
Soil pollution, regarded as a severe problem in the 
world as well as in our country in recent years, is the 
deterioration of the chemical and physical features 
of the soil caused by solid and liquid wastes. Heavy 
metals are the main factors causing this deterioration. 
Suppose heavy metals exceed the average percentage 
in the soil. In that case, it causes the deterioration of 
the soil quality and decreases the yield and quality 
of products, leading to big problems for all living 
(Blaylock and Huang 2000). Heavy metals such as 
cadmium (Cd), copper (Cu), lead (Pb), nickel (Ni), 
and zinc (Zn) are released from a variety of sources, 
including industrial activities, fossil fuel burning, 
mine dumps, insecticides, fertilisation (Seven et al. 
2018). Expensive and mostly inefficient technologies 

such as excavation, electrokinetic remediation, soil 
washing, solidification, and the like have rehabilitated 
heavily polluted areas (Ali et al. 2017). One of the 
most essential techniques for cleaning these areas 
is phytoremediation. Using cost-effective plants for 
the remediation of polluted soils with heavy metals 
is an environmentally friendly alternative. In phy-
toremediation, chelating substances help absorb 
heavy metals from the soil, increase accumulation 
in the plant, and transport metals to the above-
ground parts of plants (Lee and Sung 2014, Boysan 
et al. 2022). Hyperaccumulators usually only ac-
cumulate a specific element, and, as a rule, their 
agronomic characteristics, known as slow-growing, 
low-biomass-producing plants, limit their use for 
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phytoremediation (Grčman et al. 2001). However, 
chelating agents directly and indirectly affect heavy 
metal concentration in soil and plants, healthy plant 
growth, and soil microbial properties (Saifullah et al. 
2009). Ethylenediaminetetraacetic acid (EDTA) can 
enhance the mobility of heavy metals and their uptake 
by plants. Humic acid (HA) decreases the plant’s metal 
forms and soluble and extractable forms of heavy 
metals. Hyperaccumulator plants are distinguished 
from other plants by taking more metals from the soil, 
transporting them to their upper organs, and detoxify-
ing them in the leaves. Almost 25% of the plant species 
known for their hyperaccumulator property belong to 
the Brassicaceae family (Doğru et al. 2021). The aim 
of the study that we carried out with forage turnip 
(Brassica rapa L.), a member of the Brassica family, 
is as follows: (1) evaluation of the effects of chelates 
(EDTA and HA) on plant growth and development; 
(2) evaluation of the effects of chelate on heavy metal 
uptake of the forage turnip, and (3) evaluation of the 
effect of chelates on oxidative stress caused by heavy 
metal content of forage turnip.

MATERIAL AND METHOD

Characteristics of experimental soil. The soil 
material was taken from the Faculty of Agriculture 
of the Van Yuzuncu Yıl University (YYÜ) study area. 
The physical properties of the trial soil are given in 
detail in Table 1. The soil’s electrical conductivity 
(EC) was measured using an EC meter (Thermo 
Scientific, Waltham, USA). Lime content was cal-
culated using a Scheibler Calcimeter (Hızalan and 
Ünal 1966). Soil organic carbon was determined 
using the Walkley-Black method (Walkley 1947). 
Total N (%) was measured in soil using the Kjeldahl 

method (Kacar 1994). Fe, Cu, Zn, Mn, and Cd were 
extracted with DTPA and then measured using the 
atomic absorption spectroscopy (AAS) technique 
(Lindsay and Norvell 1978).

Plant material and growth condition.  The 
cv. Lenox used in the study was obtained from the 
"ÜÇLER TOHUM" seed company (Bursa, Turkey). 
This research was conducted at the Department of Soil 
Science and Plant Breeding, Faculty of Agriculture, 
Van YYÜ University. The seeds were sown in pots 
containing 2.5 kg of soil and thinned to leave three 
plants in each pot after sowing. The plants were 
grown in the climate chamber at 20 ± 2 °C with 
70% humidity under a 16-h light/8-h dark cycle and 
a 400 µmol/m2/s light intensity. Heavy metals were 
added to the potting soil in liquid form and incu-
bated for one month. As mineral fertiliser, 0.2 g/kg 
ammonium nitrate (NH4NO3), 0.08 g/kg triple super 
phosphate, and 0.05 g/kg potassium sulfate (K2SO4) 
were applied. A completely random design was ap-
plied in this trial with three repetitive trials. The 
information on all applications made in the experi-
ment is given in Table 2. EDTA "Titriplex III (Cas 
No: 6381-92-6)" used in the study was obtained from 
Merck. "HUMAS-15," purchased from GÜBRETAŞ 
company (İstanbul, Turkey), was used as the humic 
acid source. HUMAS-15 contains 15% humic and 
fulvic acid. All applications were made before seed 
planting, and the plants were grown for 45 days. 
The samples harvested for antioxidant analysis were 
immediately treated with liquid nitrogen and stored 
at –80 °C.

