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Abstract: Heavy metals are hazardous pollutants for humans, animals and plants, when their threshold concentration exceeds. Tobacco
can accumulate higher concentrations of heavy metals, and the genotypic differences of tobacco in heavy metal uptake and their growth
responses have not been clearly examined. In this study, the effects of nickel (Ni) and lead (Pb) on phytoremediation capabilities were
tested in four local Oriental tobacco cultivars (Basma, Akhisar, Sarıbağlar and Dibek). In two pot experiments, nitrogen (N), phosphorus
(P) and potassium (P) were applied in fıxed doses, while Pb and Ni were applied at 4 different doses (10, 50, 100 and 150 mg kg–1). Plants
were harvested after 50 days of growing period, and separated into roots, stems, leaves. The biomass values were measured, and Pb and
Ni concentrations were quantified in plant organs. Results revealed that Basma cultivar had the highest total biomass value with 16.63
and 15.92 g pot–1 for Ni and Pb contents, respectively. While, the lowest total biomass was recorded in Dibek cultivar with 7.09 and
5.71 g pot–1 for Ni and Pb, respectively. The biomass, Ni and Pb uptake and accumulation capabilities remained in the following order
of cultivars Basma > Akhisar > Sarıbağlar > Dibek. Depending on the application doses, Ni and Pb concentrations of different plant
parts (roots, stems and leaves) of all varieties showed significant (p < 0.01) increases compared to the control treatments. All of the plant
parts of Basma variety had higher Ni and Pb concentrations than the Akhisar, Sarıbağlar and Dibek variety. Nickel concentrations in the
roots, stems and leaves of different cultivars were determined to be the least in the control application and the highest in the NPK+150
mg kg–1 Ni (Ni4) application. Lead concentrations in the roots, stems and leaves of different cultivars were determined to be the least in
the control application and the highest in the NPK+150 mg kg–1 Pb (Pb4) application. Basma variety with higher enrichment factor (EF)
and bioaccumulation factor (BAF) values were also found to be more effective than the other varieties for phytoremediation of Ni and
Pb. The objective of this study was to examine the Ni and Pb uptake, transport and accumulation properties of oriental tobacco with
special emphasis on its different varieties.
Key words: Tobacco, phytoremediation, nickel, lead, soil, contamination

1. Introduction
Heavy metals are considered as hazardous chemicals
in the environment, and causing major health problems
throughout globe. Heavy metals are one of the main
pollutants that affect the plants, animals, and humans
at very low concentrations. Heavy metals are not easily
degraded in the environment, and could cause severe
damages to both living organisms and the environment
(Tomás et al., 2012). They are very harmful, because
of their nonbiodegradable nature, long biological halflives and their potential to accumulate in different body
parts. Most of the heavy metals are extremely toxic,
and even at low concentrations, they can exhibit severe
damaging effects in living organisms (Chen et al., 2005;
Li et al., 2015). Excessive heavy metals in the human
nutrition can be toxic, and can cause acute and chronic
diseases (Schmidt, 2003). Food and fodder crops raised

