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ABSTRACT

The mode of inheritance was studied in ten F; crosses between five parental genotypes: MV-1, P 76/86, Adiyaman, Basma-
Djebel and P 66 9 7 and following quantitative traits: number of leaves per stalk, length of leaves from the middle belt, yield
of green leaf mass per stalk and per hectare, in 2018-2019 year.

The aim of this work was to study the mode of inheritance of the quantitative traits, to detect heterosis and to assess its
economic viability.

The hybrids MV-1 x Adiyaman, P 76/86 x Basma-Djebel, P 76/86 x P 66 9 7 and Basma-Djebel x P 66 9 7 have a positive
heterotic effect on the length of the leaves. Oriental hybrids where one of the parents is variety P 66 9 7, have positive heterosis
for yield of green leaf mass per stalk. The investigation provides very useful guidance for future successive selection activities.

Key words: tobacco, inheritance, dominance, intermediality, partial dominance.

XETEPOTUYEH E®EKT HA HEKOU KBAHTUTATUBHU CBOJCTBA KAJ Fi
JUJAJIEJITHU XUBPU /1N O PA3JIMYHU TUIIOBU TYTYH

Ogoj TpyA ro npoyuyBa HacienyBamweTo kaj gecer Fi kpcrocku 1o0ueHH Mery neT poauresicku reHotunosu: MB-1, I 76/86,
Adiyaman, bacma-Ileoen u IT 66 9 7, 3a cnemHuBe CBOjcTBA: OpOj HA JMCTOBHTE MO CTPAK, JO/DKHHA HA JIMCTOBHUTE O]
CPEIHHOT I10jac ¥ MPHHOCOT Ha 3eJIeHa JIMCHA Maca 0 CTPaK U [0 XeKTap, Bo nepuonot ox 2018 u 2019 roxuHa.

IlenTa Ha ncTpaKyBamara Oemle Ja ce NPOydYH HAYMHOT Ha HacjlelyBame Ha KBAaHTUTATUBHHUTE CBOjCTBA, Jla CE€ OTKpHE
XETepO3HC U J1a ce TPOLICHN HEeroBaTa eKOHOMCKaA OIIPAaBJaHOCT.

Kpcrockute MB-1 x Adiyaman, IT 76/86 x bacma-Ile6en, I1 76/86 x I1 66 9 7 u bacma- [le6en x I1 66 9 7 pacmonaraat co
TIO3UTHBEH XETEPOTHUYEH eEeKT 3a JOJDKMHATA Ha JIMCTOBHTE. 3a NMPUHOCOT Ha 3€JIeHa JMCHA Maca I0 CTPaK U 1o XeKTap,
TIO3UTHBEH XETEPO3UC NMaaT OPUEHTAIICKUTE KPCTOCKH Kajie e1eH o] poaurenure e coprara I166 9 7. ctpakyBamara 1aBaar
MHOTY KOPHMCHH HAaCOKH 3a MJHATA CYKIIECHBHATA CEJIECKIIMOHA JICjHOCT.

Kutyunu 300poBM: TyTYH, HACJIETHOCT, JOMHHAHTHOCT, MHTEPMEIN]apHOCT, TTapIihjadHa TOMHUHAHTHOCT.
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INTRODUCTION

The mode of inheriting traits is an important
factor for determining the directions and
duration in different selection programs.
Heterotic effect or F; vigor is a phenomenon that
occurs in the first generation, where the
offspring show higher (or lower) values of
particular trait from both parents. It is widely
used in many crops where high-yielding hybrids
are developed. In tobacco, Fi hybrids with
heterotic effect are rarely used due to their
economic unviability. However, there are
possibilities for their use, such as resistance to
economically significant diseases.

The topic of this paper is focused on the mode of
inheriting of the most important quantitative
traits in F; offspring of hybrids obtained by
diallel crossing between varieties of different
tobacco types. In the last ten years, a number of
authors — breeders have worked on this subject:
(Aleksoski, 2010), in a two-year study of four
parental genotypes and their six diallel F;
hybrids, obtained a different way of inheriting of
leaf length and a weak heterotic effect without
economic justification. (Gixhari and Sulovari,
2010) conducted three-year research at two
locations in a genetically diverse population of
eight oriental tobacco and their one-way diallel
hybrids and obtained a dominant and partial-
dominant mode of inheritance and heterosis in
leaf size and yield. Aleksoski and Korubin —
Aleksoska (2011) conducted three-year studies
for green and dry mass yields in a one-way
diallel on three oriental and one large-leaf
variety and their six Fi crosses and obtained
positive and negative heterosis. Dimanov and
Dyulgerski (2012a) found heterosis with varying
strength in number of leaves in ten F; crosses
obtained from parent pairs of local and
introduced Burley tobacco varieties. Dyulgerski
and Dimanov (2012b) performed examinations
of the dimensions of 7-8 leaves and 13-14 leaves
in the P1, P2 and F; populations at ten crosses
originating from local and introduced varieties
of Burley tobacco and obtained a high heterotic
effect of significant economic importance.
Aleksoski et al. (2013) found weak heterosis in
the inheritance of leaf number in a three-year

study of four parental tobacco genotypes of
different types and their six diallel F; hybrids. In
an experiment in Khan Gari, Mardan, Pakistan,
with seven Virginia flue-cured genotypes and
their 42 two-way diallel crosses, Imtiaz et al.
(2014) found heterosis with high heterotic effect,
with the possibility of using it on leaf number per
stalk, leaf length and weight of green leaf mass
per plot. Dyulgerski and Radoukova (2015)
studied the mode of inheritance, the coefficient
of inheritance and the expression of heterosis
and transgression in seven Burley-type crosses
and seven Virginia-type crosses of local and
introduced origin in F; and F» offspring and
found a dominant and partial- dominant
inheritance in the length of the leaves, always in
the direction of the parent with longer leaves,
and the resulting heterosis had no economic
importance. Ramachandra et al. (2015) obtained
hybrids superior to the control variety in number
and length of leaves, in genetic studies on the
yield and quality of 62 genotypes (six lines of
different types of tobacco, eight testers and their
crosses), at the Agricultural Research Station,
Nipaniat Belgaum, Karnataka - India. In the
investigation with hybrids obtained with semi
diallel hybridizations of Xanthi-2A, Nail,
Glimiishacikdy, Tasova, Katerini, Canik and
Erbaa in Tokat Province, Turkey, Kinay and
Yilmaz (2016) found an average heterosis of
28.4%. The heterotic effect on dry leaf yield was
4%. Shah et al. (2017) found highly significant
differences in the number of leaves per stalk in a
two-year study of ten Virginia flue-cured
hybrids. The field experiment was set up in agro-
ecological conditions at Khan Gari in Mardan,
Pakistan.  Aleksoski (2018) examined four
oriental varieties and their diallel Fi, Fa, BCy
(P1) and BC; (P2) crosses in the number and
length of leaves per stalk, and found low
variability in F; generation, indicating
uniformity of populations due to homozygosity
of parent pairs. Dyulgerski and Docheva (2018)
analyzed ten introduced Burley tobacco varieties
for biological, economic, and chemical traits and
found that Kentucky 908 and Banquet 102
could be used in selection programs as donors
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to increase leaf number, leaf length, and yield.
Ganachari et al. (2018) examined six flue- cured
tobaccos and their 30 crosses in order to assess
heterosis in dry leaf yield and its components at
ZAHRS (Zonal Agricultural and Horticultural
Research Station) College of Agriculture -
Shivamogga, Karnataka - India. The authors
discovered five hybrids that showed a highly
significant heterotic effect. In research for
inheritance of leaf number per stalk on six flue-
cured tobacco and their 30 diallel crosses in
ZAHRS, Karnataka, India, Ganachari et al.
2018) did not obtained significant differences
between genotypes, but obtained heterosis with
highly significant heterotic effect on leaf number
and yield. In relation to the mode of inheritance
of dimensions of the leaves from the middle belt,
Korubin — Aleksoska and Dojcinov (2018)
found intermediate and partial dominant mode of
inheritance without heterosis in five parental
varieties- four oriental in the role of a mother and
one large-leafed flue-cured variety in the role of
a father and their four F; crosses. In a one-way
diallel of four small-leaf aromatic and one large-
leaf flue-cured variety and their 10 F; crosses,
Aleksoski (2019) discovered partial dominance
and negative heterosis in leaf number per stalk,
all possible inheritance modalities and positive
heterosis in leaf dimensions and yield. In relation
to leaf number and yield in eight Burley newly
created hybrid combinations from first-
generation, Dyulgerski (2019) found that all of
them are better than the standard variety Pliska
2002, which indicates the possibility of
exploiting heterosis in Burley tobacco.
Dyulgersku and Radoukova (2019) investigated

the inheritance and manifestation of
transgression and heterosis in seven Burley
hybrids in F; and F» generation and found
dominance of the parents with more leaves, the
existence of all modes of dominance in
inheriting leaf dimensions, in the direction of the
stronger parent. Qaizar et al. (2019) did research
on seven flue-cured varieties and lines and their
complete diallel crosses, in the Mardan and
Mansehra regions of Pakistan, and found
positive and negative heterosis in the inheritance
of some agronomic and biochemical traits. The
best hybrids with favorable significant heterotic
effect on yield were: KHG24 x Spt G 28;
KHG21 x NC606 and Spt G 126 x KHG24. In a
semi- diallel of seven genotypes and 21 F1
hybrids, tested in two locations in the Black Sea
region of Turkey, Kinay et al. (2020) obtained
positive heterosis in yield without economic
justification. Dyulgerski (2021) found a
positive-dominant and partial-dominant way of
inheriting in dimensions of the leaves in local
and introduced varieties of Burley and seven
hybrids of F; and F» generation, indicating
effective selection in later hybrid generations.
The resulting heterosis had no economic
significance.

The aim of these investigations was to study the
mode of inheritance and to detect possible
heterosis in the number of leaves per stalk,
length of the leaves from the middle belt and
yield of green leaf mass per stalk and per hectare.
The Fi generation obtained by diallel crosses of
tobacco varieties from different types will give
us an important guidance for future selection
programs in tobacco breeding.

MATERIALS AND METHODS

In order to investigate the quantitative traits of
tobacco, in 2016, five varieties of different
tobacco types were selected with previous
studies of the available assortment at the
Scientific Tobacco Institute - Prilep: MV-1 is a
large-leaf variety of the Virginia type, P 76/86 is
an oriental variety of the Prilep type, Adiyaman
is an oriental variety of the Kabukalak type,
Basma-Djebel (Basma-Dzebel or Basma-
Djebel) is an oriental variety of the type Basma,

P 66 9 7 is an oriental variety of the Prilep type.

In 2017, ten one-way diallel crosses were made
in field conditions, by applying the diallel
method of crossing, using hand castration and
pollination method: MV-1 x P 76/86, MV-1 x
Adiyaman, MV-1 x Basma-Djebel, MV-1 x P 66
9 7, P 76/86 x Adiyaman, P 76/86 x Basma-
Djebel, P 76/86 x P 66 9 7, Adiyaman x Basma-
Djebel, Adiyaman x P 66 9 7 and Basma-Djebel
xP 6697
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In 2018, the trial with 15 genotypes (5 parents
and 10 F1 hybrids) was set up in the experimental
field of Scientific Tobacco Institute, using
randomized block system in four replications.
The same year, seeds for the second generation
were collected and again diallel crosses between
the listed parents for the first generation were
made.

In 2019, a trial was set up using the same
method, in which the same set of 15 genotypes
was planted.

The total area of the trial (working area - 405m?
+ area of paths - 477 m?) was 882 m>.

826 plants (770 plants + 56 plants as protection)
were planted to fill the surface of one repetition.
A total of 3304 plants (stalks) were planted in the
experiment.

This paper places the analysis based on: number
of leaves per stalk, length of leaves from the

middle belt and yield of green mass per stalk and
hectare. Measurements of leaf number and
length were taken during flowering, in late July
and August, when the population is in lush
growth. Due to the uniformity of the
homozygous parent genotypes and the
heterozygous Fi offspring, 20 stalks of each
variant were measured in one replication, i.e. 80
plants in the four replications (1200 plants in
total). The yield of green leaf mass was
measured after each harvest, the weight of all
harvests from each plot was added and then it
was divided by the number of plants from which
the tobacco was harvested, which gave us the
weight of a green leaf per stalk. The yield of
green leaf mass per hectare was obtained by
multiplying the weight of the green leaf per stalk
by the number of plants planted on the surface of
one hectare.

Processing of results

Statistical data processing was performed using
the measurements of the subject traits of each
variant. The mode of inheritance of traits is
determined on the basis of test-significance from
the mean value of the F1 generation in relation
to the average of both parents, according to
Borojevic (1981). Intermediate mode of
inheritance (1) occurs when the mean value of a
trait in the offspring is equal to the parent
average. There is a partial-dominant mode (pd)
when the mean value of the hybrid offspring
approaches one of the parent varieties.

Dominance in inheritance (d) - positive or
negative, occurs when the mean value of the
cross coincides with the mean value of one of the
parents (+d - when the parent with a higher mean
value dominates, -d - when the parent with a
lower mean value dominates). Positive heterosis
(+h) occurs in the hybrid with a significantly
higher value than that of the parent with a higher
mean value, while negative heterosis (-h) occurs
in the hybrid with a significantly lower value
than the one from the parent with a lower mean
value.

Meteorological data

A more realistic vision for the inheritance of
quantitative traits is obtained by displaying data
on climatic conditions during the tobacco
vegetation in 2018 and 2019.

In 2018:

- The average monthly air temperature from May
to September was 22.12 °C (May 19.8 °C, June
224 °C, July 244 °C, August 239 °C,
September 20.1 °C).

