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ABSTRACT

Concentration of metals in soils is associated with biological and geochemical cycles as well
as with the anthropogenic influence, such as agricultural and industrial activities, transport, and waste
management. Tobacco can easily accumulate heavy metals in leaves. The objectives of this study
were to determine Cu and Zn concentrations in tobacco leaves produced in different growing areas
in Macedonia as well as to determine the most important soil parameters (chemical and physical),
which influence the concentration of the above-mentioned metals in Oriental tobacco leaves.

The concentration of heavy metals in tobacco is influenced by many factors, such as: soil type,
reaction pH, stalk position, application of metal containing pesticides, soil treatment, fertilization
and priming. For that purpose, 50 soil samples were taken from different locations in Macedonia,
i.e. family farms that grow Oriental tobacco. A correlation was made between soil parameters and
concentration of Cu and Zn in the lower, middle and upper primings of tobacco stalk. The study
showed a strong correlation between concentrations of the two investigated metals in these three
primings. It also showed that the accumulation of these metals in tobacco leaves was not influenced
by their content in soil. The Cu and Zn concentrations in the investigated soils and in tobacco were
below permissible limit.
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BJIMJAHUE HA HEKOU ITIOYBEHU ITAPAMETPH BP3 COAPXKUHATA HA
Cu U Zn BO OPUEHTAJICKHOT TYTYH

KoHIeHTpanmuTe Ha METallTe BO TI0YBATa CE MOBP3aHHM CO TEOXEMHUCKHUTE U OHOIIOIIKUTE,
IIUKITYCH, KaKO ¥ aHTPOITOTCHUTE BIIHjaHU]a, IPea C€ WHAYCTPUCKHUTE H 3eMjOICIICKUTE AaKTHBHOCTH,
TPAHCIOPTOT U YIIPABYBAHETO CO OTHAMOT. TYTYHOT JIECHO MOYKE J1a aAKyMYJIHPa HEKOH TEIIKH METaH
BO cBoMTe JHCTOBU. [lenm Ha oBaa cTynnja Oea openyBama Ha KOHIIEHTPAIIMUTE Ha Oakap W [IWHK
BO JINCTOBUTE OPUEHTAJICKU TYTYH MPOM3BEIICH BO Pa3IMYHK TPOU3BOIHH PEOHU ol MakenoHuja,
KaKo ¥ YTBPAYBamk-¢ Ha BIIMjaHUETO Ha TMMOBAKHUTE TIOYBCHH (XEMUCKH M (DU3WUKH) TTapaMeTPH Bp3
KOHIIeHTpaljara Ha ucture. ColpKUHATA Ha TEITKUTE METAITU BO TYTYHOT € O] BIIUjaHNE Ha MHOT'Y
(bakTopu Mery KOH: TUTIOT Ha IT0YBAara, IIOYBEHATa peakiija, MpUMeHAaTa Ha MIECTUIIH/IH KO COJIPIKAT
MeTaJii, Kako M Off TPETUPAETO Ha MOYBATa, BKIYUYBajKH TH I'yOpumaTa U 0epOeHUOT Tojac. 3a
peanuzanyja Ha MOCTaBEHHUTE 1esid Oea 3eMeHH 50 MOYBEHH MPUMEPOIHM OJl PA3JINYHU JOKAIHMH
Bo Makenonuja, ceMejHu dapMu KO OATJICAyBaaT OPHUEHTAICKH TyTyH. HampaBeHa e kopemaruja
Mel'y TIOUYBEHUTE TTapaMeTpH M BKYITHaTa KoHIleHTpamnuja Ha Cu u Zn ox Tpute OepOeHM mojach
(moyeH, cpefieH U TOpeH) Ha TYTYHCKOTO cTeOno. JloOneHnTe pe3ynraTi moKaxKyBaar JeKa MOCTOH

17



Tyryn/Tobacco, Vol.60, NO 1-6, 17-21, 2010

CHJIHA KOpeJanuja Mery KOHIIEHTPALNUTe Ha JBaTa UCIIUTYBaHW METald BO TPUTE II0jacH U JeKa
aKyMyJaIyjara Ha OBHE METAJIM BO TYTYHCKHUTE JIUCTOBH HE € 1O]] BJIMjaHne Ha HUBHATA COAP KUHA BO
nouyBara. Kornentpanuja Ha Cu 1 Zn BO UCIIUTYBAHUTE MTOYBH U TYTYH € TI0/1 JI03BOJICHUTE TPAHUIIH.