on heavy metal contaminated soils have the tendency to
accumulate excessive amounts of heavy metals, and pose
severe risks to human and animal health (Rattan et al.,
2005; Kulhari et al., 2013). Heavy metal concentrations
in the soil can lead to enhanced crop uptake and negative
affects on the growth and development of plants. Excessive
concentrations of high metals in plants lead to oxidative
damage which expressively reduces the plant growth and
biomass (Lugon-Moulin et al., 2006; Rizwan et al., 2018).
Excess Ni induces leaf chlorosis and inhibits plant growth
(Leskova et al., 2020). Heavy metal may inhibit the division
and proliferation of plant stem cells (Soudek et al., 2010),
causing disruptions in plants growth (Mohanpuria et al.,
2007). Plants exposed to heavy metals have mutationlike changes in the DNA structure and decreased
amount of RNA, soluble proteins and sugars (Zeid et
al., 2013). Further, they induce the structural changes in
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chloroplasts, decreases the amount of chlorophylls, and
affects the stomatal conductivity of the plant, preventing
the continuity of photosynthesis, dramatic changes in
related enzyme activities and eventually lowering yield
(Tunc and Sahin, 2015). Nowadays, the phytoremediation
has received great attention for the remediation of
contaminated soil (Huang et al., 2016). Phytoremediation
involves the process for treating contaminated area with
plants to eliminate pollutants. The basic principle of
phytoremediation involves the breaking of contaminant
by roots of plants to lesser toxic element or absorption
of contaminant, storing it in the stems and leaves of the
plant (Kaur et al., 2018). Heavy metal contamination
has posed a serious threat to human health and the
ecosystem. Therefore, remediation of land contamination
is of paramount importance. Phytoremediation is an
ecofriendly approach that could be a successful mitigation
measure to revegetate heavy metal-polluted soil in a costeffective way (Yan et al., 2020; Raza et al., 2020).
Phytoremediation is a natural treatment approach to
remove organic and inorganic contaminants from the
soil and aquatic environments through; 1- immobilizing
at roots region, 2- uptake by roots and shoots, and
accumulating therein, 3- uptake by roots, transporting
to upper parts of the plant, metabolizing or evaporating
at roots and leaves (Ghosh and Singh, 2005; Rehman et
al., 2017b; Rizwan et al., 2017b; Shah and Daverey, 2020;
Antoniadis et al., 2021). The plants to be used for such
purposes should reliably be grown under contaminated
conditions, able to produce high shoot rates, be deep
rooted, fast growing, easy-harvested, and have a high
heavy metal accumulation capacity in their shoots. Till
date, more than 200 species in the worldwide are being
recognized as a tolerant or accumulator of heavy metals,
especially for zinc (Zn), nickel (Ni), cobalt (Co), copper
(Cu), lead (Pb), and many others (Sun et al., 2015; Tauqeer
et al., 2016; Muthusaravanan et al., 2018).
Nickel (Ni) is an essential plant nutrient (Marschner,
1995; Li and Zamble, 2009), but lead are not essential
element for tobacco, this metal may be adsorbed and
moved to the tissues by transport processes (Oliver and
Gregory, 2015).
Tobacco (Nicotiana tabacum L.) is recognized as an
effective accumulator of metals from the soil, and can

accumulate relatively high concentrations in its organs,
mainly leaves (Mench et al., 1989; Doroszewska and
Bebec, 2004; Vera-Estrella et al., 2017; Rong et al., 2020).
It is reported that tobacco is able to produce high biomass
rates, easy to find, can be grown over large areas, and can
be accepted as hyperaccumulator for some heavy (Vanlı,
2007; Vamerali et al., 2010; Da Silva et al., 2016; Maodzeka
et al., 2017; Palusińska et al., 2020). The uptake of heavy
metal concentrations in tobacco leaves differs widely, and
it mainly depends on the tobacco cultivars/genotypes, soil
types or conditions, soil organic matter content, pH of the
soil, environment and some other factors (Wagner et al.,
1988; Adamu et al., 1989; Tsadilas et al., 2005; Piano et al.,
2008; Golia et al., 2009; Zaprjanova et al., 2010; Regassa
and Chandravanshi, 2016; Zhao et al., 2020).
Oriental tobacco is produced in a large scale under
different climatic and soil conditions, and mainly produced
in Turkey. In the present study, 4 different local Oriental
tobacco cultivars, which are adapted to different climatic
(Aegean, and Blacksea) and soil conditions (alkaline
and acid) were evaluated for their phytoremediation
capabilities for Ni and Pb.
2. Materials and methods
Oriental tobacco cultivars, namely Basma, Akhisar, Dibek
and Sarıbağlar were used as plant materials in 2 pot
experiments. All experiments were carried out at green
house conditions. Sand-perlite mixture was used as the
growing media in all the experiments. Some physical and
chemical characteristics of soil experiments are given in
(Table 1).
Plastic pots were filled with 1.5 kg soil and 75 g perlite.
Experiments were separately designed for Ni and Pb. Four
doses of (10, 50, 100, and 150 mg kg–1) were used for both
Pb and Ni treated experiments. Pb treated experiments
were arranged as; 1- Control (Pb0), 2- NPK, 3- NPK+10 mg
kg–1 Pb (Pb1), 4- NPK+50 mg kg–1 Pb (Pb2), 5- NPK+100
mg kg–1 Pb (Pb3) and 6- NPK+150 mg kg–1 Pb (Pb4); Ni
experiment were arranged as; 1- Control (Ni0), 2- NPK,
3- NPK+10 mg kg–1 Ni (Ni1), 4- NPK+50 mg kg–1 Ni (Ni2),
5- NPK+100 mg kg–1 Ni (Ni3) and 6- NPK+150 mg kg–1 Ni
(Ni4). These application doses were selected according to
previous studies (Arazi et al., 1999; Angelova et al., 2004;
Piano et al., 2008). Relevant concentrations of nutrient and