- The average monthly maximum air

temperature from May to September was 25.82
°C (May - 22.3 °C, June -25.9 °C, July - 27.5 °C,
August - 29.8 °C, September -23.6 °C).

- The average monthly minimum air temperature
from May to September was 13.4 °C (May- 11
°C, June — 12.9 °C, July — 15.8 °C, August -15.3
°C, September — 12 °C).

- The average monthly air humidity from May to
September was 78.8 % (May - 81 %, June - 80%,
July - 78 %, August - 75 %, September - 80%).
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- The total rainfall from May to September was
169 mm (May — 18 mm, June — 20 mm, July —
21 mm, August — 20 mm, September — 90 mm).

In 2019:

- The average monthly air temperature from May
to September was 22.43 °C (May 15.77 °C, June
2277 °C, July 24.26 °C, August 27.39 °C,
September 21.97 °C).

-The average monthly maximum air temperature
from May to September was 27.2 °C (May —20.0
°C, June —28.0 °C, July — 29.0 °C, August —32.0
°C, September — 27.0 °C).

- The average monthly minimum air temperature
from May to September was 14.8 °C (May — 8.0
°C, June — 16.0 °C, July — 14.0 °C, August —22.0

°C, September — 14.0 °C).

- The average monthly air humidity from May to
September was 58.7% (May — 71.30%, June —
67.17 %, July — 59.42 %, August — 42.61%,
September — 53%).

- The total rainfall from May to September was
404.8 mm (May — 124.1 mm, June — 139.9 mm,
July — 91.8 mm, August — 9.5 mm, September —
39.5 mm).

The results of the temperature and relative
humidity are within the optimal limits for normal
development of tobacco and obtaining quality
tobacco raw material. In July and August, one
irrigation was performed with a watering norm
of 300 m*/ha of water

Soil conditions

The soil with its mechanical composition and
nutrient content is the substrate on which
tobacco grows and develops. Our investigations
were performed in the experimental field of
Scientific Tobacco Institute - Prilep on deluvial
soil type. This soil is characterized by low
humus and total nitrogen content, moderately
acidic to neutral reaction, low to extremely low
supply with readily available phosphorus and
medium to good potassium supply. Throughout

its depth, the soil is carbonate-free. Taking into
account the stratigraphy of the profile and the
agrochemical traits of the soil for the
performance of the profile, it was properly
prepared. One autumn and spring plowing were
carried out along with basic tillage. The basic
fertilization was performed with the spring
plowing, using 250 kg/ha NPK fertilizer
8:22:20.

RESULTS AND DISCUSSION

The number of leaves is a trait that is directly
related to yield. Because of that, it is the most
common subject of research in all selection
programs for tobacco breeding.

In 2018 the most common way of inheriting of
the number of leaves per stalk in the F;
generation is the partial-dominant. Intermediate
inheritance occurs only in Adiyaman x P 66 9 7.
The hybrid P 76/86 x P 66 9 7 has heterosis with
a negative heterotic effect, which means that the
offspring in the F; generation has less leaves

than both parents.

In 2019 we found an identical scheme for this
trait. This indicates the fact that these are stable
homozygous parents whose offspring forms the
first investigated generation. The number of
leaves is a highly inherited trait on which
environmental factors have limited influence.
Table 1. shows the mean values of the number of
leaves per stalk in the parental genotypes and
their diallel Fi offspring, as well as the mode of
inheritance of this trait in 2018 and 2019.
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Table 1. Mode of inheritance of the number of leaves per stalk in diallel F; hybrids in 2018 and 2019

Number of leaves per stalk

Parents -
MV-1 P 76/86 Adiyaman Basma-Djebel P6697
2018
MV-1 27.65 37.90 7 28.09 7 25.027 32.75M™
P 76/86 60.09 35.09 7 28.60 7 48.55™
Adiyaman 29.89 25.86 ™ 44.62"
Basma-Djebel 18.07 29.84 ™
P6697 54.81
2019
MV-1 28.52 39.32 M 28.88 M7 24,627 33.93 ™
P 76/86 59.56 36.68 ™ 27.54 7 4972 7"
Adiyaman 30.82 26.46 ™ 46.08"
Basma-Djebel 17.26 27.51%
P6697 56.44

In the inheritance of length of leaves from the
middle belt of the F; offspring in 2018, all the
modalities are present. There is intermediate
inheritance in Adiyaman x P 66 9 7. There is a
partial-dominant way of inheritance in MV-1 x
Basma-Djebel, MV-1 x P 66 9 7, P 76/86 x
Adiyaman and Adiyaman x Basma-Djebel.
Positive dominance occurs in MV-1 x P 76/86.
Positive heterosis in inheritance of this trait
occurs in MV-1 x Adiyaman, P 76/86 x Basma-
Djebel, P 76/86 x P 66 9 7 and Basma-Djebel x

P 66 9 7, which means that the F1 generation has
longer leaves than the leaves of the both parents.
The same mode of inheriting in crosses was
obtained in 2019, which means that the trait is
highly inherited and it is a varietal characteristic.
Table 2 shows the mean values of the leaf length
of the middle belt of the stalk in the parental
genotypes and their diallel F; offspring, as well
as the mode of trait inheritance in 2018 and
2019.

Table 2. Mode of inheritance of the length of the leaves from the middle belt of the stalk in diallel F; hybrids in 2018 and

2019
Length of the leaves from the middle belt (cm)
Parents -
MV-1 P 76/86 Adiyaman Basma-Djebel P6697

2018
MV-1 50 48.51 55.227" 45127 46.23 ™
P 76/86 23.62 31.55™ 25.04™" 24477
Adiyaman 35.75 30.53 ™ 30.26"
Basma-Djebel 20.57 24397
P6697 23.01

2019
MV-1 52.5751.86 ™ 56.57 ™" 4378 47.05™
P 76/86 23.44 3522 24367 24167
Adiyaman 37.29 32.05™ 29.28''
Basma-Djebel 20.74 2373 7"
P6697 22.49

In 2018, the most common way of inheritance of
the yield of green leaf mass per stalk in Fi
offspring is the partial-dominant in the direction
of the parent with higher yield, followed by the

positive-dominant. Intermediate mode is found
only in MV-1 x Basma-Djebel. Crosses where
one parent is P 66 9 7 have positive heterosis,
which means that they are more productive than
the parent with higher yield (with the exception
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of MV-1 x P 66 9 7 in which there is partial
dominance).

In 2019, the vision for complete identity is
changed by the cross P 76/86 x Adiyaman (with
positive dominance) and Adiyaman x Basma-
Djebel (with partial dominance). If we take into
account that the yield is a variable quantity that
is greatly influenced by environmental factors,
then the obtained values are very reliable and

reflect the professional setting of the experiment
and timely activities for its cultivation and
analysis.

Table 3. shows the mean values of the yield of
green leaf mass per stalk in the parent genotypes
and their diallel F; offspring, as well as the mode
of inheritance of this trait in 2018 and 2019.

Table 3. Mode of inheritance of green mass yield per stalk in diallel Fy hybrids in 2018 and 2019

Green mass yield per stalk (g)

Parents -
MV-1 P 76/86 Adiyaman Basma-Djebel P6697

2018

MV-1 970.94 716.14 7 742.64 77 567.41" 667.67 ™

P 76/86 168.95 165.25 1 163.45 ¢ 177.58 "

Adiyaman 153.81 14479 ¢ 168.07 ™

Basma-Djebel 63.59 14885 ™

P6697 137.12
2019

MV-1 990.42 751.47 P 757.34 71 581.72" 683.86 "

P 76/86 172.45 174.54 ™ 17728 18249 ™

Adiyaman 150.38 135.15™ 176.80 "

Basma-Djebel 69.84 15335 ™

P6697 129.39

In 2018, the mode of inheritance of the yield of
green leaf mass per hectare in Fi offspring is
partially-dominant and positively dominant.
Negative heterosis is present in crosses where
one parent is MV-1 (with the exception of MV-
1 x Basma-Djebel in which there is partial
dominance in the direction of the weaker parent).
The occurrence of positive heterosis has the
Oriental crosses where one parent is P 66 9 7.

In 2019, there are changes in the way of
inheritance of the yield of green leaf mass per
hectare and the yield of green leaf mass per stalk
(P 76/86 x Adiyaman - positive dominance and
Adiyaman x Basma-Djebel - partial dominance).
The analysis of the heredity of the yield of green
leaf mass per stalk and the yield of green leaf
mass per hectare indicates drastic differences
and therefore it is necessary to indicate the
reasons.

From the shown heredity in the crosses where
the parent pairs are of oriental type, the
reliability of the results is confirmed as a
reflection of the professional approach to the
overall work. Namely, all oriental hybrids

showed the same inheritance pattern in yield per
stalk and yield per hectare. But this is not the
case with hybrids where one parent is the large-
leaf variety MV-1.

Here, instead of partial dominance, negative
heterosis occurs (with the exception of MV-1 x
Basma-Djebel, where instead of intermediate,
partial dominance occurs). The reason for this
outcome is in the different planting distance of
the plants in the experiment. Oriental parents and
oriental hybrids are planted with a row spacing
of 45 cm and plant spacing of 15 cm, while the
large-leaved MV-1 and its crosses are planted
with a row spacing of 90 cm and plant spacing
of 50 cm, which means that the calculation of
yield per hectare is different, depending on the
plant composition of the genotype.

Table 4. shows the mean values of the yield of
green leaf mass per hectare in the parent
genotypes and their diallel F offspring, as well
as the mode of inheritance of the trait in 2018
and 2019.
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Table 4. Mode of inheritance of green mass yield per hectare in diallel F; hybrids in 2018 and 2019

Green mass yield per hectare (t)

Parents -
MV-1 P 76/86 Adiyaman Basma-Djebel P6697

2018

MV-1 21.576 15914 " 16.503 " 12.609 »d 14.837 "

P 76/86 25.030 24.482 ™ 2421577 26.307 ™"

Adiyaman 22.786 21.450 ¢ 24.899

Basma-Djebel 9.420 22.051 ™

P 6697 20.314
2019

MV-1 22.009 16.699 " 16.830 " 12.927 »d 15.197 "

P 76/86 25.548 25858 "1 26.264 27.035 ™

Adiyaman 22.278 20.022 ™ 26.193 7"

Basma-Djebel 10.347 22718 *h

P 6697 19.170

CONCLUSIONS

Inheritance of the number of leaves per stalk in
Fi1 generation in 2018 and 2019 is partial-
dominant (only Adiyaman x P 66 9 7 has
intermediation). The hybrid P 76/86 x P 66 9 7
showed a negative heterotic effect.

- All the modalities in the two years of
investigations can be found in the length of the
leaves from the middle belt of the stalk. Positive
heterosis in this trait occurs in MV-1 x
Adiyaman, P 76/86 x Basma-Djebel, P 76/86 x
P 66 9 7 and Basma-Djebel x P 66 9 7.

- Inheritance of the number of leaves per stalk
and the length of the leaves from the middle belt
of the stalk in F; hybrids shows identical values
for both years of research, which indicates the
fact that the parents in the diallel are stable and
homozygous and the environmental factors have
a limited impact on these traits.

- The mode of inheritance of the yield of green
mass per stalk is partially-dominant in the
direction of the parent with higher yield and
positively-dominant (only in MV-1 x Basma-
Djebel there is an intermediate mode). Positive
heterosis occurs in Oriental crosses where one
parentis P 66 9 7.

- The mode of inheritance of the yield of green

10

leaf mass per hectare is partially-dominant and
positively dominant. Negative heterosis is
present in hybrids where one of the parents

is MV-1 (with the exception of MV-1 x Basma-
Djebel where there is partial dominance in the
direction of the weaker parent). The occurrence
of positive heterosis has the Oriental hybrids
where one of the parents is P 66 9 7.

- The picture of the heritability of the yield
detects minimal differences compared to the two
years of research, which indicates the fact that it
is a trait that is greatly influenced by the
environmental factors, but also that there is a
professional approach to the overall work.

- From the analysis of the inheritance of the
yield of green leaf mass per stalk and the yield
of green leaf mass per hectare, it is concluded
that there are no differences with the oriental
hybrids, but there are differences with the
hybrids where one of the parents is MV-1, and
that is a consequence of the different planting
distance of plants in the experiment.

- The results of this paper are a good original
source material for further successive selection
activity.
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ABSTRACT

Modern EM technology has a particular contribution to environmental management and sustainable agricultural production.
The aim of the research was to determine the effect of the application of the probiotic EMa 5 or the combination EMa 5+
EmFarma, as well as the best model of application (on the soil before sowing; after the emergence of tobacco seedlings; on
the seeds) and with/without herbicide application.

Probiotics have a positive effect on tobacco seedlings. The best development of the root system, as well as the total length of
the tobacco seedling, was determined in the variant - application of EmFarma Plus + Emma 5 on the soil, before sowing and
during the application of herbicide. The length of the root system of the seedling in the standard treatment is lower than that
of the seedling of all variants of probiotic application.

Application of probiotics is possible under standard sowing conditions, that is, when herbicide is used.

The results of these researches create a good perspective for their application in the production of tobacco seedlings.

Key words: tobacco, EM technology, probiotics, EmFarma Plus, Ema 5, development, root

IMPUMEHA HA EM TEXHOJIOI'HJATA BO ITIPOU3BOJCTBOTO HA
TYTYHCKU PACA/JL

Cospemenara EM TexHoor#ja nMa ocoO6eH pHIOHEC BO YIIPABYBABETO CO )KUBOTHATA CPEJIMHA U OJIP’KHMBOTO 3€M]jO/IEIICKO
IIPOM3BOJICTBO.

