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Abstract 

Heavy metal contamination has become a pressing environmental and public health concern, particularly in developing 

nations. Chromium (Cr) and lead (Pb) are ubiquitous environmental pollutants that pose substantial threats to ecological 

integrity and human health, even at sublethal concentrations. This study was conducted to elucidate the effects of Cr and 

Pb stress on photosynthetic pigments and proline content in Carthamus tinctorius L.cv. Zirkon.  The findings revealed 

that Cr and Pb exposure caused a substantial reduction in chlorophyll a, chlorophyll b, total chlorophyll, total carotenoids, 

and proline content, while simultaneously increasing the Chl a/b ratio in heavy metal-stressed plants. A comparison of Cr 

and Pb exposure demonstrated that Cr exposure resulted in more pronounced damage compared to Pb exposure at 

equivalent concentrations. In response to both heavy metal stress, C. tinctorius L.cv. Zirkon plants displayed an increased 

accumulation of proline. These findings suggest that Cr and Pb exposure profoundly affects chlorophyll and proline 

content, leading to physiological alterations in C. tinctorius cv. Zirkon. 
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Carthamus tinctorius L.’da Krom ve Kurşun Stresine Bağlı Fizyolojik 

Değişiklikler 

 

Öz 

Ağır metal kirliliği, özellikle gelişmekte olan ülkelerde önemli bir çevre ve halk sağlığı sorunu haline gelmiştir. Krom 

(Cr) ve kurşun (Pb), subletal konsantrasyonlarda bile ekolojik bütünlük ve insan sağlığı için önemli tehditler oluşturan ve 

her yerde bulunan çevresel kirleticilerdir. Bu çalışma, Carthamus tinctorius L. cv. Zirkon’ da Cr ve Pb stresinin 

fotosentetik pigmentler ve prolin içeriği üzerindeki etkilerini ortaya koymak için yapılmıştır. Bulgular, Cr ve Pb 

uygulamasının klorofil a, klorofil b, toplam klorofil, toplam karotenoidler ve prolin içeriğinde önemli bir azalmaya neden 

olduğunu ve aynı zamanda ağır metal stresli bitkilerde Chl a/b oranını artırdığını ortaya koymuştur. Cr ve Pb 

uygulamasının karşılaştırılması, Cr uygulamasının eşdeğer konsantrasyonlarda Pb uygulamasına kıyasla daha belirgin 

hasara yol açtığını göstermiştir. Her iki ağır metal stresine yanıt olarak, C. tinctorius L.cv. Zirkon bitkilerinde artan bir 

prolin birikimi gözlenmiştir. Bu bulgular, Cr ve Pb uygulamasının klorofil ve prolin içeriğini önemli bir şekilde 

etkileyerek C. tinctorius cv. Zirkon’da fizyolojik değişikliklere yol açtığını göstermektedir. 

Anahtar Kelimeler: Fotosentetik pigment, krom, kurşun, prolin, C. tinctorius. 
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1. Introduction 

 

The rapid industrialization of the modern era has led to a surge in heavy metal contamination, 

making it one of the most pressing environmental concerns globally (Saud et al., 2022). Heavy metals 

accumulate in organisms at the lower levels of the food chain through bioaccumulation and are 

subsequently transferred across higher trophic levels, ultimately posing significant health risks to 

human populations (Patra et al., 2004a). The extensive release of heavy metals, such as chromium 

and lead, from both natural and human-induced sources has established them as major environmental 

pollutants (Steinberg, 2009). 

 Chromium (Cr), a toxic heavy metal and the 21st most abundant element in Earth's crust, 

exhibits resistance to degradation in the environment (Cervantes et al., 2001). Chromium exists in 

multiple oxidation states, primarily trivalent (Cr (III)) and hexavalent (Cr (VI)), and its toxicological 

profile is significantly influenced by its oxidation state (Iyaka, 2009). Among its various oxidation 

states, Cr (VI) poses the greatest threat due to its high solubility, which facilitates its uptake by 

organisms and its ability to induce severe oxidative stress (Von Burg and Liu, 1993). Hexavalent 

chromium, which is highly soluble in water, easily penetrates cell membranes and triggers the 

formation of reactive oxygen species (ROS). These ROS directly interact with DNA, inducing DNA 

degradation and disrupting the cell cycle, ultimately leading to cell death (Beyersmann and Hartwig, 

2008; Rodriguez et al., 2011). Chromium stress in plants manifests as stunted growth and 

development, reduced productivity, and alterations in anatomical features, ultimately culminating in 

plant death (Kasmiyati and Sucahyo, 2014). Visible symptoms of chromium toxicity in plants include 

impaired initial growth, stunted root development, leaf chlorosis, and diminished biomass production 

(Shanker et al., 2005; Arif et al., 2021; Saud et al., 2022).  