Kayunn 36opoBu: Cu, Zn, xopenaiyja, IOYBEeHH MapaMeTpH, TYTYH

INTRODUCTION

In the group of agricultural products,
tobacco plays a significant role in the agricultural
production of the Republic of Macedonia. The
export of agricultural products, besides wine,
grapes, fruit and some early garden crops,
consists mostly of tobacco and tobacco products.
The specific climate and soil conditions in
Macedonia are suitable for growing Oriental
tobacco.

Specific physicochemical characteristics
make the Macedonian tobacco an irreplaceable
component of the blend used in large number of
the World’s famous cigarettes brands . Copper
and zinc concentrations in soil are affected by
a large number of processes contributing to
their released amounts, transport, and creating
different complex compounds. This study
shows the correlation between certain basic
soil characteristics and the overall Cu and Zn
concentration in the three primings of the Oriental
tobacco grown in various parts of Macedonia.

It is well known that micronutrients such
as iron (Fe), manganese (Mn), copper (Cu) and
zinc (Zn) are essential metals for plant growth and
yield. Higher concentrations of these elements

can infiltrate into the food chain, becoming
increasingly dangerous to humans and wildlife.
Zn and Cu are enzyme activators. Application
of fungicides containing zinc and some mineral
waste can also increase the concentration of
zinc in soils. Besides Zn, Cu is also an enzyme
activator and is involved in chlorophyll formation
(Tucker, 1999).

Soil reaction is one of the major
factors influencing the metal concentration in
tobacco leaves (Adamu, 1989, Sanders et al.
1986; Anderson et al. 1988, Golia et al.2001,
Zaprijanova et al, 2010). A significant negative
correlation between pH of soil and heavy metal
content in oriental tobacco was determined in
Golia’s studies et al. 2007. Husnjak et al., 2009,
stated the same, indicating that heavy metal
content in tobacco is influenced individually, or
interactively by several parameters such as soil
reaction (pH), organic matter content (humus),
mechanical content (percentage of clay), etc.
Adamu et al., 1989, and Zaprijanova et al., 2010,
found that humus content influences the heavy
metal concentration, especially that of Pb and Cd.

MATERIALS AND METHODS

50 composite soil samples were collected
from pedological profiles at fixed depths of;
0-10 cm, 10 — 20 and 20-30 cm. Two samples
from each locality were taken during November,
2010. The same localities were also used for
sampling dry tobacco from the lower, middle and
upper primings. The lower primings included the
sand and bottom leaves. The middle primings
included the first, second and third middle leaves.
In the upper primings were lower top and top
leaves. Samples were taken from family farms
in the well-known tobacco-growing regions
in Macedonia (Prilep, Krivogashtani, Mogila,
Novaci, Bitola, Demir Hisar, Krushevo, Dolneni,
Veles, Cashka, Studenicani) and in some regions
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of Eastern Macedonia (Strumica, Vasilevo,
Bosilevo, Novo Selo, Radovish and Konce).
Sampling was made in accordance with ISO
11464:20006. First they were air-dried, and after
that crushed and sieved through a 2-mm sieve.
Physical properties were determined such as; clay
content (Korunovi¢ & S.V. Stojanovi¢, 1989), pH
(10390:2005), total nitrogen (modified Kjeldahl
method-ISO 11361:1995), humus (standard
method developed by I.V. Tjurin, modified by
Simakov), available phosphorus and potassium
(Al-method, validated at the Scientific Tobacco
Institute - Prilep, Macedonia, 2009). The total
concentration of metals was determined using
the Aqua Regia (HCI-HNO,, 3:1) extraction
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method (ISO 11047:1998) after digestion at
180°C for 2 h. All reagents were of analytical
grade (Merck, Germany). Appropriate blanks
were included in all extractions. The data were
statistically analyzed using correlation analysis
(Pearson correlation, two-tailed). Results from
two replicates were averaged prior to statistical

analyses. Statistical analyses were performed
using the SPSS 9.0 software. Correlation analysis
was used to establish a relationship between
physical and chemical characteristics of soil
samples and the heavy metals content in the
Oriental tobacco leaf samples from the three
positions in the plant.