Lenra Ha cTpaKyBameTO Oemie Aa ce yTBpAH ePeKTOT O MpuMeHarTa Ha mpoduotukor EMa 5 wnn komOunanujata EMa 5+
EmFarma, kako 1 HajqoOproT MOIeJT Ha aruIMKalyja (Bp3 no4BaTa npeji cenoa; o MoOHNKHYBambe Ha TYTYHCKHOT paca; Bp3
ceMeTo) U co/0e3 mpuMeHa Ha XepOuIIH/I.

[IpobuoTninTe UMaaT MO3UTHBEH eQEeKT BP3 TYTYHCKHOT pacan. Hajmobap pa3Boj Ha KOPEHOBHOT CHCTEM, KaKO M BKYyITHA
JIOJDKUHA Ha TYTYHCKHOT pacajl € YTBpJeHa Kaj BapujaHTara - arunkanuja Ha EmFarma Plus + Ema 5 Bp3 mousara, npes
cennda M Mpu MpUMeHa Ha Xepounua. JlommKrHaTa Ha KOPEHOBHOT CHCTEM O] pacajoT MPH CTAaHJAPIHUOT TPETMaH € ImoMaja
0J1 Taa Ha pacajoT Of CUTE BapHjaHTH HA IPUMEHA Ha MIPOOHOTHIIH.

[TpumenHa Ha TPOOHOTHITUTE € MOYKHA TIPH CTAaHAAPIHY YCIIOBU Ha cen10a, OJHOCHO IpH ynoTpeda Ha xepOumu.
Pesynrature o7 oBHE MCTpakyBama CO34aBaaT J00pa MepcreKkTHBa 3a HUBHA IIPHMEHa BO MPOM3BOJCTBOTO HA TYTYHCKH
pacap.

Kayunu 300poBu: tytyH, EM texnonoruja, npoduornnm, EmFarma Plus, Ema 5, pa3Boj, kopen
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INTRODUCTION

The integrated concept of sustainable
agricultural production is based on the principles
of ecology and the relationships between
organisms and the environment.

EM technology is one of the basic ways to
manage the environment in the direction of
sustainable agricultural production. The basic
principle of this technology is application and
increase of the population of efficient and
beneficial microorganisms in the soil.
Increasing the population of EM in the soil with
application models increases the development of
existing soil microorganisms. Thus, the
microflora in the soil becomes rich and the soil
develops a well-balanced microbial system
(Nayak et al., 2020). Degenerative
microorganisms, especially soil pathogens, are
pushed out. This creates a healthy environment
for the plants where the effective
microorganisms continue to coexist in the
rhizosphere.

But plant roots secrete substances such as
carbohydrates, amino and organic acids and
active enzymes. Effective microorganisms use
these secretions for their development. But,
during those processes they also secrete and
provide amino and nucleic acids and many
vitamins and hormones that are used by plants.
Thus, EM coexists with the plant root in the
rhizosphere (Higa and Wididana, 1989).

Thanks to all the microbiological processes in
which the soil, and especially the rhizosphere
microflora participates, the plants are provided

with all the nutrients. Thus, they have an
outstanding opportunity for proper development.
Modern EM technology, or generally accepted
term "probiotics", includes four very important
groups of microorganisms - lactic acid bacteria,
photosynthetic bacteria, actinomycetes and
yeasts, mixed in a carbohydrate medium.
Depending on the purpose, certain preparations
have a "fortified" formula in which, in addition
to the basic components, other bioactive
components are represented, e.g., plant extracts.
Such is the case with the preparation EMa 5
(SCD Probiotics, 2012).

Application of probiotics doesn’t mean only
improvement of soil properties and proper
development of plants, but also prevention of
disease attack. In that regard, the preparation
EMa 5 is particularly noteworthy, which is why
it is mainly used as a biofungicide.

Therefore, our aim was to investigate the
possibility of using probiotics in tobacco
seedling production and determine the effect of
the application of EMa 5 alone (given its
promotion as a biofungicide) or in combination
with the probiotic EM Farma. Specifically, our
aim was to confirm their multifunctionality and
promising role in the production of tobacco
seedling.

The examinations also ensure the determination
of the best application model. What is most
important, it is adapted for application during
usual cultural practices in the production of
tobacco seedling.

MATERIAL AND METHODS

The examinations were carried out in tobacco
seedbeds in 2020. The soil treatment, which was
planned when defining the variants, was carried
out the previous day. The seedbeds were sown
with tobacco seeds of variety P -66-9/7. Seed
amount of 6.75 g/10 m? was used.

Each variant was tested in three replications, and
the area for each replication was 3.33m?.

The preparation EmFarma was applied in a dose
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of 1000 ml/100 m?, i.e., 30 ml/ 3.33 m>.

The preparation Ema 5 was applied in a dose of
300 ml /100 m?, i.e., 10 ml/ 3.33 m>.

Tobacco seeds (2.25 g/3.33 m?) were soaked in
3 ml prepared solution and kept for 24 hours
before sowing. For this purpose, a solution with
EM farm was previously prepared in a dose of
100 ml/10m?. An overview of the variants with
the respective treatments is given in Table 1.
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Table 1. Variants and treatments

Application

o~
of s Variant Treatment
probiotics =
1 Control, without any treatment
Standard treatment with
2 herbicide, fungicide and
supplement
3  EmFarma Plus +Ema 5 EmFarma Plus EmFarma Plus
F Herbicide + Ema 5 + Ema 5
2 5 Emas Ema 5 Ema 5
= Without herbicide
s 7  EmFarma Plus+ Ema 5 EmFarma Plus EmFarma Plus
Without herbicide +Ema 5 +Ema 5
° 4  Herbicide after emergence Ema 5 Ema 5
. % Ema 5 after emergence Ema 5
dg %‘3 6  Herbicide after emergence EmFarma Plus EmFarma Plus
g EmFarma Plus + Ema 5 EmFarma Plus+Ema  +Emas5 +Ema5
© after emergence 5
8  Seed treated with EmFarma EmFarma Plus EmFarma Plus
Plus +Ema 5 +Ema 5
§ + soil treated with Ema 5
2 Without herbicide
k= 9  Seed treated with EmFarma EmFarma Plus EmFarma Plus
g Plus +Ema 5 +Ema 5
+ soil treated with Ema 5
Herbicide

The herbicide Gamit 4 EC was applied in a dose
of 0.07 ml/m? in the respective variants.

The treatment after seedling emergence was
performed only in the respective variants
(variants marked 4 and 6).

The second treatment was performed in all
variants. The same day, the second control i.e.,
standard, received treatment with the fungicides
Top M (0.1%) and Ridomil (0.25%). Fertilizing
with 15 g/m? of ammonium nitrate was carried
out the previous day.

The third treatment with probiotics was
performed at the beginning of the vigorous
growth phase.

During the research, the seedling was observed
daily, and the growth and condition of the
damping off disease was monitored.

Seedling length was measured twice, first time
before the third treatment and second time in the
phase of vigorous growth, before pulling for
transplanting.

RESULTS AND DISSCUSION

Tables 2 and 3 present the results about the size
of tobacco seedling in the three replications of
each variant. However, for better conclusions
about the impact of probiotics on the
development of tobacco seedling, the average
values were analyzed (Table 4 and 5).

Seedling have the lowest growth in the control
(without any treatment), which is quite expected

(Table 4). However, the largest length of the root
system, as well as the total length, has the
seedling of the 4th variant, i.e., Ema 5 after
emergence. They are larger than the dimensions
in the standard treatment with herbicide,
fungicide and fertilizer. Ema 5 is a probiotic with
a fungicidal effect. In addition to the basic
formulation characteristic of EM technology, it also
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contains plant extracts (SCD Probiotics, 2012).
According to the multiple effect (including
antagonistic effect against fungal and bacterial
pathogens and detoxifying effect on the soil
from pesticide residues) it is expected that the
composition of all its active components will act
very stimulative.

Acting against fungal and bacterial pathogens, it
detoxifies the soil of pesticide residues. Starting
from the base (probiotic i.e., EM technology)

and its additional effect, it is expected that the
composition of all its active components will act
not only fungicidally, but also stimulating.
Good development of the whole plant and, what
is of particular importance, the root system, has
the seedling of variants 7 and 8. Although there
are different ways of application (after
emergence and on seeds), both variants are
without any use of herbicide

Table 2. Impact of probiotics on the development of tobacco seedling - 1 evaluation

o replication
S g I 11 111
£5 x
=23 § Variant == = < = <
&= root  stalk 5 2 root stalk B3 ¥ root stalk s 2
<3 £ 5 =5 = 5
1 .
Control, without any 325 950 975 260 1150 1410 200 9.6 1116
treatment
2 Standard treatment with
herbicide, fungicide and 2,62 1637 1899 2.50 12.50 15.00 3.00 15.33 18.33
supplement
3 EmFammaPlus+Emas 505 1400 1724 266 1700 1966 333 1366 1699
3 Herbicide
o 5 Ema5s
E Without herbicide 2.62 14.00 1622 3.00 12.33 1533 3.66 13.16 16.82
o 7 EmFarma Plus+ Ema 5
Without herbicide 3.25 15.00 18.25 3.33 15.33 18.66 3.00 17.50 20.50
g 4  Herbicide 375 1525 19.00 2.66  13.16 1582 4.16 1833  22.49
- Ema 5 after emergence
% % 6 Herbicide
g EmFarma Plus + Ema 5 3.00 1475 17.75 3.33 15.83 19.16 2.66 15.66 18.32
© after emergence
8 Seed treated with
EmFarma Plus
§ + soil treated with Ema 5 3.33 15.00 18.33 3.16 17.83 20.99 3.16 15.16 18.32
2 Without herbicide
= 9 Seed treated with
5 EmFarma Plus
3.25 14.62 17.87 3.33 14.50 17.83  3.00 13.50 16.50

+ soil treated with Ema 5
Herbicide

It is known that the herbicide has a harmful
effect on the soil as well as on the rhizosphere
microflora (Ayansina and Oso, 2006). Such a
negative effect can be long-lasting and affect the
entire microflora-plant system. The soil in which

16

there is no harmful effect of the herbicide is a
good substrate for the reproduction and
development of the effective microflora and its
activity, thus providing the root system with
various nutrients.
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Table 3. Impact of probiotics on the development of tobacco seedling - 2 evaluation

replication

II I

Variant

Mark

root stalk

Application
of probiotics

Total
length

root stalk root stalk

—_

Control, without any

treatment 3.50

12.10

15.60

3.10 12.40 3.30 12.20

Standard treatment
with herbicide,
fungicide and
supplement

337 19.25

22.62

3.16 17.33 2.50 18.66

EmFarma Plus +Ema 5

Herbicide 3.40

14.20

17.60

4.20 18.20 22.40  4.60 35.00 39.60

Ema 5

Without herbicide 425

15.25

19.50

5.50 16.33 21.83  2.66 15.33 17.99

on the soil

EmFarma Plus+ Ema 5

Without herbicide 3.87

17.50

21.37

4.66 19.33 23.99  3.66 20.66 24.32

Herbicide

Ema 5 after emergence 4.37

16.75

21.12

4.66 18.66 2332 423 17.13 21.36

Herbicide
EmFarma Plus + Ema 5
after emergence

after
emergence

375  21.25

25.00

333 19.66 2299 333 21.00 24.33

Seed treated with

EmFarma Plus

+ soil treated with
Ema 5

Without herbicide

325 18.75

22.00

2.83 15.00 17.83  4.00 23.66 27.66

Seed treated with
EmFarma Plus

+ soil treated with
Ema 5

Herbicide

on the seed

450 19.50

24.00

2.83 13.66 16.49 2.83 14.33 17.16

The effect of the seedling treatment with
probiotics is best seen in the stage of vigorous
growth. According to Table 5, the length of the
root system of the seedling in the standard
treatment is the smallest. It is even smaller than
the control - without any treatment, which can
certainly be explained by the special conditions
of water supply that favor the development of the
root in length. But it lags behind all variants
treated with probiotics.

Tobacco seedling of the variants 3 and 7 had the
best development, especially of the root system,
but also of the whole plant, when EmFarma Plus
+ Ema 5 was applied to the soil, before sowing.
The obtained results are in accordance with the
statements of Ashraf et al. (2004). According to

them, the introduction of effective microflora
can activate nitrogen fixation, phosphorus
solubility, increased release of siderophores,
phytohormones, exopolysaccharides, known
microbial  products that increase plant
development and protect them from abiotic
stress.

Also, Combant et al (2005) claims that
proliferation of microorganisms that are
promoters of plant growth in the soil, especially
in the rhizosphere, stimulates plant
development. At the same time, through the
competition for space and food and creation of
inhibitory substances, they induce systemic
resistance of plants.
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Table 4. Impact of probiotics on the development of tobacco seedling -

(1 evaluation - average values)

= length
B ~
L L s Variant
= g p= root stalk W?Ole
<s:« « plant
Control, without any
1 treatment 2.61 10.05 11.67
Standard treatment with
2 herbicide, fungicide and 2.70 14.73 17.44
supplement
EmFarma Plus +Ema 5
B 3 Herbicide 3.03 14.92 17.96
% Ema 5
£ 5 Without herbicide 3.09 13.16 16.25
=
© EmFarma Plus+ Ema 5
7 Without herbicide 3.19 15.94 19.13
g 4 Horbicide 352 15.58 19.10
~ £ Ema 5 after emergence
% e Herbicide
g 6 EmFarma Plus + Ema 5 2.99 15.41 18.41
© after emergence
Seed treated with
EmFarma Plus
E 8 + soil treated with Ema 5 3.21 15.99 19.21
2 Without herbicide
= Seed treated with
o
° g  EmFarma Plus 3.19 14.20 17.40

+ soil treated with Ema 5

Herbicide

Increasing soil microbial diversity improves
plant health and productivity (Okorski et al.,
2008). The same value of the root system length
in these two variants (without and with the use
of herbicide) confirms the possibility of using
probiotics under standard sowing conditions i.e.,
when using herbicide.

