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ABSTRACT

Androgenesis is the newest and most secure method to obtain haploid plants in vitro, where
vegetative or generative nucleus of a pollen grain is stimulated to develop into a haploid individual.
There are different possibilities for regeneration and formation of microspores in various genotypes
of tobacco. In this case, the level of androgenesis was investigated in three tobacco genotypes. NN-
media was used as a basic medium for microspores development and MS-media for rhizogenesis
and organogenesis, together with adequate combinations of plant hormones (JAA, BAP, adenine,
glutamine and kinetine).
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OAPEAYBAIBE HA CTEIIEHOT HA AHJIPOTEHE3A KAJ TYTYHOT

Meronata Ha aHAPOTEHE3a MPETCTaByBa HAaJHOBA M HAjCHTypHA METOJa 3a JOOWBame Ha
XaIUTOUIHY pacTeHHja in Vitro, KaJie BEreTaTUBHOTO MJIM TEHEPATUBHOTO japO OJT TTOJICHOBOTO 3PHO
ce CTUMYJIMpa 3a JOOMBamke Ha XAIUIOWIHHU €IUHKH. MOXKHOCTa 3a pereHepanuja u GopMupame
HaMUKPOCIIOPH Kaj OAPECHU TEHOTHITIOBU O] TYTYHCKHUTE pacTeHH]a Ce Pa3IMdHH, 32 Taa I1eJ1 BO OBOj
TPyl BPIIEBME HCITUTYBH-E Ha CTENIEHOT Ha aHAPOTeHe3a Kaj TP Pa3InIHNA TeHOTUIIOBY TyTyH. Kako
OCHOBEH MEJINYM 3a Pa3BUTOK Ha MUKpocnopure Oerre kopuctern NN- meauymot (Nitch J. P. u Nitch
C., 1969), noneka 3a pu3orenesa u opranoreHesa MS-meanym( Murashige T., u Skoog F., 1962), kako
Y COOJIBETHU KOMOWHAITMHWHA PACTHTEITHN XOpMOHH 1 Toa: JAA, BAII, aneHuH, IIyTaMUH 1 KHHETHH.

Kayunu 300poBu: angporeHesa, MeIuyM, T€HOTUIIOBH, TYTYH
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INTRODUCTION

Haploid plants can be obtained by
isolation of anthers in vitro in two ways:

- direct , with formation of embryoids
from the pollen grain (microspore), and

- indirect, with callus development and
formation of haploid embryoids or adventive
buds [6].

The latter type of development is
unsuitable, because callus as a starting material
is of heterogenic nature (haploids and diploids).

Tobacco is an ideal plant for obtaining
haploid cultures in direct way. Tobacco cultures
produce an explosion of haploids, which are now
used in hybridization processes. Some authors
stimulated the production of female gametes

(gynogenesis) or male gametes (androgenesis)
in direct haploid individuals. They came to
conclusion that in gynogenesis, which is carried
outin vivo, female cells are stimulated to grow
without fertilization. In androgenesis, which is
carried out only in vitro, vegetative or generative
nuclei from pollen grains are stimulated to
develop haploid plants without fertilization. The
literature on androgenesis in vitro [6, 1] clearly
shows that the Solanaceae family species are
capable of regeneration of haploids from isolated
anthers.

The goal of this paper was to investigate
the genetic potential of some newly created lines
in vitro, using the method of androgenesis.

MATERIALS AND METHODS

Anthers from three oriental tobacco
lines were used for determination of the level
of androgenesis: Line 137, Line 147 and Line
208. We used Nitsch-Nitsch (NN),[5] as a basal
medium, and Murashige-Skoog (MS), [4] medium
was used for rhizogenesis and organogenesis,
together wit adequate combinations of plant
hormones like JAA, BAR, adenine, glutamine
and kinetin. Sterilization of buds was made
with 2% HgClI and 70% alcohol, and they were
finally washed in sterilized water. Androgenetic

potential was evaluated by the classification of
Mityko and Fari [3]:

- poor androgenetic potential - up to 5%
embryogenetic anthers

- average androgenetic potential - 5 - 10%
embryogenetic anthers

- good androgenetic potential - 15-30%
embryogenetic anthers

- high androgenetic potential - over 30%
embryogenetic anthers

RESULTS AND DISCUSION

Androgenesis can be induced in many
agricultural plants, but the ability of some species
for successful microspores propagation is often
limited and depends on the genotype itself, i.e. on
the variety. The choice of treatment that should
be applied at in vitro conditions is based on the
immense literature data on anthers and their
regeneration [2], paying equal attention to the

specificity of each genotype for regeneration in
practice.

According to the results of induction of
haploid embryos from anthers of the investigated
tobacco lines (Table 1), line L.132 has the
best embryogenetic potential and the highest
percentage of anthers (32%) from those set up
for regeneration.
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Table 1. Induction of haploid embryos from anthers in tobacco

Lines Number of Embryogenetic Callus Embryogenetic
anthers anthers % anthers % potential
Line 137 F2 40 £+ 4 32+ 2,1 5+ 1 High
Line 147 F2 36 + 2 24+ 3,0 2+ 2 Good
Line 208 F3 40 + 1 24+ 2.5 3 £1,5 Good

Table 2. Morphological properties of haploid embryos from anthers in tobacco

Lines Nun_1ber of Plant height, Root length
haploid plants cm

Line 137 F2 55+ 0,5 34+ 0,5 1,2 £ 04

Line 147 F2 24+ 1,2 50+ 0,7 1,0 £ 0,9

Line 208 F3 34 £2.0 48+ 1,2 1,5 £ 1.5

Fig.1 Introduction of haploid emryos anther in tobacco

Emryogenetic anthers Callus anthers

M Line 137 @Line 147 OLine 208

Fig. 2. Morphological properties of haploid embryos from anthers
in tobacco

Plant hight, Root lent

B Line 137 OLine 147 O Line 208
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Photo 1. Haploid tobacco plants

Referring to morphological characters of
the haploid embryos (Table 2), it can be stated
that L. 137 has the highest number of haploid
plants, which confirms that it possesses the best

embryogenetic potential among all other tobacco
lines investigated, according to the classification
of Mityko & Fari [3].

CONCLUSION

According to the results, genotypes
included in investigations have different abilities
for embryoids formation and the callus formation
in all of them is minimum.

- The greatest genetic potential was noted

in the line L 137 (32%), which yielded the highest
number of haploid plants (55).

- According to the classification of
Mityko and Fari [3], the androgenetic potential is
good in lines L 147 and L 208 and highin L 137.
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ABSTRACT

The aim of investigation was to study the transmission of TMV resistance in some commercial
varieties of oriental tobacco by the method of backcross hybridization. Investigation included resistant
introduced oriental varieties (AA) and one susceptible variety (aa). In relation to other qualitative
and productional characteristics, the latter variety was good for buyers. In F , resistant heterozygous
progeny (Aa) was obtained, which was back-pollinated with pollen of the recipient variety (aa). In BC,,
as well as in other generations up to BC, and BC,, resistant plants, phenotypically more similar to the
recipient variety, were pollinated again with the pollen of this variety. Infective juice from diseased
plants was used for inoculation of plants from hybrid generations, using the method of Ternovskiy.

Key words: tobacco, oriental varieties, transmission of TMV resistance, backcrossing

MNPEHECYBAIBLE HA OTIIOPHOCTA KOH OBUYHUOT MO3AUK BUPYC (TMYV)
KAJ HEKOU OPUEHTAJICKHU COPTU TYTYH

Llenta Ha oBHE UCTpaxKyBama € Ja ce MPOYYH M MPHKaKE HAYMHOT Ha NMpEHecyBame Ha
CBOjCTBOTO OTIMOPHOCT KOH OOMYHHMOT Mo3auk Bupyc (TMV) kaj Hekonm KoMeplujalu3upaHu
OpPHUEHTAJICKA COPTH TYTYH IO METOJOT Ha MOBPAaTHO BKpcTyBame. Kako modeTeH marepujan mpu
BKPCTYBAmhETO C€ KOPUCTEHH CTPAHCKH OPUEHTAJICKU COPTH OTTIOPHU Ha BUPYcOT (AA) 1 HEOTITOPHU
COPTHU-TIPUMaYH HA CBOjCTBOTO OTIIOPHOCT (aa), KOM BO OIHOC HA APYTUTE KBAJTUTETHU U IPOU3BOIHN
CBOjCTBa ce 100pH 3a OTKymyBaduTe. Bo F| € 106MeH0 0TIOpHO XETEPO3UTOTHO HOTOMCTBO (Aa), Koe
IIOBPaTHO C€ HACHTYBa CO MOJIEH Ol copTaTa npumad (aa). Bo npsara nosparna renepanuja (BC)),
KaKo W BO ocranarute renepanuu 10 BC, u, BC,, 3eManu ce OTIOPHU pacTeHHja KOH MO CBOjOT
(eHoTHN ce MoOIKCKY J10 copTaTa-npruMad 1 MOBTOPHO Oea HACUTYBAHHM CO ITOJICH O cOpTaTa-puMad
Ha OBa CBOjCTBO. 32 MHOKYJIAIMja Ha pACTeHU]jaTa O] OJIJICIIHUTE XUOPUIHH TeHEePAIHH Ce KOPUCTEIIIS
WH(EKTUBEH COK OJf MO3aWYHU TYTYHCKU pacTeHH]ja, a 3apa3yBarbeToO € M3BPIICHO 110 METONOT Ha
TepHOBCKHIA.

Kay4ynu 360poBH: TYyTyH, OpUEHTAJICKH COPTH, IIPEHECyBame Ha OTIOpHOCT Ha TMYV, noBparHo
BKPCTYBambe
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INTRODUCTION

Tobacco diseases, regardless of the
pathogen origin (viruses, bacteria, fungi) cause
severe loses in tobacco yield and quality each
year. Tobacco mosaic is the most widely spread
viral disease in the world. When infestation
occurs immediately after transplanting, in some
plots it can attack 50 - 100% of plants, reducing
the yield for 30% and total value of tobacco for
50% (13, 9). The adaptability, thermoresistance,
unusual ability for change and rapid multiplying
in leaf tissue make this virus hard to control (14).

In addition, the disease appearance can not be
prevented by chemical products. The problem
can be solved only by creation of new resistant
varieties and their implementation in mass
production (5, 8, 12,14).

Having in mind that commercial oriental
varieties of the type Prilep are susceptible to
tobacco mosaic virus (TMV), the aim of these
investigations was to study the transmission of
resistance to the virus in variety Prilep 65/94,
using the backcross method.

MATERIAL AND METHODS

Trials were set up in field and
Biolaboratory of Tobacco Institute-Prilep, in the
scope of the project “Creation of TMV resistant
oriental tobacco varieties”, financed by the
Ministry of Education and Science of Macedonia,
Dimitrieski et al.(4).

Oriental variety Nevrokop 1146 (photo
1), created by intervariety hybridization of
Nevrokop 261 and Nevrokop B12 in Tobacco
Trial Station Goce Delcev — Bulgaria (5), was
used as starting material. All these varieties
were resistant to TMV. Crossing was made with
oriental variety Prilep 65/94 (non-resistant to
TMV - photo 2), created in Tobacco Institute-
Prilep. Parental varieties were selected on the
basis of earlier investigations and the backcross
method was used in the selection process. Hybrid
progenies of F , as well as progenies of backcross
generations BC,, BC,, BC, and BC, were grown
on sufficient area and with sufficient number

of individuals, as required by the selection
program. Resistant plants, phenotypically closer
to the receiver variety, were selected from F
progenies and backcross generations BC, — BC,
and backcrossed with the same variety. In future
generations, the trait of TMV resistance was
stabilized according to the mode of monohybrid
dominant inheritance. Juice from mosaic-
infected tobacco plants was used for inoculation,
according to the method of Ternovsky 1965,
(cit. by Tranceva, 15). The juice from infected
leaves was heated for 12 minutes in water bath
at 80 0 C, in order to inactivate all other viruses,
e.g. cucumber mosaic virus (CMV) and Potato
Virus Y (PVY). Observations were made between
the 7th and 10th day of inoculation, after the
appearance of local necrotic spots on resistant
plants and mosaic patterns on the leaves of
susceptible plants.

RESULTS AND DISCUSSION

In the process of selection, TMV resistant
variety Nevrokop 1146 (AA) was used as
maternal component and non-resistant Prilep
65/94 (aa) as paternal component. In hybrid
progeny of F, resistant heterozygous plants (Aa)
were obtained and all hybrids showed necrotic
reaction after infestation, indicating that the
resistant allele is dominant and the non-resistant
one is recessive. The dominant inheritance of
this trait was also confirmed by other authors.
Holmes, Kostov and Ternovskiy obtained
homozygous forms of tobacco (N. tabacum)

which succeeded to localize TMV. Holmes was
the first to report from genetic aspect that one
gene is responsible for localization of the virus,
which usually appears as dominant (cited by
Kostov, 10).

According to S. Stoyanov, Gelemerov
(5), Kostov crossed the resistant form N.
tabacum var. viri (N. tabacum x N. glutinosa)
with Basma 36 and noted dominant inheritance
of this trait (existence of local necrotic
reaction). Ternovskiy used TMV resistant
gene from N. glutinosa to create the varieies
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Dubek 7, Dubek 566, Trapezond 161 etc. He
reported that Shabanov, Lulov and Manolov
also worked on TMV resistant varieties. Petkova
(14) investigated three TMV resistant tobacco
varieties which transmitted this trait in F with
dominant inheritance. She reported that the same
statement was confirmed by Manun (1981). Three
well developed plants from F| progeny (Aa) with
uniform phenotypes were backcrossed with
pollen from the receiver variety (aa)..

In BC, progeny, 50% TMV resistant
heterozygous plants and 50% non-resistant plants
were obtained, i.e. the genotypic ratio was 1 Aa :
laa. This is in accordance with one of the basic
Mendel’s premises, that individuals with Aa
genotype form two types of equally represented
gametes (Scheme 1). It was confirmed by many
other authors and in various crops ( 2, 3, 11,4, 1,
etc). Adequate number of plants phenotypically
closest to the receiver variety were selected from
each resistant variety (Aa) and backcrossed with
pollen of the same variety (aa).

In BC, progeny, resistant and non-
resistant plants were obtained after the infestation,
just like in BC,. Three best developed plants
from each resistant variety (Aa), phenotypically
closer to the receiver variety, were selected and
backcrossed with pollen of the same variety (aa).

The same procedure was also applied

Photo 1. Nevrokop 1146

in progenies of BC, and BC, generations, with
possibility for its further application in eventual
backcross hybridizations in future.

In BC, genotype, the receiver variety
(aa) is represented five times. With continuous
elimination of adverse traits from the donor
variety and parallel maintenance of desired traits
from the receiver variety, we concluded that
this number of backcrossings was sufficient.
Therefore, the progeny of this generation was
taken as F and two well developed resistant
plants, which were the best representatives of the
receiver variety, were selected from it. After that,
stabilization of the trait resistance to TMV was
made according to the scheme of monohybrid
dominant inheritance.

