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INTRODUCTION

Mineral elements have adirect effect on
tobacco combustibility. They affect the ahility
of the product to smolder (and not burn with fire)
while catalyzing burning of the organic
compounds. When an appropriate ratio of
different elements is achieved the tobacco has
good burning rate, characterized by uniform and
sufficiently intensive smoldering. This provides
for the expression of the smoking potential that
is carried by the organic compounds (Gyuzelev,
1983).

Microelements  affect mainly
biochemical processes in tobacco plants during
vegetation. Fe deficiency can cause spot
formation and development of so called “grey
tobacco” in Virginiatypes. Mn deficiency leads
to formation of chlorotic spots, necrosisin young
leaves and turgor reduction.

Physiologo-biochemical function of Cu
is connected to the most intricate and complex
processes in plant cells: respiration,
photosynthesis, protein and carbohydrate
synthesis, nitrogen and phosphorus metabolism
etc. Zn plays polyfunctional role in plant
metabolism, too. It affects directly or indirectly
respiration, photosynthesis, chlorophyll
biosynthesis, metabolism of phosphorus,
nitrogen and carbohydrates.

In high concentrations Fe, Mn, Cu and

Zn could be toxic and cause physiological
disturbances in tobacco plant. In addition this
could result in negative effects on the quality of
the dried tobacco.

The main source of these elements for
tobacco is the soil. Soil characteristics play
important role in their mobility and availahility
to the plant — &i, humus content, mechanical
composition etc. (Adamu et a., 1989; Xian and
Shokonifard, 1989; King and Hajjar, 1990; Bell
etal., 1992; Khan et a., 1992).

Foreign literature contains dataabout the
upper and lower limits for some macro- and
microelements in leaves, which are specific for
different tobacco types (mostly Virginia and
Burley) and plant development stages (Tso,
1972; Jones et al., 1991; Fischer, 1992;
Campbell, 2000). In Bulgariasuch studieson the
desired chemical composition as criteria for
nutritive el ement’ s sufficiency and high yield and
quality of the dried tobacco are scarce and are
only available about the macroelements (litreva
and Apostolova, 1986).

The aim of the present study was to
evaluate the accumulation in different organs of
the plantsin two types of tobacco—Oriental and
Virginia— of microelements (Fe, Mn, Cu, Zn),
important for plant growth and development as
well asfor the quality of the dried tobacco.

MATERIAL AND METHODS

The study was performed on rendzina
soil with oriental tobacco and on alluvial
meadow soil with Virginiatobacco in stationary
experiments. Both soils have basic soil reaction
(table 1). The rendzina soil has average humus

content and heavy sandy-clay mechanical
composition, whilethe alluvial meadow soil has
low humus content and lighter mechanical
composition.
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Table 1. Soil characteristics

Tabena 1

KapaKTepVICTI/I Ka Ha no4yearta

Humus content, % Clay content, %

AnyBHjalHO - TUBAJICKa

Soil - ITo4sa pH ConpxuHa Ha xymyc| Cofip>KrHa Ha TJIMHa
Rendzina - Penn3una 8.24 2.78 473
Alluvial meadow 8.43 151 235

Total microelement content in the soil
was determined according to BDS ISO 14869-
1, which includes initial heat treatment and
degradation with HF, HCIO, and HNO, acids.
Extraction of the soluble forms of Fe, Mn, Cu
and Zn from the soil was done with 0.005M
DTPA + 0.1M TEA solution, pH 7.3.

Tobacco varieties Plovdiv 7 (Oriental)
and 0454 (Virginiatype) were studied. Themain
agricultural practices - plant density, weeding,
irrigation and fertilization - were in accordance
with thetypical onesfor the respectivetypesand
varieties of tobacco.

Leaves from the first, middle and upper
priming were harvested for analysis at full
maturity and stems and inflorescences - at the
end of the vegetation period. Samples were
prepared for Fe, Mn, Cu and Zn determination
¢through dry burning and dissolvingin 3 M HCI.

The content of microelementsin soil and
plant samples was determined with atomic
absorption spectrometer "Spektra AA 220"
(Varian, Australia) using the following
wavelengths: Fe - 248.3 nm, Mn - 279.5 nm, Cé
- 324.8nm, Zn - 213.9 nm.

RESULTSAND DISCUSSION

Sails

Table 2 presentsdataon thetotal content
of Fe, Mn, Cu, and Zn in the soils. Alluvial
meadow soil has higher Fe content as compared
to rendzina. The total Mn content in both soils
is lower than the average for Bulgaria, which

varies between 880 mg/kg (Brashnarova, 1981).
Thetotal Cu and Zn content in both soilsisrather
high, but according to the Bulgarian standards
isbelow the M AC (maximum all owabl e content)
for the corresponding i (State gazette, 39, 2002).

