40±0.15 83 20.12±0.9 195 4.2±0.4 168 

10 6±0.11 120 41±0.14 92 20.85±0.9 202 5.7±0.5 228 

Humic acid 

(mmol kg-1) 

0 6±0.08 
 

31±0.13 
 

20.83±0.5 
 

2.5±0.5 
 

2.5 7±0.08 117 32±0.13 109 20.46±0.5 98 4.8±0.5 83 
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5 8±0.10 133 32±0.13 109 10.08±0.1 48 2.5±0.3 43 

10 5±0.07 83 30±0.13 91 10.03±0.1 48 2.2±0.3 38 

Humic acid 

+ Microbial 

Fertiliser 

0 7±0.12 
 

40±0.11 
 

10.37±0.4 
 

2.3±0.2 
 

2.5 7±0.12 100 41±0.11 110 20.07±0.6 194 4.3±0.5 187 

5 5±0.10 71 41±0.12 110 20.11±0.4 194 4.4±0.5 191 

10 6±0.10 86 40±0.11 100 20.17±0.5 195 3.9±0.4 170 

  * Control group 

The root length of the species did not show a significant difference in the trials (p>1). Leaf length was 

lower in EDTA trials and higher in EDTA+microbial fertilizer combinations. Leaf dry weight was 

higher in EDTA and EDTA+microbial fertilizer combinations with a TI value of 10 mmol kg-1. Humic 

acid increased at a dose of 2.5 mmol kg-1, while other doses were not affected. Humic acid and 

microbial fertilizer combination increased the amount of leaf dry matter.  Angin et al., (2008) reported 

that humic acid positively affected leaf dry matter weight and increased Pb uptake. 

In Allium cepa, Pb values were found in root, bulb, leaf and total plant (28.93 mg kg-1, 36.16 mg kg-1, 

262.56 mg kg-1, 327.65 mg kg-1) in pots with 5 mmol kg-1 EDTA addition, respectively (Figure 1 

A,B,C,D ). 

 

Figure 1. Pb uptake in plant organs and total plant of A. cepa species at chelate and chelate + microbial 

fertilizer combination doses (A; Pb uptake in the total plant, B; Pb uptake in the root, C; Pb uptake in 

the bulb,  D; Pb uptake in leaf)  
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High accumulation (16.19 mg kg-1) was found at 10 mmol kg-1 in total plant in pots with humic acid 

addition. It was found that the plant tended to accumulate Pb more in its leaves (Table 2). In both 

chelates, Pb was found to be accumulated in lower amounts in pots with microbial fertilizer addition.  

Biochar was reported to increase Pb uptake by Brassica juncea L. species in a study (Rathika et al., 

2021). Humic acid increased plant growth parameters in trials with Brassica napus L. species (Canal 

et al., 2022). 

Hovsepyan and Greipsson (2005) reported that plant species exposed to moderate levels of EDTA 

showed the highest level of heavy metal transport from roots to leaves in their study with lead heavy 

metal High doses of EDTA have been found to cause the dissolution of mineral components in the 

soil, degrading soil properties and increasing heavy metal uptake by plants (Guan et al., 2022). In A. 

cepa, Pb uptake was found to be high in pots treated with 5 mmol kg-1 EDTA.  In pots with humic acid 

addition, Pb uptake was lower than in pots with EDTA addition. In a study conducted with Allium 

sativum species, it was found that Cd-treated soil was able to accumulate approximately 1.826 times 

more Cd than the control group (Jiang et al., 2001). Many studies have also suggested that the addition 

of EDTA to soil increases the translocation of Pb in plants (Huang et al., 1997; Gleba et al., 1999; 

Deram et al., 2000; Hovsepyan and Greipsson, 2005, Miao et al., 2012; Shahid et al., 2014).  The 

effect of EDTA on heavy metal uptake ranges from 200-fold higher accumulations depending on 

plant, metal and soil type (Evangelou et al., 2007). When applied with NPK fertilizer, EDTA has been 

reported to increase Cd uptake by Amaranthus hypochondriacus L. (Li et al., 2012; Shahid et al., 

2014). De La Rosa et al. (2007) showed that EDTA application had a negative effect on Pb uptake by 

Salsola tragus L. plants. It has been reported that heavy metal accumulation in plant roots decreases as 

a result of the binding of metals in the soil with EDTA chelate, but this increases metal translocation 

in the above-ground parts (Zhivotovsky et al., 2011; Shahid, et al.,2014). 