 Lead, a highly toxic heavy metal, poses significant health risks to humans (Flora et al., 2012; 

Mudgal et al., 2010). Unique physicochemical properties render lead resistant to biodegradation, 

leading to its persistent accumulation within the global environment (Mahaffey, 1990). Smelting, 

combustion of leaded gasoline, and application of lead-contaminated materials to land are major 

anthropogenic contributors to environmental lead contamination (Gupta et al., 2009; Grover et al., 

2010). In the majority of plant species, the majority of absorbed lead accumulates in the roots, with 

only a minor fraction translocated to above-ground tissues, as observed in Pisum sativum (Małecka 

et al., 2008), Lathryus sativus (Brunet et al., 2009), Zea mays (Gupta et al., 2010), and Allium sativum 

(Jiang and Liu, 2010). Excessive accumulation of lead within plant tissues exerts a toxic effect on 

most plants, leading to a diverse range of detrimental consequences. These include reduced seed 

germination, stunted root elongation, decreased biomass production, inhibition of chlorophyll 
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biosynthesis, impaired mineral nutrition, and disruption of enzymatic reactions (Sengar et al. 2008,  

Arias et al., 2010; Cenkci et al., 2010; Singh et al., 2010). 

 Safflower (Carthamus tinctorius L.), a member of the Asteraceae family, holds significant 

economic importance as an oilseed crop (Mahmoud et al., 2014). Historically, its cultivation has been 

driven not only by its oil-rich seeds but also by its vibrant flowers, traditionally utilized as natural 

food coloring and flavoring agents, and even in medicinal preparations (Dorado et al., 2004). Notably, 

safflower boasts a remarkable ability to withstand drought stress. This resilience stems from a 

combination of its deep root system, allowing for efficient water acquisition, and a short period of 

drought sensitivity, minimizing its vulnerability during dry spells (Angelova, 2016; Manvelian et al., 

2021). Despite its documented metal tolerance (Baran and Ekmekçi, 2022; Tunçtürk et al., 2023) and 

potential for phytoremediation (Pourghasemian et al., 2019; Ciaramella et al., 2022) the precise 

physiological responses of Carthamus tinctorius cv. Zirkon to chromium (Cr) and lead (Pb) stress 

remain largely unknown. This study aims to elucidate the effects of Cr and Pb on the photosynthetic 

capacity of C. tinctorius cv. Zirkon, seeking to identify potential adaptive mechanisms that enable 

this species to survive in heavy metal-contaminated soils. 

 

2. Materials and Methods 

 

2.1. Growth Conditions and Experimental Design 

 

C. tinctorius cv. Zirkon seeds were germinated in a perlite medium that was sterilized in sodium 

hypochlorite for ten minutes, washed with distilled water, and supplemented with Hoagland's 

solution. Thirty plants exhibiting uniform growth and development were selected for the experiment 

and carefully placed in 1 cm diameter holes drilled into foam sheets. To investigate the effects of 

chromium and lead, the plants were divided into four groups per treatment. Each pot contained 5 liters 

of pure water and 200 ml of Hoagland's solution. Plants were grown hydroponically for one week to 

acclimate to the growing medium. Except for the control group, 20 ml of a heavy metal solution 

containing chromium or lead at concentrations of  0.01, 0,10, and 0,20 mM was added to the 

respective treatment groups once a week. All groups received 200 ml of Hoagland's solution twice a 

week and were grown in a climate chamber for three weeks under controlled conditions: temperature 

of 22 °C, light-dark cycle of 18/6 hours, and light intensity of 200 µmol/m2 s. Plants were harvested 

when they reached the desired size and subjected to a comprehensive analysis. 
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2.2. Determination of Photosynthetic Pigment and Proline Content 

 

After three weeks of exposure to heavy metal contaminants, the concentrations of chlorophyll 

a (Chl a), chlorophyll b (Chl b), and carotenoids were evaluated using the method described by 

Lichtenthaler and Wellburn (1983). To quantify the pigment levels, leaf extracts prepared with 80% 

acetone were measured for absorbance at 663 nm, 644 nm, and 452 nm, corresponding to Chl a, Chl 

b, and carotenoids, respectively. Pigment content was then calculated according to the protocol of  

Lichtenthaler and Wellburn (1983). 

 Free proline levels in leaves were evaluated according to the method of (Bates et al., 1973). 

Briefly, homogenates were prepared from tissue type with 3% sulfosalicylic acid. They were then 

reacted with glacial acetic acid and ninhydrin to obtain a pink chromophore whose intensity was 

directly proportional to the concentration of free proline. This color intensity was then measured 

spectrophotometrically at 546 nm.  

 

2.3. Statistical Analysis 

 

Statistical analysis was conducted using SPSS software version 22.0, employing one-way 

ANOVA followed by Tukey's HSD test for post-hoc comparisons. Data were expressed as mean ± 

standard deviation (SD) based on three replicates. Differences were considered significant at p < 0.05 

and denoted by distinct letters. This approach ensured robust evaluation of statistical significance and 

allowed for identification of meaningful variations among the groups. 

 

3. Findings and Discussion  

 

This study investigated the effects of varying chromium (Cr) and lead (Pb) concentrations on 

pigment content and the stress-responsive metabolite proline in C. tinctorius seedlings. Seedlings 

were exposed to four different concentrations of Cr and Pb (0, 0.01, 0.10, and 0.20 mM) and then 

analyzed for chlorophyll a (chl a), chlorophyll b (chl b), total chlorophyll, total carotenoids, proline, 

and the chl a/b ratio (Figures 1, 2). As shown in Figures 1and 2, both Cr and Pb stress significantly 

reduced the levels of chl a, chl b, total chlorophyll, and carotenoids, suggesting potential impacts on 

the photosynthetic apparatus.  