According to Gornik (6), the receiver
variety can be renewed with less than 6 backcross
generations, which depends not only on the plants
selected for backcrossing but also on the parents
used in investigation. It should be also mentioned
that the resistance to diseases to some varieties
is more easily transmitted than to others. The
same author (quote from Lukas, 1965), reported
that only two backcrossings will be enough for
transmission of the resistance to blue mold, by
further use of the method of individual selection,
with obligatory testing of the progenies obtained
from the selected resistant plants.

Photo 2. Prilep 65/94
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Shema 1. Transmission of resistance to TMV by
the method of backcrossing
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CONCLUSIONS

Investigations on transmission of the trait
TMV resistance by the use of backcross method
in hybridization between some resistant varieties
and non-resistant oriental varieties of the type
Prilep led us to the following conclusions:

1. Resistance to TMV in F generation is
obtained through dominant inheritance.

2. The monohybrid dominant inheritance
in oriental tobacco varieties allows complete

control and successful transmission of this trait
by the backcross method.

3. The selection scheme applied in
our investigations proved to be very practical
and effective. It can be used for transmission
of resistance in all non-resistant commercial
varieties without any adverse effect on other
qualitative traits as well as for transmission
of some other traits inherited by monohybrid
dominant mode.
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ABSTRACT

The character and extent of the genetic interactions were determined by applying
hybridological analysis as well as by the number of genes differentiating between the initial parent
forms and expressions of heterosis and transgression referring to the character number of leaves,
the objective being the selection of desired genotypes in six hybrid Virginia tobacco populations,
including the best introduced varieties from the USA. The results of the survey of P, P, F and F,
proved that the character number of leaves in Virginia tobacco crosses is inherited overdominantly,
always in the direction of the parent displaying a higher value of the character. The number of genes
influencing the manifestation of the studied character which differentiated between the parents varied
from 1 to 12. The strongly pronounced positive epistasis reinforces the phenotype expression of the
character “number of leaves per plant”. Significant positive heterosis was observed in 3 of the crosses.

The high values determined for the inheritance coefficient and for effective mass selection
of phenotypes show that the selection of genotypes characterized by higher number of leaves will be
more effective in the sooner hybrid generations.

Key words: Virginia tobacco, genetic analysis, inheritance, hereditability, transgression, heterosis.

IMPOYYYBAILE HA HACJIEAYBAIBETO HA BPOJOT HA JIMCTOBU KAJ
KPCTOCKUTE TYTYH Ol TUITIOT BUPIITMHNJA

Co mpuMeHa Ha aHajHM3aTa Ha XWOpUAM3aLMja BO MPHPOAATAa CE OApeNyBa CTENEHOT Ha
reHeTcKaTa B3aeMHOCT, OpOjoOT Ha TEHHTE IO KOH C€ Pa3IMKyBaaT OCHOBHUTE POIUTEICKH (popmHu,
KaKo M TI0jaBara Ha XeTePO3UC U TPAHCTPeCHja BO OIHOC Ha OpojoT Ha yiucToBuTe. McTpaxkyBamara
C€ M3BEICHM CO IIeCT XMOPHUIHHU IOMYIAlUU TYTYH OJl TUIOT BUPLMHHja BO KOM y4YeCTByBaar
HajaoOpute uHTpoaynupanu coptu o CAJl. Pesynrarute ox ucrpaxysamero Ha P1, P2, F1 u F2,
MOKaXXyBaaT JieKa OpojoT Ha JHMCTOBU Kaj TYTYHOT OJ THUIOT BHPIHMHHja CEKOTrall ce HacjeqyBa
JOMHHAHTHO BO HaCOKa Ha POAUTEIOT CO MorosieM Opoj Ha JIMCTOBH. bpojoT Ha TeHUTEe KoM BiHjaaT
Bp3 HCTpakyBaHara I10jaBa Mo Koja ce Pa3jIMKyBaaT POAUTEIICKATE KOMIIOHEHTH ce JABHXKH of 1 110
12. CuiHO M3pa3eHara MO3UTHBHA CIUCTA3a ja 3aCHiIyBa (PEHOTUIICKATA EKCIIPECHja Ha CBOjCTBOTO
Opoj Ha nmucToBH of pacTeHne. CUTHU(UKAHTEH XeTepOo3HC € 3a0eJieskaH BO TPH O HCIIUTYBAaHUTE
KPCTOCKH..

YTBpACHUTE BUCOKH BPEIHOCTH Ha KOC(HHUIMEHTHUTE 32 HACIECTHOCT M 3a e(PUKACHOCT Ha
MacOBHHOT U300p Ha (EHOTHUIIOBU MOKa)KyBaar Jieka H300pOT Ha TEHOTUIIOBU CO MOToJieM Opoj Ha
JMCTOBHU Ke Oujie moeuKaceH BO IOPaHUTE XUOPUIHU TeHEPAIIUH

Kiyunu 300poBu: TyTyH BUPIIMHHja, TEHETCKA aHAJIN3a, HACJIelyBamke, HACIEAHOCT, TpaHCTpecHja,
XETepOo3HC.
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INTRODUCTION

The number of tobacco leaves is
important variety characteristic and is of great
significance to the yield (Tomov, 1985; 1986;
1991).

The heterosis in Virginia tobacco finds
wide application. Heterotic varieties in Bulgaria
have been cultivated since 1973. The heterotic
varieties still cover big area under this type of
tobacco. Virginia 0454 and Virginia 0514 are the
basic varieties in Bulgaria.

Some reports on the inheritance of the
number and size of leaves in Virginia and Burley
tobacco crosses show that these characters are
governed by additive genes (Tchintchev, 1979;
Chang, E.Y., C.C. Shyu 1976; Legg, P. D., G.
B. Collins. 1974; Shyu, C. C., D. C. Laj, E. Y.
Chang. 1975). In investigations of dark tobaccos,
Torrecila and Barroso (1980) have also pointed
out that additive gene effects is of the greatest
importance. Sastry and Prasada Rao, (1980)
reported that dominant and additive gene effects
are of the highest significance. Chang et al.
(1980); Sastry and Prasada Rao (1980) noted that
dominant gene effects prevails for the number
of leaves in Burley tobacco crosses. Noveva et
al. (1984) reported that the inheritance in F is
overdominant, and the highest influence was

obtained by the epistasis gene effects.

Naumovski (1988) calculated that
coefficient of inheritance for the number of
leaves was 67 %. Shyu et al. (1975) studied the
heritability in flue-cured tobacco and estimated
various heritability values for different crosses.

They reported that heritability estimates
for the number of leaves were over 84 %.. Studies
on tobaccos originating from the Dupnitza region
showed high inheritance rate of the number of
leaves and it opens a possibility for selecting
elite plants with greater number of leaves
(Stankev, 2001). In other studies,, high values
of inheritance coefficient (in the broad sense) for
the number of leaves was recorded, providing the
opportunity for fast stabilization in the following
generations (Palakartcheva and Yancheva, 1985;
Stankev, 1988 ).

The aim of our investigation was to
determine, through hybridological analysis, the
character and extent of gene interactions, the
number of genes distinguishing the initial parent
forms as well as the occurrence of heterosis and
transgression in relation to the character number
of leaves, for selection of the desired genotypes
in the studied hybrid populations of Virginia
tobacco.

MATERIAL AND METHODS

P, P, F and F, were studied in six
crosses involving local varieties and Virginia
tobacco introduced from the USA: Hybrid 714
(K 730 x K 254), Hybrid 715 (K 730 x K 358),
Hybrid 719 (RG 8 x K 358), Hybrid 725 (K340 x
K 358), Hybrid 726 (K 358 x NC 729) and Hybrid
727 (K 358 x K 254)

The experimental activities were carried
out on the trial field of the ITTP in Markovo.
With regard to the number of leaves the following
calculations were made: mean arithmetic value

(x), error of the arithmetic mean (Sx %), degree
of dominance (d/a) using Mather’s formula and
heterosis effect regarding the better parent form
(HP). Sobolev’s method (8) was employed to
determine the following: transgression index
(T ), number of genes differentiating between
the parent forms ( N ), dominancy (D), epistasis
(E), character inheritability coefficient (H?),
effectiveness coefficient of the genotype selection
using the phenotype expression of the specific
character ( Pp ).

RESULTS AND DISCUSSION

The data in Table 1 show that the number
of leaves per plant was inherited overdominantly

in all crosses where the parents possessing higher
values of the studied trait were predominant,
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respectively K 730 and K358. The heterosis effect
with economic importance was established in the
following combinations: Hybrid 726 (111%),

Hybrid 714 —(10%) and Hybrid 719 — (9%).
Hetorosis can be used as a method for increasing
the number of leaves in Virginia tobacco.

Table 1. Biometrical data on the number of leaves per plant

Parents/crosses P, P, F F, d/a HP
x+Sx% x+Sx% X+Sx% x+£Sx%

Hy?éi;igoli Kosy —~ 252%0.63 2426068 2771054 281+104 6 109,9
Hy(béi‘;goli Kasgy =~ 252063 2724070 2824098 2858090 13 1037
Hylggg 7812 K 358) 26,5+0,89  27,240,70  28,9+0,58  29,4+0,81 1,7 1063
Hygg 4702i K 358) 26,060,78  27,240,70  29,6+0,91  29,7+0,87 2,4 109
H-‘(/Er;i ;ffN C7a0) 21070 267:085  302£099  308:095 13 111
Hy(béig 57821 Kosay 22070 242+068 2755082 287:101 12 10L1

The data from the hybridological
analysis (Table 2) show that the number of
genes controlling the studied character and
differentiating between the parent forms varies
from 1 to 12 (Hybrid 714).

The values of the transgression index
point to the fact that in the process of generation
disintegration of Hybrid 714, Hybrid 725 and
Hybrid 726, it was possible to select plants over-
numbering the parent leaves by 1 to 2 from the
available homozygotic phenotypes. In the cross
Hybrid 719, forms possessing a leaf-number
close to the parents’ would prevail and in Hybrid

715 and Hybrid 727 — forms possessing a smaller
number.

The strongly pronounced positive
epistasis reinforced the phenotype expression
of the character number of leaves.per plant
The genetic share in the general phenotypic
expression of leaf-number in the most of the
studied combinations was relatively high and
is above 50 % — an indication for starting the
selection in the sooner hybrid generations. Only
with Hybrid 725 the selection may start in the
later hybrid generations.

Table 2. Genetic characteristics of the leaf number per plant

Crosses T, N D E H2 Pp
Hybrid 714
(K 730 x K 254) 159 1,77 1122 2228 053 1843
Hybrid 715
(K 730 x K 358) 0,51 8,48 8,52 19,48 0,47 15,19
Hybrid 719
(RG 8 x K 358) 0,96 7,05 -12,16 28,33 -0,59 17,54
Hybrid 725
(K340 x K 358) 1,35 9,14 -8,73 33,80 -0,36 14,17
(K iygbfj%?%g) 1,87 11,16 9,46 19,66 -0,57 19,25
Hybrid 727
(K 358 x K 254) 0,44 5,62 -1463 2544 -0,63 23,28

14
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CONCLUSIONS

1. The character number of leaves
in Virginia tobacco crosses is inherited
overdominantly, always in direction of the parent
displaying a higher value of the character.

2. The number of genes influencing
the expression of the studied character and
differentiating between the parent components
varies from 1 to 12. The strongly pronounced
positive epistasis reinforces the phenotype
expression of the character number of leaves
per plant.

3. Significant positive heterosis was
observed in 3 of the crosses, which confirms the
heterosis as perspective for the character number
of leaves per plant in Virginia tobacco.

4. The high values obtained for the
inheritance coefficient and for effective mass
selection of phenotypes show that the selection
of genotypes characterized by higher number of
leaves will be more effective in the sooner hybrid
generations.
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ABSTRACT

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

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

Key words: Cu, Zn, correlation, soil parameters, tobacco

BJIMJAHUE HA HEKOU ITIOYBEHU ITAPAMETPH BP3 COAPXKUHATA HA
Cu U Zn BO OPUEHTAJICKHOT TYTYH

KoHIeHTpanuuTe Ha METalluTe BO TI0YBATa CE MOBP3aHU CO TEOXEMHUCKHUTE U OHOIIOIIKUTE,
IIUKITYCH, KaKO ¥ aHTPOITOTCHUTE BIIHjaHU]a, IPea C€ WHAYCTPUCKHUTE H 3eMjOICIICKUTE AaKTHBHOCTH,
TPAHCIOPTOT U YIIPABYBAHETO CO OTHAMOT. TYTYHOT JIECHO MOYKE JIa aAKyMYJIHPa HEKOH TEIIKH METaH
BO cBoWTe JHCTOBU. [lenm Ha oBaa cTynnja Oea oJpenyBama Ha KOHIIEHTPAIIMUTE Ha Oakap W IIWHK
BO JINCTOBUTE OPUEHTAJICKU TYTYH MPOM3BEIICH BO Pa3IMYHK TPOU3BOIHH PEOHU ol MakenoHuja,
KaKoO ¥ YTBPAYBamk-¢ HA BIIMjaHUETO Ha TMMOBAKHUTE MIOYBCHH (XEMUCKH M (DU3WUKH) TTapaMeTPH BP3
KOHIIeHTpaljara Ha uctute. Colp:KUHATA Ha TEITKUTE METAITU BO TYTYHOT € O] BIIUjaHHe Ha MHOT'Y
(baxTopu Mery KOH: TUTIOT Ha IT0YBara, IOYBeHAaTa peakiija, MpUMeHaTa Ha IIeCTUIIH/IH KO COJIPIKAT
MeTaJli, Kako M Off TPETUPAETO Ha MOYBATa, BKIYUYBajKH T I'yOpumaTa u 0epOeHUOT Tojac. 3a
peanuzanyja Ha MOCTaBEHHUTE Iesid Oea 3eMeHH 50 MOYBEHH MPUMEPOIH OJ1 PA3JINYHU JOKAIHH
Bo Makenonuja, ceMejHu dapMu KO OATJICAyBaaT OPUEHTAICKH TyTyH. HampaBeHa e kopenaruja
Mel'y TIOUYBEHUTE TTapaMeTpH M BKyITHaTa KoHIleHTpamnuja Ha Cu u Zn ox Tpute OepOeHM mojach
(moyeH, cpeqieH U TOpeH) Ha TYTYHCKOTO cTeOno. JloOneHnTe pe3ynraTi mokaKyBaar JeKa MOCTOH
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CHJIHA KOpeJanuja Mer'y KOHIIEHTPALMUTE Ha JBaTa UCIIUTYBaHW METalld BO TPUTE I0jacH U JeKa
aKyMyJalpjara Ha OBUE METaJIM BO TYTYHCKHUTE JIMCTOBH HE € 1O]] BJIMjaHne Ha HUBHATA COIP KUHA BO
nouyBara. Konnentpanuja Ha Cu 1 Zn BO UICIIUTYBaHNUTE MTOYBH U TYTYH € TI0/1 JI03BOJICHUTE TPAHUIIH.

