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Abdract
Cadmium (Cd) isahazardous pollutant for humans, animals and plants when the certain threshol d concentrations exceeded. Tobacco can accumul ate
higher concentrations of Cd, and the genotypic differences of tobacco in Cd uptake and the response to Cd have not been clearly determined. Theaim
of thiswork wasto determine the effects of variouscadmium levels(Cd 0, 0.25, 2.5 and 10 mg kg) on macro and micro nutrient concentrationsand
biomass production of two tobacco varieties. Tobacco plants were grown under controlled conditions, and required macro (N, Pand K) and micro
(Fe and Zn) nutrients were applied along with increased doses of Cd. The concentrations of N, P, K, Ca, Mg, S, Fe, Cu, Zn, Mn, B and Cd
concentrationsin leaves and dry matter yield of two tobacco varietieswere determined. Theincreased doses of Cd significantly affected (P< 0.05) the
dry matter yield and many nutrient concentrations eval uated. The changesin plant nutrient concentrations of tobacco |eavesinduced by Cd exposure
werediverse. Concentrationsof K, Ca, Mg, Zn, Fe, Mn and B decreased in thetobacco leavesin linewith Cd exposure, concentrations of Cd and Cu
increased, but N, Pand Swere not significantly changed. Theresultsrevealed that high Cd accumulation is possibly associated with adeclinein dry
matter weight induced by the disturbance of nutrient uptake. Precautions need to be taken for tobacco grown in Cd contaminated environments

preventing Cd uptake of human through smoking cigarette.
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Introduction
Excessive accumulation of Cdin most living organisms can cause
serious health hazards *. Therefore, International Agency for
Research on Cancer 2 (IARC) classified cadmium (Cd) asawell
known human carcinogen metal . Cadmium accumulatesmainly in
the plant leavesand, to asmaller extent, in the other partssuch as
fruits and grains, Cd aso accumulatesin the liver and kidney of
animal which arethe most critical target organsin human being @,

The cadmium concentration has considerably increased in
agricultural environmentsasin agricultural products®. Ryanet al.®
indicated that mean Cd concentration in unpolluted soils ranges
between 0.06 and 0.5 mg kg* whilein polluted soil s concentration
may exceed 10 mg kg®. The foremost sources of cadmium
dispersion to the environment are the non-ferrous metal industry,
burning of fossil fuels or municipal waste materials, production,
use and disposal of batteries and application of pesticides and
phosphatefertilizers’.

Theaccumulation of Cdin plants may vary depending on plant
type and variety, thusthe quantity and distribution of Cdin plants
grown on the contaminated soils substantially differ among plant
species %9, Differences in the Cd accumulation capacity and
localization are important in determining plant tolerance to Cd
exposure *°. The studies on wheat 1, rice 2, tomato ** and potato *4
have documented that Cd influencesthe uptake and transl ocation
of nutrients in crops. Grant et al. *°, by growing different plant
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species in the same solution culture with different Cd
concentration, reported that wheat plants contained less Cd
compared to pea, mai ze and tobacco.

The high levels of Cd in soils cause a series of disturbancein
plant functions, such asreduction of chlorophyll, sugar and protein
content, decrease of photosynthesis and dramatic change of
phenol content and related enzyme activities and eventually
lowering yield 6. Cd may also interfere with nutrient uptake by
affecting the permeability of plasmamembraneswhich resultsin
changing the nutrient concentration and composition *’. Zhang
et al. " and Liu et al. *® reported antagonistic effects of Cd on
essential elements when added Cd to the growth medium of
Triticumaestivum L. They reported higher levels of phosphorus
(P), potassium (K) and manganese (Mn) accumulation intheroots.
The interactions between Cd and other nutrients cause
physiological disordersaswell asareduction of crop growth and
yidd.