 Figure 1 clearly shows that increasing Cr concentrations have a progressively detrimental 

effect on the measured photosynthetic parameters. The chlorophyll a decreased by 60.56%, 

chlorophyll b by 71.93% and total chlorophyll by 64.68% ratio with increasing Cr applications 

(Figures 1 A-C). The decrease in total carotenoid content was 59.02% ratio (Figure 1 D).  This 
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suggests that Cr has an effective power to disrupt the photosynthetic mechanism of C. tinctorius cv. 

Zirkon seedlings, potentially leading to impaired growth and development. Several studies have 

reported Cr-induced inhibition of chlorophyll biosynthesis in various plants, including Brassica 

napus and Nymphae alba (Vajpayee et al., 2000; Afshan et al., 2015; Ali et al., 2018; Patra et al., 

2004b). For example, Afshan et al. (2015) demonstrated that 100 and 500 µM Cr significantly reduced 

chlorophyll content in B. napus. Similarly, Vajpayee et al. (2000) observed reductions in both 

chlorophyll and protein content in N. alba treated with Cr concentrations exceeding 1 µM. Exposure 

to Cr stress triggers ultrastructural alterations in chloroplasts and other membrane-bound organelles, 

potentially leading to reductions in photosynthetic pigments (Zaheer et al., 2019). This depletion of 

chlorophyll, as documented by Chandra (2004), can be attributed to disrupted chlorophyll 

biosynthesis pathways. Furthermore, Cr-induced changes can lead to chloroplastic and ultrastructural 

damage, disrupting electron transport mechanisms and ultimately reducing photosynthetic efficiency. 

Exposure to toxic levels of Cr disrupts the photosynthetic machinery by altering the redox state of 

essential Cu and Fe heme groups, significantly reducing plant photosynthesis (Shahid et al., 2017). 

This impairment is further enhanced by Cr-induced overproduction of reactive oxygen species (ROS) 

through oxidative stress mechanisms (Ugwu and Agunwamba, 2020). Consequently, the combined 

effects of altered redox status and ROS overproduction lead to oxidative stress, ultimately resulting 

in reductions in plant growth, biomass and yield (Farid et al., 2019). 

 Compared to control conditions, increasing Cr concentrations significantly increased the 

chlorophyll a/b ratio. This positive correlation between the ratio and Cr concentration in plant leaves 

is clearly seen in Figure 1E. Chlorophyll a/b content was found to increase by 37.38%. Interestingly, 

this increase in the ratio has also been reported in other plant species such as Spinacea oleracea 

(Delfine et al., 1999) and is considered as a potential indicator of changes in the PSII-PSI ratio in 

leaves under stress conditions (Mahdi Hadif et al., 2015). 

 Plants utilize the accumulation of compatible osmolytes, such as proline, as a protective 

mechanism against various stress types. This accumulation helps maintain membrane stability and 

facilitate osmotic adjustment, enhancing the plant's resilience. Proline levels have been observed to 

increase in response to diverse biotic and abiotic stresses, as reported by Hayat et al. (2013) and Raza 

et al. (2023). While proline was previously considered the sole amino acid accumulating in stressed 

plants (Baskaran et al., 2009), recent studies have broadened this perspective. Rai et al. (2004)  

demonstrated a significant increase in proline content within Ocimum tenuifolium L. under Cr stress. 

This proline accumulation serves as a potent antioxidant, buffering the harmful effects of the metal. 

Proline accumulation in stressed tissues plays a crucial role in osmotic adjustment, further 

contributing to its use as a dependent marker for stress-tolerant genotypes (Baskaran et al., 2009).  
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Figure 1. The effect of Cr on the photosynthetic pigments, carotenoids, and proline content of Carthamus 

tinctorius L. cv. Zirkon was studied at various concentrations. All values are the mean of three replicates ± SD. 

Error bars marked with different letters indicate significant differences (p<0.05).  A: Chlorophyll a, B: 

Chlorophyll b, C: Total chlorophyll, D: Total Carotenoid, E: Chlorophyll a/b, F: Proline. 
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However, some studies suggest that proline accumulation in response to metal stress might 

indicate sensitivity rather than a purely defensive mechanism (Alvarez et al., 2022; Cia et al., 2012). 

Our findings support the established correlation between proline levels and heavy metal stress, 

highlighting its potential utility as a stress indicator. As shown in Figure 1 F, the amount of proline 

increased by 136.36% with increasing Cr concentration. According to the results of the study, the 

detrimental effect of Cr, especially on the chl a/b ratio and proline content, increased significantly 

with increasing Cr concentrations and showed more effect than Pb heavy metal (Figure 1 E, F). This 

differential toxicity may be attributed to the enhanced transport of Cr to leaves compared to Pb, 

resulting in a higher accumulation of Cr within the foliage. This indicates that Cr is more effect than 

Pb in disrupting the photosynthetic mechanism of C. tinctorius seedlings. 

 The results showed that the content of photosynthetic pigment significantly decreased with 

increasing Pb concentrations in comparison with the control (Figure 2). In their study,   Dogan et al. 

(2021) determined that lead (Pb) exposure inhibited the production of photosynthetic pigments and 

phenolic compounds in Carthamus tinctorius. Sayyad et al. (2009) and Angelova (2016) have shown 

that the root system of C. tinctorius exhibits a remarkable ability to accumulate high levels of lead 

(Pb). Ciaramella et al. (2022) reported that the highest concentration of lead (Pb) among the different 

organs of the C. tinctorius plant was detected in the root tissues. The intense Pb accumulation in the 

roots can be considered an adaptive mechanism developed by the plant to survive in environments 

contaminated with Pb. This way, the increased retention of Pb in the roots limits its translocation to 

other parts of the plant, thereby minimizing the physiological damage caused by Pb. Al-Chami et al. 