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

INTRODUCTION

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

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

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

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

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

MATERIALS AND METHODS

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

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

RESULTS AND DISCUSSION

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

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

Table 1. Basic soil properties, descriptive statistics

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

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

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

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

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

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

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

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

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

Parameter Cu 1¢ Cu 2nd Cu 34 Zn 1% Zn 2™ Zn 34
Clay % 0.279* 0.026 0.001 0.323* 0.173 -0.212
pH 0.039 0.047 0.112 -0.060 0.079 -0.140
Cu 1% 0.540% -0.041%* 0.153 0.191 -0.059
Cu 2m 0.497** 0.202 0.137 0.211
Cu 3¢ 0.003 0.109 0.126
Znl® -0.050 -0.036
Zn 2 0.091
Zn 3¢

1% - lower primings

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

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

20

2" — middle primings 3— upper primings

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

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

CONCLUSION

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

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

During 2005 and 2006 a research has been carried out on the effect that application of chisel
had on the flue-cured tobacco production. The research has been carried out on luvisol in the field
experiment performed on the experimental field plot of Tobacco Institute of Zagreb at Pitomaca. In
addition to the classical tillage practices (ploughing in the autumn + soil preparation in the spring)
during the spring tillage and tobacco planting preparation chisel was used. During the vegetation
period, the soil was hoed up manually (I), loosened with the cultivator (II) and with chisel between
tobacco rows (III). The electronic penetrometer was used for measurement of soil resistance during
tobacco flowering period. The tobacco was picked six times and after the lust harvesting and flue-
curing the leaf yield was determined. All data wepe processed with the statistical variance analysis.
The soil resistance was lower and the tobacco yield was higher where soil was tilled with chisel as
compared to the conventional soil tillage practices in the tobacco production.

Key words: tobacco, soil tillage, bulk density, tobacco yield.

BJIMJAHUE HA JOIIOJIHUTEJIHATA OBPABOTKA BP3 3BMEHOCTA HA ITIOYBATA
U IIPUHOCOT HA TYTYH O TUIIOT BUPIIMHUJA

Bo Texor Ha 2005 u 2006 rogmHa Oerire U3BPIICHO UCTPaKyBamkbe Ha e(EKTOT OJ IIPUMEHATa
Ha ceKyHAapHaTa oOpaboTKa Ha TOYBaTa Bp3 THUIIOT BUPIHHH]A. VICTpakyBameToO € U3BPIICHO Ha
JYBUCOJ, HAa CKCIIEPUMEHTATHUTE MOBPIIMHU 07 MHCTUTYTOT 3a TyTyH - 3arpe6 Bo ITuTomaua.
[Tokpaj kiracnaHaTta 00paboTKa Ha ToYBaTa (Opame BO €CCH M IIOATOTOBKH Ha TIOYBATa BO MPOJIET), BO
TEKOT Ha MPOJIETHATa 00pabOTKa M TIOATOTOBKUTE 32 CaJICHhe Ha TYTYHOT, IPUMEHET € MmojjpuBad. Bo
TEKOT Ha BETETAITMOHHNOT TIEpHOI, TTouBaTa Oere pagno oopadoteHa (I), pacTpeceHa co KyITuBaTop
(IT), m co mompuBau mery pemosute(Ill). ExexTpoHcku meneTpomerap Oerre KOPUCTEH 3a MEPEHE
Ha TIOYBEHUOT OTIIOP 32 BpeMe Ha IBETAmkETO Ha TyTYHOT. TyTyHOT Oerie OepeH Ha 6 mard, a 1o
rocienHara oepOa Oerre yTBpACH IPUHOCOT Ha TYyTyH. CHUTE pe3yaTaTh ce CTAaTHCTHIKH 00paboTeHU
co aHanm3a Ha BapujaHcara. OTIOPOT Ha 30MEHOCT Ha IMOYBaTa Oemie IoMall, a TMPHHOCOT Ha
TYTYHCKH JIUCT TIOBHCOK OHAMYy KaJie IITO ToYBara Oerre oopaboTeHa co moapuBad, BO Criopeada co
BOOOHMYACHUTE MEPKH Ha IMTOYBEHA 00pabOTKa BO MMPOU3BOJICTBOTO HA TYTYH.

Kayunu 360poBu: TyTyH, 00paboTKa Ha TIoYBara, 30MEHOCT Ha TI0YBaTa, MPUHOC HA TYyTYH.
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INTRODUCTION

Virginia type tobacco was introduced
in Croatia in the 50’s for the needs of tobacco
production. Initially, it was planted on sandy
soils and later the production spread to heavier
soils in Northern Croatia, from Purdevac to
Donji Miholjac. Economic effects and the size
of farms are the main reasons why tobacco
is often grown as a monoculture or in a very
narrow crop rotation. Perennial tobacco growing
in a monoculture on soils prone to compaction
without adding organic matter led to degradation
of arable layer, what was the reason of lower
yield. Often shallow soil tillage on the same depth
led to increased compaction in subploughing
layer, especially on ploughing depth.

The major problems of tobacco soils in
Croatia for current state of arable layer are of
generic origin and the consequences of irregular
managing of these soils. Physical characteristics
of these soils are often deteriorated to the

extent that water occasionally retain on the
soil surface. Often emphasized compaction of
plough and subplough layer makes the growth
and development of the root system harder and
it’s the main limiting factor for achieving higher
yield and better leaf quality (Tursi¢, 1., 1994).

Yield and quality of tobacco, with the
genetic potential of cultivar, significantly depend
on the current soil fertility, applied agricultural
practices and climatic conditions during the
vegetation period (Akehurst, 1981, Hawks,
Collins, 1983). Approach to managing the soil-
plant system in the growing area of Virginia
tobacco has to include measures such as crop
rotation, calcification, appropriate fertilizer
application, soil tillage, erosion, control and
conservation of water in soil. Not one measure
can replace the other or profitable production can
be maintained until all factors which affect the
productivity are well balanced.

MATERIAL AND METHODS

The influence of secondary tillage
on yield of tobacco and soil compaction was
investigated on experimental field in Podravina.
The experiments were carried out on field trial
on luvisol in four repeats according to split block
method (Vasilj, 1974).

Half of experimental field (528m?) was
loosened with chisel (Table 1). On the other half
disc plough was applied and then cultivator. The
trial had six combinations (2x3). There were four
rows of tobacco per repetition and measurements
were taken on two rows in the middle.

Table 1. Trial procedures

Soil preparation for tobacco planting

Soil cultivation during the vegetation period

1. Chisel
Cultivator

1.1. Manual cultivation
1.2. Cultivator
1.3. Chisel + cultivator

2. Disc plough
Cultivator

2.1. Manual cultivation
2.2. Cultivator
2.3. Chisel + cultivator

The length of test field was 10m and
the spacing between rows was 1.1m. The area
of the main field was 44m?. In total 528m?* was
loosened in spring (44m? x 3 procedures x 4
repetitions). The chisel wasn’t applied on the
remaining 528 m? but the soil was disced before
the application of cultivator and tobacco planting.

In the tobacco flowering (at the end of July) the
soil resistance (compaction) was measured and
at the same time the samples for soil moisture
were taken. Soil resistance was measured by
electronic penetrometer (Kosuti¢. 1989). Current
soil moisture in plough and subplough layer is
determined gravimetrically.
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RESULTS AND DISCUSSION

The soil on experimental field was sandy
loam with high content of fine sand and dust and

low content of clay, with unstable structure and
tend to compaction and crust formation (Table 2).

Table 2. Mechanical composition of soil from experimental field

Percentage of particles

Soil Depth . Silt Clay
i Texture
horizon  (cm) C(I;)_agsze S?Irll)d ( 01:21_12)6 OS ;ncin) (0.02-0.002 (<0.002
“H R um) pum)
Ap 0-26 15 58 17 10 sandy loam
E 26-45 18 61 15 6 sandy loam
B, 45-90 21 36 22 21 loam
Mechanical composition and other physical properties were shown in Table 3.
Table 3. Physical properties of the soil
L Total porosity Field water . A Bulk density
Soil horizon (%) capacity (%) Air capacity (%) Stv Stp
A 45.6 36.4 9.2 1.46 2.70
E 383 33.7 4.6 1.68 2.72
B 41.6 34.1 7.5 1.71 2.74

Air capacity is moderately low in
ploughing and iluvial horizon. Field water
capacity is average in ploughing and iluvial
horizon and very low in eluvial horizon.
According to bulk density values soil compaction
of subploughing layers is significantly higher
than compaction of ploughing layer.

The application of chisel on soil of

stated physical characteristics was found as fully
justified. The procedure in which the chisel was
applied in spring during the soil preparation,
a significantly lower resistance was measured
(figure 1), which resulted in significantly larger
yield of tobacco leaf (Soane, Ouwerkerk, 1994,
Tursi¢, 1992).

—— Chisel cultivation

—— Disc plough cultivation

Soil moisture:

Mechanical resistance (MPa)
w B~

0-25cm=17,8%

0 35 7 105 14 175 21

Depth (cm)

245

28 315

Figure 1. Influence of chisel plough tillage on soil compaction
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In procedure in which the chisel was not
applied a larger soil resistance was determined.
Increased soil compaction conditioned by texture
and the way of soil preparation reduced the

growth and development of root system into the
deeper layers and decreased the tobacco yield
(Tursic et al. 1994).

Table 4. Influence of chisel application in soil preparation on tobacco yield, Pitomaca

Soil tillage Yield, kg/ha X
2005 2006

Chisel 2667,0 27333 2700,15

Without chisel 2336,3 24993 2417,00

LSD, 5% 131,2 210,1

Lower soil resistances (lower compaction) were measured in both years of research where
during the vegetation period the soil was loosened with the chisel between the rows.

—&— hand cultivation

= cultivation

chisel+cultivation

Soil moisture:
0-25cm=17,8%

Mechanical resistance (MPa)

0 3.5 7 105 14 175 21 245 28 315
Depth (cm)

Figure 2. Influence of interrow chisel plough tillage on soil compaction

It is known that the largest part of the
tobacco root system develops at depth of 30 to
40 cm (Tursi¢, 1989, 1994, Vepraskas et al.1986).
First two weeks after transplantation tobacco
develops lateral roots and that is the reason
why first soil tillage between rows is conducted
deeper, with the machines similar to the chisel
applied in this experiment (Akehurst, 1981).

As the tobacco plants become higher
and the root system develops deeper, the next
cultivations are conducted shallower and their
main goal is soil ventilation (crust breaking),
weed removal and drainage of excess water.
During the procedure in which chisel was applied
between the rows, the soil was less compacted
and the larger tobacco yield was obtained (Table 5).
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Table 5. Influence of interrow chisel plough tillage on flue-cured tobacco yield,
Pitomaca 2005-2006

Interrow tillage Yield, kg/ha ;
2005 2006

Manual cultivation 2393,0 2649 2521

Cultivator 24220 2530 2476

Chisel + cultivator 2690,0 2780 2735

LSD, 5% 215,3 196,0

Soil loosening between rows has  cultivation has increased the tobacco yield by
significantly increased the tobacco yield (McKee,  8,31-11,05 %.
1988). In average chisel application in first

CONCLUSIONS

The investigation of diferent types of soil The application of disc plough
preparation for tobacco cultivation has shown  in secondary cultivation has increased soil
that chiesel application has significant advantage ~ compaction and decreased yield of tobacco leaf

compared to other types of cultivation. so it should be avoided in soil preparation.
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THE USE OF GLYPHOSATE (N-(PHOSPHONOMETHYL) GLYCINE) IN
SUCKER CONTROL OF TOBACCO
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ABSTRACT

Topping of tobacco (cutting off the floral buds) is cultural practice which guarantees a high
economic effect reflected in increased yield and quality. In normal conditions of growing, the topping is
accompanied by vigorous formation of suckers. Removal of floral buds and suckers can be performed
in two ways: mechanically (by hand or with specialized technique) and chemical (with application
of physiologically active substances - FAS). According to the type of their effect on suckers, FAS
are divided in those with contact activity and those with systemic activity. So far, from the products
with systemic activity the salts (potassium or hallein) of the maleic hydrazide (MH) have been
used. After the deadline for its use in Bulgaria has expired, there are no new systemic products to
substitute it. The aim of investigation was to study the possibilities for application of the herbicide
Glyphosate not only for chemical topping of tobacco plants but also for control of suckers appearing
after topping, with high technical and economical effectiveness among parasitic formations, free of
phytotoxic effect on the crop.

Key words: tobacco, topping, sucker formation, sucker control, active substances

YIIOTPEBATA HA INTU®OCAT (H-(@OCP®POHOMETNJI) ITTMIUH) ITPU
KOHTPOJIATA HA ®PUJIN3UTE

[ToTkpuryBameTo Ha IBETHH KUTKA € KyJATypHA TPaauliija Koja rapaHTUpa BUCOK EKOHOMCKHU
e(eKT co 3rojeMeH NPUHOC U KBaIUTET. Bo HOpMasiHu yCclioBH Ha pacTere, Ha BPBOT O] TYTYHCKOTO
pacteHue ce mojaByBa CHIHO (popmupame Ha (unnzn. OTCTpaHyBambEeTO Ha LBETHUTE KUTKU U
¢unm3uTe ce BpIIM Ha 2 HaYMHA: MEXaHWYKHN (PaYHO WIIH CO CIIEIMjalTHa TEXHUKA) U XeMHUCKH (CO
npruMeHa Ha GU3UOoNOIIKY akTUBHHU cynicTanuui — PAC). Criopes HUBHOTO BiIMjaHKE Bp3 QUIIN3UTE,
®AC ce mofeNeHNn Ha KOHTAKTHU M cHcTeMH4YHH. Jlo cera, of MpPOM3BOAUTE CO CHUCTEMHYHA
AKTHUBHOCT C€ KOPUCTEa COJUTE HA KaJIMyM WJIM XajjienH u o Maneuk xuapasun (MH). Mo ncrexor
Ha POKOT 3a HUBHara ynorpeda Bo byrapuja, He mocTojar Ipyru CHCTEMUYHH NpenapaTy Kou ou ru
3aMEHMIIE.

Llenta Ha oBa MCTpaxyBame € J1a C€ MPOoydyaT MOKHOCTUTE 3a IMPHUMEHa Ha XepOuIuIoT
mmrudocar MoKpaj HeroBara MpuMeHa Kako XepOHIH/ 1 3a KoHTpona Ha (umm3ute. OBaa ynorpeda
“Ma BHCOKa TEXHMYKA U eKOHOMCKA eeKacHOCT, O0e3 (huToTokcnyeH eheKT Bp3 pacTeHHjara.

Kiyunu 360poBu: TyTyH, OTCTpaHyBame Ha (priiM3y, KOHTpOIa Ha (GMIIN3H, AKTUBHU CYTICTAHIIH.
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INTRODUCTION

Topping of large-leaf tobaccos is cultural
practice which gives high economic effect,
reflected in increase of yield and quality. The
same is valid for the oriental tobaccos, although
in that case it is more difficult to be realised in
practice.

Cutting off the floral buds makes
presumptions for qualitatively different
mechanism of distribution and deposition of
assimilates created in tobacco leaves. They will
not go mainly to the flower bud, but will be
distributed in leaves, due to which they become
larger, more vigorous and substantial, with higher
weight and quality.