Physical analysis. As physical analysis, the number 
of leaves (pieces/plant) of each plant in the experi-
ment was taken, shoot (cm) and root length were 
measured, and fresh shoot weight (g/plant), dry 

Table 1. Properties of experimental soil

Physical properties
Extractable with DTPA Total heavy metal Exchangeable 

cations (mmol+/100 g)(mg/kg)
Texture sandy loam Zn 0.16 Zn 45.1 K 0.94
Organic carbon (%) 1.02 Cr 0.06 Cr 95.0 Ca 19.79
pH (1/2.5) 8.15 Cd 0.08 Cd 0.65 Mg 1.51
Salt (dS/m) 0.35 Pb 0.30 Pb 9.03 Na 2.57
Lime (%) 6.6
P (ppm) 7.0
N (%) 0.051
CEC (mmol+/100 g) 16.0

DTPA – ethylenediaminetetraacetic acid; CEC – cation exchange capacity
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shoot weight (g/plant), dry and fresh root weight 
(g/plant) was determined on a precision scale. Fresh 
plant parts (root and shoot) were dried in the oven 
at 70 °C until constant weight.

Phytoremediation parameters. Bioconcentration 
factor (BCF) and translocation factor (TLF) (Esringü 
et al. 2014) were calculated as follows: BCF = [(metal 
concentration in plant tissue (root or shoot), mg/kg)/
DTPA concentration of soil mg/kg)]. Translocation 
factor (TLF) = [(metal concentration in the shoots, 
mg/kg)/metal concentration in the roots, mg/kg)].

Antioxidative enzymes, MDA, H2O2 and heavy 
metal analysis in plants. The catalase (CAT) (EC 
1.11.1.6) enzyme activity was analysed according to 
the method reported by Cakmak et al. (1993), and the 
decrease in the absorbance value was determined at 
240 nm wavelength within 1 min due to H2O2 reduc-
tion. The APX (EC 1.11.1.11) activity was analysed 
using the method reported by Nakano and Asada 
(1981). The decrease in the ascorbate and the absor-
bance value were measured at a wavelength of 290 nm 
in 1 min. The amount of lipid peroxidation was de-
termined by the accumulation of malondialdehyde 
(MDA) in the tissues (Yilmaz et al. 2023). The amount 
of MDA accumulated in tissues was determined at 
532 nm and 600 nm wavelengths, according to the 
report by Hodges et al. (1999). H2O2 was made ac-
cording to the protocol reported by Velikova et al. 
(2000) and read at 290 nm wavelength. Dried plant 
leaf and root samples were burned in a mixture of 
hydrogen peroxide-nitric acid (HNO3-HClO4). Pb, 
Cd, Cr, and Zn concentrations were analysed in 
an atomic absorption spectrophotometer (Thermo 
Scientific/ICE 3000) (İbrikçi et al. 1994).

Statistical analysis. A one-way analysis of vari-
ance was performed for the differences between 
applications. Significant differences between imple-
mentations were tested using Duncan’s multiple 

comparison tests. The SPSS software package ver-
sion 13.0 was used in the analysis (Hilbe 2005). The 
least significant differences (LSD) were calculated 
at P ≤ 0.05.

RESULTS AND DISCUSSION

HA applications significantly increased the shoot 
length, number of leaves, dry and fresh weight of the 
plant, root length, and root dry and fresh weight of 
forage turnip (Brassica rapa L.) grown in polluted 
soil. However, EDTA applications further reduced 
leaf number, shoot length, fresh and dry weight of 
the plant, root length, and fresh and dry weight of the 
root in forage turnip. HA application was observed, 
the leaf width was increased morphologically, and the 
plant leaves were dark green in this study. However, 
EDTA-treated forage turnips were smaller than usual 
and had a light green colour (Figure 1).

Together with heavy metals, increasing levels of 
HA application on forage turnip caused an increase 
of 42, 85, and 47%, respectively, in the shoot fresh 
weight of the plant compared to polluted soil. It caused 
a shoot dry weight rise of 16, 28, and 19%, respectively. 
However, EDTA applied at increasing levels caused 
a 49, 57, and 35% reduction in the shoot fresh weight 
of the plant, respectively, compared to PS (Figure 2). 
It caused a decrease in shoot dry weight by 47, 56, 
and 34%, respectively. Similarly, in the study con-
ducted with the Brasicca family, HA application 
decreased the toxic effect caused by heavy metals 
on the leaves of Brassica campestris and Brassica 
juncea. For B. campestris, B. juncea, and Sorghum 
bicolour, EDTA application caused a decrease in 
plant fresh weight (Lee and Sung 2014). EDTA 
(5 mmol) caused a significant decrease in the root 
and shoot weight of mustard (Brassica juncea Coss) 
grown in soil contaminated with cadmium and zinc. 