(2015) determined that when safflower plants were grown in soil contaminated with 5 and 10 mg L⁻¹ 

of Pb, no significant impact was observed on all productivity parameters. However, the same study 

found that when the lead concentration was increased to 25 mg L⁻¹, plant growth was completely 

inhibited. It was also reported that safflower has potential as an effective agent for phytoremediation 

of soils contaminated with heavy metals (Angelova, 2016). Researchers have also documented the 

detrimental effects of lead (Pb) on chlorophyll content in various plant species. Liu et al. (2012) and 

Bhatti et al. (2013) observed a decrease in chlorophyll levels in rice and wheat, respectively, upon 

exposure to Pb. Further exploring the mechanism, Sharma and Dubey (2005) reported elevated 

chlorophyllase activity, an enzyme that breaks down chlorophyll, in Pb-treated plants, suggesting its 

role in chlorophyll degradation. This finding aligns with the recognition by Ernst (1998) of the link 

between Pb-induced inhibition of chlorophyll synthesis and the visible symptom of chlorosis, a 

yellowing of leaves due to chlorophyll loss. Similarly, Ewais (1997) provided further evidence, 

demonstrating that Pb exposure negatively impacted both growth and chlorophyll content in three 

weed species: Chenopodium ambrosoides, Digitaria sanguinolis, and Cyperus difformis.This 

observed reduction in chlorophyll is likely attributed to Pb's inhibition of essential nutrient uptake by 
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plants, as suggested by Khan et al., (2019). Furthermore, Pb may directly inhibit the enzymes 

responsible for chlorophyll synthesis, contributing to the observed decrease in chlorophyll levels. Pb 

exposure can lead to a decreased rate of photosynthetic pigment accumulation through two potential 

mechanisms. Firstly, elevated ROS generation induced by Pb can cause peroxidation of chloroplast 

membranes, hindering pigment synthesis (Malar et al., 2014). Secondly, Pb disrupts the uptake of 

essential elements like magnesium, potassium, calcium, and iron, crucial for chlorophyll biosynthesis. 

This disruption leads to dysfunctional photosynthesis as Pb substitutes divalent cations, further 

inhibiting pigment production (Gopal and Rizvi, 2008). The observed reductions in photosynthetic 

pigments under different heavy metal stress in C. tinctorius support these proposed mechanisms (Al 

Chami et al., 2015;Tunçtürk et al., 2023;Smaoui et al., 2023).   Baran and Ekmekçi (2022) also found 

that nickel stress significantly reduced photosynthetic activity by approximately 50% in some wild 

and cultivated safflower species. The results of our study is consistent with the earlier research 

demonstrating the inhibitory effects of heavy metals on plant growth and development. According to 

the results of the research, the most remarkable changes in photosynthetic pigments in Pb heavy metal 

were observed in chlorophyll b and chlorophyll a/b ratio, unlike Cr. In Pb, chlorophyll b ratio 

decreased by 67.16% and chlorophyll a/b ratio decreased by 9.04% (Figure 2 B, E). 
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Figure 2. The effect of Pb on the photosynthetic pigments, carotenoids, and proline content of Carthamus 

tinctorius L. cv. Zirkon was studied at various concentrations. All values are the mean of three replicates ± SD. 

Error bars marked with different letters indicate significant differences (p<0.05). A: Chlorophyll a, B: 

Chlorophyll b, C: Total chlorophyll, D: Total Carotenoid, E: Chlorophyll a/b, F: Proline. 

 

 

Our investigation revealed a biphasic response in proline content following Pb exposure, with 
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observation aligns with established knowledge, as proline accumulation is a well-documented 

metabolic response of plants to various stress conditions, including heavy metal exposure (Signorelli, 

2016). The results concerning proline accumulation during Pb exposure are in accordance with 

observations made in other plant species. Our results show that the proline content in C. tinctorius cv. 

Zirkon increased by 107.69% with increasing Pb concentrations (Figure 2 F). This proline build up 
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likely arises from a Pb-induced decline in plant water potential. Proline's contribution to water balance 

maintenance is crucial for lead tolerance, as demonstrated by Piršelová et al. (2015) and Signorelli 

(2016). 

 

4. Conclusions  

 

In this study, we examined how chromium (Cr) and lead (Pb) concentrations impact the 

photosynthetic processes in C. tinctorius cv. Zirkon seedlings. Our research demonstrates that both 

Cr and Pb stress significantly impair the photosynthetic process in C. tinctorius cv. Zirkon. Increasing 

concentrations of Cr and Pb progressively reduced chlorophyll and carotenoid content. Notably, the 

decrease in chlorophyll b and chlorophyll a/b ratio was more pronounced under Cr stress than under 

Pb stress, indicating a potentially greater impact of Cr on these specific photosynthetic pigments. 

Exposure to both Cr and Pb stress triggered an increase in proline content within the plants. This 

finding contributes to a deeper understanding of the physiological responses and potential 

mechanisms underlying Cr and Pb toxicity in plants. 

 

Authors’ Contributions  

 

All authors contributed equally to the study.  