RESULTS AND DISCUSSION

The analysis of soil composition shows a
high variation of the major physical and chemical
properties which define soil fertility (Table 1).
The clay content varied from 19.50 to 77.6%
and pH ranged from 6.00-8.50. According to the
results, 54% of the samples showed low humus
content, 42% were with average content and
4% with very low and good content. The total
nitrogen content was low and similar to that of the
humus. The reaction of soil (pH) was neutral in

58% of'the soils, 16% were weakly acid and 20%
of the samples had poorly to moderately alkaline
reaction. 80% of the soils were non-carbonate,
6% were poorly carbonate, 8% moderately and
6% strongly carbonate. 36% of the samples
had low and extremely low concentration of
phosphorus. The available phosphorus and
potassium concentrations varied from 1.54 to
17.96 mg/100g and 3.18- 22.96 mg/100g soil,
respectively.

Table 1. Basic soil properties, descriptive statistics

Humus Total Soil reaction (pH) mg/100 g soil
index /o o H,0 (pH) KC1 % P.0, K,0
Mean 1.64 0.08 6.97 5.82 39.41 17.96 22.96
Minimum 0.77 0.01 6.00 4.84 19.50 1.54 3.18
Maximum 3.21 0.40 8.50 7.23 77.60 73.77 60.93
CV, % 33.14 66.92 8.63 10.29 31.50 102.66 34.66

The Cu content in the examined soils ranges from 1 to 20 mg/kg . Zn concentration varied

from 2 to 34.10 mg/kg (Table 2).

Table 2. Content of Cu and Zn in tobacco and soil (n=50)

Soil
Statistical Tobacco Depth (cm)
Elements .
index Lower Middle Upper

primings  primings  primings 0-10 10-20 20-30
Mean 5.25 6.12 5.46 17.69 17.75 17.81
Minimum 1.95 1.35 1.90 5.10 6.17 6.33
Cu Maximum 15.85 13.00 10.25 45.07 44.27 41.57
mgkg oy o, 5124 4786 3688 5047  50.84 48.73
Mean 13.67 20.98 18.51 43.24 46.04 49.60
Minimum 2.19 4.58 6.37 15.53 15.68 17.53
Zn Maximum 34.10 210.50 185.25 81.76 117.61 127.75
mg/kg CV, % 44.22 136.60 134.78 40.19 49.03 44.68
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Figure 1. Average concentrations of Cu and Zn in dry soils and tobacco

The average concentrations od Cu and Zn
in tobacco and soil samples ( Figure 1) indicate
that soil has higher concentrations of metal
compared to tobacco. Both elements had higer
concentrations in the second priming of raw

tobacco samples. Cu content in soil had a steady
distribution in all three layers (0-10, 10-20 and
20-30 cm), while Zn concentration was higher in
the IInd and the Illrd layer.

Table 3. Correlation between soil parameters and the concentration of Cu and Zn in
Oriental tobacco (n = 50)

Parameter Cu 1¢ Cu 2nd Cu 3 Zn I Zn 2™ Zn 3™
Clay % 0.279* 0.026 0.001 0.323* 0.173 -0.212
pH 0.039 0.047 0.112 -0.060 0.079 -0.140
Cu 1% 0.540* -0.041%* 0.153 0.191 -0.059
Cu 2m 0.497** 0.202 0.137 0.211
Cu 3¢ 0.003 0.109 0.126
Znl® -0.050 -0.036
Zn 2 0.091
Zn 3¢

1% - lower primings

* Correlation is significant at 0.05 level (2-tailed).
** Correlation is significant at 0.01 level (2-tailed)

Descriptive statistics for Cu and Zn
contents in soils and tobacco leaves from the
studied area is presented in Table 2. Higher
concentrations of Zn and Cu were recorded in
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2" — middle primings 3— upper primings

the second primings. Correlation coefficients
between total metal concentrations in tobacco
and soil parameters (Table 3) showed a strong
relationship among the concentrations of each
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tobacco priming (lower, middle and upper).
Cu had a significant correlation at 0.01 level,
which was not the case with Zn. Clay had a
poor influence (correlation is significant at 0.05
level) on the concentration of Cu, and Zn in the
first priming of Oriental tobacco. No significant

correlation was noticed between reaction pH and
metal contents in our investigations, which does
not coincide with those of some authors, who
reported strong correlation (Adamu et al., 1989;
Golia et al. 2007, Zapryanova, 2010).

CONCLUSION

According to the results, it can be stated
that most of the soils are ideal for producing high
quality Oriental tobacco. Concentrations of Cu
and Zn in investigated tobacco plants and soils
in R. Macedonia are below permissible limit

values in conventional and ecological agriculture.
Comparing the results of the investigation, it can
be concluded that heavy metal content in soil has
anegligible or no influence upon the heavy metal
content in tobacco.
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