Tobacco ischaracterized as an efficient accumulator of Cd, and
can accumulaterelatively high concentrationsof Cdinitsleaves.
Cadmium concentration in tobacco leavesvariesin awide range
depending on the tobacco varieties, soil conditions, climate and
some other factors *°. Although the precautionary measures are
being taken by the governmentsto prevent human from smoking,
the number of smokers are not being declined. World Health
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Organization announced that onein three adultssmoke and over
one hillion people smoking in worldwide . Sincetobacco smoke
is one of the common mechanisms for Cd uptake by humans,
mainly for smokers, determining the effect of different Cd
concentration on Cd uptake by the different tobacco cultivarsare
crucia 2. Therefore, the purposes of this study were to evaluate
the effects of increased Cd concentration on Cd uptake of two
tobacco cultivars grown widely in Turkey, and investigate the
interaction between Cd and other macro- and micronutrientsin
soil which have not been fully explained.

Materialsand M ethods

Two different tobacco genotypes (Nail and Xanthi/2A) were used
in individual pots at the experimental greenhouse located in

University of Gaziosmanpasa Tokat/Turkey for 45 days. The

seedlings were transplanted and grown in individual plastic pots
(220 mm upper diameter, 180 mm lower diameter and 4-litrevolume).
The soil, used for the pot experiment had the following chemical
and physical properties: texture was SiCl, CaCO, content was
15.8%, pH 8,02, organic matter 1.14 % andthe DTPA-extractable
concentrationsof Zn, Fe, Mn, Cu and Cd were0.52, 2.11, 3.81,
1.37 and 0.005 mg kg%, respectively. Theanalysisof al chemical
and physical properties of soilswere carried out using standard
methods described by Bouyoucos %, Klute et al. 2, Jackson %
and Lindsay and Norvell %,

Seedlingsweresownin 3.5 kg soil in plastic potswith Cd 0, 0.25,
2.5 and 10 mg kg soil, Cd applications were in the form of
3(CdS0,) 8H,0 withthreereplicates. Before potting, the soil was
mixed homogenously with basal treatment of N 200 mg kg soil as
Ca(NO,),4H.0, P100 mg kg™ soil asKH,PO, and Fe2.5 mgkg™
soil as Fe-EDTA and Zn 2.5 mg kg* soil as ZnSO,7H,0. The
plants were sampled at the 18-leaf stage just before the onset of
flowering. Leaveswere picked from nodes of 16 and 17. Leaves
and shoots were harvested, washed with deionised water and
dried at 70°C. Thedry weight (DW) was recorded and expressed
as g DW of shoot. Leaves were ashed in microwave oven by
using 2 ml 35%H,0, and 5ml of 65% HNO,. Following digestions,
all mineral nutrients (except for N) and Cd were analyzed using an
inductively coupled plasmaoptical emission spectrometer (ICP-
OES; Varian Vista). Nitrogen was measured by Kjeldahl method .

Xanthi 2A is a mid early genotype, average plant height is
between 125 and 140 cm, and the number of leavesrangesfrom 28
to 30. The genotypeisfine textured, very fragrant, and nicotine
rate is 1.6% with 15% sugar content. Nail is an early genotype
with dense leaves formation, and the number of |eaves ranges
from40to45. Nicotineratevariesfrom 0.8t0 1.20% with9to 11%
sugar content %

Satistical analysis: Standard analysis of variance techniques
was used to assess the significance of differences between
treatment means. The datashown inthetablesarethe mean values.
Differences between treatment means were compared using the
Duncan’stest at the 0.05 probability level. Regression analyses
were conducted between dry weight of two tobacco varietiesand
Cd concentration of leavesto evaluate the effect of Cd treatment
ontobaccoyidd. All anayseswere performed with SPSSversion
130.
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Resultsand Discussion

Effect of cadmium on dry matter yield and Cd concentrations:

The effect of Cd applications on dry matter production and Cd
concentrations of Nail and Xanthi/2A tobacco varieties are
presented in Table 1. Total macro- and micronutrient

concentrations of leavesalong with dry matter yield decreased in
the presence of Cd (Tables 1-3), but the contribution of Cu to
total metal concentration increased with Cd application. Average
dry matter yields for Nail variety ranged from 6.60 to 10.9 g
plant?, and for Xanthi/2A from 5.96 to 8.68 g plant* (Table 1).