 

Statement of Conflicts of Interest  

 

There is no conflict of interest between the authors.  

 

Statement of Research and Publication Ethics  

 

The author declares that this study complies with Research and Publication Ethics. 

 

References 

 

Afshan, S., Ali, S., Bharwana, S. A., Rizwan, M., Farid, M., Abbas, F., Ibrahim, M., Mehmood, M. A., & 

Abbasi, G. H. (2015). Citric acid enhances the phytoextraction of chromium, plant growth, and 

photosynthesis by alleviating the oxidative damages in Brassica napus L. Environmental Science and 

Pollution Research, 22(15), 11679–11689. https://doi.org/10.1007/s11356-015-4396-8 

Al Chami, Z., Amer, N., Al Bitar, L., & Cavoski, I. (2015). Potential use of Sorghum bicolor and Carthamus 
tinctorius in phytoremediation of nickel, lead and zinc. International Journal of Environmental Science 

and Technology, 12(12), 3957–3970. https://doi.org/10.1007/s13762-015-0823-0 



The Black Sea Journal of Sciences 14(4), 1709-1722, 2024 1719 

Ali, S., Rizwan, M., Bano, R., Bharwana, S. A., Rehman, M. Z. ur, Hussain, M. B., & Al-Wabel, M. I. 

(2018). Effects of biochar on growth, photosynthesis, and chromium (Cr) uptake in Brassica rapa L. 

under Cr stress. Arabian Journal of Geosciences, 11(507), 1–9. https://doi.org/10.1007/s12517-018-

3861-3 

Alvarez, M. E., Savouré, A., & Szabados, L. (2022). Proline metabolism as regulatory hub. In Trends in 

Plant Science (Vol. 27, Issue 1). Elsevier Ltd. https://doi.org/10.1016/j.tplants.2021.07.009 

Angelova, V. (2016). Accumulation of Heavy Metals in Safflower (Carthamus tinctorius L.). World Academy 

of Science, Engineering and Technology International Journal of Biological, Biomolecular, 
Agricultural, Food and Biotechnological Engineering, 10(7), 356–361. 

https://www.researchgate.net/publication/306347051 

Arias, J. A., Peralta-Videa, J. R., Ellzey, J. T., Ren, M., Viveros, M. N., & Gardea-Torresdey, J. L. (2010). 

Effects of Glomus deserticola inoculation on Prosopis: Enhancing chromium and lead uptake and 

translocation as confirmed by X-ray mapping, ICP-OES and TEM techniques. Environmental and 
Experimental Botany, 68(2), 139–148. https://doi.org/10.1016/j.envexpbot.2009.08.009 

Arif, M. S., Yasmeen, T., Abbas, Z., Ali, S., Rizwan, M., Aljarba, N. H., Alkahtani, S., & Abdel-Daim, M. M. 

(2021). Role of Exogenous and Endogenous Hydrogen Sulfide (H2S) on Functional Traits of Plants 

Under Heavy Metal Stresses: A Recent Perspective. Frontiers in Plant Science, 11, 1–14. 

https://doi.org/10.3389/fpls.2020.545453 

Baran, U., & Ekmekçi, Y. (2022a). Physiological, photochemical, and antioxidant responses of wild and 

cultivated Carthamus species exposed to nickel toxicity and evaluation of their usage potential in 

phytoremediation. Environmental Science and Pollution Research, 29(3), 4446–4460. 

https://doi.org/10.1007/s11356-021-15493-y 

Baran, U., & Ekmekçi, Y. (2022b). Physiological, photochemical, and antioxidant responses of wild and 

cultivated Carthamus species exposed to nickel toxicity and evaluation of their usage potential in 

phytoremediation. Environmental Science and Pollution Research, 29(3), 4446–4460. 

https://doi.org/10.1007/s11356-021-15493-y 

Baskaran, L., Ganesh, K. S., Chidambaram, A. A., & Sundaramoorthy, P. (2009). Influence of chromium 

stress on proline accumulation in soybean (glycine max L. Merr.) genotypes. Global Journal of 

Environmental Research, 3, 106–108. 

Bates, L. S. S., Waldren, R. P., & Teare, I. D. (1973). Rapid determination of free proline for water-stress 

studies. Plant and Soil, 39, 205–207. https://doi.org/10.1007/BF00018060 

Beyersmann, D., & Hartwig, A. (2008). Carcinogenic metal compounds: Recent insight into molecular and 

cellular mechanisms. In Archives of Toxicology (Vol. 82, Issue 8, pp. 493–512). 

https://doi.org/10.1007/s00204-008-0313-y 

Bhatti, K. H., Anwar, S., Nawaz, K., Hussain, K., Siddiqi, E. H., Sharif, R. U., Talat, A., & Khalid, A. (2013). 

Effect of heavy metal lead (PB) stress of different concentration on wheat (Triticum aestivum L.). 