Table 1. Physical and chemical characteristics of experiments soil.
pH

CaCO3
(%)

Total soluble salt
(dS m–1)

Organic matter
(%)

Texture
class

Ni*
(mg kg–1)

Pb*
(mg kg1)

7.80

3.07

0.20

0.50

Loam

12.10

4.52

*: Total extracted with aqua regia
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heavy metal solutions were initially mixed with perlite,
and then thoroughly mixed with soil and filled into pots.
Pb (NO3)2 was used as a Pb source and NiSO4 6H2O was
used as a Ni source. Except for the control treatment,
150 mg kg–1 N, 20 mg kg–1 P and 150 mg kg–1 K were
applied to all treatments. NH4NO3 was used as N source,
KH2PO4 as P source, and KH2PO4 and K2SO4 as K source.
Experiments were designed in a randomized block with 3
replications. Initially, 4 seedlings were planted into pots,
and after 10 days, they were thinned to 2 seedlings. Plants
were harvested as a whole plant (roots+stem+leaves) after
50 days of growth and separated into roots, stems and
leaves and biomass values were recorded. All samples were
washed so as to remove any adhering soil particles, and
rinsed with distilled water, dried at 65–70 °C and grinded.
After wet digestion (4:1 HNO3: HClO4 (v/v) (Li et al., 2001;
Kacar and İnal, 2008), Pb and Ni concentrations were
measured using atomic absorption spectrophotometer
(AAS) (Varian AA 220 FS).
2.1. Heavy metals hyperaccumulation factors
2.1.1. Enrichment factor (EF)
The EF is calculated as the ratio of metal concentration in
the plant to metal concentration in the soil (Lorestani et
al., 2011).
2.1.2. Translocation factor (TF)
The translocation factor (TF), also called as the
mobilization ratio is the ratio of metal concentration in
the shoots to metal concentration in the roots (Lorestani
et al., 2011).
2.1.3. Bioaccumulation factor (BAF)
The bioaccumulation factor (BAF) is the ratio of metal
concentration from shoots to the soil (Singh et al., 2011).
2.2. Statistical analysis
The data was analyzed by analysis of variance (ANOVA)
with SPSS statistical program (version 16.0) to determine
any statistically significant differences. All treatments were
compared with the Duncan’s multiple range test (p ≤ 0.05).
The data was interpreted according to p ≤ 0.01 and p ≤
0.05. In the figures, the spread of values is shown as error
bars representing standard errors of the means.
3. Results and discussion
3.1. Biomass
Different concentrations of nickel and lead application
have significant effects (p <0.01) on Nickel and lead
biomass determined in various plant parts and varieties
(Table 2).
It is noteworthy to mention that decreased biomass
values were observed in cultivars that were treated
with increased application doses of Ni and Pb, and the
condition was more distinctive at high doses (Table 3).
Significant differences were observed in biomass values of
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Table 2. Effect of Ni concentrations on biomass of plant parts (g
pot–1, DW).
Cultivars
Treatments

Akhisar

Basma

Dibek

Sarıbağlar

Control

1.25

1.42

0.80

1.09d

NPK

3.19a

4.01a

1.99a

2.62a

Ni1

2.72

3.32

ab

1.55

2.16ab

Ni2

1.58b

2.83bc

1.32bc

1.76bc

Ni3

1.40

2.66

0.79

1.49cd

Ni4

1.23b

2.39c

0.64d

1.19d

b

a

b

e

b

c

cd

cd

Table 3. Effect of Pb concentrations on biomass of plant parts (g
pot–1, DW).
Cultivars
Treatments