Table 2. Soil content of the nutrition elements
Tabena 2 Coap)vHa Ha XpaHSIMBKU eleMEeHTM BO nNoyBarta

Soil - ITousa

Total content, mg/kg
BKyHHa KOJInuYuHa

Available content, mg/kg
HOCTaHHa KOJIn4YnHa

Fe Mn Zn Cu Fe Mn Zn Cu

Rendzina - Peagzuna | 29700 | 651.6 163.9 902 | 498 | 225 13.0 11.0

Alluvial meadow | 45700 | 613.0 | 208.6 884 | 9.10 | 18.2 16.0 8.88
ATyBHjaIHO - INBaACKa

Iron extractable by DTPA at pH 7.3 is
rather low in both soils due to the basic soil
reaction where the alluvial meadow soil content
was higher (table 2).

According to MAFF classification
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(Mitsioset al., 2005), extractable Mnissufficient
in both soils. Zn and Cu content represent high
reserves, which does not correspond with the
basic reaction and is most probably due to
industrial pollution.
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Tobacco
Iron

Figure 1. Fe content in plant organs of oriental tobacco (Plovdiv 7)
Cnuka 1 Cogp>XvHa Ha >Keneso BO pacTUTESTHUTE OpraHu Ha opueHTancknoT TyTyH (Mnosaus 7)

Figure 2. Fe content in above-ground parts of Virginiatobacco
Cnuka 2 Cogp>xuHa Ha »eneso BO Haf3eMHUTE ef0BU Ha BUPLIMHUCKNOT TYTYH

According to the literature the optimum
Fe content in tobacco leaves is from 50 to 300
mg/kg (Campbell, 2000). For the experimental
conditions the measured concentrations in
mature leaves of oriental tobacco arewithinthese
limitsin spite of the basic reaction and low soil
reserves of extractable Fe (fig.1, 2). In Virginia
tobacco Fe content islower, falling below 50 mg/
kg for thelast priming.

Following the distribution of Fe in
different plant parts reveals that it is lowest in

Manganese

According to Jones et al. (1991) Mn
content in tobacco leaves varies depending on
the plant stage from 20 to 400 mg/kg. Some
references point of higher levels of the element
intheleaves—upto 700 mg/kg (Tso, 1972). Data
of Bell et al. (1992) demonstrated sharp increase

the stems of both tobacco types. Most Fe is
accumulated in the roots. This is especially
pronounced in oriental tobacco. Leaves from
first, second and third priming follow. In spite
of the low mobility of Fe within the plant (80-
90% of the element are fixed in organic
structures), theinflorescences accumul ate higher
quantities of the element than the last priming.
One possible reason is that the period of bud
formation and flowering is characterized by high
consumption of Zn, Fe and Cu.

of Mn in acid soil reaction where it can reach
2400 mg/kg and more. The concentrations of Mn
in the leaves of both oriental and Virginia
tobaccos are much lower in our study dueto the
basic soil reaction and rather low soil reserves
of thiselement (fig. 3, 4).
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Figure 3. Mn content in plant organs of oriental tobacco (Plovdiv 7)
Cnuka 3 Cogp>kMHa Ha MaHraH BO pacTMTESTHUTE OpraHu Ha OPUEHTanckmoT TyTyH (Mnosams 7)

Similarly to Fe Mn content is lowest in
the stems. Leaf content is 5-6 times higher.
Measured Mn content in the three primings in
both tobacco typesissimilar, with no significant

differences. In the inflorescences Mn content
gradually decreases. This tendency could be
observed in both oriental and Virginiatobaccos.

Figure 4. Mn content in plant parts of Virginia tobacco
Cnvka 4 CO,D,p)KI/IHa Ha MaHraH BO pacTtuTesiHuTe opraHn Ha BUPLIMHUCKUOT TYTYH

Copper

In contrast to the high Cu content in the
soil the concentration of the element in the leaves
of Plovdiv 7 variety (oriental tobacco) isbetween
11.9 and 13.3, while in Virginia 0454 it is
between 15.5 mg/kg and 18.3 mg/kg. According
to Eabata Pendias and Pendias (1984), the normal
concentration of Cu in plants varies between 5
and 30 mg/kg. The lower toxicity level for most
crops determined by these authorsis 20 mg/kg.

Both tobacco types accumulate most of
the element in the roots, while the content in the
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stems is lowest. In contrast to the known low
element mobility inthe plant Cu can befoundin
high concentrationsin the inflorescences —very
close to the one in the roots (fig. 5, 6). The
element distribution in the primingsin Virginia
tobacco shows a tendency for increasing from
first to the last priming, while in the oriental
tobacco the concentration ishighest in the second
priming.
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Figure 5. Cu content in plant organs of oriental tobacco (Plovdiv 7)
Cnuka 5 CogpxxvHa Ha 6akap BO pacTUTENHUTE OpraHn Ha OpUEeHTaNckuoT TyTyH ([nosaus 7)

Figure 6. Cu content in plant organs of Virginiatobacco
Cnuka 6 CogpxunHa Ha 6akap BO paCTUTESTHUTE OpraHu Ha BUPLIMHUCKUOT TYTYH

Zinc

When leaf diagnostics is attempted the
leaves of plants that suffer Zn deficiency are
presumed to contain lessthan 20 mg Zn per 1 kg
dry matter, the normal quantity is within 20-80
mg, and the excess - above 100-400 mg.