Middle East Journal of Scientific Research, 14(2), 148–154. 

https://doi.org/10.5829/idosi.mejsr.2013.14.2.19560 

Brunet, J., Varrault, G., Zuily-Fodil, Y., & Repellin, A. (2009). Accumulation of lead in the roots of grass pea 

(Lathyrus sativus L.) plants triggers systemic variation in gene expression in the shoots. Chemosphere, 

77(8), 1113–1120. https://doi.org/10.1016/j.chemosphere.2009.07.058 

Cenkci, S., Ciǧerci, I. H., Yildiz, M., Özay, C., Bozdaǧ, A., & Terzi, H. (2010). Lead contamination reduces 

chlorophyll biosynthesis and genomic template stability in Brassica rapa L. Environmental and 

Experimental Botany, 67(3), 467–473. https://doi.org/10.1016/j.envexpbot.2009.10.001 

Cervantes, C., Campos-García, J., Devars, S., Gutiérrez-Corona, F., Loza-Tavera, H., Torres-Guzmán, J. C., 
& Moreno-Sánchez, R. (2001). Interactions of chromium with microorganisms and plants. FEMS 

Microbiology Reviews, 25(3), 335–347. https://doi.org/10.1016/S0168-6445(01)00057-2 

Chandra, P. (2004). Chromium accumulation and toxicity in aquatic vascular plants. The Botanical Review, 

70(3), 313–327. 

Cia, M. C., Guimarães, A. C. R., Medici, L. O., Chabregas, S. M., & Azevedo, R. A. (2012). Antioxidant 

responses to water deficit by drought-tolerant and -sensitive sugarcane varieties. Annals of Applied 

Biology, 161(3), 313–324. https://doi.org/10.1111/j.1744-7348.2012.00575.x 

Ciaramella, B. R., Corinzia, S. A., Cosentino, S. L., & Testa, G. (2022). Phytoremediation of Heavy Metal 

Contaminated Soils Using Safflower. Agronomy, 12(10). https://doi.org/10.3390/agronomy12102302 

Delfine, S., Alvino, A., Villani, M. C., & Loreto, F. (1999). Restrictions to Carbon Dioxide Conductance and 

Photosynthesis in Spinach Leaves Recovering from Salt Stress. Plant Physiology, 119, 1101–1106. 

https://academic.oup.com/plphys/article/119/3/1101/6087495 



The Black Sea Journal of Sciences 14(4), 1709-1722, 2024 1720 

Dogan, M., Sahin Yigit, S., & Cinar, G. (2021). Effects of lead accumulation on physiological parameters 

and nutritional elements in safflower (Carthamus tinctorius L.) seedlings. AgroLife Scientific Journal, 

10(2), 57–62. 

Dorado, M. P., Ballesteros, E., López, F. J., & Mittelbach, M. (2004). Optimization of alkali-catalyzed 

transesterification of Brassica Carinata oil for biodiesel production. Energy and Fuels, 18(1), 77–83. 

https://doi.org/10.1021/ef0340110 

Ernst, W. H. O. (1998). Effects of heavy metals in plants at the cellular and organismic levels. In 

Schuurmann G (Ed.), Exotoxicology: Ecological Fundamentals, Chemical Exposure and biological 
effects (pp. 587–620). Wiley. 

Ewais, E. A. (1997). Effects of cadmium, nickel and lead on growth, chlorophyll content and proteins of 

weeds. Biologia Plantarum, 39(3), 403–410. 

Farid, M., Ali, S., Saeed, R., Rizwan, M., Bukhari, S. A. H., Abbasi, G. H., Hussain, A., Ali, B., Zamir, M. S. 

I., & Ahmad, I. (2019). Combined application of citric acid and 5-aminolevulinic acid improved 

biomass, photosynthesis and gas exchange attributes of sunflower (Helianthus annuus L.) grown on 

chromium contaminated soil. International Journal of Phytoremediation, 21(8), 760–767. 

https://doi.org/10.1080/15226514.2018.1556595 

Flora, G., Gupta, D., & Tiwari, A. (2012). Toxicity of lead: A review with recent updates. Interdisciplinary 

Toxicology, 5(2), 47–58. https://doi.org/10.2478/v10102-012-0009-2 

Gopal, R., & Rizvi, A. H. (2008). Excess lead alters growth, metabolism and translocation of certain 

nutrients in radish. Chemosphere, 70(9), 1539–1544. 

https://doi.org/10.1016/j.chemosphere.2007.08.043 

Grover, P., Rekhadevi, P. V., Danadevi, K., Vuyyuri, S. B., Mahboob, M., & Rahman, M. F. (2010). 

Genotoxicity evaluation in workers occupationally exposed to lead. International Journal of Hygiene 
and Environmental Health, 213(2), 99–106. https://doi.org/10.1016/j.ijheh.2010.01.005 

Gupta, D. K., Huang, H. G., Yang, X. E., Razafindrabe, B. H. N., & Inouhe, M. (2010). The detoxification of 

lead in Sedum alfredii H. is not related to phytochelatins but the glutathione. Journal of Hazardous 

Materials, 177(1–3), 437–444. https://doi.org/10.1016/j.jhazmat.2009.12.052 

Gupta, D. K., Nicoloso, F. T., Schetinger, M. R. C., Rossato, L. V., Pereira, L. B., Castro, G. Y., Srivastava, 

S., & Tripathi, R. D. (2009). Antioxidant defense mechanism in hydroponically grown Zea mays 

seedlings under moderate lead stress. Journal of Hazardous Materials, 172(1), 479–484. 

https://doi.org/10.1016/j.jhazmat.2009.06.141 

Hayat, S., Hayat, Q., Alyemeni, M. N., & Ahmad, A. (2013). Proline enhances antioxidative enzyme activity, 

photosynthesis and yield of Cicer arietinum L. exposed to cadmium stress. Acta Bot. Croat, 72(2), 323–

335. 

