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Abstract 
 
Lead, one of the toxic metals with no biological function, is a widely dispersed heavy metal found in many forms in 
natural resources on earth, and anthropogenic activities continue to increase the concentration of Pb in the 
environment. In this study, it was aimed to determine the effects of different Pb concentrations (0, 5, 25, and 50 mg/L) 
on physiological parameters and mineral contents of safflower seedlings grown hydroponically under controlled 
conditions. After two weeks of Pb application, Pb and macro- (K, Ca, Mg) and micro- (Zn, Fe, Cu) element contents of 
the seedling parts, as well as photosynthetic pigments, total carbohydrate, total phenolic compound, and 
malondialdehyde (MDA) contents were determined. There was a dose-dependent increase in the Pb contents of the 
seedling organs. The highest Pb content was found in the roots and the lowest in the leaves. Lead toxicity has been 
found to impair nutrient uptake and transport, causing nutrient imbalance. In addition, it was shown that Pb toxicity 
from the changes in photosynthetic pigment, carbohydrate, and phenolic compound contents caused physiological 
changes in the seedling tissues. Besides, it clearly revealed that the increase in the amount of MDA triggers oxidative 
stress, which is the secondary stress caused by Pb toxicity. 
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INTRODUCTION 
 
Lead, which has no biological function, is a 
widely distributed heavy metal found in many 
forms in natural resources on earth. Its 
concentrations are increasing rapidly with 
increasing use by humans in the environment 
(Pais & Jones, 2000). Lead is generally retained 
in the upper part of the soil (Cecchi et al., 
2008). Very little lead is thought to be soluble 
in soil because of its tight hold by soil colloids. 
However, Pb behavior, solubility, mobility, and 
biological availability in soil are controlled by 
biogeochemical factors. (Kopittke et al., 2008; 
Punamiya et al., 2010). These factors include 
pH, redox, cation exchange capacity, 
mineralogy, lead concentration, organic and 
inorganic ligand levels, competing cation 
levels, and plant species (Dumat et al., 2006; 
Komjarova & Blust, 2009; Tabelin & Igarashi, 
2009; Arias et al., 2010; Bi et al., 2010; Vega et 
al., 2010; Shahid et al., 2011). Lead taken by 
plants affects many physiological and 
biochemical processes. Among the most well-
known Pb toxicity effects are such as decreased 

growth, deterioration in mineral nutrition, 
triggering oxidative stress, and decrease in the 
amount of chlorophyll (Sharma & Dubey, 
2005; Dogan et al., 2009; Dogan et al., 2017). 
Safflower is an annual oil plant belonging to 
the Asteraceae family. The vegetative and 
generative parts of the plant are used for 
different purposes. Its seeds are important in 
human nutrition due to their high content of 
linoleic acid and vitamin E. In addition, its 
seeds are used especially in the production of 
edible oil, as well as in the production of 
dyestuffs and for medicinal purposes, as a 
coloring and flavoring in food (Kayacetin et al., 
2012). 
This study was carried out to determine the 
effect of different Pb concentrations on 
physiological parameters and mineral contents 
of safflower seedlings grown hydroponically. 
 
MATERIALS AND METHODS 
 
For the experiment, C. tinctorius seeds were 
used. Safflower seeds were sterilized with 5% 
sodium hypochlorite. The seeds were sowed in 

AgroLife Scientific Journal - Volume 10, Number 2, 2021
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



57

 

perlite medium in a controlled climate cabinet 
(Snijders Scientific, Netherlands) at 26 ± 1°C 
under constant dark conditions. In case of need, 
the seeds were watered with distilled water. On 
the 14th day of the study, safflower seedlings 
(four seedlings in each container) were 
transferred to an aerated water culture medium 
(2 L) containing 10% nutrient solution (0.88 
mM K2SO4, 2 mM Ca (NO3)2, 0.25 mM 
KH2PO4, 1 mM MgSO4, 0.11 mM KCl, 100 
μM Fe-EDTA, 10 μM H3BO3, 5 μM MnSO4, 
10 μM ZnSO4, 2 μM CuSO4 and 0.2 μM 
(NH4)6Mo7O24). After a two-week acclimati-
zation period under controlled conditions (~120 
μE.m-2.s-1 light and 26 ± 1ºC temperature), the 
seedlings were exposed to lead concentrations 
of 0, 5, 25, and 50 mg/L as Pb(NO3)2 for two 
weeks. Solutions were renewed every two days. 
The study was applied in three repetitions. The 
roots of the harvested seedlings were washed 
three times with distilled water.  
The fresh seedling leaves were homogenized in 
80% acetone to determine the photosynthetic 
pigment contents. After the supernatants were 
separated, the samples were read in a 
spectrophotometer (GBC CINTRA 202, 
Australia) at 662, 645, and 450 nm. 
Chlorophyll-a (Chl-a), chlorophyll-b (Chl-b), 
and carotenoid contents were calculated 
according to Lichtenthaler & Wellburn (1985). 
For total soluble carbohydrate determinations, 
the anthrone method was used (Plummer, 
1998). The carbohydrate content was then 
estimated using the standard curve of glucose. 
Phenolic compounds were detected according 
to Ratkevicius et al. (2003). Lipid peroxidation 
was determined by measuring the level of 
malondialdehyde (MDA) by the method of 
Zhou (2001). 
Safflower seedling parts were dried at 80ºC 
until constant weight. The wet digestion 
procedure (HNO3-HCl) was applied to 
determine the Pb and nutrient contents (Zn, Fe, 
Cu, Mn, Mg, Ca, and K). Element contents 
were determined using a flame atomic 
absorption spectrometer (Perkin Elmer 
Aanalyst 400). 
Bioconcentration factor (BCF) was calculated 
as follows (Zayed et al., 1998):  