Akhisar

Basma

Dibek

Sarıbağlar

Control

0.90c

1.00d

0.60c

0.72d

NPK

2.27

3.55

1.36

1.78a

Pb1

2.15ab

3.33a

1.13ab

1.58ab

Pb2

1.99ab

3.15ab

1.03abc

1.28bc

Pb3

1.93

2.80

0.90

1.20bc

Pb4

1.78b

2.09c

0.69c

1.09cd

a

ab

a

b

a

bc

tobacco cultivars with increasing Ni and Pb concentrations
and cultivars exhibit different responses against Ni and
Pb concentrations. The highest biomass values were
determined in NPK application Basma cultuvar (4.01–3.55
g pot–1), while the lowest values were witnessed in plants
treated with Ni4 (NPK+150 mg kg–1 Ni) and Pb4 (NPK+150
mg kg–1 Pb) doses. Biomass values were decreased biomass
value was observed with the increased doses of Ni and Pb.
The highest biomass value was observed in Basma
and the lowest value was recorded in Dibek cultivar. The
cultivars Akhisar and Sarıbağlar had biomass values in
between them. The differences between cultivars in Pb
treatments were similar to the ones in Ni treatments.
Biomass value of especially Basma cultivar was found to
be higher than the other cultivars in treatments. Dibek
cultivar had the lowest biomass value. Akhisar and
Sarıbağlar cultivars exhibited similar biomass values with
Ni treatments. In both Ni and Pb treatments, the highest
biomass values of 4 cultivars were observed in NPK
treatments. Decreasing biomass values were observed
with increasing Ni and Pb concentrations. With regard to
biomass in general, Basma cultivar had the first place and
Dibek cultivar had the last place. (Figures 1 and 2).
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Total Biomas, DW

g pot -1 ,DW

Control

14
12
10
8
6
4
2
0

NPK

10 mg/kg

50 mg/kg

100 mg/kg

150 mg/kg

a
a

b

b

a
b b
aa aa b

bc

d

c

Akhisar

b

c

a

ab

c

Basma

a

c

c

ab
bc cd
d

d

Dibek

Sarıbağlar

*P: Significance ≤0.01
Figure 1. Effects of Ni treatments on total biomass value of tobacco cultivars.

Total Biomass, DW
Control

N PK

10 m g/kg

50 m g/kg

100 mg/kg

150 mg/kg

g pot -1, D W

15
10

a
a ab
ab

5
0

c

ab

b

Akhisar

ab

bc

abc
c

e

d
d

Basma

a ab

bcd cd

Dibek

a ab
d

bc bc cd

Sarıbağlar

*P: Significance ≤ 0.01
Figure 2. Effects of Pb treatments on total biomass value of tobacco cultivars.

Effects of Ni and Pb treatments on biomass value of
tobacco cultivars varied based on cultivars and treatment
doses. The highest Biomass (root + stem + leaf) values
were determined Basma (1.42–4.01 g pot-1) and the lowest
biomass Dibek (0.64–1.99 g pot–1). Decreasing biomass
values were observed with increasing Pb treatment doses.
Biomass values of Pb treatments varied between 0.60 and
3.55 g pot–1. The decrease in biomass values with increasing
Pb doses was more distinctive at higher doses. Obviously
the addition of Ni and Pb induced a decrease in biomass
value with the greatest decrease being noted in the tobacco
cultivars after addition of N1 (NPK+10 mg kg–1 Ni) and
P1 (NPK+10 mg kg–1 Pb) doses. Pb accumulation in plant
tissue caused plant stress which affected plant root and
shoot growth thereby leading to a reduction in biomass