Also, the application of probiotics on the soil
confirms the positive effect of probiotics on
plant development and at the same time
represents a good application model and
perspective for their application in the
production of tobacco seedling.

18

The seedling from the variants where the seeds
were treated with EmFarma Plus and the soil
with Ema 5 have a poorly developed root system
and a similar average value of the total length of
the plant as the seedling from the standard
treatment. There are certain dilemmas whether
probiotics applied to seeds increase the
percentage of germination, whether they
develop a strong secondary root system and a
healthy stalk, and whether it is a good
application method, (Olle and Williams, 2013).
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Table 5. Impact of probiotics on the development of tobacco seedling -
(2 evaluation - average values)

g3 length
E=IRCI
25 § Variant
& = root stalk whole plant
<5
1 Control, without any 330 1223 15.50
treatment
Standard treatment with
2 herbicide, fungicide and 3.01 18.41 21.42
supplement
EmFarma Plus +Ema 5
3 Herbicide 4.06 22.40 26.53
% Ema 5
£ > Without herbicide 413 15.63 19.77
o
e EmFarma Plus+ Ema 5
7 Without herbicide 4.06  19.16 23.22
g 4  Herbicide 423 17.13 2136
- £ Ema 5 after emergence
3’;; e Herbicide
g 6 EmFarma Plus + Ema 5 3.47 20.63 24.10
© after emergence
Seed treated with
EmFarma Plus
E 8 + soil treated with Ema 5 3.36 19.13 22.49
2 Without herbicide
= Seed treated with
=
° g  EmFarmaPlus 338 15.83 19.21

+ soil treated with Ema 5

Herbicide

Bharti et al. (2007) present facts that the
rhizosphere is a microbial center where there are
different but at the same time significant
interactions between microorganisms and the
soil together with the plants. The nature of these
interactions is entirely determined on a
molecular basis. These positive beneficial
interactions significantly affect  plant
development and growth, and subsequently
result in a progressive impact on yield and
production.

These data confirm the results of our research

that the best development of the root system as
well as the whole plant is determined when
probiotics are applied to the soil, before sowing
(at the same time highlighting it as the best
application model). The soil i1s a natural
environment for these groups of
microorganisms, in which they best manifest
their activity (specific processes). At the same
time, early interactions occur in the soil (among
microorganisms, but also microorganisms-
plants) which lead to an increase in their activity.
All this leads to stimulation of plant growth.
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CONCLUSIONS

- Probiotics have a positive effect on the
development of tobacco seedling, especially on
the root system.

- The length of the root system of the seedling
with standard treatment was smaller than the
length of the seedling treated with all the
probiotic variants.

- Tobacco seedling had the best development
especially of the root system, but also of the
whole plant, when EmFarma Plus + Ema 5 was

applied to the soil, before sowing. At the same
time, it represents a good application model of
probiotics in the production of tobacco seedling.
- Application of probiotics is possible under
standard conditions of sowing, i.e., when using
herbicide.

Probiotics have a good perspective for
their application in the production of tobacco
seedling.
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The chemical composition and bioaccumulation of trace elements by plants is determined by number of soil characteristics,
plant properties and the environment in which they are grown. The subject of this research was study on the soil properties
that influence the availability of trace elements to oriental tobacco grown in the Pelagonia production area. Soil properties
were obtained by the following parameters: soil acidity (pH), humus, total nitrogen, available forms of macronutrients (P»0Os,
K>0) and physical clay. Total and extractable anthropogenic and crustal trace elements content was analyzed by atomic
emission spectrometry with inductively coupled plasma (ICP-AES). The objective was to determine the distribution and
intensity of accumulation of the trace element content in the oriental tobacco. Relationship with site-specific soil properties
and chemical composition of tobacco plants was studied by statistical models (factor and correlation analyses).

Key words: tobacco, trace elements, distribution, availability, Pelagonia

MPOLIEHKA HA ®AKTOPUTE KOU BJIMJAAT HA JOCTAITHOCTA HA EJIEMEHTHUTE BO
TPAT'A BO TYTYHCKU PACTEHUJA OJIIIEJAHM BO NEJATOHUCKOTO ITPOU3BOJHO
MOJAPAYJE

XEeMHUCKHOT COCTaB M OMoakyMyJanyjaTa Ha eJIEMEHTHTE BO Tpard BO pacTeHHjaTa ce OAPEACHU OX rojieM Opoj MOYBEHU
KapaKTepUCTHKHU, CBOjCTBAaTa Ha CaMHTe pacTeHHja M OKOJIMHATA BO Koja ce oariaenyBaaT. [Ipenmer Ha oBa HCTpaKyBame €
NPOY4yBamkETO Ha MMOYBEHUTE CBOJCTBA KOW BIIMjaaT BP3 JIOCTAIIHOCTA HAa €JIEMEHTHTE BO TPark 3a OPUEHTATHHOT TYTYH
oxrienad Bo [lemaroHMCKHOT MPHO3BOJEH perHoH. [louBeHNTE CBOjCTBaA ce MPOYYEHH NPEeKy cieqHnTe napamerpu: pH Ha
MIOYBEHUOT PACTBOP, XyMYC, BKyIIEH a30T, jpoctanHu (opmu Ha MakpoHyTpueHTtHte (P05, K;O) m MexaHW4KH coCTas.
BkynHata u gocranmHaTa COAp)KMHA HA €EMEHTHUTE KOW MMaaT YOBEYKO M MPHPOIHO MOTEKIIO € aHAJIM3MpaHa CO aTOMCKa
EMHUCHOHA CIIEKTPOMETpHja co WHAYKTHBHO crperHara mra3ma (ICP-AES). Ilenra Geme na ce ompenu muctpulynujata u
MHTEH3UTETOT Ha aKyMyJlallija Ha eJIEMEHTHUTE BO Tpark oJf CTpaHa Ha pacTeHujaTa TyTyH. [loBp3aHocTa Merly crieriupuaHITe
CBOjCTBA Ha IOYBaTa M XEMUCKHOT COCTaB Ha pacTeHHjaTa TYTYH € IpOydYeHa MpPEeKy CTAaTUCTUYKK MojenH ((pakTopHa M
KOOpenayoHa aHAJIN3a).

Kiayunu 300poBu: TyTyH, €IEMEHTH BO Tparu, IUCTpUOYyIHja, JOCTATHOCT, [lenaronuja
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INTRODUCTION

The absorption and accumulation of trace
elements by plants has a strictly specific
character, both in relation to the types of plants
and to the specific element. One of the main
factors related to the accumulation of these
elements by tobacco plants are their content and
their chemical forms in the growing medium
itself. Most of the mineral nutrients contained in
the soil are bound in the solid phase and are
unavailable to plants (Kabata-Pendias, 2011).
Only in certain portions they are dissolved in the
aqueous phase of the soil solution and their
soluble form is absorbed by plants through the
root system. Phyto availability (uptake into
plants) depends entirely on the mobility and
availability of the elements in the soil. How
much content will accumulate in plants is of
interest for two reasons. The first is their toxic
effect on plants, which is usually reflected in the
yield, and the second is the transfer of heavy
metals from the soil, through the plants to the
food chain.

The content of different elements in tobacco
plants depend on both natural and anthropogenic
factors. Trace elements of anthropogenic origin
are more mobile than those of lithogenic origin
(pedogenetic processes), (Han and Singer,
2007). Compared to the elements of
anthropogenic origin, lithogens correlate better
with clay minerals, organic matter, oxides, and
carbonates in soil (Burt et al., 2003). The way of
their binding, and thus their bioavailability,
depend on several soil properties such as:
mechanical composition, soil pH, organic matter
content, ion exchange capacity, content of macro
and micro nutrients, oxidation-reduction

potential, the activity of microorganisms and
sorption capacity (Adamu et al., 1989; Prasad
and Freitas, 2003; Geoffrey, 2004; Golia et al.,
2007; Nouri et.al, 2009). All these factors,
during the processes of sorption, complexation
or immobilization of soil particles affect the
content of trace elements that will accumulate in
the plant material.

The influence of basic soil characteristics on the
behavior of trace elements in the tobacco plant is
individual for most elements and generalizations
are not possible. One of the main factors
affecting the content of various elements in
tobacco leaves is the soil pH (Khan et al., 1992;
Bell et al., 1992; Gondola and Kadar, 1993;
Mitsios et al., 2005; Golia et al., 2009;
Zaprijanova, 2010). According to these authors,
the content of clay and organic matter have an
indirect and direct influence on the content of
heavy metals in tobacco, and the different
accumulation is conditioned by the varieties of
tobacco. The Berley and Virginia varieties are
the most commonly researched.

The subject of this research was to determine the
influence of some soil parameters on the trace
element content of oriental tobacco. The main
goal was to survey the availability of these
elements for the plants grown in particular
production area, as essential for achieving
sustainable tobacco production. Correlation and
factor analyses was used in order to determine
the relationships between the elements, thus
obtaining certain associations of elements that
reflect the geological or anthropogenic origin
and to examine the possibility of differentiating
the production sites.

MATERIALS AND METHODS

The study area is Pelagonija, the largest tobacco
production area in the Republic of North
Macedonia, that consists the following
municipalities:  Prilep, Mogila, Krusevo,
Krivogastani, Bitola, Novaci, Demir Hisar,
Doleni and Resen. Samples were taken from all
listed municipalities, with the exception of
Resen, because of the insignificant tobacco
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production. Soil samples were taken from 20
sampling locations from municipalities of

Dolneni and Prilep and 10 samples per
municipality for the rest, 100 samples total. Soil
samples were collected after tobacco harvesting,
and at the same sites, leaf samples were collected
from all three primings, root, stems, leaves,
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blossoms and seeds.

Soil properties such as: clay, pH, total nitrogen,
humus content, carbonates, available
phosphorus and potassium were determined
(Pelivanoska, 2011). For total digestion, soil
samples (0.2500 g) were placed in a Teflon
digestion vessel and were digested on a hot plate
(ISO 14869-1:2001) and measured by ICP-AES
(Varian, 715-ES). Total content of the elements
in plant material was Digested in Teflon vessels

with HNO3 and H>O» using the Mars microwave
system (CEM, USA) measured by ICP-AES

with ultrasonic nebulizer CETAC (ICP/U-5000
AT).

Correlation and factor analyzes were used for the
statistical processing of the data (Pearson
correlation, two-tailed) with the use of the SPPS
software (IBM SPSS v 19). Parametric, non-
parametric analysis and descriptive statistics
were made from all types of samples and all
analyzed elements. Bivariate statistics (linear
correlation coefficients, ) was used to determine
the degree of correlation between certain
elements and the influence of soil parameters on
the elemental composition of plant samples.

RESULTS AND DISCUSSION

Soil parameters

Main soil properties are presented in Table 1. As
it can be can be seen, most of the tested samples
from most municipalities have a low humus

content. Similar to the humus content, average
total nitrogen content is low. The average soil
pH in water is within the range of is 6.01-6.83.

Table 1. Average soil properties in the Pelagonia producing area (n=100)

Humus  Total nitrogen  pH (H20)  pH (KCI) Clay Available P Available K

Muncipality % % % mg/100 g
Prilep 1.68 0.08 6.61 5.49 38.04 28.03 21.44
Mogila 1.33 0.07 6.54 5.40 36.61 14.23 20.59
Krushevo 1.56 0.08 6.01 4.97 39.18 21.60 20.09
Krivogastani 2.12 0.10 6.83 5.71 54.70 15.88 17.11
Bitola 1.70 0.09 6.04 4.85 44.96 9.77 17.44
Novaci 1.37 0.06 6.55 5.46 32.05 20.10 23.81
Demir Hisar 227 0.13 6.72 5.65 49.40 18.1 33.5
Dolneni 1.46 0.08 6.56 5.51 1.46 9.6 19.6

Available phosphorus and potassium content
vary differently (Table 1). According to the
presented data, it can be concluded that most of
the samples from all municipalities are well
provided with these nutrients. Some anomalies
are recorded in the few samples from
municipalities of Novaci, Demir Hisar and
Prilep with available phosphorus and potassium
of over 60 mg/100 g, and they were excluded as
outliers in the average content of nutrients in
Table 1. Based on the above, diversity of this
nutrients may be conditioned by the geochemical

origin of the different type of soil, but certainly
the long period of cultivation is not excluded.
Descriptive statistics of obtained chemical
composition of the soil samples is given in Table
2. According to our research, all data is
comparable to the data obtained from the study
on agricultural soils of Europe (Salminen et al.,
2005; Soriano-Disla et al., 2013).

The content of Fe in soil is inherited from the
natural phenomena, from the parent rocks and
natural processes, mostly found in the range
from 0.5 to 5 %. Values of 5 % Fe were
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measured in the samples from Bitola and
Mogila. These values are higher than the Fe
content in European topsoil average of 2.2 %
(Salminen et al., 2005). The high contents are
due to the "Suvodol" coal mine, which is part of
the Pelagonian massif. On the European scale,
the mean value of Mn content in the surface

layers of the soil is 524 mg/kg (Salminen et al.,
2005), and in our samples 551 mg/kg (Table 3).
As it can be seen in the Table 3, higher
deviations are detected in the content of Cr, Ni,
Cu and Zn that are due to the higher values
obtained in some samples from municipality of
Doleni.