BCF value is used to determine the phytoremediation potential of plants. The higher the BCF value, 

the higher the accumulation capacity of the species. In A. cepa, BCF values were found to be greater 

than 1 for EDTA and humic acid chelates. In A. cepa in the soil to which EDTA chelate was added, 

the value at the dose of 5 mmol kg-1 was high. In humic acid, 10 mmol kg-1 dose was found to be the 

highest value (Table 2). 

BCF values of A. cepa grown in chelate + microbial fertilizer combination were found to be less than 

1 (Table 2). BCF value is used to determine the phytoremediation potential of plants. The higher the 

BCF value, the higher the accumulation capacity of the species. In A. cepa, BCF values were found to 

be greater than 1 for EDTA and humic acid chelates. In A. cepa in the soil to which EDTA chelate was 

added, the value at the dose of 5 mmol kg-1 was high. In humic acid, 10 mmol kg-1 dose was found to 

be the highest value (Table 2). BCF values of A. cepa grown in chelate + microbial fertilizer 

combination were found to be less than 1 (Table 2). 

 



271 

 

Table 2. BCF and TF values in Allium cepa  

 BCF TF 

EDTA (mmol kg-1)  

  

0 0.89±0.02 9.28±0.34 

2.5 4.86±0.02 15.48±0.19 

5 5.25±0.01 8.26±0.08 

10 2.38±0.01 88.32±0.76 

EDTA + Microbial Fertiliser 

0 3.24±0.06 5.23±0.01 

2.5 0.15±0.01 8.65±0.09 

5 0.25±0.01 37.20±0.64 

10 0.27±0.01 15.69±0.26 

Humic acid (mmol kg-1) 

0 0.60±0.09 9.00±0.51 

2.5 3.54±0.02 10.53±0.05 

5 2.10±0.06 24.47±8.27 

10 8.17±0.09 19.92±0.01 

Humic acid+ Microbial Fertiliser 

0 3.73±0.08 1.39±0.15 

2.5 0.31±0.01 64.44±1.02 

5 0.21±0.01 7.28±0.01 

10 0.10±0.01 37.64±0.32 

 

As a result, it can be said that the addition of microbial fertilizer decreased the Pb uptake of the 

species. Table 2 shows that TF>1 in A. cepa at all chelate doses. Zayed et al., (1998) classified BCF as 

<0.01 non-accumulator plants, 0.01-0.1 low accumulator plants, 0.1-1.0 medium accumulator plants, 

1-10 high accumulator or hyperaccumulator plants.  By using this ratio, the absorption of elements in 

the soil by the plant can be shown and the magnitude of elemental transfer from soil to plant can be 

quantitatively estimated (Kalender and Alçiçek, 2016). Accordingly, it can be said that A.cepa is a 

high accumulator in all chelates.  In A. cepa, TF>1 was found at all doses of all chelates and chelates 

added to the species. Plants with TF values > 1 were classified as highly efficient plants for metal 

translocation  In addition, EDTA has been found to have a high binding capacity for Pb in many 

studies (Blaylock et al., 1997; Tai et al., 2007; Najeep et al., 2017; García et al., 2017). It was 

determined that EDTA chelate increased Pb uptake with increasing application doses (Lai and Chen, 

2005).  The addition of humic acids to soil has been reported to increase the uptake of heavy metals 

from soil by plants (Li and Shuman, 1996; Halim et al., 2003; Evangelou et al., 2004). Similar results 

were obtained in this study. It is thought that humic acid improves the ability of plants to accumulate 

heavy metals because it decreases soil pH. Humic acid application has been reported to increase the 

BCF value of plants (Rasouli-Sadaghiani et al. 2019, Canal et al., (2022). In trials with Zea mays L., 

humic acid and microbial fertilizer application was found to increase Cu, Zn and Pb uptake and humic 
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acid and bacterial fertilizer application has been reported as a way to increase heavy metal uptake (Li 

et al., 2014). 

 

Conclusion 

In this study, the lead heavy metal removal performance of A. cepa species from the soil with the help 

of EDTA and humic acid chelating agents of Pb heavy metal ions was investigated.  The sensitivity 

and resistance of A. cepa species to heavy metals were determined by measuring the biomass of these 

plants and in general, the species showed resistance to heavy metals and there was no significant 

change in their biomass. It was found that the hyperaccumulator properties of the species increased 

when EDTA and humic acid chelates were used, while the BCF value decreased when microbial 

fertilizer was added. It is thought that the onion plant can be used in biogas production after heavy 

metal uptake in the soil is ensured. 
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