(Maodzeka et al., 2017). With increasing Pb applications,
it was observed that there were statistically significant
decreases in root and green parts dry matter yields (Kınay
and Erdem, 2019). Boonyapookana et al. (2005) stated that
Pb causes less biomass production in tobacco, Helianthus
annuus, and Vetiveria zizanioides. As indicated by Chen et
al. (2009) a linear decrease was observed in biomass values
of cultivars with increasing Ni concentrations. Basma
was found to be the superior one with respect to biomass
accumulation in both experiments. This can be attributed
to genetic characteristics, and well-adaptation of this
cultivar to the local climatic conditions (Lasat, 2002).
3.2. Concentration of plant parts
The increasing doses of Ni application had a statistically
significant (p < 0.01) effects on the uptake of Ni in various
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plant parts. Results revealed that Ni concentrations in
root, stem and leaves of Basma, Akhisar, Sarıbağlar and
Dibek cultivars varied with the application doses (Table 4).
Depending on the application doses, Ni and Pb
concentrations of different plant parts (roots, stems
and leaves) of all varieties showed significant (p < 0.01)
increases compared to the control and NPK treatments.
All of the plant parts of Basma variety had higher Ni and
Pb concentrations than the Akhisar, Sarıbağlar and Dibek
variety. In the tobacco varieties examined, it is observed
that the Ni concentration (mg kg–1) in the root parts
varies between 3.73 and 50.19 in Akhisar variety, 3.96 and
65.30 in Basma variety, 3.18 and 33.65 in Dibek variety,
and 3.30 and 39.19 in Sarıbağlar variety, depending on
the applications. It has been determined that the Ni
concentration (mg kg–1) in the stem varies between 1.92
and 68.23 in Akhisar tobacco variety, 3.96 and 65.30 in
Basma variety, 3.18 and 33.65 in Dibek variety and 3.30
and 39.19 in Sarıbağlar variety. Ni (mg kg–1) concentration
in the leaf was found to vary between 3.49 and 42.53 in
Akhisar tobacco variety, 3.78 and 58.70 in Basma variety,
3.25 and 25.36 in Dibek variety and 3.18 and 33.65 in
Sarıbağlar variety. Ni concentrations in the roots, stems
and leaves of different cultivars were determined to be
the least in the control application and the highest in the
Ni4 application. According to Tso (1990), Ni content in
tobacco varies from 0.2 to 1.6 mg kg–1. However, results
from our study point out a significantly higher content for
Ni element in cultivars. Statistically significant (p < 0.01)

differences were found in different plant parts with respect
to Pb application concentrations in cultivars (Table 5). The
highest lead concentration was determined in roots, and
the lowest was found in leaves.
The Pb content of tobacco cultivars increased depending
on the applied heavy metal concentrations. Pb concentration
(mg kg–1) in the roots of Akhisar tobacco variety was
determined between 2.61 and 81.84, 3.87 and 97.05 in
Basma, 2.36 and 63.54 in Dibek, 2.48 and 76.65 in Sarıbağlar
variety. According to tobacco types, Pb concentration in the
stem varied between 2.01 and 53.84 in Akhisar variety, 2.08
and 60.63 in Basma, 1.84 and 41.58 in Dibek, 1.89 and 44.10
in Sarıbağlar variety. The Pb concentration in leaf content
varied between 3.49 and 42.53 in the leaves of Akhisar
variety, 3.78 and 58.70 in Basma, 3.25 and 25.36 in Dibek
and 3.45 and 36.03 in Sarıbağlar variety. Pb concentrations
in the roots, stems and leaves of different cultivars were
determined to be the least in the control application and
the highest in the Pb4 application. Ni and Pb concentrations
of the roots in both experiments were determined higher
than the stem and leaves. Tobacco roots also accumulated
Co and Ni more than did the stem (Liu et al., 2019). This
situation has been reported by Boonyapookana et al. (2005),
shoot Pb concentrations for most plants are generally low
since little Pb is transferred from the root to shoot. LugonMoulin et al. (2004) stated that Pb depends largely on the
soil characteristics, the type and variety of tobacco, as well
as the place of cultivation. Maodzeka et al. (2017) reported
tobacco Pb concentration varies according to genotypes

Table 4. Ni concentration (mg kg–1) in different parts of tobacco cultivars.

Root

Stem

Leaf

Control

NPK

Ni1

Akhisar

3.44d

3.92d

7.13d

33.10c

73.67b

88.44a

Basma

3.65

4.10

8.21

40.52

82.11

108.42a

Dibek

3.07d

3.21d

6.41d

27.64c

56.67b

65.83a

Sarıbağlar

3.33

3.61

6.80

30.50

67.66

74.78a
*

d

d

d

d

d

Ni3
c

c

Ni4
b

b

*

*

*

*

*

Akhisar

1.92d

2.10d

5.30d

27.96c

43.53b

68.23a

Basma

2.02

2.25

6.95

32.00

b

55.43

85.44a

Dibek

1.86d

2.05d

4.11d

21.57c

34.09b

51.92a

Sarıbağlar

1.87

2.11

4.16

24.97

38.14

58.54a

*

*

*

*

*

*

d

d

d

d

d

d

c

c

b

Akhisar

3.73

4.41

6.73

18.67

39.02

50.19a

Basma

3.96d

4.76d

10.16d

26.18c

50.02b

65.30a

Dibek

3.18

3.78

5.89

15.55

b

22.48

33.65a

Sarıbağlar

3.30d

3.88d

6.28d

16.93c

26.95b

39.19a

*

*

*

*

*

*

*p: Significance ≤ 0.01.
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Ni2

d

d

d

d

d

d

c

c

b
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Table 5. Pb concentration (mg kg–1) in different parts of tobacco cultivars.