Table 2. Descriptive statistics of total chemical composition in soil samples (#=100).
The values for Ca, Fe, K, Mg and Na are given in %, for the rest of the elements in mg/kg,
LOD - limits of detection, Xg is geometrical mean, Sa-standard deviation

Pelagonia area

LOD (n=100)

mgkg X, s, Min-Max

Az 02 05 02 02-11
Al 09 5 09 28-68
Ba 10 358 121 137-764
ca 10 11 06 02-3
1 48 31 15-292
Cu 05 17 9 5249
Fe 1 2 08 09-5
K 2 1 03 04-2
Li 025 14 76  34-53
Mg 05 1 02  04-2
Mn 05 551 171 218-1268
Na 1 1 03 0,1-2
Ni 05 22 136  7-124
P 1 475 320 140-2098
Pb 10 14 48  10-30
St 10 151 89  26-537
Vo1 66 32 27-217
Zn 1 59 84  16-593

Plant analyses

The descriptive statistics of the content of
analyzed elements in the tobacco leaves is given
in Table 3. In comparison with other literature
sources, concentration of all studied elements is
within the range for oriental tobacco leaves (Tso
1990; Gondola and Kadar 1994; Metsi et al.,
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2002; Golia et al., 2009;

Pelivanoska et al., 2011). Only Fe, Cr, Ni, Sr and
Ba had higher mean concentration than values
reported by Tso 1990, but they are all below the
contamination limit for plants (Kabata-Pendias
2011).
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Table 3. Descriptive statistics of average chemical composition of tobacco leaves (#=100).
The values are given in mg/kg, LOD — limits of detection, Xg is geometrical mean, Sa-standard deviation

LOD

Pelagonia area

mg/kg X,

Sa Min-Max

Al 0,01 1426

Ba 0,03 48
Ca 0,025

Cd 0,005 0,35

Cr 0,05 2,1
Cu 0,02 11

Fe 0,006 820
K 5 7306

Li 0,05 13

Mg 0,025 1332

Mn 0,0015 64
Na 2,5 66
Ni 0,25 2
P 0,5 795
Pb 0,5 0,9
Sr 0,025 53
v 0,05 3
Zn__ 0,003 20

849 158-3686
16 16-103

14287 2836 7707-19914
0,17  0,09-0,89

1,9 0,3-16
4 4-35
492 147-2367

2430 2575-13292

10 2-49
224 749-1883
27 28-172
22 38-150

1 1-6
213 439-1529

0,6 0,5-4
15 16-109
2 0,2-9
6 8-48

Influence of soil parameters on the elemental composition of tobacco samples

According to the correlations of environmental
soil properties and their influence on the
composition and intensity of trace element
accumulation in oriental tobacco, generally
weak relationships were established (Table 4).
Soil mechanical composition has moderate to
strong correlations with Al and Fe content in
oriental tobacco leaves. One of the major factors
influencing the element concentration in tobacco
leaves is soil pH (Bell et al., 1992; Golia et al.,
2009; Khan et al., 1992; Zaprijanova, 2010). The
pH of the soil solution from our findings has
moderate to strong correlations with the content
of Ni, Cr and V in tobacco samples. Humus is
moderately correlated with Mn in tobacco.

In order to determine certain associations of the

elements that reflect the geological or
anthropogenic origin factor analyses was done.
The purpose of factor analysis is to process a
large amount of information from the original set
of variables and convert them into smaller ones
with minimal loss of information. The matrix of
rotated factor loadings is given in Table 4. Six
components were extracted explaining the 75.80
% of the total variance. According to factor
analyses, three geogenic, two mixed (geogenic-
anthropogenic) and one  anthropogenic
association were divided (Table 5). Similar to
findings from the production in whole tobacco
producing area in the Republic of North
Macedonia (Jordanoska et al., 2018a; 2018b).
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Table 4. Pearson’s correlation coefficients between trace elements in tobacco leaves and other selected soil properties

Humus clay

pH (H20) Available P Available K

Ag 0.176  0.019 0.141 0.178 0.077
Al 0.161  0.65 0.146 0.235 0.225
Ba 0.195 0.025 -0.011 0.269 0.167
Ca 0.176  0.286 0.4 0.28 0.547
Cr 0.161 0.303 0.094 0.282 0.072
Cu 0.195 0.032 0.091 0.434 0.123
Fe 0.19  0.488 0.032 0.415 0.046
K 018 0.014 0.045 0.11 0.014
Li 0.156 0.308 0.13 0.385 0.209
Mg 0.157 0.339 0.212 0.303 0.155
Mn 0495 0.125 -0.008 0.432 0.017
Na 026 0.196 -0.062 0.266 0.226
Ni  0.202 0.399 0.293 0.366 0.112
P 0.214  0.01 -0.005 0.123 0.015
Pb 0243 0.122 0.132 0.226 0.115
St 0.205 0.069  -0.058 0.16 0.061
vV 0061 0349 -0.029 0.259 -0.086
Zn  0.163 0.214 0.049 0.226 0.046

Bold -correlation is significant at the 0.01 level (2-tailed);
Italic-Correlation is significant at the 0.05 level (2-tailed).

Using all determined contents of the elements in
the different organs of tobacco (root, stem, leaf,
flower and seed), the biological accumulation
factor (BAF) was calculated. This factor is
defined as the ratio between the total content of
the specified element in all tobacco organs and
its total content in the corresponding soil
(growing medium). Obtained values are

presented in Figure 1. In the same figure, in
addition to the biological accumulation factor,
the biological transfer factor (BTF) is presented.
This factor indicates the efficiency of the
transfer of elements in the aerial parts of the
plants and it represents the ratio of the content of
the examined element in the above-ground
tissues of the plant and the root.

BTF m BAF

25.00 -

20.00 -

15.00 -

10.00 -

0.00 -
Al Ba Ca Cr Cu PFe

K Li Mg Mn Na Ni

Lo [

P Pb S V Zn

Figure 1. Biological transfer factor (BTF) and biological accumulation factor (BAF)
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Table 5. Rotate component matrix (#=100) for selected elements in tobacco leaves Com - Communality (%),
Var- Variance (%)

Element F1 F2 F3 F4 F5 Fo6 Com
Fe 0.95 0.03 0.05 -0.02 0.15 0.02 94.80
A% 0.93 0.13 0.03 -0.06 0.11 0.04 88.98
Al 0.92 0.19 0.16 0.05 0.08 0.06 93.84
Pb 0.66 0.00 0.17 0.22 0.04 -0.08 50.34
Sr -0.04 0.92 -0.04 0.08 -0.04 0.15 85.87
Mg 0.12 0.76 0.30 -0.11 0.15 -0.19 76.93
Na 0.21 0.62 0.13 0.34 -0.07 0.01 60.03
Ba 0.15 0.62 0.16 0.09 0.02 0.43 66.07
Zn 0.25 0.11 0.82 0.26 0.09 0.01 78.56
Cd 0.02 0.03 0.80 0.11 0.13 0.33 72.26
Cu 0.18 0.25 0.73 -0.10 0.08 0.04 67.09
P 0.00 -0.02 -0.14 0.89 -0.01 -0.02 76.03
K 0.18 0.04 0.26 0.75 0.01 0.22 69.60
Ca 0.00 0.37 0.19 0.68 0.01 0.02 60.75
Cr 0.20 -0.03 -0.01 -0.02 0.95 -0.09 90.76
Ni 0.13 0.06 0.31 0.04 0.90 0.09 90.75

Mn 0.12 0.08 0.02 -0.02 0.05 0.85 67.65
Li -0.20 0.04 0.27 0.19 -0.09 0.77 59.65

Var 27.34 14.90 9.95

9.40 7.43 5.94 75.80

CONCLUSIONS

From the obtained results, it can be concluded
that tobacco samples from Pelagonia producing
area leaves contain a relatively high content of
iron, which is dependent by its content in the
soil. According to the correlations of
environmental soil properties and their influence
on the composition and intensity of trace
element accumulation in the oriental tobacco,
generally weak relationships were established.
Soil mechanical composition has moderate to
strong correlations with Al and Fe content in
oriental tobacco leaves. Soil pH has moderate to
strong correlations with tobacco Ni, Cr, and V

content, while humus has a moderate correlation
with tobacco Mn content. According to factor
analyses trace elements are found in three
geogenic and two mixed  geogenic-
anthropogenic associations. Mixed factors are
presented by Fe-V-Al-Pb and P-K-Ca
associations. Calculated biological
accumulation factor shows that oriental tobacco
accumulates greater amount of P, K and Cu and
the transfer of the elements in the antenna parts
of the plant follows the sequence: Li>Zn >P >
Mg > Mn > Cr > Ba > Cu>Fe > Al >V >Pb>
K> Ca>Ni> Sr> Na.
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ABSTRACT

Flavonoids are the largest and most widely spread group of phenolic compounds. Flavonoids are known for their anti-
inflammatory and anti-allergic properties, antithrombotic and vasoprotective properties. The paper presents results of total
content of flavonoids in dry tobacco, from several varieties of tobacco from the Prilep region.

Tobacco raw material from the top harvests (harvest 1 - Lower top leaves and harvest 2-Top leaves), obtained during one
vegetation period, was analyzed. Total flavonoids in tobacco are determined by the aluminum chloride colorimetric method
after extraction of tobacco by the ultrasound.

The obtained results emphasize that the highest concentration of total flavonoids calculated as pg/g of dry mass is found in
Prilep Basma type, Prilep Basma 82 (63.12 pg/g) and Prilep Basma 2 (64.13 pg/g) varieties. The variety P-12-2/1 which
belong to the type Prilep has the lowest content of flavonoids (32.40 pg/g). The results indicate the presence of flavonoids as
secondary biomolecules in all analyzed tobacco varieties.

Keywords: flavonoids, tobacco, polyphenols, extraction, top harvest.

IMPOAYKIIMJA HA CEKYHJAAPHHU BUOMOJIEKYJIM BO 'OPHA HHCEPIIUJA KAJ
PA3JIMYHU COPTHU HA TYTYH (Nicotiana tabacum L.) BO TIPUWIEIICKUOT PET'HOH

draBoHOMIUTE Ce HajroJieMa M HajIIMPOKO PacIocTpaHeTa rpyna (GeHomHu coeauneHuja. GraBOHOUIUTE ce MO3HATH 110
aHTUU(IAMaTOPHU M AaHTUAJIEPTUCKH CBOjCTBA, aHTUTPOMOOTHYHH M Ba30MPOTEKTHBHU CBOjCTBA. BO TpyaoT mpeseHTHpaHu
ce pe3ydTaTH O] BKyIHHU (hJIaBOHOMIH BO CYyB TYTYH, OJ MOBEKE COPTH Ha TYTYH Of lIpmienckuoT pernoH. AHaqu3upaHa €
TyTyHCKaTa CypoBHHA 01 BpBHUTE OepOu (Oepba 1-moasps u 6epba 2-BpB), 100HEeHA BO €CH BETreTalMCKH Iepnol. BkymHuTe
(hy1aBOHOM/IN BO TYTYHOT C€ OJIpelyBaaT CO KOJIOPUMETPUCKH METO]] CO TyMHHHYM XJIOPHJ 0 €KCTPaKIKja Ha TYTYHOT CO
YIITpa3BYK.

JlobuennTe pe3ynTaTH IMOKa)KyBaaT AeKa HajroyieMa KOHILEHTpalija Ha BKYIHH ()IaBOHOMAM NpecMeTaHa Kako |g/g cyBa
Maca uMa kaj coptute [Ipmmen 6acma 82 (63,12 pg/g) u [punen 6acma 2 (64,13 pg/g) ox tunot [Ipunen 6acma. Kaj tunor
npwien coprara [1-12-2/1 uma Hajmana coxpxuHa Ha ¢uaBononau (32,40 pg/g). PesynraTure ykakyBaaT Ha IPHCYCTBO Ha
(hy1aBOHOM/IN KaKo CEKyHJapHH OMOMOJIEKYJIH BO CUTE aHAIN3UPAHH COPTH TYTYH.

Kayunu 300poBu: diaBoHONIH, TYTYH, MONN(EHONH, €KCTPAKIH]ja, TopHa Oepoa.
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INTRODUCTION

Tobacco is grown in more than 119 countries in
the world (Majdi et al., 2012). The production of
raw materials from tobacco leaves doubled in the
year 2000, compared to the last century.

Great progress has been made in the analysis of
secondary metabolites in plants during the last
years (Okada et al., 2010). The use of modern
analytical techniques such as chromatography,
electrophoresis, analysis with isotopes and
enzymology enabled the elucidation of a large
number of structural formulas and important
biosynthetic pathways (Harborne, 1998; Balunas
and Kinghorn, 2005).

Flavonoids have recently attracted much
attention due to their antioxidant and antiradical
activities. The researches themselves show that
they are good scavengers of free radicals, and
they are also important in the pharmaceutical
and food industry; that is why a large number of
analyzes are done to determine the concentration
of flavonoids in different plants.

A large number of researches that indicate the
presence of flavonoids in tobacco have been
done, and therefore due to the abundance of
bioactive ingredients such as polyphenols,
proteins, aromatic compounds in tobacco leaves
they are considered as economically valuable
(Zhang et al., 2012; Ruiz et al., 1998; Theng et
al., 2012).

Wang et al. (2008) identified the presence of
polyphenols in tobacco leaves and their
antioxidants, investigating antimicrobial
activities. Wang (2008) designates the rutin and
chlorogenic acid as two major polyphenolic
compounds in tobacco leaves. It has been
confirmed that some polysaccharides are
associated with phenols which can be separated
using polar solvents (Galanakis, 2010).
Qiao-Mei Ru et al., (2012) indicate that
flavonoids are effective in removing free
radicals and have great potential to be powerful
antioxidants. So, tobacco leaves are considered
as a potential source of natural antioxidants for
food, cosmetics, etc.

An important factor for the aroma, smell, and
resistance to insects of a certain variety of
tobacco is the presence of different polyphenolic
components on the surface of the Ileaf
(Georgieva, 1998).