In normal conditions of tobacco growth,
topping is accompanied by increased suckering.
The newly established influx of anti-growth
hormones formed in the top part of tobacco plant
with the purpose to prevent the growth of side
buds on the stem under leaf base, after cutting
off the top becomes the reason for intensive
sucker formation (6). The suckers are divided
into: primary - highly visible, secondary - poorly
visible at leaf base and thirdly - existing, but not
visible. From the economic point of view, suckers
can be considered as parasitic formations which
draw considerable amount of assimilates from
the plant for their growth (1).

Removal of floral buds, as well as of
the suckers, can be performed in two ways:
mechanically (by hand, with specialized
technique) and chemically (with application of
FAS).

Manual sucker control is labor-
consuming technique with a short-term effect.
By application of FAS, a better and long-lasting
effect is achieved.

According to the type of their effect on
suckers, FAS are divided in those with contact
activity and those with systemic activity (6).

The chemical with contact activity
used on large-leaf tobaccos in Bulgaria is
pendimethalin (Stomp 330 EK).

Under the influence of pendimethalin
, suckers embryos in leaf base rapidly turn to
yellow, brown, and then die. However, 10 -12
days after the occurrence of secondary suckers
is observed and they grow fast if plants have not
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been treated with the same or with some other
systemic chemical. So far, contact chemicals in
our country have been applied only manually.

Until recently, from the products with
systemic activity the salts (potassium or
hallein) of the maleic hydrazide (MH) have
been used. They are absorbed form the leaves
of treated tobacco plants and transported to
the growing tissues - suckers, preventing their
growth without killing them. Thus, inhibited
but still alive suckers do not allow development
of secondary buds, leaving the plants free of
suckers for a longer period (7 - 8 weeks) (5).
Systemic chemicals can be incorporated in the
soil or foliary.

In oriental tobacco there is no specialized
technique for topping and treatment, although
this is highly effective measure for this type, too.
Manual topping is also very hard to perform. For
this reason, chemical topping of plants finds its
place here, implemented with systemic chemicals
(MH). The effectiveness of the applied measure
is reflected in 20-30% higher yield per decare
and in improved quality of tobacco (2).

Until recently, the problem of sucker
formation in tobacco was solved by application
of the potassium salt of maleic hydrazide
(Royal MH-3). After the deadline for its use in
Bulgaria has expired (18.07.2009), there are no
new systemic chemicals to substitute it. Maleic
hydrazide is essentually a herbicide, which
gave us an idea to search for a product with
similar effect as the herbicides already known
in practice.

The mechanism of action of glyphosate
(N-(phosphonomethyl) glycine) has been
known for a long time. It is a total herbicide
with systemic action. The herbicide is absorbed
by tobacco leaves and transferred toward the
growing (meristem) parts of the plant - : root, top
and suckers (3). When glyphosate is applied by
spraying of the top parts of the plant, significant
part of the herbicide is accumulated in the nearby
(meristem) tissues - vegetative top, leaves of the
vegetative top and suckers. No published data
can be found in Bulgarian and world literature on
application of glyphosate for chemical topping
or sucker control in tobacco.

The aim of investigation was to study
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the possibilities for application of the herbicide
Glyphosate both for chemical topping of tobacco
plants and for control of suckers appearing after

topping, with high technical and economical
effectiveness among parasitic formations and no
phototoxic effects on the crop.

MATERIAL AND METHODS

Two-year investigations (2009 - 2010)
were carried out in the experimental field of
Tobacco and Tobacco products Institute in
Markovo. Tobacco plants were treated with the
herbicide Glyphogan 480 SL (glyphosate/n-(
phosphonomethyl)- glycine, isopropylamine salt)
of Agan Chemical Manufacturers Ltd, and Royal
MH-30 (21.7% maleic hydrazide, potassium salt)
of the company Crompton Uniroyal Chemical
was used as a standard.

In the first investigation year (2009) the
task of the trial was to estimate the possibility of
glyphosate application in sucker control and to
determine the effective rate in oriental tobacco
Basma (variety Plovdiv 7) and the large-leaf
Virginia (variety Virginia 0514). Three rates were
investigated in the oriental variety (50, 100 and
200 ml/dca) and three in Virginia (100, 200 and
300 ml/dca).

During the second year of investigation
(2010), the trial was set up with Virginia
0514, to compare technical effectiveness of
glyphosate with the standard maleic hydrazide

and investigation of possibilities for chemical
topping of tobacco inflorescences. Glyphosate
(Glyphogan 480 SL) was applied in a rate of
300 ml/dca, and the standard maleic hydrazide
(Royal MH-30) in a rate of 1500 ml/dca. Topped
but untreated tobacco was used as a check.

Trials were set up by the method of
long plots with four replications. The size of the
plots was 10 m? and 20 m? in the first and the
second investigation years respectively. Tobacco
plants were topped up to the 20-th leaf, in the
beginning of flowering stage (10-15% of plants
are flowered in the plots treated immediately
before topping, applying a back sprayer with
30 l/dca solution. For chemical topping of the
inflorescences, tobacco was treated in the stage of
buttonization, with Glyphogan 480 SL in a rate
of 300 ml/dca. Plants were monitored 10 and 20
days after topping and treatment. Readings were
made on suckers type and growth as well as on
the occurrence of phytotoxic effects on tobacco
(‘according to EWRS scale).

RESULTS AND DISCUSSION

Results of investigations in 2009 are
presented in Table 1.

In oriental tobaccos, after removal of
floral buds and plant treatment, suckers growth
recorded on the 10th day was respectively 6-8 cm
with solution rate of 50 ml/dca, 4-6 cm in a rate
of 100 ml/dca, 2-4 ml in a rate of 200 ml/dca and
6-8 cm in the topped but untreated plants. On the
20th day of topping and treatment, the readings
for suckers growth were as follows: 10-15 cm for
the lower rate, 8-10 cm for the medium and 4-6
cm for the higher rate.

In large-leaf tobaccos, suckers growth
recorded on the 10th day from removal of floral
buds and plant treatment was respectively 8-10
cm with solution rate of 100 ml/dca, 6-8 cm in

a rate of 200 ml/dca, 3-5 ml in a rate of 300 ml/
dca and 12-15 cm in the untreated check variant.
As can be seen from the results in both tobacco
types, low herbicide rates (50 - 100 ml/dca) fail
to achieve effective control of suckers and their
growth is similar to that of the check variant.
High herbicide rates (200-300 ml/dca) give good
control of suckers, with phytotoxic effects typical
for the glyphosate - etiolation, prevention of their
growth and occurrence of necrosis. In the same
time, none of the investigated rates has shown
phytotoxic effect on treated tobacco plants.
Tables 2 and Photo 1 and 2 present the
results of the glyphosate and the standard Royal
MH-30 effects on the suckers 20 days after
topping and treatment of tobacco plants. Both
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the physiological effects and the effectiveness of  of the effects of both chemicals on suckers control
glyphosate and maleic hydrazide are similar. In  is 20 days after treatment.

contrast to the standard, however, the effective Suckers in the check plants (topped but
rate of glyphosate is 5 times lower, which  untreated) are developing freely.

supposes lower value of the treatment. Duration

Table 1. Results of investigation of Glyphosate on suckers control in 2009

Time of monitoring, suckers growth (cm), phytotoxicity on tobacco

Variants
Tobacco type
Rate (ml/dca) 10th day 20th day EWRS
Oriental
tobacco
50 6-8 10-15 0
100 4-6 8-10 0
200 2-4 4-6 0
Check 6-8 12-15 -
Large-leaf
tobacco
100 8-10 15-20 0
200 6-8 10-15 0
300 2-4 3-5 0
Check 12-15 20-22 -

Table 2. The effectiveness of Glyphogan 480 SL application on sucker formation in 2010

Suckers th and si i
. Rate Srowrh and stee Effective- Duration of
Chemicals C o the effect
(Conc,) I'reading Ilread. Illread. N fess 7o (in days)

Glyphogan 300 ml/ No No
480 SL dca 1-2 12cm 1-2cm 100 20
Royal MH-30 1500 No No
(standard) ml/dca 1-2 I2ecm 1-2cm 100 20
Check i 12 Free Free i i

7-8 cm 12-14 cm

Excellent results were also obtained the effect on plant 10 days after treatment of
in the trial when glyphosate was applied for  tobacco bud.
chemical treatment of tobacco. Photo 5 shows
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Photo 1 Tobacco topped and treated with Photo 2 Tobacco topped and treated with
Glyphogan 480 SL with 300ml/dca - 20 days Royal MH-30 with 1500ml/dca - 20 days after
after treatment treatment
Photo 3 Topped, untreated tobacco - 20 Photo 4 Tobacco plant prior to treatment of
days after treatment floral bud for chemical topping
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Photo 5 Tobacco plant 10 days after treatment of
floral bud with Glyphogan 480 SL - 300 ml/dca

Observations were made on phototoxicity
in the top 4-5 leaves , together with necrosis
and falling out of floral buds. Plants which have
completed their growth at 22nd-23rd leaf are not
affected by the herbicide and no symptoms of
phytotoxicity are observed on them. In manual
or mechanical topping the affected leaves are
removed together with flowers, so that they
have no reflection upon the yield. In addition to
this, despite the chemical topping of floral bud,
no suckers development is observed on plants.
Chemical topping of tobacco plants will result
in higher productional and economic effect -
reduction of manual labor with simultaneous
removal (topping) of floral buds and sucker
control in the plants.

CONCLUSIONS

1. For the first time possibilities were made
for application of glyphosate as physiologically
active substance in both chemical topping and
sucker control in tobacco.

2. Physiological effect of glyphosate is
identical with that of the maleic hydrazide which
has been used with the same purpose so far.

3. No symptoms of negative phytotoxic
effect have been observed in treatments with
recommended rates of glyphosate.

4. Chemical topping of tobacco plants
with glyphosate yields higher productional and
economic effect - reduced manual labor with
simultaneous removal (topping) of floral buds
and sucker control in the plants.
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ABSTRACT

This paper presents scientific communication on the presence of Tobacco etch virus (TEV)
on tobacco in Bulgaria.

Immunological investigations were carried out in 2011 to identify the presence of TEV on
tobacco in Bulgaria. Samples were taken from 12 tobacco plants (5 of Virginia tobacco and 7 of
the type Burley) from the trial field of Tobacco and Tobacco products Institute Plovdiv (Markovo).
ELISA test was performed on the isolates for serological diagnostification of PVY and TEV viruses,
which give similar symptoms in tobacco plants

Three isolates of the Virginia tobacco showed positive serological results on both PVY and
TEV viruses. One isolate of the Virginia type showed (+)(-) reaction to TEV and negative reaction
to PVY. In one isolate of the Burley type negative reaction to both viruses was recorded.

Elimination of weeds surrounding the tobacco fields and due and timely application of
insecticides against aphids is recommended for successful control of this disease.

Key words: Tobacco etch virus (TEV), ELISA-tecr, tobacco, virginia, burley

BUPYC HA TPABUPAHUOT MO3AUK (TOBACCO ETCH VIRUS-TEV)
HA TYTYHOT BO BYTAPHUJA

Bo oBoj Tpyn e masgeHo HaydHO COOMIITEHHE 3a MPUCYCTBO HA BHPYCOT HA TPABHPAHHOT
MO3auK Ha TyTyHOT Bo byrapwja.

Bo Texor ma 2011 romuHa ce W3BPIIM WMYHOJONIKH UCTPAXyBama 3a JOKAKYBame Ha
MIPHUCYCTBOTO Ha BUPYCOT Ha rpaBupannoT Mo3auk (TEV) na tytynot Bo byrapuja. 3emenu ce mpoou
o 12 TyTyHCKH pacTeHHja, M Toa 5 o1l TUTIOT BUPLMHHUjA U 7 O] TUTIOT OepJiej, O/ OMUTHOTO TOJIe O
WHCTUTYTOT 3a TyTyH U TyTyHCKH Tipon3Boau ox [TnoBaus (c. MapkoBo). Ha nzonarure e u3Bpiien
ELISA-TecT (MMyHOJIOIIKH TECT) 3a CEPOIIOMIKO AujarHocTuimpame Ha PVY n TEV Bupycort, xon
MPEeIN3BHUKYBaaT CIIMYHU CHMIITOMH Ha TYTYHCKHTE PacTeHH]a.

Tpu nzonatu (MpoOH) O TUIOT BUPIMHM]A TOKAKaa IIO3UTUBHU CEPOJIOIKH PE3YJITaTH U HA
nBara Bupyca, PVY u TEV. Enen nzonar ox THIIOT BUpyMHM]ja Mokaka peaknuja (+)(-) ko TEV n
HeraruBHa koH PVY. Exen m3onar ox tumnot beprej HeraTUBHO pearupa Ha ABata BHPYCH.

Bo Oopbara co oBa 3aboiyBame ce mpernopadyBa YHUIITYBAKkE HA TICBEIUTE OKOIY
TYTYHCKHUTE MOBPIINHA U HaBpeMeHa 00pba CcO MHCEKTHIINIH MPOTUB JINCHUTE BOIIIKH.

Kayunu 36opoBu: Bupyc Ha rpaBupanuot mo3auk-TEB, Enuca-tect, PVY, Bupymnuja, 6epiej
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INTRODUCTION

Viruses pose a serious threat to tobacco
crop and can cause severe damages to tobacco
production. Very often, losses caused by them
make the tobacco production unprofitable and
even impossible.

CORESTA investigations so far have
determined 16 viruses attacking tobacco, eight
of which are of economic importance: Tobacco
mosaic virus — TMV, Potato virus Y - PVY,
Cucumber mosaic virus - CMV, Tomato spotted
wilt virus - TSWY, Tobacco etch virus-TEV,
Tobacco leaf curly virus - TLCV, Tobacco vein
mottle virus — TVMV and Beet curly top virus
-BCTV.

Tobacco etch virus (TEV) was reported
for the first time in Kentucky, USA, by Valleau
and Johnson (9). After that, its symptoms were
also reported in Canada, Nicaragua, India, Japan,
Russia and Germany.

According to Atanasov and Gabrovska
(1), the virus has not been recorded on tobacco

in Bulgaria. Kovacevski et al. (3) reported
occurrence of the disease on tomato and jimson
weed (Datura Stramonium L.), but not on
tobacco. According to Mickovski (4), the disease
is not spread on tobaccos grown in the Balkan
Peninsula.

Various methods were used for
determination of the causing agents of diseases
according to various parameters: disease
symptoms (symptomatic diagnostics); the
type of cell elements specific for each virus
(microscopically determined); the specific
reaction for virus identification with indicatory
plants, by immunity test (ELISA — serological
identification) or through by molecular techniques
with radioisotopic markers.

The presence of Tobacco etch mosaic
virus (TEV) on the basis of symptomatic
diagnostics was reported by Dimitrov and
Bozukov in 2004 (2) .

MATERIAL AND METHODS

During 2011 immunological
investigations were carried out in order to
determine the presence of TEV in Bulgaria.
Fresh material (tobacco leaves) with similar
symptoms typical for TEV was supplied for the
investigation. Selection of isolates for the study
was made on the basis of visual and symptomatic
determination. Samples were taken from 12
tobacco plants — 5 of the type Virginia and 7 of
Burley. Isolates were taken from the trial field of
Tobacco and Tobacco Products Institute-Plovdiv
( Markovo village).