Addition of Cd tothe soil at a concentration of 2.5 and 10 mg
kg? significantly decreased dry matter production of Nail and
Xanthi/2A cultivars (P<0.05). Thedeclinein dry matter yield for
Nail variety was 33.1% for 2.5 and 39.2% for 10 mg kg Cd doses.
Dry matter yield was al so reduced with increased doses of Cd that
was 26.9% with 2.5 and 31.3% with 10 mg kg* Cd, respectively.
However, the Cd application at 0.25 mg kg did not significantly
decreasethe dry matter yield of Nail variety. Dry matter declinein
tobacco dueto the high Cd concentration was probably related to
the change in bhiomass distribution between roots and shoots.

Gussarsson 2 reported that inhibited shoot growth reduced life
span of the roots. Although low concentration (0.25 mg kg?) of
Cd did not affect the dry matter yield of Nail variety (Table 1), Van
Assche and Clijsters® stated that even at relatively low Cd

concentrationsalter plant metabolism. Dry matter yield of Xanthi/
2A wassignificantly declined with 0.25 mg kgt dose of Cd (Table
1). Similar resultswere reported for soybean * 3 and chickpea
plants.

Cadmium is readily taken up by roots and transferred to the
upper part of the plants *. Thus, increasing the Cd level in soil
resulted a significant increase in Cd concentration (P<0.05) of
tobacco leaves (Table 1). Therewasalso asimilar trend in the Cd
concentration, as different cultivars showed the same responses
to the Cd concentration at the given Cd level. The highest Cd
concentration was found at the highest Cd level (Table 1). The
highest Cd accumulationsin tobacco leaves at both cultivarswere
obtained with the highest Cd application doses of 10 mg kg™.
Vasiliadou and Dordas % reported that increasing doses of Cdin
soil caused increased Cd concentration of tobacco leaves, and
the highest Cd concentration was al so obtained with the highest
Cd doses of 300 mg kg*. Since mobility of Cd is greater as
compared to the other heavy metals (Mn, Zn, Mo and Se), Moral
et al. ®¥ indicated a positive relationship with the increased Cd
concentration in soil and Cd in leaves. Similarly, high rate of Cd
accumulations in tobacco, spinach, celery and cabbage were

Table . Effect of Cdtrestmentson dry matter production
(g plant™®) and Cd concentration (mg kg™ DW) in

tobacco plants.
Cultivar Cd level Dry matter Plant Cd
(mgkg")  (gplant™) (mgkg™)
Nail 0 10.9" 0.66°
0.25 10.4° 6.33°
25 7.26° 27.5°
10 6.60° 37.0°
Xanthi/2A 0 8.68° 0.58°
0.25 7.55%® 451°
25 6.34° 26.6°
10 5.96° 41.4°

*Means in the same column followed by different letter differ significantly according
to the Duncan’s test (P<0.05).
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reported, whereas Cd in potatoes, beans and peas were slightly
[ower 3435,

Therelationship between dry matter yield and Cd concentration
clearly indicated that higher doses of Cd concentrationin soil has
negative effect on tobacco growth (Fig. 1). The regression
analyses showed that Cd concentration in soil successfully
described the variability in dry matter yield of Nail variety. The
regression between dry matter of Nail variety and Cd concentration
in soil showed that dry matter yield was sharply reduced at Cd
concentration exceeding 0.25 mg kg™

Regression analysisfor the dry matter of Xanthi/2A plantsand
Cd concentration showed a significant and negative correlation
between concentrations of Cd and dry matter. Although higher
doses exceeding 0.25 mg kg* Cd had negative effect on Xanthi/
2A variety, the regression between dry matter and Cd in soil
reveal ed that dry matter of Xanthi/2A variety waslowered even at
0.25mgkg* Cd dose (Fig. 2).
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Figure 1. The relationship between dry matter yield
and Cd concentration in soil for Nail variety.
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Figure 2. The relationship between dry matter yield

and Cd concentration in soil for Xanthi/2A variety.
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Effect of cadmium treatment on macronutrient (N, P, K, Ca, Mg
and S) concentrations: Averageval uesfor essential macronutrient
concentrationsin theleaves of tobacco varieties are presented in
Table 2. Treatment of Cd in growth medium of tobacco plants
decreased the dry matter weights and altered the macronutrient
concentrations of two tobacco varieties. Changesin total nitrogen
concentration of Nail variety showed no significant changesin
responseto increased Cd applications, whereas significant (P<0.05)
and variable changesin total nitrogen were obtained for Xanthi/
2A (Table 2). Although Gouiaet al. ¥ and Chaffei et al. * found
significant decreases in nitrogen concentration of tomato plant
with increased Cd concentration (50 pM), nitrogen concentration
intheleavesof Xanthi/2A wasinitidly increasad to 23.7 and 24.1mg g
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with increased Cd concentration of 0.25 and 2.5 mg kg soil and
reduced to 22.6 mg g* with 10 mg kgt Cd application.