Guardia et al., (2001) and Hertog et al., (1995),
highlight the activity of flavonoids as anti-
allergic, anti-cancer, antioxidant, anti-
inflammatory and antiviral compounds.

A group of authors emphasize again that the
group of flavonoids is known for its anti-
inflammatory and anti-allergic actions, for its
antithrombotic and vasoprotective properties,
for inhibition of tumors and for the protection of
the gastric mucosa (Montanher et al., 2017,
Serafini et al., 2010).

A large number of the analyzes and studies have
been made on tobacco, which prove that it has a
complex chemical composition that changes
depending on the age of the plant, the variety, the
meteorological and soil conditions in which is
grown.

The chemical composition of tobacco leaves is
influenced by factors such as ripening, drying,
fermentation, treatment processing, and storage.
The quality of the tobacco leaf does not depend
so much on the individual chemical components
it contains as on their mutual ratio, on the
conditions of cultivation, the method of drying,
and the harvest (Bajlov, 1965).

Accumulation of secondary metabolites in
general is extremely dependent on weather
conditions, since they are response of plants to
their environment (Fu et al., 2016).

The aim of our research is to determine the
presence of flavonoids in dry tobacco, and to
determine the concentration of flavonoids in the
samples.t

This work reveals the differences of flavonoids
among seven tobacco varieties and provides
comprehensive information about their phenolic
composition and distribution as well as the
possibilities of using tobacco in different
industries.
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MATERIAL AND METHODS

Materials

The research was done on dry leaves of seven
varieties of tobacco (Nicotiana tabacum L.),
Yaka YV 125/3, Yaka YV 48, Prilep P 12-2/1,
PP 66-7/9, Djebel DJ 48, Prilep Basma 82, Prilep
Basma 2, grown in agrotechnical practice for
oriental tobacco at the experimental field of the
Scientific Institute for Tobacco - Prilep.

The tobacco raw material for analysis is from
one vegetative period, top harvests (harvest 1

and harvest 2). Tobacco is produced on a
colluvial deluvial type of soil, with a slightly
acidic pH reaction, low content of nitrogen and
organic matter, and medium supplied of easily
available phosphorus and potassium. The
tobacco raw material for analysis is properly
collected, dried, stored and fermented for
analysis.

Extraction of Total flavonoids from tobacco leaves

The total flavonoids in tobacco are extracted by
ultrasound in an ultrasonic bath (DU-22,
Clifton, UK) for 20 minutes at a temperature of

25 °C and power 40 kHz. One g of tobacco
powder was extracted with 30 mL of
methanol:water solution (70:30, v/v).

Determination of Total flavonoid

The total flavonoid content was measured by the
aluminum chloride colorimetric method. The
tobacco extract (0.5 mL) was mixed with 0.5 mL
of 10 % aluminum chloride and 0.1 mL of 1M
sodium acetate (water solution) in a small
eprouvette, followed by 30 min. of incubation at

25 °C. The absorbance at 415 nm was measured
and quercetin methanolic solution (0-50 pg/mL)
was added for standard curve generation. Each
sample was processed in triplicate, and the result
was presented in mg quercetin equivalents.

RESULTS AND DISCUSSION

A greater percentage of tobacco row material are
discarded along processing as waste, which can
pollute the environment. The discarded tobacco
leaves are economically valuable due to the
abundance of bioactive ingredients such as
polyphenols, proteins, and aromatic compounds.
Tsaballa et al. (2020) emphasize that tobacco
contains various phenolic compounds. These
plant metabolites are synthesized mainly
through shikimic acid and malonic acid (Azmir
et al., 2013) and provide protection against
abiotic stress and pathogenic infection.
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Analyzes and the results from the first harvest
show that the highest content of total flavonoids
can be observed in the variety Basma 2, Basma
82 (Figure 1). It can be noted that the lowest
concentration of flavonoids was observed in the
variety P 12-2/1, compared to the rest of the
analyzed tobacco varieties. Figure 1 shows that
the content of flavonoids in the variety Dj 48 was
found to have a higher concentration of
flavonoids compared to YV 125/3, YV 48.
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Harvest 1
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Figure 1. Content of total flavonoids in tobacco calculated in pg/g of dry mass - Harvest 1, Lower top leaves

Small differences can be observed when
analyzing the second harvest of tobacco among
tobacco varieties, compared to the first harvest.
Again, the highest content of flavonoids is found
in the variety Basma 2, Basma 82, Dj 48, the
lowest content again in the variety P 12-2/1
(Figure 2, Fugure 3). Huge variations between

individual varieties of a certain type of tobacco
are not observed, especially in the Yaka type
with the varieties YV 125/3 and YV 48. In the
Prilep type and in both examined harvests,
differences are noticeable between the varieties
P 12-2/1 and PP 66-7/9

Harvest 2
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Prilep P 12- Prilep 66- Yaka YV Yaka YV 48 Djebel DJ Prilep Prilep
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48 basma 82  basma 2

Figure 2. Content of total flavonoids in tobacco calculated in pg/g of dry mass — Harvest 2, Top leaves

According to Tsaballa et al. (2020), the
expressed intensity of certain genes determines
the difference in the concentration of flavonoids
in different tobacco varieties. Meanwhile, the

content of flavonoids in tobacco depends on
temperature, disease, light intensity and other
factors (Fu et al., 2016).
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It is characteristic of the oriental type Prilep that
it is adapted to light, poor soils, which are not
rich in nutrients. This type of tobacco has a
specific leaf shape that distinguishes it from
other types of tobacco.

Zou et al. (2021), when researching several
varieties of tobacco, emphasize that all analyzed
varieties of tobacco contain a wide range of
polyphenols and are able to effectively clean free
radicals, showing a strong antioxidant potential.

70,00

Total flavonoids content ug/g

All identified polyphenols reveal the potential
value of tobacco by-products. The project by
Zou et al. (2021) promotes the recycling of
tobacco by-products and offers new raw
materials for the food industry and
pharmaceutical companies.

Additional studies on tobacco extraction,
toxicological, bioavailability as well as animal
studies are needed to develop tobacco by-
products as commercial ingredients

60,00
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0,00
Prilep P Prilep 66- YakaYV YakaYV Djebel Prilep Prilep
12-2/1 7/9 125/3 48 DJ 48 basma 82 = basma 2
® Harvest 1 38,40 44,26 42,70 44,40 60,92 63,12 64,13
® Harvest 2 32,99 45,10 43,02 42,50 58,60 59,63 64,01
®m Harvest 1  ®Harvest 2

Figure 3. Comparison of content of total flavonoids content in dry tobacco (ng/g) between the analyzed tobacco varieties
from Harvest 1 and Harvest 2

Docheva et al. (2014) conducted research on
obtaining flavonoid-enriched extracts from
tobacco crops and waste products, purified from
nicotine and phenolic acids, and evaluating their
potential as free radical scavengers. The results
obtained by Docheva et al. (2014) support the
results of this research. The extracts obtained
with the appropriate procedure are enriched with
flavonoids with high potential for scavenging
free radicals, and can be considered as potential
biopharmaceuticals.
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Qiao-Mei Ru et al. (2012) investigated
flavonoids and polysaccharides in tobacco
leaves, total phenolic content of flavonoid and
polysaccharide fractions was investigated, the
results supporting this paper.

A large number of researches have been carried
out on the presence of flavonoids in tobacco,
which has been proven, but all of them are in the
direction of the prominent effect in the
flavonoid’s antioxidant activity.
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CONCLUSIONS

The results indicate that in all analyzed
tobacco varieties from the top harvests
(Harvest 1 and Harvest 2); there is presence
of flavonoids in all seven analyzed tobacco
varieties, with differences in the total
concentration among different types, i.e.,
varieties.

The obtained results show that the lowest
content of flavonoids was identified in the
variety P-12-2/1.

The highest content of flavonoids was
observed in the Basma type, namely the
Prilep Basma 2 and Prilep Basma 82
varieties.

When analyzing the results of the two
harvests for analysis (Harvest 1 and Harvest
2), it is observed that there are no major
differences in the content of total flavonoids,
except for the variety P-12-2/1. Harvest 1 has
a higher content of flavonoids compared to
Harvest 2.

From the analyzed varieties of Yaka type
(YV 125/3, YV 3-7, YV 48), it can be seen

that they have approximately similar content
of flavonoids, varying in the frames from
42.2136 ng/g to 45.3416 pg/g.

According to the results, the content of total
flavonoids in Djebel type (variety DJ 38)
rebounds compared to other tobacco
varieties, so their results are close to the
varieties Prilep Basma 2 and Prilep Basma
82.

Since flavonoids are effective in removing
free radicals, they have the potential to be
powerful antioxidants. That is why tobacco
leaves are considered as a potential source of
natural antioxidants for food, medicine,
cosmetics.

Flavonoids show a more prominent effect in
antioxidant activity than polysaccharides.
Therefore, in the future, it is important to
extract natural antioxidants from tobacco
leaves, which can be a good way to
intensively utilize tobacco resources
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ABSTRACT

Marketing and demarketing activities in the tobacco business today are imposed as a necessity, because the use of tobacco
products (especially smoking) is increasingly condemned by the medical profession, as well as by the legislative bodies of
different countries. A large amount of information, either through various scientific studies, media presentations, bans,
preferring the WHO tobacco control framework convention, etc., points to the harmfulness of tobacco, thus putting tobacco
producers in an uncomfortable position. Despite numerous warnings about the harmfulness of tobacco, however, the
popularity of consumption itself is not declining, but on the contrary, smoking continues and it is estimated that by 2025 there
will be around 1.3 billion smokers. In the paper, in addition to presenting part of the marketing and demarketing activities, a
survey was also made with certain questions of smokers and non-smokers. The collected data are tabularly, graphically and
computationally displayed and processed.

Keywords: tobacco business, marketing, demarketing, cigarettes, promotion

MAPKETUHIIKATE U JEMAPKETHHIIKATE AKUBHOCTH BO TYTYHCKATA
JEJHOCT

MapKeTHHIIIKUTE W JeMapKeTHHIIKUTE aKHBHOCTH BO TYTYHCKaTa JEJHOCT JIeHeC Ce HAMETHYBaaT KaKO HEOIIXOJHOCT,
6unejku, ynorpedaTa Ha TyTYHCKUTE IPOU3BOAN (0COOEHO MyIICHETO) C¢ MOBEKE Ce 0CYTyBa M OJ] MEIUIIMHCKATa (hena, Kako
1 0] 3aKOHOJABHHUTE TeJa Ha paszanyHH 3eMju. ['oimem Opoj Ha wHboOpManuu OWIO MPEKy pPa3INYHH HAYYHH CTYIHUH,
MEeANYyMCKH Tpe3eHTanu, 3adpanu, npedepupame Ha paMKOBHATa KOHBEHIIMja 32 KOHTpoJda Ha TyTyHOT Ha C30 u ciamdHo,
ynaryBaaT Ha IITETHOCTA Ha TYTYHOT, CO IITO CE€ JOBEAYBaaT TYyTYHOIPOM3BOAMTENINTE BO HempHjaTHa mojox0a. W mokpaj
MHOTYOpOjHHTE TIpeAyIpeayBarma 3a ITETHOCTa Ha TyTyHOT, CEMaK, IMOIMyIapHOCTa Ha caMaTa KOHCyMalyja He omara, TyKy
HaNpoTHB U IOHATaMy ce ITyIIH U ce IPOoLeHyBa feka 10 2025 roauHa Bo CBETOT Ke MMa okodty 1,3 Munmjapau mymayn. Bo
TPYZOT MOKPa] NMPUKAXKYBamke HA JeJ 0J] MAPKEHI THHIIKUTE M JIEMAPKETUHTIIKNTE aKTHBHOCTH, HAIPaBEHO € M aHKETHO
UCTpaXyBambe CO OJIPEACHH Ipalllama Ha JIMLA ITyIIady 1 Jiuia Herymadn. CoOpaHuTe o1aTolH ce TabenapHo, rpaduuky 1
IIPECMETKOBHO NPHKaXKaH! B 00paboTeHN.

KiayuHu 300poBu: TyTyHCKA AEJHOCT, MAPKETHHT, JIEMapKETHHT, IIUTapH, IIPOMOIIHja
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INTRODUCTION

Changed conditions in business operation of the
business entities, especially of those in tobacco
industry, require appropriate changes in the
marketing approach to consumers, as well as
application of demarketing strategies. Full
commitment, engagement and responsibility of
all employees is required in the process of
formulating a proper marketing strategy, in order
for the marketing to be a factor that will
encourage the progress of a certain business
entity in the tobacco industry. All activities
should be in line with applicable business
policies and effective and comprehensive
tobacco control policies of the World Health
Organization Framework Convention on
Tobacco Control (WHO FCTC). Therefore, all
stages in the marketing process (starting from
planning of marketing activities, organizing,
coordinating and managing the financial,
technological and human resources to their
implementation and control of the achieved
marketing results) should take place in a way

that will enable stable growth of the company's
profit in conditions of efficient use of market
opportunities. That includes creating offer that
meets those needs and requirements of
customers, that the company can satisfy better
than competitors.

Of great importance is the ability of the company
to satisfy customer superiorly, by providing
additional benefits, differentiating the offer,
introducing innovations and everything that
maintains and increases its competitive
advantage. Only in this way, the company can
gain their loyalty from which both, consumers
and the company will benefit.

In order to achieve the set marketing goals,
several national and international marketing
strategies are available to the business entities.
The strategy that will be applied depends on the
desired marketing goals, the capabilities and
potential of the respective business entity and on
the opportunities that exist on the national or
international market.

RESULTS AND DISCUSSION

Today, marketing plays an increasing role in the
survival, competitiveness and development of
the = company, both  nationally  and
internationally.  Renowned  professor  of
management and marketing Peter Drucker says
that the aim of marketing is to make selling
superfluous (Drucker, 1973).