Table 2. Pot experiment applications

Application Ingredient
Control only experimental soil
Polluted soil (PS) 50 mg/kg Cr (NO3)3, 50 mg/kg CdSO4∙8 H2O, 50 mg/kg Pb (NO3)2, 200 mg/kg Zn ZnSO4∙7 H2O
PS + E1 5 mmol/kg EDTA (ethylenediaminetetraacetic acid)
PS + E2 10 mmol/kg EDTA
PS + E3 15 mmol/kg EDTA
PS + HA1 0.5 g/kg HA (humic acid)
PS + HA2 1.0 g/kg HA

PS + HA3 2.0 g/kg HA
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However, EDTA + organic acid applications increased 
plant growth significantly (Guo et al. 2019). Plant 
dry weight was increased by citric acid application 
in Pelargonium hortorum (Gul et al. 2019). EDTA 
(10 mmol/kg) caused a decrease in the height and 
weight of the Maso Bamboo plant. Nevertheless, citric 
acid (5 mmol/kg) caused a significant increase in root 
dry weight (Zhang et al. 2018). Organic acids such 
as malic acid, citric acid, acetic acid, and humic acid 
have low molecular weight. These substances with 
low molecular weight can increase the resistance of 
plants under stress. Especially in phytoremediation 
studies on the development of the brassica plant, the 
humic acid heavy metal complex promotes improve-
ment in plant growth (Yildirim et al. 2021, Canal et 
al. 2022). The humic substance has been found to 
stimulate growth in Brassica napus L. (Ehsan et al. 
2014). Humic acid applied to soil polluted with heavy 
metals causes a significant increase in the uptake of 
mineral nutrients that play a role in plant develop-
ment. It also causes a significant increase in the root 
development of the plant (Clapp et al. 2001). Humic 
acid supports plant growth by indirectly contribut-
ing to the activity of microorganisms in the soil, the 
cation exchange of the soil, the structure of the soil, 
the moisture level of the soil, and the solubility of 
soil ions. Humic acid forms compounds with heavy 
metals thanks to their phenolic and carboxyl groups. 
Organic acids in the soil facilitate the transport 
and solubility of heavy metal ions (Ebrahimian and 
Bybordi 2014, Sembiring et al. 2016). Humic acid 
immobilises Pb, Cu, and Mo in the soil (Hattab et 
al. 2014). The carboxylic (COOH) and phenolic 
(OH) groups included in the humic acid added to 
the soil can provide natural chelation in the soil, and 
due to this feature, it can regulate the availability 
of heavy metals in the environment (Lagier et al. 
2000, Wiszniewska et al. 2016). In addition, differ-

ent humic substances can exhibit various reducing 
and complexing properties, and fulvic acids, which 
have a higher carboxylic content than humic acid, 
have a similar effect on heavy metals (Kalčíková et 
al. 2016). EDTA applications are significantly practi-
cal in plant extraction in phytoremediation studies. 
As a synthetic chelate, EDTA disrupts the balance 
between plant minerals such as zinc, copper, iron, 
and calcium. The high level of heavy metal uptake 
by EDTA in plants causes phytotoxic effects (Shahid 
et al. 2014). It also causes damage to cell membranes 
by disrupting cell metabolism.

It can cause a significant decrease in chlorophyll 
content (Saifullah et al. 2009, Eissa 2017). EDTA 
(10 mmol/kg) applied to soil contaminated with 
Pb, Cd, and Zn caused leaf necrosis, rapid ageing of 
shoots, and decreased yield in the Brassica rapa L. 
(Grčman et al. 2001). EDTA toxicity symptoms 
observed in Lolium perenne and Brassica juncea 
caused an essential decrease in plant fresh weight 
(Johnson et al. 2010). Kos et al. (2003) showed that 
EDDS application has toxic effects, such as necrosis 
and rapid senescence in Amaranthus sp., Brassica 
napus, B. rapa, and Cannabis sativa. Rashid et al. 
(2014) investigated chelate-assisted uptake of met-
als and reported that DTPA was associated with 
a significant biomass decrease in Lactuca sativa. 
The EDTA-metal complex, which enters the plant 
roots, decomposes after entering the plant roots and 
increases the free ionic heavy metals, which can cause 
a toxic effect (Wu et al. 2021). Heavy metals applica-
tion caused an increase in the plant’s antioxidative 
enzymes catalase (CAT) and ascorbate peroxidase 
(APX) levels, H2O2, and MDA levels compared to 
the control application (Figure 3). H2O2, MDA, and 
APX increased by 63, 17, and 21%, respectively, in 
PS + E3 applications compared to PS. However, CAT, 
APX, H2O2, and MDA levels decreased by 60, 27, 46, 

 
Figure 1. The effect of humic acid (HA) and ethylenediaminetetraacetic acid (EDTA) applications on forage 
turnip (Brassica rapa L.) plant grown under heavy metal conditions. PS – polluted soil

PS HA1 HA2 EDTA1 EDTA2
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Figure 2. The effect of humic acid (HA) and ethylen-
ediaminetetraacetic acid (EDTA) applications on plant 
growth parameters in turnip in heavy metal polluted 
soil. Different letters indicate significant differences 
(P < 0.05). PS – polluted soil; LSD – least significant 
difference
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and 6%, respectively, in the PS + HA3 application. 
Antioxidative enzymes form a defence mechanism 
to reduce oxidative damage in the plant. Hydrogen 
peroxide (H2O2), superoxide (O2