Iyaka, Y. A. (2009). Chromium in soils: a review of its distribution and impacts. Continental J. 
Environmental Sciences, 3, 13–18. 

Jiang, W., & Liu, D. (2010). Pb-induced cellular defense system in the root meristematic cells of Allium 

sativum L. Plant Biology, 10(40), 1–8. http://www.biomedcentral.com/1471-2229/10/40 

Kasmiyati, S., & Sucahyo, D. (2014). Detection of oxidative stress due to chromium toxicity on sonchus 

oleraceus L. by spectrophotometrically and histochemical determination of reactive oxygen species. 

Journai of Agricutural Science, 85–98. 

Khan, M. I. R. , Reddy, P. S. , Ferrante, A. , & Khan, N. A. (2019). Plant Signaling Molecules: Role and 
Regulation under Stressful Environments. Woodhead Publishing. 

Lichtenthaler, H. K., & Wellburn, A. R. (1983). Determinations of total carotenoids and chlorophylls a and b 

of leaf extracts in different solvents. Biochemical Society Transactions, 11(5), 591–592. 
https://doi.org/10.1042/bst0110591 

Liu, W., Le, A., Hancock, C., Lane, A. N., Dang, C. V., Fan, T. W. M., & Phang, J. M. (2012). 

Reprogramming of proline and glutamine metabolism contributes to the proliferative and metabolic 

responses regulated by oncogenic transcription factor c-MYC. Proceedings of the National Academy of 

Sciences of the United States of America, 109(23), 8983–8988. 

https://doi.org/10.1073/pnas.1203244109 

Mahaffey, K. R. (1990). Environmental lead toxicity: nutrition as a component of intervention. 

Environmental Health Perspectives, 89, 75–78. 

Mahdi Hadif, W., Abd Rahim, S., Sahid, I., Rahman, A., & Ibrahim, I. (2015). Influence of chromium metal 

on chlorophyll content in leaves of paddy oryza sativa L. Int. J. Chem. Sci, 13(3), 1238–1252. 

www.sadgurupublications.com 



The Black Sea Journal of Sciences 14(4), 1709-1722, 2024 1721 

Mahmoud, W., Rehab, H. K. A., & Taha, E. (2014). Economic evaluation of some safflower (carthamus 

tinctorius, l.) genotypes under upper egypt conditions. Alexandria Journal of Agricultural Research, 

59(3), 147–156. 

Malar, S., Vikram, S. S., Favas, P. J. C., & Perumal, V. (2014). Lead heavy metal toxicity induced changes on 

growth and antioxidative enzymes level in water hyacinths [Eichhornia crassipes (Mart.)]. Botanical 

Studies, 55(1), 1–11. https://doi.org/10.1186/S40529-014-0054-6 

Małecka, A., Piechalak, A., Morkunas, I., & Tomaszewska, B. (2008). Accumulation of lead in root cells of 

Pisum sativum. Acta Physiologiae Plantarum, 30(5), 629–637. https://doi.org/10.1007/s11738-008-

0159-1 

Manvelian, J., Weisany, W., Tahir, N. A. razzak, Jabbari, H., & Diyanat, M. (2021). Physiological and 

biochemical response of safflower (Carthamus tinctorius L.) cultivars to zinc application under drought 

stress. Industrial Crops and Products, 172, 1–12. https://doi.org/10.1016/j.indcrop.2021.114069 

Mudgal, V., Madaan, N., Mudgal, A., Singh, R. B., & Mishra, S. (2010). Effect of toxic metals on human 

health. The Open Nutraceuticals Journal, 3, 94–99. 

Patra, M., Bhowmik, N., Bandopadhyay, B., & Sharma, A. (2004a). Comparison of mercury, lead and arsenic 

with respect to genotoxic effects on plant systems and the development of genetic tolerance. 

Environmental and Experimental Botany, 52(3), 199–223. 

https://doi.org/10.1016/j.envexpbot.2004.02.009 

Patra, M., Bhowmik, N., Bandopadhyay, B., & Sharma, A. (2004b). Comparison of mercury, lead and arsenic 

with respect to genotoxic effects on plant systems and the development of genetic tolerance. 

Environmental and Experimental Botany, 52, 199–223. 

Piršelová, B., Trebichalský, A., & Kuna, R. (2015). Citlivosť vybraných poľnohospodárskych plodín na 

olovo, kadmium a arzén v skorých štádiách individuálneho vývinu. Journal of Central European 
Agriculture, 16(4), 476–488. https://doi.org/10.5513/JCEA01/16.4.1655 

Pourghasemian, N., Landberg, T., Ehsanzadeh, P., & Greger, M. (2019). Different response to Cd stress in 

domesticated and wild safflower (Carthamus spp.). Ecotoxicology and Environmental Safety, 171, 321–

328. https://doi.org/10.1016/j.ecoenv.2018.12.052 

Rai, V., Vajpayee, P., Singh, S. N., & Mehrotra, S. (2004). Effect of chromium accumulation on 

photosynthetic pigments, oxidative stress defense system, nitrate reduction, proline level and eugenol 

content of Ocimum tenuiflorum L. Plant Science, 167(5), 1159–1169. 

https://doi.org/10.1016/j.plantsci.2004.06.016 

Raza, A., Charagh, S., Abbas, S., Hassan, M. U., Saeed, F., Haider, S., Sharif, R., Anand, A., Corpas, F. J., 

Jin, W., & Varshney, R. K. (2023). Assessment of proline function in higher plants under extreme 

temperatures. Plant Biology, 25(3), 379–395. https://doi.org/10.1111/plb.13510 

Rodriguez, E., Santos, C., Lucas, E., & Pereira, M. J. (2011). Evaluation of chromium (VI) toxicity to 

chlorella vulgaris Beijerinck cultures. Fresenius Environmental Bulletin, 20, 334–339. 