BCF = 
CTotal Pb contents of the seedling tissues 
CPb concentration added in solution 

Transportation index (TI) of the seedling parts 
were calculated as follows (Ghosh & Singh, 
2005): 

TI = 
Caerial parts x 100 

Croots 
where: Caerial parts is Pb concentration of in the 
above-ground tissues and Croots is Pb 
concentration of in the roots. 
Data analysis was performed using SPSS (SPSS 
11.0 for Windows). One-Way ANOVA LSD 
(Least Significant Difference) test, a multiple 
range test, was applied to determine the signi-
ficance of differences between mean values. 
 
RESULTS AND DISCUSSIONS 
 
Pb concentrations accumulated in safflower 
seedling parts, and their TI and BCF levels 
have been shown in Figure 1. Significant 
increases were found in the Pb accumulation of 
seedlings with increasing external metal 
concentrations (p<0.05) (Figure 1A). Metal 
concentrations in plant tissue are related to the 
metal concentration in the environment in 
which it grows. In addition, it was determined 
that the Pb contents of the seedling organs were 
in the form of root>stem>leaf.  
The transportation index (TI) of seedling stem 
and leaves also changed with increasing Pb 
concentration (Figure 1B). The TI could give 
an idea about how much Pb, was taken up by 
the roots, could transport to the above-ground 
organs. According to findings, it can be shown 
that seedling roots limit Pb transport to the 
leaves by accumulate Pb at high concentrations, 
and thus playing a vital role in protecting Pb 
from its harmful effects. Sayyad et al. (2009) 
according to the results of their research by 
applying Pb to the safflower plant, the limited 
translocation of metals from roots to shoots 
supports our findings. In this blocking 
mechanism, Pb can be retained in the stem cell 
walls in the form of pyrophosphate (Marschner, 
1995). The accumulation of more Pb in the 
roots is probably a mechanism that was 
implemented to protect the above-ground 
organs from the toxic effects of Pb. 
Bioconcentration factor (BCF) is the ratio of 
the metal concentration in plant tissues to the 
metal in the environment and was used to 
determine the efficiency of the plant to 
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concentrate a metal into its biomass (Dogan et 
al., 2018). With the applied Pb concentration, 
decreases in BCF rates were found (p<0.05) 

(Figure 1C). Accordingly, the highest BCF was 
calculated with 319.8 at 5 mg/L Pb concen-
tration.  

 

 
Figure 1. Lead contents (A), Transportation index (TI) (B) and BCF (C) of safflower seedlings. Means with different 

letters are significantly different from one another according to LSD test (p<0.05) 
 
Photosynthetic pigment content of seedling 
leaves increased insignificantly at 5 mg/L Pb 
(p>0.05) (Figure 2A). Especially with the 
increase in external Pb concentration, Chl-a, 
Chl-b, and carotenoid contents were calculated 
to decrease up to 25.4%, 19.5%, and 19.1%, 
respectively, compared to the controls 
(p<0.05). One of the well-known effects of lead 
toxicity is on chlorophylls. It has been reported 
in many studies that photosynthetic pigments 
are inhibited by Pb (Dogan et al., 2009; 
Saygideger et al., 2013; Chen et al., 2014). This 
inhibition is thought to be due to the indirect 
effects of Pb. These effects include irregularity 
in uptake and transport of nutrients, 
replacement of divalent cations such as Mg 
with lead, decreased ferredoxin NADP + 
reductase, and delta-aminolaevulinic acid 
dehydratase (ALAD) activity. However, these 
effects may differ according to plant species 
(Gopal & Rizvi, 2008; Gupta et al., 2009; 
Cenkci et al., 2010). 
Total carbohydrate contents of root and stem 
generally were increased by Pb (Figure 2B). On 
the contrary, it was determined that the 