Root

Stem

Leaf

Control

NPK

Pb1

Pb2

Akhisar

2.61

3.92

8.20

Basma

3.88d

4.08d

Dibek

2.36e

Sarıbağlar

Pb3

Pb4

30.76

b

61.81

81.84a

8.37d

35.52c

74.06b

97.05a

3.43de

6.94d

20.68c

53.28b

63.54a

2.48

3.14

7.08

23.34

59.99

76.65a

*

*

*

*

*

*

e

e

de

de

d

d

c

c

b

Akhisar

2.01

2.07

4.21

16.06

36.78

53.84a

Basma

2.08d

2.13d

5.49d

22.91c

45.66b

60.63a

Dibek

1.84

1.99

3.25

12.46

b

27.24

41.58a

Sarıbağlar

1.89d

2.05d

4.03d

13.96c

31.61b

44.10a

*

*

*

*

*

*

*

Akhisar

3.49

5.56

6.35

16.18

30.06

42.53a

Basma

3.78

5.76

8.37

20.98

b

44.82

58.70a

Dibek

3.25d

4.66d

5.57d

11.42c

19.25b

25.36a

Sarıbağlar

3.45d

4.96d

6.16d

12.79c

23.11b

36.03a

*

*

*

*

*

*

*

d

d

d
e

d

d

d
de

d

d

d
d

c

c

c
c

b

b

*p: Significance ≤ 0.01.

and cultivars. Shoot Pb concentrations for most plants are
generally low since little Pb is transferred from the root
to shoot. Likewise, previous study reports the highest Pb
concentration accumulation in plant roots (Wilde, 2005). The
highest Pb concentration was revealed in the root, while the
lowest in the leaves. Similar results were also reported by Del
Piano et al. (2008) in tobacco plants. Lead is only sparingly
soluble in solution, and even at highly contaminated sites, Pb
in the soil solution is often less than 4 mg/L (Cunningham
and Berti, 2000). Likewise, another study also revealed that
low transportation rate of Pb from roots to stems and leaves
is due to the formation of stable complexes with amino acids
which might indicate reduced transportation of this ion
from the root (Mengel and Kirkby, 2001). Nicotianamine
can significantly enhance plant tolerance to high Ni, as
shown by the overexpression of a nicotianamine synthase
from barley or from the metal hyperaccumulator Noccaea
caerulescens in tobacco or Arabidopsis, respectively (Kim et
al., 2005, Pianelli et al., 2005).
Hyperaccumulator plants including tobacco releases
organic chelates for metal extraction (Chen et al., 2003;
Evangelou et al., 2006; Duarte et al., 2007). The use of
heavy metal chelators have been introduced to soil to
make Pb more bioavailable for plant uptake. The addition
of synthetic chelators has been shown to increase soil Pb
mobility and plant uptake (Boonyapookana et al., 2005).
Root secretions may affect the heavy metal uptake and
translocations. Rhizosphere acidification and release of
root exudates contribute to the absorption of several heavy