–), and hydroxyl 
(OH–) are the primary free radicals that cause oxi-
dative damage. The effectiveness of these radicals 
is reduced by reducing and oxidising them with 
antioxidative enzymes (Hasanuzzaman et al. 2012). 
Malondialdehyde level indicates the peroxidation of 
lipids secreted in the cell membrane because of oxi-
dative damage (Ali et al. 2015). Our study found that 
the H2O2 and MDA content of forage turnip plants 
grown in polluted soil increased compared to the 
control application. Accordingly, it was found that 
the activity of antioxidant enzymes CAT and APX 
increased to reduce oxidative damage in polluted 
soil with heavy metals. EDTA application, which is 
a chelate, caused a rise in the effect of oxidative stress 
in the plant by promoting the solubility of heavy 
metals. Oxidative stress caused an enhancement in 
H2O2 and MDA levels and the activities of CAT and 
APX, which are among the antioxidative enzymes 

(Canal and Bozkurt 2018). Humic acid application as 
a chelate reduced the levels of H2O2 and MDA and in 
the activities of CAT and APX, which are antioxida-
tive enzymes. APX and CAT enzyme activity at the 
HA2 level was the same as the control application. 
Similarly, fulvic acid applied to a wheat plant grown 
in Cr-polluted soil caused a substantial decrease 
in H2O2 and MDA levels in the plant, resulting in 
a reduction in the effect of free radicals or a decrease 
in membrane damage (Ali et al. 2015, 2018). Under 
heavy metal stress conditions, amino chelates can 
prevent peroxidation of the cell membrane lipids due 
to their content’s amino acid structure (Souri et al. 
2019). Humic acid application caused a significant 
increase in the growth and development of the plant. 
However, since the enhancement in the intake of heavy 
metals was not at the same level as the growth and 
development of the plant, the concentration of heavy 
metals decreased. This effect is called the dilution 
effect. The dilution effect in the plant reduced the 
oxidative stress effect. Similarly (Rizwan et al. 2017), 
zinc-lysine (Zn-lysine) chelate applied to cadmium-

Figure 3. Effects of humic acid (HA) and ethylenediaminetetraacetic acid (EDTA) applications on antioxidative 
activity in forage turnip (Brassica rapa L.). Different letters indicate significant differences (P < 0.05). APX – 
ascorbate peroxidase; MDA – malondialdehyde; CAT – catalase; FW – fresh weight; PS – polluted soil
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polluted soil improves oxidative stress in the wheat 
plant, increases plant growth, and increases CAT 
and APX enzyme activity. In contrast, applying dif-
ferent amino acids decreases antioxidative enzymes 
in soybeans (Teixeira et al. 2017).

BCFshoot and BCFroot were determined to estimate 
the capacity of the forage turnip plant to accumulate 
lead, cadmium, chromium, and zinc heavy metals 
under HA and EDTA applied conditions (Table 3).

The plant’s BCF (root) values were high in all lead, 
cadmium, chromium, and zinc applications. BCFshoot 
and BCFroot values for Cd in forage turnip were found 
from BCFshoot > 1, BCFroot > 1, and TLF > 1. When 
evaluated according to the applications made, it was 
determined that the BCFshoot, BCFroot, and TLF values 
of the plant decreased with increasing levels of HA 
application compared to the PS. It was found that 
the EDTA forage turnip applied at increasing rates 

Table 3. Effect of humic acid (HA) and ethylenediaminetetraacetic acid (EDTA) applications on phytoremedia-
tion parameters in forage turnip (Brassica rapa L.)