Table 2. Effect of cadmium treatments on concentrations
(mg g* DW) of macronutrientsin leaves.

cd
Cultivar (mgkgh N P K Mg Ca S
Nail 0 223% 090" 20.1*  7.30°  36.7°  1.93°
0.25 237 1.01* 19.9°  730°  36.0°  1.92°
25 24.1°  0.87* 185"  546° 279° 235°
10 22.6° 076" 14.7° 458  250°  1.93°
Xanthi/2A 0 16,5 0.89* 22.8°  7.78  35.1°  1.56°
0.25 234°  0.82* 222 7.24®  341*  2.09°
25 18.6°  0.94* 184™ 611" 335  2.10°
10 21.1°  0.83" 15.6° 598 328  1.95°

*Means in the same column followed by different letter differ significantly according to the Duncan’s
test (P<0.05).

The effect of Cd treatment on nutrient contents of plants is
difficult to evaluate because conflicting results have been reported
by researchers. Some studies showed that Cd inducesan increase
in Ca concentrations in different parts of stressed plants ¥.
However, other studies showed that Cd supply reduces Ca in
leaves of Fagus sylvatica “°. Changes in plant nutrient
concentrations with the increased doses of Cd disturbed the
nutrient uptake of tobacco plants. The decline in Ca content of
Xanthi/2A variety was not significant, however, significant
(P<0.05) reductionin Caconcentration was obtained with increased
Cd concentration in soil. On the contrary to Caresponse for Cd
treatment, K reduction in the leaves of Nail variety was not
significant, whereas significant reduction was found in Xanthi/
2A. Decreased K concentration in the Cd treatment may bedueto
effectson the AT Pase, responsiblefor the proton gradient needed
to take up K* actively #. Tsadilas 8 stated that the extent of Cd
accumulation in plants may be modified depending on plant type
and variety, thus the quantity and distribution of nutrients in
plants grown on the contaminated soil substantially differ within
the genotypes. The difference between two tobacco varietiesin
response to Cd treatment for the same plant nutrient was aso
probably resulted from genotypic difference.

The reduction in the concentration of polyvalent cations such
as Caand Mg was associated to the presence of other polyvalent
cations “? and Cd has been shown to reduce the uptake of Cain,
for example, sugar beet “® (Beta vulgaris). Competition of
polyvalent cations for specific binding sites or by other means
blocking the uptake units probably resulted in significant
reduction of Mg for both tobacco varieties (Table 2). Similar to
this phenomenon, Christensen # indicated that Zn addition can
displace Cd from soil absorption sites, which means that Zn
fertilization might lead to increased Cd uptake by plants. Ingenerd,
P and S concentrations in the leaves remained fairly constant in
both tobacco vari etiestested when the Cd concentration increased
from 0 to 10 mg kg 2. Since P and S are in anion forms in sail
solution and preferably taken asin anion form by plant roots, Cd
doesnot interfere with the uptake of stated plant nutritions. Non-
significant changesin P and S concentrations of tobacco leaves
with the increased Cd concentration showed that Cd does not
have any mutual effect with nutrientsin anionforms(Table 2).

Effect of cadmium treatment on micronutrient (Fe, Mn, Zn, Cu

and B) concentrations: Micronutrient (Fe, Mn, Zn and B)
concentrations in the leaves of both tobacco varieties were
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generally decreased by increased doses of Cd in soil (Table 3).