ELISA test was applied for serological
diagnostics of PVY and TEV, which produce
similar symptoms on tobacco plants.

The test was performed by the Double
Antibody Sandwich-Enzyme Linked Immune
Sorbent Assay (DAS ELISA) for PVY and by
the Triple Antibody Sandwich-Enzyme Linked
Immune Sorbent Assay (TAS ELISA) for TEV,
in the laboratories for investigation of immunity
to virus diseases at the Institute of Horticulture
in Maritza.

RESULTS AND DISCUSSION

Three isolates (samples) of the type
Virginia showed positive serological results
on both PVY and TEV. One isolate of Virginia
tobacco showed (+)(-) reaction to TEV and
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negative reaction to PVY. One isolate of the type
Burley showed negative reaction to both viruses
(Table 1).
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Table 1. Serological diagnostics of PVY and TEV

Sample Ne Tobacco type TEV PVY
1 Virginia + +
2 Virginia +
3 Virginia + +
4 Virginia + - -
5 Virginia + - +
6 Burley - +
7 Burley - +
8 Burley - +
9 Burley - +
10 Burley - +
11 Burley - +
12 Burley - +
I\lf)iz;:iovle Tobacco - -
Positive control Tobacco + +

Tobacco etch virus was serologically
proved in mixed virus infection with PVY in
three of the test samples.

According to Holmes (7), susceptibility
to the virus was found in about 69 plant species
from 11 families, some of which (tomato,
jimson weed, potato and tobacco) belonging to
Solanaceae family.

Disease symptoms vary depending on
virus strain, type of tobacco and agroecological
conditions.

The virus produces variegation of the
upper leaves and changes their colour from
light green to green. The symptoms sometimes
resemble the Tobacco mosaic virus (TMV), but
the chlorotic spotting caused by TEV is much
smaller than that caused by TMV.

In field conditions, symptoms usually
appear when the stage of tobacco flowering is
near. The first signs are lightening of the colour
of leaf veins, followed by necrotic lines and

chlorotic variegation between the veins. In
lower primings, the venation can turn brown or
disappear. Some authors reported that patterns
caused by Tobacco etch virus are sometimes
resembling those of Tobacco mosaic virus
(TMV), but while in TMV the top leaves are
variegated, in TEV they are not.

Depending on their reaction to the virus,
tobacco types can be divided into two groups:

- Ist - consisting of Burley tobaccos,
which react with strongly pronounced symptoms
of chlorosis, necrosis and stunted growth, and

- IInd - consisting of Oriental and Virginia
tobaccos, which react only with ocurrence of
chlorotic spots.

The virus can be transmitted mechanically
and also spread by several species of aphids
(Aphis, Myzus etc) (6), or by dodder (Cuscuta sp.).
Nikolov et al.(8) reported on virus transmission
by seeds of infested tobacco.
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Photo 1. Virginia tobacco infected with Tobacco etch virus (TEV)

Virus particles are cylindrical,
asymmetrical, approximately 730-790
nanometers long and 10 -13 nanometers wide.
The thermal inactivation point of the virus is
55 - 60 °C. Infection ability is preserved up to 5
days. The virus may persist a dilution of 1:5000
(5), but loses its activity in dry leaves.

The virus enter plants through wounds
made by aphids or mechanical injury and the first
symptoms appear 7-14 days after the inoculation.

Usually, by infestation of a plant with
certain strain of virus, it becomes resistant to
other strains serologically related to the same
virus, but the infested plants are still susceptible
to other viruses. Tobacco etch virus is exception
from this rule. Tobacco plants infested with TEV
become resistant to Potato virus Y (PVY), too.
Contrary to that, tobacco plants infested with
PVY do not bear resistance to TEV.

CONCLUSSION

The best control of this disease is to
destroy the weeds around tobacco plots, since
they are serious source of infection. It should be
avoided to grow tobacco near the areas planted

with other species of Solanaceae. Since aphids
are the main transmitters of the virus, timely
treatment with insecticides should be applied.
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ABSTRACT

P. quadrifasciatus is an obligate aphidophagous species and it has an important role in
biological control of aphids in natural agroecosystems. In all years of our investigations it was recorded
as predator on M. persicae in tobacco fields. This species is among the smallest syrphid flies. The
imagos considerably short and dark. The abdomen is black and its first and second segment are also
black. The other abdominal segments have visible yellow-white lateral stripes. In laboratory conditions
the adults live 6 - 7 days. Females lay their eggs singly on the underside of tobacco leaves, among
the aphid colonies. Eggs are ovate, cream-colored, 0.5 - 0.6 mm long. The embryionic development
lasts 3 days. Immediately after hatching, larvae are almost colorless to light beige, with denticulate
body. Later, the color turns to brown, with expressed thorns on the segments.

Larvae kill a great number of aphids. Their greed increases during the second, and particularly
during the third larval stage. Their larval stage average lasts 8 days. Pupae are yellowish-brown and
prickly and the duration of pupal stage is about 5-7 days. According to our investigations, the growth
of one generation from egg to imago was 16-19 days.

Key words: Surphid flies, Paragus quadrifasciatus, aphids, M. persicae

MOP®OJIOI'NJA U BUOJIOT'NJA HA PARAGUS QUADRIFASCIATUS

P quadrifasciatus e obnuraren agumodareH BUa W UMa 3Ha4yajHA yjaora BO OMOJIOIIKAaTa
KOHTpOJIa Ha JIMCHUTE BOIIKU BO PUPOJTHHUTE arpOCKOCHCTEMH.

Bo cute ronuHM 071 HAIIMTE WCITUTYBaka OBOj BUJI € YTBPJCH KAaKo MpeaaTop Ha JIMcHara
Bomka M. persicae Ha TyTyHOT. OBOj BHJI cliara Mel'y HajMaJIuTe OCOMKU MyBH. Mimarara ce kpatku
1 co TeMHa 0oja. AOmoMeHOT € LpH. [IpBHOT 1 BTOPHOT CTOMaueH CErMeHT ce MCTO Taka LpHU. Ha
OCTaHATUTE CErMEHTU Of CTOMAKOT BUJIMBU C€ JIBE MOM3PA3EHH, KOITO-OCNH, MOMPEYHU TIPYTH.
Bo naGopartopricku yciaoBH MMarara sxuBear 6-7 jaeHa.KeHkuTe ru HecaT jajiuara MmoeAMHEYHO, Ha
orayuHara oJi TyTYHCKUTE JICTOBH Mely KOJIOHHUTE Ha JIMCHUTE BOIIKH. Jajiiata ce oBaJHH, CO
KpemoBa 00ja, co momxuaa ox 0,5 10 0,6 mm. EMOpuonananoT pa3Boj ce ofasuBa 3a 3 neHa.lllToTyky
WCTIMJIEHATA JIapBa € CKopo 0e300jHa 710 CBeTII00€K0Ba, Ha3abeHa Mo NOBpLIMHATA Ha TeT0TO. CO TeKOT
Ha pa3BUTOKOT JlapBara 1001Ba kKadeHa 00ja, Co n3pa3eHu OOIKH Ha cerMeHTUTe. JIapBuTe YHUILITYBaaT
royieM Opoj Ha BomikH. JIJakoMocCTa € 3rojieMeHa 3a BpeMe Ha BTOPUOT CTEIEH, a TOCEOHO BO TPETHOT
napBeH crened. CTaanyMoT JlapBa MPOCEYHO ce o/BKBa 3a 8 ieHa. Kykiure ce ®onTeHnKaBokaheHu
n OoukaBu. CTaguyMoOT KyKia ce ofBuBa 3a 5 10 7 aena.Criopea HaIIUTe MpOydyBamba, Pa3BUTOKOT
Ha eJlHa TeHepalfja o jajie 0 Maro ce oJiBMBa BO niepuoj ox 16 no 19 nena.

Knayunu 360poBu: ocwiiku MyBu Paragus quadrifasciatus, TACHA BOMIKU M. persicae
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INTRODUCTION

Paragus quadrifasciatus Meigen, 1822
is an obligate aphidophagous species which
develops normally only when fed on aphids.

According to many authors, this species
feeds on a wide spectrum of aphids and presents

an important factor in biological control of
these pests. Januseska (2001)/Krsteska (2007)
reported it as a predator of Myzus persicae Sulz.
on tobacco.

MATERIAL AND METHODS

Investigations were carried out during
2003-2005, with application of the following
methods of catching: check of 20 tobacco stalks;
check of 100 tobacco leaves (Davies method);
yellow water vessels and mowing with catcher.

For research of hoverflies in laboratory
conditions and for investigation of their biology,
standard methodology was applied. Larvae were

fed only on M. persicae.
Field collected material was analysed in
the laboratories of Tobacco Institute on binocular.
Weight of hoverflies in various stages
of growth was measured on Sartorius BL 210 S
analytical balance (d=0.1 mg), while length and
width on Carl Zeiss Jena binocular (25 x 5).

RESULTS AND DISCUSSION

Paragus quadrifasciatus Meigen, 1822

Genus Paragus consists of the smallest
hoverflies species.

Imagos of P. quadrifasciatus are adapted
to thermophilic and xerophilic conditions, which
is related to their Mediterranean origin.

During our investigations, imagos were
recorded from August 10 to September 1.

P. quadrifasciatus was recorded in the
hedges of tobacco fields, near the meadows,
vegetable gardens and cereal crops.

Accordingto Simic (1987)and Glu
mac (1955), imagos appear from April to August
and G a 0 (1991) reported their appearance from
late April, early May and late August to the
beginning of September. This species occurs
between the aphids in cereal fields, vegetable
gardens or in the thick grass.

Females lay their eggs singly on the
underside of tobacco leaves, among the aphid
colonies.

The eggs are tiny, almost invisible, but as
observation progresses, they can be easily seen
with naked eye.

Eggs are ovate, cream-colored, 0.5 - 0.6
mm long, with one end rounded and one end
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sharpened. The outer side of the egg is slightly
curved. Eggs are usually deposited horizontally
on the leaf. They are seldom found in vertical
position, with their micropyle upright.

In our investigations the duration of the
egg stage was three days.

According to Gao (1991), the duration of
the egg stage at 20°C is three to four days. Ma et
al. (1986) also reported 3-4 days duration of the
egg stage in June and July.

By contraction and spreading, larva
tears the chorion and then gently slides off the
egg shell.

If not disturbed after hatching, larvae rest
in the same place close to the chorion, which is
of transparent white color and is still shaped like
an egg.

Immediately after hatching, larvae are
almost colorless to light beige, with denticulate
body. Later, the color turns to brown.

During their growth, larvae shed two
times and pass through three stages.

In the first larval stage (L1), the average
weight is 1.49 mg (minimum recorded weight
0.4 mg/ maximum 2.1 mg), the average length
3.2 mm (min. 0.9 mm / max. 4.5 mm) and the
average width 0.69 mm (Photo 1).
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Photo 1. Larva after hatching

As the larvae grows, they become larger
and in the second larval stage (L2) they turn
brown, with expressed thorns on the segments.

In the second larval stage (L2), the
average recorded weight is 5.1 mg (4.5 to 5.9
mg), the average length 5 mm (4 to 5.7 mm) and
the average width 1.2 mm.

Toward its mouthpart the larva is pointed,
dorsally slightly curved and ventrally flattened,
with a pair of expressed, short brown stigmatic
tubes.

In third larval stage (L3), larvae are
yellow-brown or dark brown, with relatively
long thorns along their body. Longitudinal stripe
extends through the center of the dorsal side
of the body. Larval respiration can be clearly
observed through the cuticle. They have strong
mouth hooks, suitable for catching the prey,
sharp mouthparts like a dagger, strong pharynx
and head muscles which help them to stab and
suck the prey.

The average weight of larvae in L3 is
9.4 mg (ranging from 6.5 mg to 12 mg) and the
average length is 7.01 mm (from 6 to 7.63 mm).

According to Ma et al. (1986), larval
body is 6-7 mm long.

The width of larvae in L3 varies between
1.9 and 2.4 mm.

Larvae kill a great number of aphids.
Their greed increases during the second, and
particularly during the third larval stage.

When it finds an aphid, the larva stabs it
from the outside or the inside and starts to feed
on it. The aphid still moves its legs reflexively,
while the larva with its mouthpart is penetrating

its body, sucking all its content. Finally, the larva
throws the wrinkled and dark aphid away.

The larvae move very fast, always
touching the substrate with their heads and
excreting secretes. With their sputum they moist
the surface on which they crawl and fasten to
tobacco plants.

When hungry, the larva sucks the first
aphids completely and as it becomes satiated, it
doesn’t eat it thoroughly, but goes to find another
aphid.

In our investigations the duration of
larval stage is 8 days. According to Ma et al
(1986) duration of larval stage is 7 to 8 days and
according to Gao (1991) it is 10 days.

In 2003 and 2005, P. guadrifasciatus
larvae were recorded in our tobacco fields in
August and early September and the maximum
was reached in August 20. In 2004, we observed
single larvae from the second decade of July to
the first decade of September.

According to Gao (1991), larvae can
appear among aphids in the thick grass from late
May to early September.

Larvae do not leave excrements
frequently, but only before pupation. The
excrements are black and they signalize that some
larva in the laboratory or in field was transformed
into pupa.

Larvae of P. guadrifasciatus are
transformed into pupae in the same plants on which
they feed: in the upside of tobacco leaves, in leaf
sleeve or hidden among flowers and seed capsules.

In Petri dishes, larvae seek for suitable
place for pupation in reverse side of leaves

39



Tyryn/Tobacco, Vol.60, NO 1-6, 37-42, 2010

or flowers, in hidden places far from light.

Puparium is formed from the last larval
skin and its color and pattern resemble the 3rd
stage. Immediately after pupation, the pupa is
soft and its inside is still pulsating. Gradually,
the skin of the pupae become firmer. They are
yellow-brown and thorny. The rear part is slightly
curved inwards and they use it to fasten to the

Photo 2.

In our investigations, duration of pupal
stage was 5-7 days. Gao (1991) reported a
duration of 7-8 days, and Ma et al (1986) 12 days.

In tobacco fields, pupae were most
frequently recorded in August and early
September.

Before the eclosion of imago, the pupa
becomes darker. In our investigations it could
be stated that eclosion takes place early in the
morning. As the head of imago presses the
puparium, it cracks in a form of circle and its
upper part opens like a lid. The imago comes out
of the pupa and stands still.

Immediately after eclosion, the cuticle of
the imago is very soft and delicate, but gradually
it becomes firmer. In the beginning, wings are
shaped like small triangles but gradually they
open, stretch and dry. The wings are delicate and
soft and their nervature is clearly recognizable.
The patterns and color of the body develop in few
hours. After eclosion, the abdomen is empty, but
it gradually obtains its form.

This species is among the smallest
syrphid flies. The imagos are small, considerably
short and dark. The head is round and wider than
the thorax. The complex eye is dark brown. As in
other hoverflies, sexual dimorphism is present,
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substrate. The front part of the pupae is rounded
and adults eclode from there.