Also, the term marketing is often defined as: a
social and managerial process by which
individuals and groups obtain what they want
and need through creating and exchanging
products, information and values with others.
Marketing is the performance of business'
activities that direct the flow of goods and
services from producer to consumer or user
Marketing is the sale of goods that are not
returned by the buyers, but the buyers return to
buy (Lewis et al.,1998).

In fact, marketing is focused on the following
inseparable, influential components (Miceski,
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2013):

- needs, desires and requirements;

- products and services;

- benefits (values), satisfaction and quality;

- exchanges, transactions, relationships and

- markets.
The idea of satisfying human needs, desires and
requirements is the main concept on which
marketing is based. Consumers often make
purchasing decisions based on their perceived
value (benefit) of a particular good. Perceived
value is the customers' evaluation of the merits
of a product or service, and its ability to meet
their needs. Often, consumers do not evaluate
product accurately or objectively. They are
guided by the perceived value, according to the
degree of satisfaction of their needs. In this
regard, customer satisfaction is expressed
through the degree to which the perceived value
of the product matches the expectations of the
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customer. Most often, customer satisfaction is
closely related to the quality of both, the product
itself and its packaging design. Therefore, in the
last two or three decades, many companies have
adopted Total Quality Management (TQM)
programs, designed to continuously improve the
quality of their products, the appearance of their
packaging, their services and marketing
processes i.e., to improve the quality through
overall operation of the organization.

Many tobacco companies are developing new,
more interesting forms of tobacco products for
the younger population. New cigarettes that
change the taste by pressing the filter or by
adding different new flavors, have also appeared
on the market. Tobacco companies try to
increase the demand for products, especially
from the new consumers. Marketing creates
consumer demand, by giving reasons why
someone would like to smoke cigarettes or to use
other tobacco products.

The ban on advertisements that make smoking
appear to be appealing, is being circumvented by
other methods. Tobacco companies sell
cigarettes in many different packaging designs,
which can increase adolescents' desire to smoke.
Thus, advertisements can be seen in magazines
and in other unexpected places, such as night
clubs, cafes, through promotion of striking
minimal packages, lighters and similar products.
The absence of explicit advertising can be seen
as a form of covert advertising.

Namely, there is a possibility that consumers are
not aware that such an approach to them is
marketing communication of a certain brand of
cigarettes or similar products (Zanot, 1983).
Tobacco companies find creative ways to market
their products, through attractive packaging with
various warnings about the dangers of smoking,
i.e., through so-called ‘"corporate social
responsibility" campaigns. They are trying to
present themselves as  contributors to
environmental protection. Despite increasing
restrictions, tobacco industry is still trying to

promote its products, especially to the youngest,
who are the consumers of the future.
Experiential marketing is used for that purpose.
Experiential marketing is a kind of technique of
encouraging consumers to experience or interact
with a particular tobacco brand in recreational
places and events, such as concerts, bars or
nightclubs.

Most tobacco companies have used this type of
marketing for decades, to encourage young
people to see what cigarette smoking looks like,
and thus to increase cigarettes use by infiltrating
their social life. Thus, friendly social atmosphere
in the pub or social club contributes a lot to the
enjoyment of smoking, and also encourages
smokers to smoke more than usual.

Several studies have examined the tobacco
industry's efforts to link tobacco use to alcohol
use, and found that 74.5% of all young adult
smokers said they enjoyed smoking while
drinking.

Scientific evidence shows that advertising and
promotion of tobacco companies influences
young people to start using tobacco (Perks et al.,
2018).

* Adolescents who are exposed to cigarette
advertising often find the advertisements
attractive.

* Tobacco advertisements make smoking
look attractive, which may increase adolescents'
desire for smoking.

Tobacco industry has always argued that its
advertisements are not intended to attract
children. However, it fails to hide its marketing
activities from young adults. They see a large
number of adults and their peers smoking
cigarettes every day.

Tobacco companies invest millions of dollars a
year in experiential marketing, spending nearly
122 million dollars on experiential marketing of
cigarettes and smokeless tobacco in 2016.
Experiential marketing remains an important
tactic for tobacco companies to reach new
customers and retain existing ones
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DEMARKETING

The goal of demarketing is to temporarily or
permanently reduce demand over a shorter or
longer period of time - the goal is not to destroy
demand, but only to reduce or divert demand. In
this regard, there are several definitions and
opinions on what the term demarketing means.
Kotler and Levy first devised the term
‘demarketing” to describe intentional demand-
reducing activities. Thus, in simple terms,
demarketing refers to marketing aimed at
limiting  growth. Demarketing by the
governments in many countries is undertaken
primarily to modifying socially unacceptable
behavior. The main aim is to discourage
consumption of products or service that is
against social interest, against ecology or even in
the interest of the consumer itself. Tobacco and
alcohol companies face increasing pressure to
prevent smoking and drinking among
consumers, (Yang et al, 2013), by using
demarketing strategies. In fact, demarketing is a
type of strategy that is well-suited to harmful
products such as: alcohol, drugs, cigarettes,
cigars and other tobacco products, although they
may have economic benefits. Many people
consume cigarettes and chew gutka, which is a
tobacco product, as a habit or as a relief from
stress or style.

According to medical views, consumption of
tobacco products causes negative side effects on
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the smokers’ health, such as lung cancer and oral
diseases. In accordance  with  the
recommendations of the World Health
Organization (WHO) and the specific guidelines
of the World Health Organization Framework
Convention on Tobacco Control (WHO FCTC),
the purpose of the demarketing articles in the
tobacco industry is to reduce the consumption of
tobacco products, especially cigarettes. The
most used demarketing activity is constant
emphasis that tobacco consumption, especially
cigarette smoking, has a great negative impact
on human health. World Health Organization
(WHO) estimates that by 2030 there will be
more than 8 million tobacco-related deaths per
year, which is 10% of annual deaths worldwide,
Mathers et al. (2006). In addition to the daily
indications on the harmfulness of smoking, a
particularly pronounced warning is seen on the
standardized packages of cigarettes with large
graphic health warning labels. Health warnings
about the dangers of tobacco use are shown in
the photos below on some cigarette packages
sold in Macedonia.

The package of MARLBORO (touch) cigarettes
(Figure 1) contains a warning: Smoking harms
you and others around you and Smoking during
pregnancy harms your unborn baby

Figure 1. Appearance of MARLBORO (touch) cigarette package

The package of DAVIDOFF cigarettes (Figure
2) contains a warning: Cigarette smoke contains
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hydrogen cyanide
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Figure 2. Appearance of DAVIDOFF cigarette package

On the package of JADE cigarettes (Figure 3) it and Smoking can reduce fertility.
is stated with proper pictures: Smoking can kill

Figure 3. Appearance of JADE cigarette package

The package of CHESTERFIELD cigarettes a photo of a child whose mouth and nose are
(Figure 4) states: Smoking kills and Protect covered with smoke.
children: do not allow smoke to be inhaled, with

Figure 4. Appearance of CHESTERFIELD cigarette package

On the package of RODEO cigarettes (Figure 5), around you and ask for help to quit smoking.
it is written: Smoking harms you and others
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Figure 5. Appearance of RODEO cigarette package

The package of LUCKY STRIKE cigarettes cause a slow and painful death. A photo of throat
(Figure 6) contains a warning: Smoking harms disease has been added
you and others around you and Smoking can

= LUCKY 5
STRIKE

==

SOCOPHONE

Figure 6. Appearance of LUCKY STRIKE cigarette package

On the package of CAMEL cigarettes (Figure 7), Smoking is an addiction disease, with a photo of
it is stated: Smoking kills/smoking can kill and a prison cell, which means captivity.

POCOPHONE

Figure 7. Appearance of CAMEL (silver) cigarette package
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The package of PALL MALL cigarettes (Figure 8)
contains a warning: Smoking harms you and

PALLMALL /

=

others around you and Smoking causes skin
aging, with a photo of wrinkled hands.

Figure 8. Appearance of PALL MALL (silver) cigarette package

In fact, demarketing is applied in different ways.
Thus, Myanmar is the third Asian country
among the twenty in the world, that have
implemented standardized packaging, after
Thailand and Singapore. The new regulation
requires the surface of the package of tobacco
products to be in unattractive, dark brown colour
and to be flat and smooth, without conspicuous
designs or decorative elements. This

complements the vivid health warnings that
must be printed on the front and back of each
package and cover 75 % of the packaging,
Nicotine and Tobacco Research (2022).
Standardized packaging and health warnings
with photos are part of a comprehensive strategy
to reduce tobacco use in order to strategically
discourage its use.

EMPIRICAL RESEARCH

The main purpose of the research in this paper is
to emphasize the role of unstressed and discreet
marketing activities as well as of direct and
audio-visual demarketing activities on the
consumption of tobacco products, and especially
on cigarette smoking. Empirical research has
been done with both, smokers and non-smokers.
The aim is to assess cigarette smoking, how
much do people smoke and how much
demarketing activities affect the smokers. It also
assesses the impact of the written and
photography warning on the harmfulness of
smoking in accordance with applicable business
policies and effective and comprehensive
tobacco control policies by WHO FCTC. The
basic hypothesis of the empirical research is
based on the claim that cigarette smoking
depends on the determination and desire of the
person, without significant influence by discrete
marketing activities and public and direct

demarketing activities. But the basic hypothesis
would not be complete if both auxiliary
hypotheses related to cigarette smoking are not
met. The first auxiliary hypothesis indicates that
smoking or non-smoking of cigarettes depends
on the self-determination of each person. The
second auxiliary hypothesis was set in the
direction that public, written and photography
demarketing activities that warn about the
harmfulness of smoking on the health of
smokers have no impact on drastically reducing
cigarette smoking. The main instrument used in
the empirical research was the survey conducted
with respondents in the municipality of Prilep. A
structured interview, intended for smokers, with
questions and short answers, was used as an
additional tool. In order to obtain information,
34 people were interviewed, while the survey
included 100 people who smoke cigarettes-
smokers and 100 people who do not smoke, non-
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smokers. More specifically, the questionnaire
for smokers was given to smokers, and the
questionnaire for non-smokers was given to non-
smokers, randomly, in ten days, while the survey
was conducted.

The first question was: Do you actively smoke

cigarettes? The following answers have been
received: Yes, answered 89% of the respondents
- smokers. No, answered 0% of the respondents,
and Sometimes/From time to time answered 11
smokers. Their answers are presented in Figure
9.

No
answer
11%

Respondents-smokers

Figure 9. Answers to the first question by the respondents-smokers

The same question was answered by the respondents - non-smokers. Yes answered 0 % of them, No
answered 78% non-smokers, while Sometimes/From time to time answered 22 respondents - non-

smokers (Figure 10).

No answer
22%

Non-smoking respondents

78%

Figure 10. Answers to the first question by the respondents - non-smokers

Correlation dependence tests were performed
and a calculated value of 170.67 was obtained
for the X test. Contingency coefficient (C) was
0.579.

Calculated value for the X2 test and the
contingency coefficient is:

X2 0,05 (calculated value) = 170,67 < X? 0,05 tabular value)
=5.991, C=0.679
From the calculated values of the X2 test, it can
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be seen that its calculated value 170.67 is greater
than its tabular (theoretical) wvalue, which
concludes that the survey was conducted
between completely opposite examiners,
smokers and non-smokers. Hence, the received
answers were completely different, as expected.
The contingency coefficient 0.679 shows that
there is a dependence between the answers of the
respondents, i.e., they interact in the opposite
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direction, according to the questions asked in
different groups.

The second question was: Are you familiar
with the warnings about the harmfulness of
cigarette smoking on human health? The
following answers were received: 86% of the
respondents-smokers answered Yes, which

means they were familiar with the warnings
about the harmfulness of smoking on human
health. No answered 2 % of the respondents, and
No answer/I know, but I do not pay attention
answered 12 % of the respondents. Their
answers are graphically presented in Figure 11.

Figure 11. Answers to the second question by the respondents — smokers

75% of the respondents non-smokers answered
Yes, which means they were familiar with the
warnings about the harmfulness of smoking on
human health. No answered 9 % of the

respondents, and No answer/I know, but I do
not pay attention answered 16 % of the
respondents (Figure 12).

No
9%

No answer
16%

Figure 12. Answers to the second question by the respondents - non-smokers

Calculated value for the X? test and the
contingency coefficient is:

X2 0,05 (calculated value) = 5.778 < X2 0.05 (tabular value)
=5.991,C=0.168

From the calculated values of the X? test, it can
be seen that its obtained value 5.778 is less than
its tabular (theoretical) value (5.991), which

means that the answers of the respondents,
smokers and non-smokers are the same i.e., they
are familiar with the warnings on the boxes.
The contingency coefficient is 0.168 which
shows that there is no dependence on the
answers of the respondents, 1.e., their answers do
not correspond, because the questions were
asked in different groups of respondents.
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34 smokers were interviewed at the same time.
As previously mentioned, the interview
consisted of 4 questions, and all respondents
were randomly selected.

The first question was: Why do you smoke
cigarettes? Most of the interviewees answered
identically: I like it, it gives me pleasure, I am
attached to smoking, it calms me down, it relaxes
me, I do not feel very hungry, habit, 1 feel
relaxed or I do not even know how to explain it
myself, I just cannot do without cigarettes and so
on.

The answers to the question How did you start
smoking cigarettes? where: by watching people
older than me, by watching movies, at parties,
with friends, I tried and it went well for me, we
were trying to be cool at that time, almost
everyone around me smoked and made figures
with the smoke, and so on.