The concentration of Fe, Mn, Zn and B concentrationsin leaves
reached a minimum concentration when the Cd concentration in
soil wasat 10 mg kg™. Thetoxic effectsof Cd mainly resulted from
itsinteraction with essential elements, in particular thosewith the
same valence, such as Fe, Mn and Zn 2, Zinc concentrations of
Xanthi/2A genotype increased with Cd levels up to 2.5 mg kg?,
while at Cd levels exceeding 2.5 mg kg, Zn concentrations of
tobacco leaves were reduced (Table 3). Wu et al. 12 al so reported
asimilar trend for Zn concentrations of rice genotypesin which
Zn concentration wasincreased with Cd levelsup to 0.1 mM for
the shoot and 0.5 mM for roots, while higher Cd levelsresultedin
a sharp decrease of Zn concentrations. Although hydroponic

experiment of Wu et al.  showed that on cotton (Gossypium
hirsutum), 1 and 10 mM Cd lowered the Zn, Cu and Fe

concentrations in above ground vegetative organs, Cu

concentration in both tobacco cvsleaves significantly increased
(Table3).

Table 3. Effect of cadmium treatments on concentrations
(mg kg DW) of micronutrientsin leaves.

Cd
Cultivar (mgkg') Fe Mn Zn Cu B
Nail 0 203.3% 63.0°  35.0° 341° 55.2°
0.25 167.1% 59.0°  34.1°  5.80°  48.8™
25 212.4° 444> 291  6.50° 433%™
10 140.7° 40.2°  303*  8.09°  36.5°
Xanthi/2A 0 174.2° 494  242° 240° 42.8°
0.25 161.1% 46.4%  257° 273 40.9%
25 108.8° 433%  264*  330®  36.0°
10 93.6° 402°  223°  396°  33.7°

*Meansin the same column followed by different letter differ significantly according to the Duncan’s test
(P<0.05).

Theseresultsindicated that Cu absorption and/or translocation
to leaves are favored in the presence of Cd, in contrast to the
other essential micronutrients. An increase of Cu uptake is
observed in Cd-treated plants, and the highest value was obtained
for plants grown with Cd 10 mg kg*. The Cd level significantly
(P<0.05) affected the Cu concentration, and therewas an increase
inthe Cu concentration aslevel of Cdincreased. Liuetal. ® also
reported that Cu concentration in both leaves and roots of rice
plants increased with higher Cd application. In contrast to our
findings, Cu concentration in both leaves and bulbs of small-
sized Tulbaghia violacea plants“ and in potato plantlets * were
significantly decreased with increased Cd concentration in soil.

Boron (B) can be transported from soil solution to adsorbing
plant roots in H,BO,’form at pH values ranging from 5to 9 .
Thus, due to the neutral nature of B in soil solution Cd
concentration in soil solution was supposed not to interfere with
B uptake of plants. However, B concentrationin theleaves of two
tobacco cultivarssignificantly decreased (P<0.05) when supplied
with Cdlevel exceeding 0.25 mg kg (Table3). Street et al. 6 aso
found that Cd application at 5 mg L significantly decreased the B
concentration in both leaves and bulbs of small-sized Tulbaghia
violacea plants. These discrepancies can also be explained by a
plant speci es-dependent manner dueto thetransporter specificity.
More studies are needed to explain the interaction between Cd
and other nutrients, enhance uptake efficiency of desirable
elements such as K and reduce the uptake of heavy metals, such
asCu.
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Conclusions

Dry matter weightsof Nail and Xanthi/2A varietiesrevealed that
Nail ismoretolerant to low Cd concentration in soil than Xanthi/
2A. The different cultivars showed differences in macro- and

micronutrient concentrations at the different levels of Cd

application. From the data presented in this study, Cd uptake and
accumulation in tobacco plants were negatively correlated with
K, Mg, Ca, Fe, Mn, Zn and B uptake and accumulation, implying
that there are antagonistic interactions between these seven

elements. Disturbance of nutrient uptake with the application of
Cd probably resulted inlowering K, Caand Mg concentration of
tobacco leaves. Therefore, depression of plant growth indicated
in dry matter yield would be a consequence of excessive Cd

accumulation that affected the rate of uptake and distribution of
certain nutrients in both tobacco varieties. The effect of Cd on
plant nutrient concentration and dry matter yield of tobacco

varietiesis more clearly shown when Cd concentration exceeds
0.25mgkg?insail. Theresultsreveal ed that both tobacco varieties
accumulate large amount of Cd in their leaves grown in fields
polluted by Cd, warning the possibility of Cd transfer to human
through smoking.
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