Saud, S., Wang Depeng, Fahad Shah, Javed Talha, Jaremko Mariusz, Abdulsalam Nader S., & Ghareeb, R. Y. 

(2022). The impact of chromium ion stress on plant growth, developmental physiology, and molecular 

regulation. Frontiers in Plant Sicence, 1–16. https://doi.org/10.3389/fpls.2022.994785 

Sayyad, G., Afyuni, M., Mousavi, S. F., Abbaspour, K. C., Hajabbasi, M. A., Richards, B. K., & Schulin, R. 

(2009). Effects of cadmium, copper, lead, and zinc contamination on metal accumulation by safflower 

and wheat. Soil and Sediment Contamination, 18(2), 216–228. 

https://doi.org/10.1080/15320380802660248 

Sengar, R. S., Gautam, M., Sengar, R. S., Garg, S. K., Sengar, K., & Chaudhary, R. (2008). Lead stress 

effects on physiobiochemical activities of higher plants. Reviews of Environmental Contamination and 
Toxicology, 196, 73–93. https://doi.org/10.1007/978-0-387-78444-1_3 

Shahid, M., Shamshad, S., Ra, M., Khalid, S., Bibi, I., Khan, N., Dumat, C., & Imtiaz, M. (2017). Chromium 

speciation , bioavailability , uptake , toxicity and detoxi fi cation in soil-plant system : A review. 

Chemosphere, 178, 513–533. 

Shanker, A. K., Cervantes, C., Loza-Tavera, H., & Avudainayagam, S. (2005). Chromium toxicity in plants. 

Environment International, 31(5), 739–753. https://doi.org/10.1016/j.envint.2005.02.003 

Sharma, P., & Dubey, R. S. (2005). Lead toxicity in plants. Braz. J. Plant. Physiol., 17, 35–52. 

Signorelli, S. (2016). The fermentation analogy: A point of view for understanding the intriguing role of 

proline accumulation in stressed plants. Frontiers in Plant Science, 7, 1–6. 

https://doi.org/10.3389/fpls.2016.01339 



The Black Sea Journal of Sciences 14(4), 1709-1722, 2024 1722 

Singh, R., Tripathi, R. D., Dwivedi, S., Kumar, A., Trivedi, P. K., & Chakrabarty, D. (2010). Lead 

bioaccumulation potential of an aquatic macrophyte Najas indica are related to antioxidant system. 

Bioresource Technology, 101(9), 3025–3032. https://doi.org/10.1016/j.biortech.2009.12.031 

Smaoui, A., Mahmoudi, H., Medimagh, S., Taheri, A., Zribi, F., Ouerghi, Z., & Ben Salah, I. (2023). 

Physiological and biochemical responses of Carthamus tinctorius L. to zinc at vegetative stage. Journal 

of Plant Nutrition and Soil Science, 186(5), 495–506. https://doi.org/10.1002/jpln.202200339 

Steinberg, R. V. (2009). Contaminated Soils: Environmental Impact, Disposal and Treatment. In 

Phytoremediation of heavy metal/metalloid-contaminated soils (Vol. 6, pp. 181–206). Nova Science 

Publishers. 

Tunçtürk, M., Rezaee Danesh, Y., Tunçtürk, R., Oral, E., Najafi, S., Nohutçu, L., Jalal, A., da Silva Oliveira, 

C. E., & Filho, M. C. M. T. (2023). Safflower (Carthamus tinctorius L.) Response to Cadmium Stress: 

Morpho-Physiological Traits and Mineral Concentrations. Life, 13(1). 

https://doi.org/10.3390/life13010135 

Ugwu, E. I., & Agunwamba, J. C. (2020). A review on the applicability of activated carbon derived from 

plant biomass in adsorption of chromium, copper, and zinc from industrial wastewater. Environmental 
Monitoring and Assessment, 192(240), 1–12. https://doi.org/10.1007/s10661-020-8162-0 

Vajpayee, P., Tripathi, R. D., Rai, U. N., Ali, M. B., & Singh, S. N. (2000). Chromium (VI) accumulation 

reduces chlorophyll biosynthesis, nitrate reductase activity and protein content in Nymphaea alba L. 

Chemosphere, 41, 1075–1082. 

Von Burg, R., & Liu, D. (1993). Toxicology update. Journal of Applied Toxicology, 13(3), 225–230. 

https://doi.org/10.1002/jat.2550130315 

Zaheer, I. E., Ali, S., Rizwan, M., Bareen, F. e., Abbas, Z., Bukhari, S. A. H., Wijaya, L., Alyemeni, M. N., & 

Ahmad, P. (2019). Zinc-lysine prevents chromium-induced morphological, photosynthetic, and 

oxidative alterations in spinach irrigated with tannery wastewater. Environmental Science and Pollution 

Research, 26(28), 28951–28961. https://doi.org/10.1007/s11356-019-06084-z 

  