metals (Lasat, 2002). Some root morphological traits, such
as pattern of root density, maximum depth and specific
root length, are considered to be crucial for adaptation to
stress conditions (Fitter et al., 1991). Metal transfer from
soil to plants depends on the parameters like soil type,
soil pH, tobacco plant types, geographical location and
fertilizers with varying chemical compositions (Golia et
al., 2008). Researchers have shown that for effective uptake
to occur, metals need to be solubilized in the rhizosphere,
and then moved across the root–cell plasma membrane
for subsequent transport into the xylem (Robinson et al.,
2003).
Plants take up heavy metals from the soil via root to
shoot transport. The roots receive metal either by symplastic
transport or by apoplastic transport (Thakur et al., 2016;
Ling et al., 2017). Heavy metals enter through intercellular
spaces (apoplast) in apoplastic transport and through
specific ion channels or carriers in symplastic transport
(Chaudhary et al., 2018). Chemical changes are known to
alter metal bioavailability and speciation in the growing
medium, contributing to improved metal uptake by plant
roots (Chiu et al., 2005).Various compounds have been
studied for their ability to mobilize metals and enhance
metal accumulation in plants, including chelating agents
(Chen and Cutright, 2001; Grčman et al., 2003), organic
acids (Chen et al., 2003; Evangelou et al., 2006), and amino
acids (Singer et al., 2007). Plant growth can enhance the
mobility and bioavailability of metals in soil by decreasing
soil pH and root exudates (Majewska et al., 2011). Plants
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release organic acids, including oxalic acids, fatty acids
and citric acids through the roots, which can change the
soil pH in cooperation with the microbial interactions in
rhizosphere, resulting in dissolution of metals in soils, and
makes the metals more bioaccessible to plants (Pan et al.,
2018). Common organic acids are gluconic acid, tartaric
acid, oxalic acid, and citric acid, humic acid, malic acid,
and oxalic acid. These acids are also reported to enhance
phytoremediation by increasing the uptake of nutrients
and heavy metals by the plants (Gómez-Garrido et al.,
2018; Yang et al., 2018). Plants accumulate Cd, Pb, and Ni
from soils at different levels depending on plant species,
genotypes within the same species, soil pH, and organic
matter content (Antonious et al., 2017).
The reason for higher accumulation of Pb in roots could
be a defense mechanism that the plant has developed to
protect its stem, fruit, and shoots from Pb toxicity (Yerli et
al., 2020). Similarly, Zaprjanova et al. (2010) have reported
decreasing levels of Pb concentrations from roots to leaves
in tobacco. Tso (1990) reported that Pb concentrations in
tobacco leaves and stems may reach up to 200 and 19 mg
kg-1, respectively. Piano et al. (2008) stated that limited
Pb transport happens from roots to other plant parts.
Golia et al. (2003) reported different responses of tobacco
cultivars to heavy metal concentrations [Zn, Cu, Ni, Cd,
manganese (Mn)], and their response order was Burley >
Oriental > Virginia. Angelova et al. (2004) reported that
the distribution of the heavy metal in the organs of tobacco
plants has a selective character, which decreases in the
following order: leaves > capsules > stems > seeds > roots.

Differences in the metal concentration in tobacco
leaves examined seem to imply that different types of
tobacco have different responses to metal accumulation
(Golia et al., 2007). Zaprjanova et al. (2010) reported that
Pb concentration in tobacco leaves and blossoms, and
Cd concentration in the leaves increased linearly with
the increase of the total element’s content in the soil. The
natural concentration of Pb in plants grown in unpolluted
regions is in the range of 0.1–10 mg kg–1 (Kabata-Pendias,
2011). In this study, control, NPK and Pb1 (NPK+10 mg
kg–1 Pb) applications lowered this reference range, but Pb2
(NPK+50 mg kg–1 Pb), Pb3 (NPK+100 mg kg–1 Pb) and Pb4
(NPK+150 mg kg–1 Pb) applications significantly showed
higher content of Pb element value.
3.3. Heavy metals hyperaccumulation factors
Enrichment factor (EF) increased with nickel and lead
application dose and the smallest value was obtained in
control and the highest value in Ni4 (NPK+150 mg kg–1
Ni) and Pb4 (NPK+150 mg kg–1 Pb) applications. EF was
noticed for the cultivars in the following order; Basma >
Akhisar > Sarıbağlar > Dibek. Likewise, the translocation
factor (TF) of the cultivars also differed with the Ni and Pb
applications (Table 6).
The highest TF values were obtained in Basma and
Akhisar varieties in Ni1 (0.85) and Ni2 (0.85) applications.
In Pb applications, the highest TF value has been obtained
in the control (0.77) application (Table 7). It has been
reported that the highest TF values determined in roots
compared to stem and leaves is due to the lower transfer
ability of Pb from roots to leaves (Proshad et al., 2020).