The concentration of Zn in the leaves of

oriental tobacco is between 51 and 63 mg/kg,
while in Virginia 0454 it is from 50.8 to 55.4
mg/kg. Thisdatacorrespondsto findings of other
authors (Tso, 1972; Fischer, 1992; Pelivanoska,
2007) and are within the norm in spite of the
high element content in the soils.

Figure 7. Zn content in plant organs of oriental tobacco (Plovdiv 7)
Cnuka 7 CogpXXuHa Ha LMHK BO pacTUTENHUTE OpraHyu Ha OpUeHTasnckuoT TyTyH ([nosamus 7)
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Both tobacco types accumulate most Zniin
the leaves where in V 0454 variety a slight
tendency for increasing from first to the last
priming can be observed. The concentration of

the element in the inflorescences is similar to
the one in the leaves, while stems and roots
contain relatively less Zn.

Figure 8. Zn content in plant organs of Virginiatobacco
Cnuka 8 Cogp>vMHa Ha UMHK BO pacTUTENTHUTE OpraHu Ha BUPLIMHUCKUOT TYTYH

CONCLUSION

Both tobacco types accumulate Fe, Mn, Zn
and Cu in asimilar manner in different organs:

1. Fe content is highest in the roots and
lowest in the stems. A strong tendency was
observed for decreasing element concentration
in the leaves from first to the last priming.

2. Mn content is highest in the leaves and
lowest in the stems. Values within the mature
leaves from the three primings are similar.

3. Cu concentration is highest in the roots
and lowest in the stems. In the inflorescences
the element concentration is high — close to the
onintheroots.

4. Zn content is highest in the leaves.
Element concentration in the inflorescences is
close to the onein the leaves, while in the roots
and the stemsit isrelatively lower.
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COAPKHUHA HA Fe, Mn,Cu 1 Zn BO PACTUTE/IHUTE OPTAHU HA
OPUEHTAJICKHUTE N BUPIIMHNCKUTE TYTYHHN

I1. 3anpjanosa, P. boxunosa
Huciuuinyiu 3a inyitiyn u iwiyiiyHcku ilpoussoou - [laosous

PE3NME

HUcnuryBana ¢ akymyranmjata Ha
JKEJIC30, MaHraH, 0akap W LHUHK BO Pa3IHYHU
OpraHd Ha TYTYHCKHTC pAcTCHHja OX JBa
TUIIOBU TYTYH - OPUCHTAJICKH U BUPIIMHUCKH.
Mepena ¢ BkymHara coapxkuna Ha Fe, Mn, Cu n
Zn mpeky paznoxysamwe co HE, HCIO, un HNO,
kucennHa. Ce xopuctu pacteop ox 0.0055M
DTPA + 0.1M TEA, co pH 7.3, 3a ekcrpaxiuja
Ha MoOuiaHHTe (GOPMH HA CICMCHTHTC OX
IIOYBUTC. HO,Z[I‘OTOBKaTa Ha PacTUTCIHUTC
npoOH € BPIUK CO TIOMOLI HA CYBO CIIATYBAbC
pacteopawe Bo 3 M HCL. 3a oapenysame Ha
coapskunara Ha Fe, Mn, Cu u Zn BO nouBara u
PACTUTCIHUTE MPOOH KOPUCTCH € AaTOMCKH
ancoPHIMOHCH crekTpomeTtap Varian Spektra

AOpeca Ha asitiopoili:
Ilenka 3anpjanoBa

AA 220. OapeaeHa ¢ CIMYMHOCTA MOMETY COp-
JKUHUTC Ha OBHC CJICMCHTU BO PACTUTCIIHUTC
oprand Ha apara tuna TyTvH. CoapkuHara Ha
JKEJIC30 € HAJBUCOKA BO KOPCHHUTE, & HAJHUCKA BO
cteOnara. 3adenekaHa ¢ CHTHA TCHACHIM]a KOH
onarame Ha KOHLICHTPALHM]jaTa HA HCTUTY BAHHUTE
CICMEHTH BO JIHCjara O IMpBara I0 NMOoC/IeIHara
Oepba. Hajsucoka coaprxuHa Ha MAHTaH UMa BO
aucjara, a Hajuucka BO crebmara. Kaj couse-
THjaTa OBOj CICMCHT MMa BHCOKA COAPIKUHA -
crmuuHa Ha oHaa BO KopeHoT. CoxmprkuHara Ha
LIMHK € HajBUCOKA BO jtucjara. KonueHnrpauujara
Ha OBOj CIICMECHT BO COLIBCTH]aTa € CIUYHA CO
OHaa BO m/chaTa, HO € IIOHHUCKa OTKOJIKY BO
KOpCHUTC U crebiara.

WHCTUTYT 3a TYTYH U TYTYHCKU IIpOoU3BOAH - [1noBnus

P. Byrapuja

185