The average pupal size is 5.04 mm (4.8 -
5.6 mm) in length and 1.93 mm (1.7 - 2.2 mm)
in width, and the average weight is 8.93 mg (6
to 11.7 mg).

According to Ma et al. (1986), pupae are
dark yellow, about 5 mm long (Photo 2).

Pupa

but the gender can be easily differentiated. The
eyes in females are separated and in males they
are merged or very close together.

The antenna is brown and its III segment
is 2.5 times longer than the sum of the first and
second segment. The mesotergum is dark blue,
with metallic shine. There is a pair of short
longitudinal stripes in the first half and yellow-
brown hairs on both sides. Scutelum is black in
the first half and yellow in the second. The foot
is yellow-brown.

The abdomen is black and its first
and second segment are also black. The other
abdominal segments have visible yellow-white
lateral stripes. The stripes on the last two
segments are narrower and interrupted in the
middle.

Typical for this species is that its body
is somewhat curved in the lower part, i.e. the
abdomen is curved downward.

The average length of females is 5.43
mm, varying from 4.5 to 6.7 mm and the width
varies from 2 mm to 2.5 mm (Photo 3).

Males are somewhat smaller than
females, with a length of 4.5 mm and width
1.7 - 2 mm (Photo 4).
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Photo 3. Female of P. quadrifasciatus

According to Bankowska (1963), the
imago of P. guadrifasciatus is 6 mm long, while
according to Ma et al. (1986) its length is 5 - 6 mm.

In our laboratory investigations of the
imagos of P. guadrifasciatus some deviations
were recorded in abdomen color and the
abdominal pattern of the adults was incomplete.
This was also observed in our field investigations.
It was confirmed, however, that it was the same
species.

Photo 4. Male of P. quadrifasciatus

In laboratory conditions, the imago lives
6-7 days.

Sexual index in the investigated years
(2003-2005) was 0.54, which indicates that
females are somewhat more numerous than
males.

In our investigations, the growth of one
generation from egg to imago was 16-19 days,
Ma et all. (1986) reported a period of 17 - 20 days
and Gao (1991) 25-30 days.

CONCLUSION

P. guadrifasciatus is among the smallest
syrphid flies. Its larvae are known predators of
leaf aphids.

The imagos are small, considerably
short and dark. The abdomen is black and its
first and second segment are also black. The
other segments of the abdomen have two visible
yellow-white lateral stripes. The stripes in the
last two segments are narrower and interrupted
in the middle. Typical for this species is that its
body is somewhat curved in the lower part.

The eggs are oval and cream-colored.
Duration of egg stage is approximately 3 days.

Immediately after hatching the larva
is almost colorless to light beige, with toothed

surface. As the larva grows, it becomes brown,
with expressed thorns on the segments. The larval
stage usually lasts 8 days.

Pupae are yellowish-brown and prickly
and the duration of pupal stage is about 5-7 days.

In laboratory conditions imago stage
lasts 6 -7 days.

Sexual index in the investigated years
(2003-2005) was 0.54, which indicates that
females are somewhat more numerous than
males.

According to our investigations, the
growth of one generation from egg to imago was
16-19 days.
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INVESTIGATION INTO THE TYPES OF PIPE TOBACCO
Stefka Kirkova

Tobacco and Tobacco Products Institute-Plovdiv, 4108 Markovo, Republic Bulgaria
e-mail: stkirkova@abv.bg

ABSTRACT

The European commission community highlights the importance of development for the
standards of tobacco products control including the cigarettes. Pipe tobacco has not been under any
control and surveillance yet. Thus, there is a lack of information, methods and apparatus for observing
the emissions of harmful substances in smoke. There is also a lack of established conditions, rules
and any control.

The purpose of this research is to discover the importance and essence of modern types of
pipe tobacco, the level of preference and possibilities for their control.

The first preliminary studies of pipe tobacco provide direction for further research as there is
a high possibility for increasing their consumption.

Key words: tobacco, tobacco products, control.

UCIIUTYBAILE HA HEKOU MAPKU HA TYTYH 3A JIVJIE

Bo m3BemranTe Ha KoMmcujara Ha EBporickara 3aeqHWIIa ce MCTaKHYBa BaAXKHOCTA 3a
pa3BHBam-e Ha CTAHAAPAX 32 KOHTPOJIA HA TyTYHCKUTE ITPOM3BOMIN, BKIYUYBajKH 'l U ITUTAPHTE.

TyTyHOT 3a Jyne gocera He OWII MOIOKEH HA HUKAKOB HAa/I30p M KoHTpoia. [lopamu oBue
MIPUYUHH, HE ITOCTOjaT KaKBH OMII0 HH(OPMAIIH, METOIM U anapaTypa 3a ClIeZiehe Ha eMUCHUTE Ha
MITETHUTE EIIEMEHHUTH 0J] 9aJ0T. lcTo Taka, He TOCTOjaT YTBP/ICHH YCIIOBH M HEIOCTACyBa PETyIaTHBa
1 KOHTpOJIa.

LlenTa Ha OBa UCTpaXKyBambe € Ja CE€ OTKPHE BAXHOCTA M CYIITHHATA HA MOJICPHUTE TUTIOBU HA
TYTYH 3a JIylle, HHBOTO Ha OPE/ICHH MapaMeTPH U IPOydyBambe Ha MO)KHOCTHTE 32 HUBHA KOHTPOJIA.

OBwue TpBH, MPEIUMHHAPHN CTYAWH Ha TYTYHOT 3a JyJ€ JaBaaT HaCOKHU 3a MOJIab0oKo
HCTPaXXyBarbe, 3aT0a IITO TIOCTOM TOJIeMa BepOjaTHOCT 3a 3rojJeMyBamke Ha HUBHATa KOHCYyMaIlyja.

Kay4unu 360poBu: TyTyH, TYTYHCKH ITPOU3BOJIN, KOHTPOJIA
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INTRODUCTION

As amember of the European Community,
Bulgaria has to fulfill a number of tasks assigned
by the European Parliament, Commission and
Council regarding the forthcoming changes
in Directive 2001/37/EQ. In the reports of the
Commission of the European Community as
well as before the European Parliament, World,
European Economic and Social Committee have
been again emphasized the importance of targeted
research on developing standards for tobacco
products control including cigarettes (1,2,3).

Pipe tobacco has not been under any
control and surveillance so far. Moreover, until
recently, it was thought that the form of tobacco
product was outdated not meeting the dynamism

Purpose
The aim of this research is to discover
the essence and importance of modern brands of

of our times. Thus, there is a lack of information,
methods and apparatus for observing the
emissions of harmful substances in smoke. There
is also a lack of established conditions, rules and
any control.

In recent years, the tobacco for hand
rolling cigarettes or rather RYO tobacco has
been an alternative to the industrial production.
At the same time, the outspread types of cut pipe
tobacco have recorded growth in consumption.
According to this fact and its characteristic of full
flavored taste lead to us to think that the type of
pipe tobacco may be more preferred than hand
rolling cigarettes.

tobacco for pipes, the degree of preference and
the opportunities for their control.

MATERIAL AND METHODS

The focus of our studies was on the
preferred brand of tobacco pipe on the Bulgarian
market. In order to achieve the goal of the task,
database was created by conducting monitoring
for the preferred consuming brands in 2009. The
subject of our further research was the subsequent

data processing and the specification of brands.

An expert and tasting assessment was
made on the contingent of tobacco pipe. This was
followed by full physical-chemical analysis of
samples, processing of results and interpretation
based on standardized methods.

RESULTS AND DISCUSSION

The results of the conducted monitoring on the orientation of tobacco products consumers

are visualized in figure 1.
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Fig.1 Consumer preferences of tobacco products

When comparing the data with 2008, there is an increasing demand for pipe tobacco illustrated
in Table 1 and Figure 2.

Table 1 Percentage of preferred tobacco products in 2008 and 2009

Tobacco products 2008 2009
Cigarettes — Bulgarian 19,97 19,21
Industry
Imported cigarettes 57,81 57,49
RYO 21,60 21,67
Pipe tobacco 0,62 1,63

Fig.2 Percentage of preferred tobacco production in 2008 and 2009
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The increasing of pipe tobacco
consumption is very important for the reduction
in expense of Bulgarian cigarettes — 0.76%
whereas imported cigarettes are half reduced
compared to the Bulgarian — 0, 32%. It is a
noteworthy fact that the share of tobacco for
rolling cigarettes and the share of consumed pipe
tobacco rise at approximately same percentage.
The growing interest in pipe tobacco can be
primarily attributed to the full and filling flavor.
It is economically more favorable than the hand
rolling tobacco of cigarettes and it is almost equal
to, with a slight more economic benefit in some
brands of industrially manufactured cigarettes.

The consumers of pipe tobacco can
be divided into two groups. The first are those
according to the above-mentioned reason. The
latter are those fond of pipes as an alternative
to the hectic pace of life. The lighting of a pipe
is a ritual signifying time for rest and reflection.
There are also some who want to display stability
by doing it. There have lately been found even
associations in the logo of the pipe.

The overall conclusion of the monitoring
is that the increasing consumption of pipe

tobacco is not due to the ever growing alternative
of hand rolling cigarettes.

It should be emphasized that the results
of the conducted monitoring cannot be taken
as statistically significant. The essence of these
results lies in establishing a perceived tendency
in change of tobacco products consumption in
recent years. Even as a proof, it can be taken
the Bulgarian market which is no different than
the world market in terms of dynamics and
directions.

While conducting the monitoring, many
brands of pipe tobacco were also taken into
consideration. This fact shows that there is no
categorical view, or rather existing tradition as
the selection is based on poll questions.

The general conclusion of the examination
of the required brands for pipe tobacco is that the
brands produced in Germany, Denmark and the
Netherlands will be at an advantage compared to
other brands. The results of the use of preferred
brands of pipe tobacco are graphically shown in
Figure 3.

Fig.3 Preferred pipe tobacco brands
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While processing the results, 38
brands of pipe tobacco were observed in 2009,
but graphically are shown only those whose
consumption is greater than 6%. From the image,
it can be noted that the most dominant brand is
Tiliburu Full Aroma of Poshl Tabak, Germany
at 15, 33% which determined the object of
further research. The results of the made expert
assessment of Tiliburu Full Aroma are as follows;

The Packaging consists of 40 grams
of excise band and a recommendation for pipe
tobacco priced at 8, 00 lev. On the front side,
there are warning and special labels, producer and
importer, brand name, prepared for realization,
bar code. Unlike the tobacco for hand rolling
cigarettes, packed units meet all required standards.

The tobacco has quite low values,
with width of 1,77 mm incision and vary from
1,36 mm to 2,18 mm, with moisture content
of 16,61 %. The tobacco contains a small
percentage of processed tobacco ribs at 7, 42%.

When opening the packing, the aroma is
intense at a higher average level, fresh, quite dark,
with a character of cherry and rum-like — richly
hued. While smoking, the cherry-like hue is
dominant, and the taste is full at a medium level. A
general conclusion can be drawn that it is tobacco
with a balanced tasty and aromatic complex.

The results of the chemical composition
of tobacco with its basic parameters are as
follows:

NICOINE .o, 2,31%
Reducing sugars .................o.oeie 10,10 %
Total nitrogen ..............cccevvvvnnn... 2,51%
Content of ashes ................ooo... 14, 76%

The results of the basic chemical
parameters in the studied tobacco are close to the
values found in tobacco for hand rolling cigarettes.

In order to explore the possibilities for
pipe tobacco control, the further research was
based on laboratory-made cigarettes compared
with pipe smoking. The smoking cigarettes were
made without filter and with a precise weight. The
first variant of cigarettes were made of poorly
combustible and impermeable paper with a mass
0f 0,500 g. The second variant of cigarettes was
made of industrial paper for cigarettes with air
permeability of 50 CU and flammability of 55
s. The third variant of cigarettes was made of

cigarettes’ spill Orient Ehpres i.e. an imitative
cigarillo. The last two variants were with a
mass of 1, 00 g. Because of a lack of a method,
we emphasized on creating burned tobacco in
various conditions. According to this, in the first
variant, we created conditions which are close
to those of pipe smoking. In the second variant,
the conditions are close to those of controlled
products (cigarettes) and the conditions in
the third variant are close to the conditions of
cigarillos and cigars based on ISO standard.

The purpose of this variant was to give us
insight into any future research and discovering
possibilities for controlling the consumed smoke
while pipe smoking. The pipe itself helped us
for the control. Of the three studied elements in
smoke such as tar, nicotine and CO, we stressed
mainly the content of tar in smoke. The top of
one standard pipe can be filled with tobacco of
4 grams. In order to make a comparison during
the research, the pipe was filled with tobacco of 1
gram in eleven iterations. The average arithmetic
value of tar content was 0, 03600 grams.

In the first variant, the estimated amount
of tar per unit of burned tobacco was 0, 03658
grams. In the second variant, the estimated
amount was 0, 01654 grams and in the third
variant 0, 04352 grams. During the control of the
first variant, it was recorded a slight increase in
the amount of tar. On the one hand, this is mainly
because of the impact of the paper which takes
part in the combustion and it is incombustible
and impermeable. On the other hand, the smoke
goes throughout the stem of pipe and it is very
likely that an amount of it remains on its walls.

In the second variant, the amount of tar
was significantly with smaller value. In this case,
it was used a paper with medium permeability
which had a considerable influence upon the
content of tar. In the third variant, the amount of
tar significantly exceeded the control. This is due
to the specificity of the cigarette paper which was
impredned with tobacco extract.

The results of the third variant are of
significant importance for this research as they
showed a tendency for further analysis and give
us an opportunity to invent new methods for pipe
tobacco along with the existing ones for cigars
and cigarillos.
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CONCLUSIONS

This initial study on pipe tobacco gives us
directions for further research. From the obtained
results, it is reasonably safe to assume that the
pipe tobacco cannot substitute the tobacco for

hand rolling cigarettes. Its control is compulsory
and possible as well. This research serves as a
direction for carrying out future ones.
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IN VIRGINIATOBACCO
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ABSTRACT

During 2008-2009, a randomized field experiment was conducted with 4 soil herbicides on
an alluvial-meadow soil in the village Karadzhalovo, Bulgaria. The experiment was conducted with
flue cured tobacco variety Virginia 0454, on a soil which had been previously planted with wheat.
It consisted of Devrinol 4 F at a dose 4,0 I/ha (a.s. napropamide); Pronin 720 EC at a dose 2,5 I/ha
(a.s. propizohlor); Stomp New 33 EC at a dose 4,0 1/ha (a.s. pendimethalin); Harness at doses 1,5 I/
ha and 2,5 1/ha (a.s. acetochlor).

In the areas with herbicides, one mechanized processing in line spacings and one hand hoeing
in the rows were carried out. In the control without herbicides, two mechanized and two manual
handlings of the soil were made. The preparations were applied 24 hours before the tobacco planting
without incorporation.