carbohydrate content of the leaves decreased 
with the Pb concentration. Phenolic compounds 
are one of the most important secondary 
metabolite groups in plants. The phenolic 
compound contents of roots did not change 
under the Pb effect (p>0.05) (Figure 2C). In 
contrast, the contents of stems and leaves 
increased significantly at 25 and 50 mg/L 
(p<0.05). This may indicate that these 
compounds may have a role in response to Pb 
toxicity. 
Malondialdehyde (MDA) indicates the level of 
lipid peroxidation and is an indicator of 
oxidative stress. It is known that reactive 
oxygen species (ROS) can be produced on 
heavy metal exposure, thus causing oxidative 
damage in plants (Dogan et al., 2009). As a 
result of Pb toxicity, the MDA contents of 
roots, stems, and leaves were calculated to 
increase up to 4.2, 6.9, and 9.8 times, 
respectively (p<0.05) (Figure 2D). These 
results showed that Pb toxicity triggered 
oxidative stress, which is secondary stress, and 
caused an increase in MDA content in the cells 
of seedling organs. 
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Figure 2. Effects of Pb on the contents of photosynthetic pigments (A), total carbohydrate (B),  

total phenolic (C) and MDA (D) in safflower seedlings. Means with different letters are significantly different  
from one another according to LSD test (p<0.05) 

 
It was found that the macronutrients K, Ca, and 
Mg and micronutrients Zn, Fe, and Cu contents 
of the seedling organs and their uptake and 
transport to the aboveground organs were 
changed under the influence of different Pb 
concentrations (Figure 3). It was found that the 
K contents under the effect of 5, 25, and 50 
mg/L Pb decreased by 47.1%, 54.9%, and 
53.5% in the roots and by 77.1%, 70.7%, and 
75.2% in the stems, respectively, compared 
with their respective controls (p<0.05) (Figure 
3A). Similarly, Lamhandi et al. (2013) 
determined that all Pb concentrations applied 
caused a decrease in the K content of spinach 
and wheat plants. On the contrary, it was 
determined that the K content of the leaves 
increased up to 48.9% (p<0.05). In agreement 
with our findings, it was reported by Kibria et 
al. (2009) that there was an increase in 
potassium under the effect of Pb in the shoots 
of Amaranthus oleracea.  
While the Ca content of the roots increased 
significantly at 5 mg/L Pb concentration 
(p<0.05), it decreased significantly at 50 mg/L 
Pb concentration (p<0.05) (Figure 3B). Ca 
content of stems increased at 5 mg/L but 
decreased at 25 and 50 mg/L (p>0.05). 
Similarly, while the Ca content of the leaves 

increased by 69.7% at 5 mg/L Pb (p<0.05), it 
decreased by 22.7% at 50 mg/L Pb (p<0.05). 
Calcium is a divalent cation like Pb. Due to 
these ionic properties, Pb can replace Ca 
(Azmat et al., 2009). Therefore, especially high 
Pb concentration blocked Ca uptake and 
transport to above-ground parts.  
Mg content of the roots increased at 5 and 25 
mg/L Pb concentrations (p<0.05), but did not 
show a significant change at 50 mg/L (p>0.05) 
(Figure 3C). Mg content of the stems decreased 
insignificantly under the Pb effect (p>0.05). 
The contents of leaves also showed similar 
changes with the roots. As a result, Mg 
contents increased at 5 and 25 mg/L Pb, and 
then decreased at 50 mg/L Pb were determined. 
It was found that the Mg contents of the roots 
and shoots of two peanut cultivars decreased 
due to the toxic effects of Pb (Nareshkumar et 
al., 2014). 
Zn contents of the seedling parts increased 
under the effect of 5 mg/L Pb (Figure 3D). 
Except for leaves at 50 mg/L Pb, decreases in 
Zn contents were determined at 25 and 50 
mg/L Pb. Fe contents of the seedling roots 
showed insignificant changes in the Pb effect 
(p>0.05) (Figure 3E). On the contrary, it was 
calculated that it decreased up to 75.9% in stem 
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and 28.0% in leaf, respectively, when 
compared to their controls (p<0.05). Cu 
contents of seedling parts decreased 
significantly at all Pb concentrations applied. 
(p<0.05) (Figure 3F). There are many studies in 
the literature that are consistent with our 
findings on the effects of Pb toxicity on 

micronutrient contents in plants. For example, 
Zn, Fe, and Cu contents were decreased in 
tomatoes (Akinci et al. 2010), spinach and 
wheat (Lamhandi et al., 2013), peanut cultivars 
(Nareshkumar et al., 2014) grown under the 
influence of Pb. 

 
Figure 3. Macro-and micro-nutrient contents of safflower seedlings after Pb application and their transportation indexes 

(TI). Means with different letters are significantly different from one another according to LSD test (p<0.05) 

CONCLUSIONS 
 
It is known that lead causes physiological and 
biochemical toxic effects in plants. As a result, 
macro- and micro-elements uptake and 
transport were affected by Pb and the metal 
caused a nutrient imbalance in the seedling 
parts. In addition, it was understood from the 
changes in the contents of photosynthetic 
pigment, carbohydrate, phenolic compound, 
and MDA that Pb caused physiological changes 
in the seedling tissues. It also shows that the 

increase in the amount of MDA triggers 
oxidative stress, which is the secondary stress 
caused by Pb toxicity. 
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