BCFshoot BCFroot TLFshoot/root

Pb

Control 0.26 ± 0.10c 1.70 ± 0.11e 0.03 ± 0.05d

PS 0.52 ± 0.01b 3.95 ± 0.21c 0.31 ± 0.00b

PS + HA1 0.20 ± 0.02c 3.15 ± 0.20d 0.06 ± 0.01c

PS + HA2 0.20 ± 0.01c 3.16 ± 0.20d 0.06 ± 0.01c

PS + HA3 0.19 ± 0.01c 3.09 ± 0.15d 0.06 ± 0.00c

PS + E1 1.32 ± 0.12b 8.21 ± 0.67b 0.16 ± 0.03a

PS + E2 1.52 ± 0.11a 11.67 ± 0.44a 0.13 ± 0.01b

PS + E3 1.26 ± 0.11b 8.05 ± 0.60b 0.16 ± 0.01a

Cd

Control 0.53 ± 0.05f 2.88 ± 0.20e 0.20 ± 0.02e

PS 3.71 ± 0.14b 3.85 ± 0.05c 3.76 ± 0.10b

PS + HA1 2.30 ± 0.17d 3.24 ± 0.21d 2.30 ± 0.15c

PS + HA2 2.02 ± 0.05e 3.59 ± 0.06d 2.02 ± 0.05d

PS + HA3 2.60 ± 0.10c 2.25 ± 0.22e 2.60 ± 0.10c

PS + E1 4.75 ± 0.14a 4.81 ± 0.35b 4.80 ± 0.26a

PS + E2 3.69 ± 0.22b 4.00 ± 0.19c 3.82 ± 0.25b

PS + E3 3.59 ± 0.25b 5.91 ± 0.14a 4.03 ± 0.11b

Cr

Control 0.02 ± 0.00d 0.11 ± 0.01f 0.23 ± 0.04a

PS 0.04 ± 0.01c 0.45 ± 0.01d 0.09 ± 0.02c

PS + HA1 0.02 ± 0.00d 0.39 ± 0.03de 0.05 ± 0.00c

PS + HA2 0.02 ± 0.00d 0.34 ± 0.05e 0.06 ± 0.01c

PS + HA3 0.03 ± 0.00d 0.38 ± 0.05e 0.18 ± 0.02b

PS + E1 0.05 ± 0.00b 0.57 ± 0.03c 0.11 ± 0.01b

PS + E2 0.05 ± 0.00b 0.75 ± 0.06b 0.12 ± 0.01b

PS + E3 0.06 ± 0.00a 0.98 ± 0.21a 0.11 ± 0.01b

Zn

Control 0.30 ± 0.04f 0.88 ± 0.06d 0.34 ± 0.04d

PS 0.81 ± 0.02d 1.61 ± 0.05c 0.52 ± 0.00c

PS + HA1 0.91 ± 0.02d 1.56 ± 0.04c 0.57 ± 0.01c

PS + HA2 0.84 ± 0.02d 1.52 ± 0.04c 0.55 ± 0.02c

PS + HA3 0.61 ± 0.01e 0.73 ± 0.08d 0.84 ± 0.11a

PS + E1 1.96 ± 0.26c 2.78 ± 0.45b 0.71 ± 0.08b

PS + E2 2.24 ± 0.07b 3.98 ± 0.22a 0.56 ± 0.03c

PS + E3 2.72 ± 0.07a 4.08 ± 0.12a 0.66 ± 0.01b

PS – polluted soil; E – ethylenediaminetetraacetic acid; TF – transfer factor; TLF – translocation factor; BCF – bio-
concentration factors. *Different letters in the same column indicate significant differences (P < 0.05)
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caused an increase in BCFshoot and BCFroot values 
compared to P. EDTA levels as a synthetic chelate in 
terms of Pb, Cr, Cd, and Zn in forage turnip (Brassica 
rapa L.) cause an increase in BCFshoot and BCFroot 
values. The results showed that the accumulation of 
heavy metals was highest in the root area, followed 
by shoots. Similarly, increased EDTA application ap-
plied in contaminated soil in terms of Zn and Pb in-
creased the solubility of metals, resulting in BCFroot > 
BCFshoot (Ebrahimi et al. 2015). HA application was 
found to cause a decrease in BCFshoot and BCFroot 
values in terms of Pb, Cr, Cd, and Zn in forage turnip 
(Brassica rapa L.). Lee and Sung (2014) found that 
HA application caused a decrease in BCFshoot value 
for B. juncea, B. campestris, and S. bicolour, while 
EDTA reasoned an enhancement in BCFshoot value 
in soil polluted with Pb and Cd where they applied 
different chelates. HA has strong adsorption and 
exchange effects on some anions and cations in the 
soil, limiting the uptake of heavy metals from the 
soil to the plant (Zhao et al. 2023). Also, its effect on 
the soil is slow; it has been stated that it can increase 
heavy metal accumulation when it has a long-term 
effect. The formation of stable complexes of humic 
and fulvic acids with metal ions may be due to the 
high content of oxygen-containing functional groups, 
including various carboxyl (COOH), phenolic, alco-
holic, enolic-OH, and C=O structures (Dinauer 1982). 
However, HA may contain protein and carbohydrate 
residues that can constitute stable complexes with 
metals in the natural state (Shao et al. 2023). Our 
study found that the forage turnip plant (Brassica 
rapa L.) had BCFshoot < 1 and TLF < 1 in Pb, Cr, and 
Zn heavy metals for HA. However, we found that 
the BCFshoot and BCFroot values for Cd are bigger 
than 1. In other words, the forage turnip plant has 
a hyperaccumulator feature for Cd. The TLF value 
of more than 1 means that the forage turnip plant 
carries Cd more from the root region to the upper 
organs. Similarly, in the study conducted with the 
Brassica family, the highest BCFroot value for Cd was 
B. juncea > B. campestris > S. bicolor > H. annuus 
(Lee and Sung 2014). Brassica cultivars effectively 
ameliorate polluted soils with heavy metals (Kanwal 
et al. 2014). It shows that the forage turnip (Brassica 
rapa L.) plant can be used for the phytoextraction 
of polluted soil with Cd. Cadmium uptake and ac-
cumulation can vary depending on the species. The 
high biomass production of Brassica species provided 
under various climatic and cultivation conditions can 
increase cadmium accumulation and uptake. Using 

resistant Brassica species and appropriate regulators 
can increase agricultural remediation for Cd (Rizwan 
et al. 2018). Also, due to its low biodegradability, 
EDTA leakage can create significant pollution, es-
pecially for groundwater (Anjum et al. 2012). EDTA 
also has a toxic effect on microorganisms living in 
the soil, especially on nematodes (Vandevivere et al. 
2001, Shinta et al. 2021). Due to the toxicity of EDTA 
to biota, the use of natural organic chelating agents 
(humic acid, oxalic acid, malic acid, citric acid, etc.) 
has a significantly less toxic effect on plant growth 
(Evangelou et al. 2006).