Stomp New 33 EC in a dose 4,0 1/ha and Pronin 720 EC in a dose 2,5 I/ha showed very good
to excellent efficacy against susceptible annual weeds. Pendimetalin and propizohlor help to increase
the yield from 39,58% to 40,47% and to increase the average percentage of Ist class Virginia tobacco
for 6,5%. When conditions for growth and development of flue cured tobacco are more favorable, the
application of herbicides has less effect on yield increase. The application of soil herbicides before
tobacco planting allows a reduction of manual and mechanical hoes, without an adverse effect on
the culture.

Key words: herbicides, Devrinol 4F, Stomp 33 EC, Harness, Pronin 720 EC, virginia tobacco, weeds

BUOJIOIIKHUOT E®EKT HA HEKOU ITOYBEHU XEPBUIIUAHN BP3 TYTYHOT
O TUIIOT BUPIITMHUJA

Bo cemoro KapapamoBo, byrapmja (2008-2009) wusBpiieH € paHIOMH3HpPaH TIOJICKH
eKCIIEpPUMEHT CO 4 TIOYBEHHM XEepOWIMIN Ha ayBHjaIHO-TUBAJCKa IOYBA CO TYTyH OJ copTara
BupnrHAja 0454 (Ha MOBpIIMHA Ha KOja MPETXOIHO € oArIenyBana muennmna): Devrinol 4F co mo3a
on 4,0 1/ha (a.m. napropamide); Pronin 720 EC co no3a 2,5 I/ha (a.m. propizohlor); Stomp (New) 33
EC co no3a o 4,0 I/ha (a.m. pendimethalin); Harness co mo3a ox 1,5 I/hau 2,5 I/ha (a.m. acetochlor).
Ha tperupanuTe moBpmuHu Oelre N3BPIISHO €HO MEXaHU3UPAHO MEI'YPE0BO OKOITYBAkhEe U €IHO
padHO OKONyBame BO penoBUTe. Bo koHTpomata 0e3 xepOounuan Oea M3BPIICHH 2 MEXaHU3UPAHU
M 2 padHU OKONyBama Ha moyBara. [Ipemaparute Oea arumiupanu 24 gaca mpej pacaayBamkeTo Ha
TYTYHOT, 0€3 HHKOPTIOpaIlyja.

Stomp (New) 33 EC co mo3a ox 4,0 1/ha u Pronin 720 EC co no3a oz 2,5 1/ha umar mo6pa
JI0 OiTMYHAa e(hUKACHOCT MPOTUB EIHOTOMUIITHUTE TuleBenH. [IeHanMeTaTnHOT ¥ TMPOIH30XIOPOT
OBO3MOXKH]a 3rojleMyBare Ha MpuHOocoT of 39,58% no 40,47 %, kako u 3rojieMyBambe Ha IPOLEHTOT
Ha 1-Ta KJ1aca Ha TyTyHOT BO Tipocek o7 6,5 %. Kora ycrmoBuTe 3a pacT ¥ pa3BUTOK Ha BUPIIMHU]aTa
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CC IOIIOBOJIHU, ITPUMCHATA Ha Xep6I/II_II/II[I/IT6 nMa momali e(i)eKT BpP3 3roJICMYBaKCTO HA MPUHOCOT.
HpI/IMeHaTa Ha ITOYBCHUTC xep61/1u1/m1/1 npen CaaCwmEeTO HA TYTYHOT OBO3MOXKYBA HaMallyBarbC Ha
PAYHUTEC U MCXAaHU3HUPAHUTC OKOITyBama, 0e3 KakBU OMJIO HEraTUBHH e(l)eKTI/I Ha KyJITypara.

Kayunn 300poBu: xepouunau, Devrinol 4F, Stomp 33 EC, Harness, Pronin 720 EC, tytyH on

THUIIOT BI/IpI,II/IHI/Ija, TIJIEBCIIN

INTRODUCTION

The tobacco production in Bulgaria
includes many manual operations. This
makes this sector of Bulgarian agriculture
insufficiently profitable and competitive.
One of the mandatory elements of the new,
more efficient and modern technologies is the
streamlining of the systems for pest management
in tobacco against the weeds.

According to FAO, the losses caused by
weeds in tobacco in the world amounted to 37%
of total production. The results of experiments
in Bulgaria, conducted in different ecological
conditions indicate that this percentage is even
higher and reached 42 points. When the weed
density is even 2 - 3 numbers weeds/m? during
the growing season of the crop, the yield fells
from 14% to 18%. The harmful effect of the
weeds in tobacco is not only a reduction of the
yield. The weed infestation affects the quality of
production and makes difficult or impossible the
mechanization of the production and supporting
the development of diseases and pests.

The chemical control against the weeds
in comparison with the mechanical destruction
methods has significant advantages. The chemical

method is more effective compared to mechanical
processing of the rows and hand hoeing. The
herbicides allow the application of a rational
technology for growing of the crops. That is
one of the main factors for determination of the
quality of tobacco leaves / 2, 5, 6 /.

Therefore, the continuous streamlining
of the systems for weed control in tobacco is not
only of scientific but also of important practical
significance.

Furthermore, the use of environmentally
friendly systems of herbicides is an integral
part of the good plant protection practice in any
culture. Solving the problem of weeds in tobacco
requires regular review of new herbicides, of their
biological efficacy and their influence on the yield
and the quality of the culture.

The aim of the study was to establish
the biological effectiveness and the spectrum of
action on 4 soil herbicides in Virginia tobacco,
to study the influence of herbicides on tobacco
yield and the quality and to explore opportunities
to reduce the vegetation treatments of soil by the
use of herbicides.

MATERIAL AND METHODS

The field experiments were conducted
during 2008 — 2009 year on alluvial-meadow soil
in the village Karadzalovo, Bulgaria in flue-cured
tobacco variety Virginia 0454, after wheat as a
precrop. The humus content in the test area at
depths of 0 to 30 cm averaged 2,5 %. The field
moisture of the soil at the time of treatment was
34-36%.

The random field experiment included six
options in four replications. The size of the test
area was 100 m?(Barov, Shanin, 1965). Four soil
herbicides were investigated: Devrinol 4 F in a
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dose 4,01/ ha (a.s. napropamide); Pronin 720 EC
inadose 2,51/ha (a.s. propizohlor); Stomp New
33 EC in a dose 4,0 1 / ha (a.s. pendimethalin);
Harness at doses of 1,51/ ha and 2,51/ ha (a.s.
acetochlor). The control was without herbicides.
One mechanized processing in the line spacing
and one hand hoeing in the rows have being made
in the areas with herbicides. Two mechanized and
two manual handlings of the soil were carried out
in the control areas. The herbicides were brought
24 hours before the tobacco planting without
incorporation. The treatment was carried out



S. Kalinova: Biological effect of some soil herbicides in Virginia tobacco

with a knapsack sprayer at expense of working
solution 300 1/ ha.

The yield was statistically processed
by analysis of variance (Zapryanov, Marinkov,
1978). The proof of the differences between the
versions is established by Dunkan test (1995,
cit. Johnson, 2008) at a significance level
0=0,05 (5%) and 0,01(1%). To establish the
biological efficacy of the investigated herbicides
the following indicators were reported: Species

composition of weeds - the reading on 28" and
45 day following the preparations at fixed sites
1 m?, in four repetitions. Density of weeds - the
reading is a quantitative method / number of
weeds on 1 m?/ on 28 and 45" day following
the preparations at fixed sites 1 m? in four
repetitions. To establish the impact of herbicides
on tobacco, the following parameters were
reported: Yield - kg/dka dry tobacco; Quality - 1,
I, III class in percentages.

RESULTS AND DISCUSSION

Stomp New 33 EC in a dose of 4,0 I/
ha shows excellent efficacy in both years of the
study. In 2008, 28 days after the introduction of
the preparation, 96% to 98% sensitive weeds
were killed (Table 1) and in 2009 — 94,5% to
97,5% of them (Table 2). At field conditions,
Stomp New 33 EC demonstrated good duration
of herbicide action. 45 days after the treatment,
efficacy of the preparation was with score 1-2
by EWRS in both experimental years. At the
same time, in plots without herbicides and with
two hoes, weed infestation was 31,5 — 33,5%
higher (Table 1 and 2). These data confirmed the
results of other experiments that pendimetalin has
excellent efficacy against Digitaria sanquinalis
Scop., Echinohloa crus-galli L., Setaria viridis
L.(P.B.) and Setaria glauca P.B. and very good
efficacy against Amaranthus retroflexus L. and
Amaranthus blitoides L., good efficacy against
Portulaca oleracea L. and Chenopodium album L.
Abutilon theophrasti Medic., Xantium srumariun
L. and Datura stramonium L. are resistant.

Pronin 720 EC in a dose of 2,5 1/ha
shows very good efficacy against annual wheat
weeds and very good efficacy against annual
broad-leaf weeds. In 2008, 28 days after its
submission, 95,5% to 97,5% of the weeds were
killed. (Table 1) and in 2009 94% to 96% of them

(Table 2). 45 days after the treatment, efficacy
of the preparation was with score 1-3 by EWRS
in experimental years. At the same time, in the
plots without herbicides and with two hoes, weed
infestation was 28,5%—31,0% higher (Table 1
and 2).

Propizohlor, as demonstrated by other
studies, has excellent efficacy against the annual
wheat weeds - Setaria ssp., D. sanquinalis, E.
crus-galli, and very good efficacy against A.
retroflexus and A. blitoides. The effect is weaker
against P. oleraceae and C. album.

All herbicides were sprayed only 24
hours before planting without an incorporation,
but they had no inhibitory effect on the growth
and development of tobacco variety Virginia
0454.

Moreover, the application of Stomp New
33 and Pronin 720 EC allows the reduction of
the manual and the mechanical hoeing without
adverse effect on the weed infestation and on
the culture.

It should be mentioned that Harness in a
dose 2,5 1/ha caused some inhibition of growth
and development of the culture, which has been
overcome till the end of the vegetation period
of tobacco.
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Table 1. Biological efficacy of herbicide preparations in 2008

% of destroyed weeds

Herbicide Dose, t 28 da%/s ¢ 45 days EWRS
preparations /ha after treatment after treatment
wheat Do VOISR gt  bfoad- averagets ey
weeds  eeds destroyed weeds  yeads destroyed
Pronin 720 EC 2,5 97,5 95,5 96,5 95,0 93,0 94,0 1-2
Devrinol 4 F 4,0 91,5 94,5 93,0 90,0 94,0 92,0 1-3
Stomp New330 EC 4,0 98,0 96,0 97,0 97,0 96,0 96,5 1-2
Harness 1,5 94,0 91,0 92,5 88,0 86,0 87,0 2-4
Harness 2,5 97,5 93,0 95,5 91,0 85,0 88,0 1-4
Control - 93,0 93,0 93,0 60,0 66,0 63,0 -
Table 2. Biological efficacy of herbicide preparations in 2009
% destroyed weeds
Herbicide Dose, 28 davs 45 davs
preparations 1/ha after trealment after treatment EWRS
o ., cfficacy
wheat bioa]g- average% \\heat bﬁoa]g- avera]ge %
ea 0 ea 0
weeds  ydads destroyed weeds  yeeds destroyed
Pronin 720 EC 2,5 96,0 94,0 95,0 94,0 90,0 92,0 2-3
Devrinol 4 F 4,0 90,0 92,0 91,0 89,0 92,0 90,5 2-4
Stomp New330 EC 4,0 97,5 94,5 96,0 95,0 95,0 95,0 1-2
Harness 1,5 92,0 92,0 92,0 89,0 89,0 89,0 2-4
Harness 2,5 94,0 94,0 94,0 92,0 91,0 90,5 2-4
Control - 92,0 92,0 92,0 65,0 62,0 63,5 -

The results for the influence of the soil
herbicides on yield and the quality of tobacco are
presented in Table 3 and Table 4.

In 2008, the highest yield was obtained in
options Stomp New 330 EC in a dose 4,0 1 /ha. It
was 269,7 kg/dka, which is 40,47% higher yield
compared to the control. Pronin 720 EC increases
the yield for 39,58%, compared to the control.

In 2009 the results were similar. The
highest yield had Stomp New 330 EC - 333,8 kg/
dka, followed by Pronin 720 EC - 293,0 kg/dka.
It is noteworthy that in 2009 the relative increase
of'the yield was less. In the new version of Stomp
330 EC and Pronin 720 EC it is respectively
29,37% and 16,73%, compared to the control.
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The analysis of these data shows that in
the year with more favorable conditions for growth
and development of tobacco, as well as in 2009,
the positive effect of the herbicides on the yield
of tobacco is less pronounced. For example, in
2008 the increase of the yield ranged from 0,78%
to 40,47% and in 2009 - from 1,19% to 29,37%.
The highest rate of tobacco I* class in both years
was obtained with variants Pronin 720 EC —
59,0% in 2008 and 55,5% in 2009, followed by
Stomp New 33 EC - 57,5% in 2008 and 54,0%
in 2009. The percentage of first class tobacco
is higher in all variants treated with herbicides,
compared to the untreated control.



S. Kalinova: Biological effect of some soil herbicides in Virginia tobacco

Table 3 Yield and quality of tobacco variety Virginia 0454 in 2008

Yield of tobacco quality of tobacco, %
Herbici_des Dose, distinction ~ Relative
reparations /ha : 1 I
prep kg/dka tothe control yield,
A class class  class
Pronin 720 EC 2,5 2680 76,0 139,58 59,0 29,0 12,0
Devrinol 4 F 40  266,7 74,7 138,90 55,0 32,0 13,0
Stomp New330 EC 4,0  269,7 77,7 140,47 57,5 34,5 8,0
Harness 1,5 261,9 69,9 136,40 54,0 30,5 15,5
Harness 2,5 193,5 1,5 100,78 40,0 25,0 35,0
Control 192,0 100 49,0 25,0 26,0
Table 4 Yield and quality of tobacco variety Virginia 0454 in 2009
Yield of tobacco quality of tobacco, %
Herbicides Dose, distinction to  Relative
reparations I/h ~ [ 1 I
prep & kg/dka the control yield,
o, class class class
Pronin 720 EC 2,5 293,0 42,0 116,73 55,5 31,0 13,5
Devrinol 4 F 4,0 288,4 37,4 114,90 54,0 32,0 14,0
Stomp New330 EC 4,0 333,8 82,8 129,37 54,0 34,5 11,5
Harness 1,5 272,8 21,8 108,68 54,0 32,0 14,0
Harness 2,5 254,0 3,0 101,19 41,0 30,0 29,0
Control 251,0 100 49,5 30,0 20,5

CONCLUSIONS

Stomp 33 New EC (a.s. pendimetalin) in
a dose of 4,0 1 ha/ and Pronin 720 EC (a.s.
propizohlor) in a dose of 2,5 1 / ha, applied
24 hours before planting of the flue cured
tobacco showed good to excellent efficacy
against susceptible annual weeds. The
efficacy of the preparations was with a score
from 1 to 3 by EWRS in both experimental
years.

Pendimetalin has excellent efficacy against
D. sanquinalis, E. crus-galli, S. viridis and S.
glauca. Pendimetalin has very good efficacy
against A. retroflexus and A. blitoides and
good efficacy against P. oleracea and C.
album. A. theophrasti, X. srumariun and D.
stramonium are resistant.