To the question Do you see and follow the
warnings about the negative impact of
smoking on human health? most smokers
answered yes i.e. They read and heard a lot about
the harmful effects of smoking on human health,
but it did not affect them to quit smoking. They
explained that they did not take the smoke in
their chests, but in their mouths and immediately
let it out. Also, many smokers do not believe the
written words about the negative effects of
cigarettes because they know many people who
smoked for more than 80 or 90 years.

To the question Does Smoking Affect Your
Health? most of the interviewed smokers
answered no. They did not feel any health
changes. Some dare to say that they felt worse
when they did not smoke. When we asked if they
cough in the morning, the answer was: Like any
other person, I cough sometimes.

After processing the empirical data from the
answers, through analysis, modelling and
simultaneous tabular and graphical presentation,
as well as calculating the value of the x2-test, it
can be concluded that most of the surveyed
smokers are not affected by visible marketing
activities or by highly offensive demarketing
activities.

Interviewees  started smoking  cigarettes
accidentally, by watching their peers and older
people while smoking. The older generations
born in the previous century started smoking by
watching movies, where the main characters
smoked, then at parties, gatherings and the
similar events. This fully confirms the general
hypothesis that smoking or mnon-smoking
depends on the self-determination of each
person, how he perceives smoking. Most of the
respondent smokers stated that smoking has a
positive effect on their feelings, it provides them
with better concentration, a better ability to focus
on their activities and strengthens work
motivation.

CONCLUSIONS

Marketing activities are an integral part of every
business because they are a process that connects
production or services with customer
requirements and satisfaction. They enable
products or services from manufacturers or
service providers to reach consumers
(customers) and information about
products/services (satisfaction or dissatisfaction
with products or services, their characteristics,
quality and requirements) from consumers to
reach the manufacturers. The purpose of
marketing is to attract new customers, and at the
same time to retain existing customers and cause
satisfaction in them, by delivering quality i.e.,
acceptable products. Thus, as a process of
conceptualized activities thatwill enable tobacco
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companies to market their products to
consumers, it must be performed discreetly,
through unobtrusive and direct approaches to
consumers, because a large amount of
information from various scientific studies,
media presentations, bans, preference of the
World Health  Organization  Framework
Convention on Tobacco Control (WHO FCTC),
point to the harmfulness of tobacco. All of the
information puts tobacco producers in an
awkward position as a result of developing
strong offensive demarketing activities.

In fact, demarketing activities are a kind of
marketing for temporary or permanent reduction
of demand in tobacco products or cigarettes, due
to medical indications for the harmful effects of
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smoking on the smokers’ health. In accordance
with the recommendations of the World Health
Organization (WHO) and the specific guidelines
of the World Health Organization Framework
Convention on Tobacco Control (WHO FCTC),
the purpose of demarketing articles in tobacco
industry is to reduce the consumption of tobacco
products i.e., cigarettes. Despite the daily reports
on the harmfulness of smoking, by the specially

packaging of cigarettes with  written
recommendations and warning photos still no
drastic reduction of smoking can be noticed.
Thus, most of the respondents in our research,
stated that smoking has a positive effect on their
feelings, provides them  with  better
concentration, its strengths their work
motivation and ability to focus on their activities.
They emphasize that they will quit smoking if

expressed warning on the standardized

they notice that it affects their health.

REFERENCES

Barbara R.L., Littler D., 1998. The Blackwell Encyclopaedic Dictionary of MarketinReference Reviews
12.

Drucker P., 1973. Management - tasks, responsibilities, practices, New Jork, Harper&amp; Row.
Mathers C. D., Loncar D., 2006. Projections of global mortality and burden of disease from 2002 to 2030,
PLoS Med. November; 3, 11.

Munecku T., 2013. Crparterucku mapkeTuHr.,YHusepsurer [oue [JlemueB — Iltun, Hanuonanna u
yHUBep3uTeTcka onbnroteka &quot; CB. KimmvenTt Oxpuncku &quot;, Cromje 658.8:005.21 (075.8).
Perks S. N., Armour B., Agaku I. T., 2018. Cigarette Brand Preference and Pro -Tobacco Advertising
Among Middle and High School Students—United States. 2012-2016. Morbidity and Mortality Weekly
Report.

Yang Z., Schaninger C.M., M. Laroche M., 2013. Demarketing teen tobacco and alcohol use: Negative
peer influence and longitudinal roles of parenting and self-esteem &quot;, Journal of Business Research,
66 (4).

Zanot E., 1983. Public perceptions of subliminal advertising. Journal of Advertising. 12, 1.

Nicotine andtobacco research, Issue 8, Volume 24, August 2022, https://doi.org/10.1093/ntr/ntac130.

47



INSTRUCTIONS FOR AUTHORS

"Tutun/Tobacco" is published biannually (double issues).

Since the publication is of an international character, all manuscripts should be submitted in English. All
manuscripts must be proofread prior to submission. Language and style of the manuscripts are
responsibility of the author. The publication presents: original scientific papers, review articles, short
reports, professional papers and other works related to tobacco science and practice.

Original scientific papers - should contain original scientific research results, previously unpublished.
It must be presented in a manner enabling the experiment, i.e. research method, to be repeated and
accuracy of the analysis, results and conclusions confirmed.

Review articles - should contain critical surveys of the accomplishments in the fields encompassed in
the Journal, papers by an individual researcher or a group of researchers with the purpose to undertake,
analyze, evaluate or synthesize previously published information. They should present the latest ideas
and theories or new scientific achievements.

Preliminary communications - should contain new scientific conclusions whose character suggests
quick publishing. They do not have to enable repetition of the experiment and examination of the
presented results and can be used as a basis for further research. This part also contains Letters to the
editor or short notes.

Professional papers - should present useful contributions from the field of an applied science whose
problematic is not related to the original research. The aim of these papers is not to present new findings
but to use already acquired knowledge and implement it into practice.

Other articles published in this journal will not be categorized.

Manuscripts should be submitted to the Editorial Board electronically, via e-mail (nit@uklo.edu.mk).
Papers must be written in a clear and concise manner using Times New Roman and 12 pt font size, with
single spacing. The complete manuscript should be no longer than 10 pages, A4 format, with margins
2.5 cm for all sides. Text must be justified, without hyphenation, avoiding excess white space between
words. The Abstract should be translated in Macedonian, using Times New Roman font with Macedonian
support. There should be one empty row between titles/subtitles and the text. Ensure that each new paragraph
is without TAB.

Manuscripts should follow the format INTRODUCTION, MATERIAL AND METHODS,
RESULTS AND DISCUSSION AND CONCLUSIONS, for experimental research where events are
presented in chronological order.

Titles in the text (INTRODUCTION, MATERIAL AND METHODS, RESULTS...) should be
centered, boldfaced, written with capital letters, font size 12;

Subtitles should be written with initial capital letter, boldfaced, 12-point font size, aligned to the center;

ARRANGEMENT OF THE PAPER:

Title - in capital letters, boldfaced, 12-point font size, aligned to the center;

Full name and surname of the authors - capital initial letter, other letters small, font size 12, centered;
Name of the institution - for multiple authors from different institutions, each author's surname

should be followed by identifying superscript number associated with the appropriate institution.
Address of the institution - full postal address of the institution, as well as the e-mail of the
corresponding author; italic, centered.

ABSTRACT - at the beginning of the paper, both in English and Macedonian, should not exceed 150
words. It should mention the techniques used without going into methodological details and should
summarize the most important results. Abstracts should not include citations to references. Font size 10,
centered.

Key words - up to 7 essential words, in English and Macedonian

For non-Macedonian authors, the Editorial board will provide translation of title, abstract and key words

48



in Macedonian.

INTRODUCTION should provide a brief statement of the subject, comprehensive survey of the relevant
literature and objectives of the paper;

MATERIAL AND METHODS should be short and concise. Well-known techniques and methods
should be indicated by a reference: only new methods or relevant modifications should be described in
sufficient detail to allow reproduction of the investigation by others;

RESULTS AND DISCUSSION should be presented in tables and figures which must accurately
describe the findings of the study, ordered sequentially as they appear in the text;

Tables should be numbered with Arabic numerals according to their sequence in the text. The table title
should be always above the table, centered, in 10 pt font, with one empty row between the title and the
table and another one between the table and the text. Tables should be simple and should not duplicate
the information given in figures. Reference to the Table, example: It could be seen from Table 1...., or:
The nicotine content in tobacco is 0.98% (Table 4).

Figure(s) Under Figure(s) are included: Photographs and all Graphical presentations (including graphs,
diagrams, schemes, drawings, photographs etc). Figures should be numbered with Arabic numerals
according to their sequence in the text. The title should be always under the Figure(s), centered, in 10 pt
font, with one empty row between them and the title and another one between the the title and the text.
All Figure(s) should be submitted with the text and saved as separate files. Graphs and diagrams should
be prepared as Excel files — XLS extension, and schemes, drawings and photographs should be submitted
as JPG or TIF files. Minimum resolution for them is 200 - 300 dots per inch.

All Figure(s) should be provided in form, suitable for reproduction, which may include reduction without
retouching (do not submit graphics and etc. that are disproportionately large for the content).
References style in the Text should correspond to the References at the end of the paper. Please ensure
that every reference cited in the text is also present in the reference list. Do not cite references in the
abstract and conclusions.

Citations:
All citations in the text may be made directly (or parenthetically) and should refer to:

o single author: the author's name (without initials, unless there is ambiguity) and the year of
publication: "as previously demonstrated (Janeski, 2007)"; "as Janeski (2007) demonstrated"

e two authors: both authors' names and the year of publication: (Arnold and Sebastian, 2008;
Smith and Hansel, 2006; Stern and Lars, 2009)

e three or more authors: first author's name followed by "et al." and the year of publication: "As
has recently been shown (Werner et al., 2005).", "Kramer et al. (2000) have recently shown..."

Citations of groups of references should be listed first alphabetically, then chronologically.
Examples: "as demonstrated (Aden, 1996a, 1996b, 1999; Allan and Jones, 1995)".

e Website pages with known author and year

Cite web pages in text as you would any other source, using the author and date if known.

For ex: Burja C., Burja V., 2008. Adapting the Romanian rural economy to the European
agricultural policy from the perspective of sustainable development, MPRA, Munich Personal RePEc
Archive, On line at: http://mpra.ub.uni-muenchen.de/7989/1/MPRA _paper 7989.pdf

In text citation: (Burja and Burja, 2008)

e For sources from website pages with author but no date use n.d. (for no date) in place of the year:
For ex: (Smith, n.d.).

49



e Ifyou cite website page, when no author is listed, cite organization as author, short name of the
document and year.
For ex: https://gd.eppo.int/taxon/TRSV00
In-text citation: (EPPO, TRS, 2002)

e Ifyou cite website page, when no author and year are listed, cite organization as author and short
name of the document.
For ex: https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.26757
In-text citation: (CABI, H. armigera)

Nomenclature of genera and species names must agree with the International Code of Zoological
Nomenclature (ICZN, latest edition). Taxonomic affiliation, followed by author(s) and year of
description, should be presented in complete form at least once in the main text (usually when first
mentioned), and in subsequent appearances only the abbreviated form is presented (Metasyrphus corollae
Fabricius, 1794 as M. corollae).

Units - measurements should be given in SI units.

CONCLUSIONS should provide a brief and clear summary of the study findings and their contribution
in science and practice.

REFERENCES - is arranged alphabetically numerated, in the following order: surname and initial of
author(s) first name, year of publication, title of the article, name of publication, volume number and
page. For books, author's name, complete title, publisher and date of publishing should be listed.
References are cited on the language of original papers. In literature references, use the International
Serials Catalogue for abbreviation of journal names.

For journals:
Mickoski J., 1988. Ispituvanje na infektivnata sposobnost na peronosporata i pepelnicata na tutunot.
Tutun/Tobacco 1-2, 21-40, Institut za tutun - Prilep.
Weybrew J.A., Wan Ismail W. A., Long R. C., 1983. The cultural management of flue-cured tobacco
quality. Tob. Sci. 27, 56-61.
For books:
Russel E. W., 1973. Soil conditions and plant growth. 10th ed., Longman, London.
Symposia volumes:
Clark T. A., Steward D., 1991. Wood and Environment, Proc. 6th Int. Symp. on Wood and Pulping
Chemistry, Melbourne, vol. 1, 493-498.
Patents: Names and initials of authors, year, patent title, country, patent number (italic):
Grant P., 1989. Device for Elementary Analyses. USA Patent, No. /23456.
Website references:

o If'the authors, year, title of the documents are known and the reference is taken from a website, the URL
address has to be mentioned after these data:
Burja C., Burja V., 2008. Adapting the Romanian rural economy to the European agricultural policy from the
perspective of sustainable development, MPRA, Munich Personal RePEc Archive, On line at: http://mpra.ub.uni-
muenchen.de/7989/1/MPRA_paper 7989.pdf
And for sources with author but no date use n.d. (for no date) in place of the year (Smith, n.d.).

o If the authors of the documents are unknown and the reference is taken from a website, the organization,
year, name of the document, and the URL address have to be mentioned after these data:
EPPO, 2002, Tobacco ringspot virus (TRSV00), On line at: https://gd.eppo.int/taxon/TRSV00

e  If the authors and year of the documents are unknown and the reference is taken from a website, the
organization, name of the document and the URL address have to be mentioned after these data:
CABI, Helicoverpa armigera (cotton bollworm), On line at:

50


http://mpra.ub.uni-muenchen.de/7989/1/MPRA_paper_7989.pdf
http://mpra.ub.uni-muenchen.de/7989/1/MPRA_paper_7989.pdf

https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.26757

NOTE: Manuscripts that are not arranged and submitted according to the above instructions, will
not be taken in consideration for reviewing and publishing.

Editorial board,

Tyryn/Tobacco

E-mail: nit@uklo.edu.mk

51


https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.26757