In summary, the application of humic acid to soil 
contaminated with multiple heavy metals increased 
the growth and development of forage turnips and 
reduced the effect of oxidative stress caused by heavy 
metals on the plant. The plant’s oxidative stress 
reduction supported growth and development, and 
biomass increased. Although the increase in bio-
mass causes the concentration of heavy metals in 
the plant to be diluted, it can be concluded that the 
application of humic acid increases phytoremedia-
tion per unit area.

REFERENCES

Ali A., Guo D., Zhang Y., Sun X., Jiang S., Guo Z., Huang H., Liang 
W., Li R., Zhang Z. (2017): Using bamboo biochar with compost 
for the stabilisation and phytotoxicity reduction of heavy metals 
in mine-contaminated soils of China. Scientific Reports, 7: 2690.

Ali S., Bharwana S.A., Rizwan M., Farid M., Kanwal S., Ali Q., Ibra-
him M., Gill R.A., Khan M.D. (2015): Fulvic acid mediates chro-
mium (Cr) tolerance in wheat (Triticum aestivum L.) through 
lowering of the Cr uptake and improved antioxidant defence 
system. Environmental Science and Pollution Research, 22: 
10601–10609.

Ali S., Rizwan M., Waqas A., Hussain M.B., Hussain A., Liu S., 
Alqarawi A.A., Hashem A., Abdallah E.F. (2018): Fulvic acid pre-
vents chromium-induced morphological, photosynthetic, and 
oxidative alterations in wheat irrigated with tannery wastewater. 
Journal of Plant Growth Regulation, 37: 1357–1367.

Anjum N.A., Ahmad I., Pereira M.E., Duarte A.C., Umar S., Khan 
N.A. (eds.) (2012): The Plant Family Brassicaceae: Contribution 
Towards Phytoremediation. Dordrecht, Springer Netherlands.

Blaylock M.J., Huang J.W. (2000): Phytoextraction of metals. In: 
Raskin I., Ensley B.D. (eds.): Phytoremediation of Toxic Metals: 
Using Plants to Clean Up the Environment. Toronto, John Wiley 
and Sons, Inc, 303.

Boysan, Canal S., Bozkurt M., Yılmaz H. (2022): The effect of humic 
acid on plant growth, phytoremediation and oxidative stress in 
rapeseed (Brassica napus L.) grown under heavy metal stress. 

574

Original Paper	 Plant, Soil and Environment, 69, 2023 (12): 567–576

https://doi.org/10.17221/394/2023-PSE



Yuzuncu Yil University Journal of Agricultural Sciences, 32: 
237–248.

Cakmak I., Strbac D., Marschner H. (1993): Activities of hydrogen 
peroxide-scavenging enzymes in germinated wheat seedlings. 
Journal of Experimental Botany, 44: 127–132.

Canal S.B., Bozkurt M.A., Yilmaz H. (2022): Effects of humic acid 
and EDTA on phytoremediation, growth and antioxidant activity 
in rapeseed (Brassica napus L.) grown under heavy metal stress. 
Polish Journal of Environmental Studies, 31: 4051–4060.

Canal S.B., Bozkurt M.A. (2018): The influence of iron fertilizer 
and sewage sludge on plant growth and anti-oxidative enzyme 
activity against cadmium toxicity in lettuce (Lactuca sativa L. 
var. longifolia). Yüzüncü Yil Üniversitesi Journal of Agricultural 
Sciences, 28: 19–26.

Clapp C.E., Chen Y., Hayes M.H.B., Cheng H.H. (2001): Plant 
growth promoting activity of humic substances. In: Swift R.S., 
Sparks K.M. (eds.): Understanding and Managing Organic Mat-
ter in Soils, Sediments, and Waters. Madison, International Hu-
mic Science Society, 243–255.

Dinauer R.C. (1982): Micronutrients in Agriculture: Organic Mat-
ter Reactions Involving Micronutrients in Soils. Madison, Soil 
Science Society of America. ISBN: 9780891187974

Doğru A., Altundağ H., Dündar Ş. (2021): Heavy metal hyperac-
cumulation and phytoremediation in plants. Journal of Agricul-
tural Biotechnology, 2: 32–55.

Ebrahimi M., Sahragard P.H., Miri E. (2015): Effect of EDTA ap-
plication on lead and zinc uptake and germination of Thlaspica 
erulescens L. in contaminated soil. Ecopersia, 3: 1213–1224.

Ebrahimian E., Bybordi A. (2014): Effect of organic acids on heavy-
metal uptake and growth of canola grown in contaminated soil. 
Communications in Soil Science and Plant Analysis, 45: 1715–1725.

Ehsan S., Ali S., Noureen S., Mahmood K., Farid M., Ishaque W., 
Shakoor B.M., Rizwan M. (2014): Citric acid-assisted phytore-
mediation of cadmium by Brassica napus L. Ecotoxicology and 
Environmental Safety, 106: 164–172.

Eissa M.A. (2017): Phytoextraction mechanism of Cd by Atriplex 
lentiformis using some mobilizing agents. Ecological Engineer-
ing, 108: 220–226.