Table 6. Heavy metals hyperaccumulation factors of nickel.
Enrichment factor (EF)
Cultivars

control

NPK

Ni1

Ni2

Ni3

Ni4

Akhisar

0.75

0.86

1.58

6.59

12.91

17.10

Basma

0.79

0.91

2.09

8.15

15.50

21.41

Dibek

0.67

0.74

1.36

5.35

9.36

12.51

Sarıbağlar

0.70

0.79

1.42

5.98

10.97

14.25

0.54

0.74

0.85

0.59

0.77

Translocation factor (TF)
Akhisar

0.56

Basma

0.55

0.54

0.85

0.78

0.67

0.78

Dibek

0.60

0.63

0.64

0.78

0.60

0.78

Sarıbağlar

0.56

0.58

0.61

0.82

0.56

0.78

0.44

2.31

3.59

5.63

Bioaccumulation factor (BAF)
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Akhisar

0.15

0.17

Basma

0.16

0.18

0.57

2.64

4.58

7.06

Dibek

0.15

0.16

0.33

1.78

2.81

4.29

Sarıbağlar

0.15

0.17

0.34

2.06

3.15

4.83
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Table 7. Heavy metals hyperaccumulation factors of lead.
Enrichment factor (EF)
Cultivars

control

NPK

Pb1

Pb2

Pb3

Pb4

Akhisar

1.79

2.55

4.15

13.93

28.46

39.42

Basma

2.15

2.64

4.91

17.56

36.40

47.87

Dibek

1.86

2.23

3.48

9.85

22.07

28.86

Sarıbağlar

1.73

2.24

3.82

11.08

25.37

34.68

Translocation factor (TF)
Akhisar

0.77

0.52

0.51

0.52

0.59

0.65

Basma

0.53

0.52

0.65

0.65

0.61

0.62

Dibek

0.77

0.58

0.46

0.60

0.51

0.65

Sarıbağlar

0.76

0.65

0.56

0.59

0.52

0.57

Bioaccumulation factor (BAF)
Akhisar

0.44

0.45

0.93

3.55

8.13

11.91

Basma

0.46

0.47

1.21

5.06

10.10

13.41

Dibek

0.40

0.44

0.71

2.75

6.02

9.19

Sarıbağlar

0.41

0.45

0.89

3.08

6.99

9.75

The TF values for heavy metals are usually less than one
as reported for most elements in the previous study by
Liu et al. (2019). A hyperaccumulator is defined by EF
or TF when it is more than one (Lorestani et al., 2011).
Bioaccumulation factor (BAF) increased with nickel and
lead application dose and the smallest value was obtained
in control and the highest value in Ni4 (NPK+150 mg
kg–1 Ni) and Pb4 (NPK+150 mg kg–1 Pb) applications and
follwing order; Basma > Akhisar > Sarıbağlar > Dibek.
The BAF indicates the potential of a plant to take up
heavy metals from the soil, while the TF represents the
transport of the element from roots to leaves. Most of the
plants trapped heavy metals in their roots and this might
be an evolutionary strategy to protect the shoots from
heavy metal toxicity. As a result, the TF values for heavy
metals are usually less than one, as reported by Liu et al.
(2019). BAF values increased with increasing Ni and Pb
concentrations, and a positive linear relationship between
soil and plant metal concentrations has been reported in
many previous studies (Liu et al., 2016; Saha et al., 2016).
BAF value varies depending on soil properties (McGrath
and Zhao, 2003). It has been stated that the BAF value of
the leaf in alkaline soil is higher than acidic soil (Liu et
al., 2016). Both the EF and TF should be considered to
evaluate whether a plant is metal hyperacumulator or not
(Iqbal et al., 2020). It has been stated that the TF differs
from metal to metal, and from plant to plant (Proshad et
al., 2020). Higher BAF values of Basma might reflect the
genetic differences due to root secretion and adaptation

of the variety to the growing environment. Basma had
naturally developed an adaptation mechanism to grow
under acidic conditions where heavy metal solubility is
high.
4. Conclusion
In present study, Ni and Pb uptake and accumulation
capacities in different oriental tobacco cultivar were
tested to determine of the phytoremediation potential.
Higher Ni and Pb concentrations were determined mostly
in roots rather than stems and leaves. While the highest
biomass values were observed in Ni1 (NPK+10 mg kg–1
Ni), and Pb1 (NPK+10 mg kg–1 Pb) treatments. Biomass
values of cultivars under Ni4 (NPK+150 mg kg–1 Ni) and
Pb4 (NPK+150 mg kg–1 Pb) treatment doses decreased
significantly. Basma cultivar recorded the highest
biomass yield other cultivars under increased Ni and Pb
concentrations. Further, the highest EF and BAF were
also found in Basma cultivar. Thus, Basma cultivar can
be a better choice for phytoremediation when compared
to other cultivars. Growing conditions like soil pH and
genetic properties of Basma variety should be considered
as important parameters for phytoremediation.
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