Esringü A., Turan M., Güne M., Karaman R.M. (2014): Roles of Ba-
cillus megaterium in remediation of boron, lead, and cadmium 
from contaminated soil. Communications in Soil Science and 
Plant Analysis, 45: 1741–1759.

Evangelou M.W., Ebel M., Schaeffer A. (2006): Evaluation of the 
effect of small organic acids on phytoextraction of Cu and Pb 
from soil with tobacco Nicotiana tabacum. Chemosphere, 63: 
996–1004.

Grčman H., Velikonja-Bolta Š., Vodnik D., Kos B., Leštan D. (2001): 
EDTA enhanced heavy metal phytoextraction: metal accumula-
tion, leaching, and toxicity. Plant and Soil, 235: 105–114.

Gul I., Manzoor M., Hashim N., Yaqoob K., Kallerhoff J., Arshad 
M. (2019): Comparative effect of organic and inorganic amend-

ments on cadmium bioavailability and uptake by Pelargonium 
hortorum. Journal of Soils Sediments, 19: 2346–2356.

Guo D., Ali A., Ren C., Du J., Li R., Lahori A.H., Zhang Z. (2019): 
EDTA and organic acids assisted phytoextraction of Cd and Zn 
from a smelter-contaminated soil by potherb mustard (Brassica 
juncea, Coss) and evaluation of its bioindicators. Ecotoxicology 
and Environmental Safety, 167: 396–403.

Hasanuzzaman M., Hossain M.A., da Silva J.A.T., Fujita M. (2012): 
Plant response and tolerance to abiotic oxidative stress: antioxi-
dant defense is a key factor. In: Venkateswarlu B., Shanker A.K., 
Shanker C., Maheswari M. (eds.): Crop Stress and its Manage-
ment: Perspectives and Strategies. Dordrecht, Springer Dor-
drecht, 261–315. ISBN: 978-94-007-2219-4

Hattab N., Soubrand M., Guegan R., Motelica-Heino M., Bourrat 
X., Faure O., Bouchardon J.L. (2014): Effect of organic amend-
ments on the mobility of trace elements in phytoremediated 
techno-soils: role of the humic substances. Environmental Sci-
ence and Pollution Research, 21: 10470–10480.

Hilbe J.M. (2005): A review of SPSS, part 3: Version 13.0. The 
American Statistician, 59: 185–186.

Hızalan E., Ünal H. (1966): Important chemical analyses in soils. 
AÜ Faculty of Agriculture Publications, 278: 5–7.

Hodges D.M., Delong J.M., Forney C.F., Prange R.K. (1999): Im-
proving the thiobarbituric acid-reactive-substances assay for 
estimating lipid peroxidation in plant tissues containing antho-
cyanin and other interfering compounds. Planta, 207: 604–611.

İbrikçi H., Gülüt Y.K., Güzel N. (1994): Plant analysis technique in 
fertilization. Çukurova University Faculty of Agriculture Publi-
cations, No. 95. Adana 85.

Johnson A., Gunawardana B., Singhal N. (2010): Amendments for en-
hancing copper uptake by Brassica juncea and Lolium perenne from 
solution. International Journal of Phytoremediation, 11: 215–234.

Kacar B. (1994): Chemical Analysis of Plants and Soil. Ankara, An-
kara University.

Kalčíková G., Zupančič M., Jemec A., Gotvajn A.Ž. (2016): The 
impact of humic acid on chromium phytoextraction by aquatic 
macrophyte Lemna minor. Chemosphere, 147: 311–317.

Kanwal U., Ali S., Shakoor M.B., Farid M., Hussain S., Yasmeen T., Ad-
rees M., Bharwana A.S., Abbas F. (2014): EDTA ameliorates phyto-
extraction of lead and plant growth by reducing morphological and 
biochemical injuries in Brassica napus L. under lead stress. Envi-
ronmental Science and Pollution Research, 21: 9899–9910.

Kos B., Greman H., Lestan D. (2003): Phytoextraction of lead, zinc, 
and cadmium from soil by selected plants. Plant, Soil and Envi-
ronment, 49: 548–553.

Lagier T., Feuillade G., Matejka G. (2000): Interactions between 
copper and organic macromolecules: determination of condi-
tional complexation constants. Agronomy, 20: 537–546.

Lee J., Sung K. (2014): Effects of chelates on soil microbial proper-
ties, plant growth and heavy metal accumulation in plants. Eco-
logical Engineering, 73: 386–394.

575

Plant, Soil and Environment, 69, 2023 (12): 567–576	 Original Paper

https://doi.org/10.17221/394/2023-PSE



Lindsay W.L., Norvell W. (1978): Development of a DTPA soil test 
for zinc, iron, manganese, and copper. Soil Science Society of 
America Journal, 42: 421–428.

Nakano Y., Asada K. (1981): Hydrogen peroxide in spinach chloro-
plasts. Plant and Cell Physiology, 22: 860–867.

Rashid A., Mahmood T., Mehmood F., Khalid A., Saba B., Batool 
A., Riaz A. (2014): Phytoaccumulation, competitive adsorption 
and evaluation of chelators-metal interaction in lettuce plant. 
Environmental Engineering and Management Journal, 13: 2583–
2592.

Rizwan M., Ali S., Hussain A., Ali Q., Shakoor M.B., Zia-ur-Rehm-
an M., Farid M., Asma M. (2017): Effect of zinc-lysine on growth, 
yield and cadmium uptake in wheat (Triticum aestivum L.) and 
health risk assessment. Chemosphere, 187: 35–42.

Rizwan M., Ali S., Zia-Ur-Rehman M., Rinklebe J., Tsang D.C.W., 
Bashir A., Maqbool A., Tack F.M.G., Ok Y.S. (2018): Cadmium 
phytoremediation potential of Brassica crop species: a review. 
The Science of the Total Environment, 631–632: 1175–1191.

Saifullah G.A., Qadir M. (2009): Lead phytoextraction by wheat in 
response to the EDTA application method. International Journal 
of Phytoremediation, 11: 268–282.

Sembiring J.V., Nelvia N., Yulia A.E. (2016): Growth of oil palm 
seeds (Elaeis guineensis Jacq.) in the main nursery on Ultisol sub-
soil medium given humic acid and compost of oil palm empty 
bunches. Journal Agrotechnology, 6: 25–32.

Seven T., Can B., Darende B.N., Ocak S.S. (2018): Heavy metal pol-
lution in air and soil. National Environmental Sciences Research 
Journal, 1: 91–103.

Shahid M., Austruy A., Echevarria G., Arshad M., Sanaullah M., 
Aslam M., Dumat C. (2014): EDTA-enhanced phytoremediation 
of heavy metals: a review. Soil and Sediment Contamination: An 
International Journal, 23: 389–416.

Shao Y., Bao M., Huo W., Ye R., Ajmal M., Lu W. (2023): From bio-
mass to humic acid: is there an accelerated way to go? Chemical 
Engineering Journal, 452: 139172.

Shinta Y.C., Zaman B., Sumiyati S. (2021): Citric acid and EDTA as 
chelating agents in phytoremediation of heavy metal in polluted 
soil: a review. IOP Conference Series: Earth and Environmental 
Science, 896: 012023.

Souri M.K., Hatamian M. (2019): Aminochelates in plant nutrition: 
a review. Journal of Plant Nutrition, 42: 67–78.

Teixeira W.F., Fagan E.B., Soares L.H., Umburanas R.C., Reichardt 
K., Neto D.D. (2017): Foliar and seed application of amino acids 
affects the antioxidant metabolism of the soybean crop. Frontiers 
in Plant Science, 8: 327.

Vandevivere P.C., Saveyn H., Verstraete W., Feijtel T.C.J., Schow-
anek D.R. (2001): Biodegradation of metal-[S,S]-EDDS complex-
es. Environmental Science and Technology, 35: 1765–1770.

Velikova P., Yordanov I., Edreva A. (2000): Oxidative stress and 
some antioxidant systems in acid rain-treated bean plants. Pro-
tective role of exogenous polyamines. Plant Science, 15: 59–66.

Walkley A. (1947): A critical examination of a rapid method for de-
termining organic carbon in soils – effect of variations in diges-
tion conditions and of inorganic soil constituents. Soil Science, 
63: 251–264.

Wiszniewska A., Hanus-Fajerska E., Muszynska E., Ciarkowska K. 
(2016): Natural organic amendments for improved phytoreme-
diation of polluted soils: a review of recent progress. Pedosphere, 
26: 1–12.

Wu J., Zhou Q., Huang R., Wu K., Li Z. (2021): Contrasting impacts 
of mobilization and immobilization amendments on soil health 
and heavy metal transfer to the food chain. Ecotoxicology and 
Environmental Safety, 209: 111836.

Yildirim E., Ekinci M., Turan M., Agar G., Dursun A., Kul R., Alim 
Z., Argin S. (2021): Humic + fulvic acid mitigated Cd adverse ef-
fects on plant growth, physiology and biochemical properties of 
garden cress. Scientific Reports, 11: 8040.

Yilmaz A., Yildirim E., Yilmaz H., Soydemir H.E., Güler E., Ciftci V., 
Yaman M. (2023): Use of arbuscular mycorrhizal fungi for boost-
ing antioxidant enzyme metabolism and mitigating saline stress 
in sweet basil (Ocimum basilicum L.). Sustainability, 15: 5982.

Zhang X., Zhong B., Shafi M., Guo J., Liu C., Guo H., Peng D., Wang 
Y., Liu D. (2018): Effect of EDTA and citric acid on absorption of 
heavy metals and growth of moso bamboo. Environmental Sci-
ence and Pollution Research, 25: 18846–18852.

Zhao Y., Shi Y., Wang Z., Qian G. (2023): Enhancement of humic 
acid on plant growth in a Cd-contaminated matrix: performance, 
kinetics, and mechanism. Environmental Science and Pollution 
Research, 30: 5677–5687.

Received: September 25, 2023
Accepted: November 13, 2023

Published online: December 6, 2023

576

Original Paper	 Plant, Soil and Environment, 69, 2023 (12): 567–576

https://doi.org/10.17221/394/2023-PSE