Propizohlor has excellent efficacy against
annual wheat weeds - Setaria ssp., D.

sanquinalis, E. crus-galli and very good
efficacy against A. retroflexus and A.
blitoides. The effect is weaker against P.
oleraceae and C. album L.

Pendimetalin and propizohlor help to
increase the yield average for 27% and
to increase the percentage of Ist class of
Virginia tobacco average for 6,5%.

When conditions for growth and development
oftobacco are more favorable, the application
of herbicides has less effect on increasing of
the yield.

The application of soil herbicides before
planting of tobacco allows a reduction
of manual and mechanical hoes, without
adverse effect on weed infestation and on
the culture.
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ABSTRACT

Using herbicides has a significant effect on different microbial processes in the soil and,
depending on the type of soil and on the used dose, they may modify the quantity of their biomass
for a certain period of time.

The aim of this investigation was to trace and identify the effects of the herbicide napropamide
on the principal groups of microorganisms in the soil during the production of seedlings for broad-
leaf tobacco, as well as the impact of weather conditions on this process.

Soil samples were taken on the 1-st, 7-th, 15-th, 30-th and 60-th days after input of the product.
It was found out that Devrinol 4F has a direct influence on major groups of soil microorganisms.
Thirty days after treatment this effect is insignificant.

Key words: herbicides, soil, tobacco, Devrinol 4F

BJIMJAHUETO HA XEPBUIIUAOT HAITPOITAMMU/L BP3 IIOYBEHATA
MUKPO®DJIOPA BO TYTYHCKUTE JIEN

Ynorpebara Ha XepOUIIUAUTE MMa 3HAYUTEITHO BIIMjaHUE BP3 PA3IMYHUTE MUKPOOUOJIOIIKH
MPOIECU BO MoYBara. Bo 3aBHCHOCT O] TUIOT HA MOYBaTa W MPUMEHETAaTa KOHIICHTpAllhja, THE
MOXKaT Jia ja U3MeHAT KOJIMYMHaTa Ha MUKpoQIiopara 3a OApE/ICH BPEMEHCKH MIEPUO].

Ilenta Ha oBa UCTpaXKyBame OeCIlle J]a Ce YTBP/M BIUJAaHUETO Of XEPOUIUIOT HATPOIIAMUT
BP3 MMOBAXXHUTE TPYIU HA MUKPOOPTaHU3MHU BO TIOYBATA 332 BpEMe Ha MPOU3BOJCTBOTO HA pacaj Of
KPYITHOJIUCHH TYTYHH, KaKO ¥ BIIMjaHHETO HA BPEMEHCKUTE YCIIOBU BP3 OBOj MPOIIEC.

[Ipumeponu ox mouBara ce 3emanu Ha 1-, 7-, 15-, 30- u 60-0T AeH MO BHECYBAmHETO HA
Mperaparor.

Koncratupano e jgexa Jlepunon 4@ uma JUPEKTHO BiMjaHUE BP3 IVIABHUTE TPYIU HA
noyBeHu Mukpoopranusmu. [1o 30 neHa o1 TpeTUPamETO CO IPENapaToT, BIUjaHUETO Ha XePOUIIUIOT
€ HE3HAUMTEITHO.

Kayunu 360opoBu: xepOuuuam, nousa, TyTyH, lespunon 4O
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INTRODUCTION

Tobacco is a traditional crop of social
importance that has been grown in our country
for centuries. Considering climate conditions and
relief, there are several tobacco growing regions
in Bulgaria under different types and varieties
of tobacco.

The production of tobacco depends
on the production of high quality and healthy
seedlings. The application of herbicides is a
compulsory measure in the production of tobacco
seedlings. The high rate of weeds in seedling
beds is determined by various factors such as;
use of manure, limited use of herbicides, limited
planting areas, and so on. Napropamide is one
of the selective herbicides approved for use in
tobacco seedlings (marketed as Devrinol 4F). As
a selective systematic herbicide, napropamide
is efficient against a number of annual wheat
weeds and some dycotyledons. The herbicide is
absorbed by the roots and works by inhibiting
root development and growth.

Napropamide is resistant to drought. In
most soils of mineral composition, it is degraded
by microorganisms at a much slower rate (8).
Furthermore, it has been determined that half of
the initial input dose in soils of light mechanical
composition degrades under the influence of
biotic and abiotic factors between day 9 and
day 17. In higher doses, the herbicide’s activity

remains for more than six months. In some cases,
it leads to initial slowing down in the growth of
the next crop in the crop rotation.

Research in our country and abroad has
proved that herbicides have an impact on different
microbial processes in the soil and, depending on
the type of soil and on the used dose, they may
modify the quantity of their biomass for a certain
period of time. It has been established that the
use of pesticides (herbicides) has a selective
inhibition effect on the microorganisms which are
responsible for nitrogen fixation and nitrification
from 4 to 12 weeks. The use of herbicides
reduces the total microbial population in the soil
(5), whereas this can be due to reduced input
of organic waste as a result of the fight against
weeds. Pesticides are decomposed faster in soils
with higher organic matter content, probably due
to higher microbial activity.

The main microorganisms that take part
in the decomposition of herbicides are bacteria,
actinomycetes and microscopic fungi.

The purpose of this study was to trace and
identify the effects of the herbicide napropamide
on the major groups of microorganisms in the
soil during the production of seedlings for broad-
leaf tobacco, as well as the impact of weather
conditions on this process.

MATERIAL AND METHODS

The field experiment was conducted
in 2007 and 2008 on tobacco beds within the
experimental field of the Tobacco and Tobacco
Products Institute in the village of Markovo, the
region of Plovdiv. The trial was planted according
to the iambic standard scheme in 5 repetitions
of 1m? experimental lots on humus-carbonated
soil. The pH of the soil was 7.7, the humus
content — 2.32% (Turin), total nitrogen — 0.182
mg, phosphorus - 2.68 mg/100 g and potassium
-42.79 mg/100 g.

The trial period included years with
different average temperature and quantity of
precipitations, unevenly distributed throughout
the vegetation period. The periods of seedling
production over the two years differed
significantly by the quantity of precipitations
(see Table 1).
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Devrinol 4F was applied in the soil using
portable sprayer in doses of 400 ml/da twenty-
four hours before planting the tobacco seeds. Soil
samples were taken for microbiologic analyses
on day 1, day 7, day 15, day 30 and day 60 after
the product application. The mass of each sample
ranged between 600 and 800 g; the samples
consisted of 5 to 7 extracts randomly taken from
the soil at a depth between 0 and 15 cm.

Microorganisms were measured
according to the dilution method and by
planting on selective nutrient media. Their
quantity is represented as column forming
units. The total biological activity was studied
as well by measuring the emissions of CO, (9).
Determination was made on the relation between
the number of microorganisms and the time of
treatment.
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Table 1 Precipitations in mm

2007 2008
PreCIprth]?ntlons n April May June April May June
1-10 13.2 9.5 139.8 46.8 20.9 26.2
11-20 0.9 6.9 34 12.9 0 34.9
21-31 1.2 122.1 0 20.6 29.7 1.4
= mm? 15.3 138.5 143.2 80.3 50.6 62.5

RESULTS AND DISCUSSION

Since herbicides are biocide substances,
they have an impact on microorganisms
manifested in increasing their productivity and
adaptation capacity. Therefore, the dynamics of
changes in soil microflora is the main parameter
for evaluation of the importance of main
environmental components in agro-biocenosis
after the use of herbicides.

Amonifying bacteria are indicators of
the activity of mineralization of the organic

substances in the soil. They are distinguished
among bacteria developing on mesopeptonic agar
for being the most resistant to the composition
of the soil. The data in Fig. 1 show the changes
in population dynamics of the studied group
under the influence of herbicide. Their quantity
is inhibited on day 7 after input of Devrinol 4F,
which is believed to be due to direct toxic effect
on bacteria.

Total amonifying bacteria

cfu.(x10-6g-1)

1 7 15

days

14+
O Control 07
124 B Devrinol 07
H Control 08
O Devrinol 08

30 60

Fig. 1: Number of bacteria that degrade organic nitrogen compounds

This effect is gradually overcome and
their number increases at every subsequent stage

of the study. The trend remains the same over the
two years of the experiment.
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Spore-forming bacteria

O Control 07

H Devrinol 07
O Control 08

O Devrinol 08

cfu(x10-5)g-1
[N
ol

1 7 15
days

30 60

Fig. 2: Number of spore-forming bacteria

The results shown in Fig. 2 demonstrate
the dynamics of variation of the number of spore-
forming bacteria. Their quantitative expression
results from the intensity of mineralization
processes in the soil. The tendency of decreasing
the number of spores up to day 7 proves that
Devrinol 4F in doses of 400 ml/da has a positive
effect on this group of bacteria. Over the
following periods, it was established that spore

formation is stimulated, which means that the
decomposition of the herbicide was not complete
at the time of the last sampling, i.e. 60 days after
its input. The number of spores varied within
a wide range in 2007 when spore formation
reached higher values. On its part, this leads to
decelerating the transformation of some organic
compounds in the soil and slower mineralization
processes.

Cellulose decomposing bacteria
10+ @ Control 07
H Devrinol 07
- 8_ O Control 08
$ 6 = | |ODevrinol 08
=
P4
o
. h
O_.
1 7 15 30 60
days

Fig. 3: Cellulose decomposing bacteria
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In experimental conditions Devrinol
4F had a direct impact on the number of
cellulose decomposing bacteria in the soil
(see Fig. 3). In both years of the experiment,
it had inhibiting effect after day 7 whereas the
strongest manifestation was observed fifteen days
after the input. Some convergence between the
values of herbicide treated beds and the controls
was observed during the first year, which was
probably due to the drought that occurred that

year. Larger number in the controls compared to
the treated beds was discovered during the second
year of the study. This was due to the more even
distribution of precipitations over the whole
period of the study. In 2007, there were periods
with alternating higher and lower precipitations,
which decreased the total number of the cellulose
decomposing bacteria in both treated beds and
controls.

Actinomycetes

O Control 07

H Devrinol 07

O Control 08

O Devrinol 08

cfu.(x10-4g-1)

Fig. 4: Number of actinomycetes

Actinomycetes are widely spread in the soil and they are present in greater numbers than

spore-forming bacteria (see Fig. 4).

Microscopic fungi

O Control 07

O Devrinol 07

H Control 08

O Devrinol 08

cfu (x10-4g-1)

1 7 15

Days

30 60

Fig. 5: Number of microscopic fungi
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The analysis of the presented data shows
that the reduction in the number of actinomycetes
is overcome on the thirtieth day. The soil moisture
as a factor is sufficient to overcoming the negative
effect of the herbicide. As a result, the processes
of mineralization are accelerated and access to
nutrients in the soil is provided.

Along with other groups of
microorganisms, microscopic fungi take part

in the decomposition of various remains and in
the synthesis of organic compounds. The effect
of napropamide on this physiological group is
shown in Fig. 5. The seasonal variations both in
the treated beds and the controls are very clear
up to day 60. At the last reading, the quantitative
manifestation is similar in both parts, probably
again due to the drought, which has negative
impact on them.

Respiration
O Prel. Sample
30' H Control
25 il O Devrinol
< O Prel. Sample
? 207 | B Control 08
§ 15 H = O Devrinol 08
= 101 i
5 a
0O+ -
1 7 15 30 60
days

Fig. 6: Total biological activity in the soil

This study shows the impact of Devrinol
F on the total biological activity in the soil (Fig
6). It reveals that the herbicide causes troubles in
the metabolism but to an insignificant extent. The

largest reduction of CO, emissions was observed
on day 1 after treatment, and up to day 60 this
effect is overcome thank to the great adaptation
capacity of microorganisms to different habitats.

CONCLUSION

The study conducted to establish the
effect of the soil herbicide Devrinol 4F on some
essential physiological groups of microorganisms
has revealed that the herbicide inhibits these
groups. The results we obtained confirm the
conclusions drawn from other studies that a major
part of the active substance in the herbicide is
decomposed within 20 days. Thirty days after the
treatment, the quantities of microorganisms in the

60

treated beds and the controls are insignificant.
The use of the herbicide Devrinol 4F in
the production of tobacco seedlings inhibits to an
insignificant extent some essential physiological
groups of microorganisms. The negative effect
is overcome sixty days after treatment and the
quantities of microorganisms in the treated
material and in the controls are similar.
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ABSTRACT

In this paper, the authors use mainly statistical data on the quantity of produced, consumed,
exported and imported tobacco in the period 2001-2010. According to these data, the authors make
the balance of supply and demand of tobacco. By definition, the balance is the difference between the
demand and supply of tobacco and tobacco products. The balance is shown in material and financial
terms.

Generally, tobacco supply on Macedonian market is greater than the demand. However,
the authors also reported that in certain periods, the demand is greater than the available amount of
tobacco on the market. The analysis shows negative values for the balance in the research period,
i.e. the value of tobacco demand was 158,2% higher compared to the value of tobacco and tobacco
products offered on Macedonian market.

Key words: demand, supply, balance

BUJIAHC HA TYTYHOT BO PEIIYBJIMKA MAKEJOHUJA

Bo TpymoT ce KopuCTeHH IIaBHO CTATHCTHYKH TOAATOIN 332 KOJMIECTBOTO Ha TPOM3BE/ICH,
TTOTPOIIIEH, W3BE3€H U YBe3eH TyTyH Bo nepronot o 2001 10 2010 romuaa. Bp3 6a3a Ha oBHE TOmaToIN
aBTOpPHUTE TIpaBaT OWJIAHCH HA TIOHyJaTa W mobdapyBaukara Ha TyTyH. [lo medmnmMnmja, OumaHcoTt
€ pa3nuKaTa moMmery TOoHyAaTa W modapyBadkara Ha TYTyH W NMPOWU3BOAM OX TYTyH. buimaHCOT T0
MIPUKaXKyBaaT BO MaTepHjaicH U (PMHAHCUCKH H3pa3s.

ABTOpHTE YTBpIOWiC JcKa, IMIaBHO, HA Ma3apoT Ha TYTyH Bo PemyOmnka Makenonuja ce
HYy/H TTOTOJIEMO KOJIMYECTBO OTKOJIKY IITO ce Oapa, HO M JieKa BO OAPEICHHU TIEpHOH NMa TIoToJieMa
nmo0apyBayka O PactoIOKIHBOTO KOJTHYECTBO.

AHanm3ara Ha OWJIAHCOT BO BPEIHOCEH M3pa3 TMOKa)kalla JIeKa BO IEIHOT WCTPaKyBaH
nepuosl OMIIAaHCOT € HeraTUBEH, T.€. BPEHOCTa Ha TodapyBadkara Ha TyTyH e 3a 158,2% moBucoka
OJ BpEJIHOCTA Ha TyTYHOT | MTPOM3BOJIUTE O/ TYTYH IITO C€ HY/IaT Ha MaKeJTOHCKHOT Ta3ap.

Kuayunu 360poBu: mobapyBauka, MOHyIyBadka, Omia
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INTRODUCTION

The conventional use of tobacco is a spe-
cific business for many stakeholders, households
for primary production of tobacco, purchase com-
panies, enterprises for export/import of tobacco
as well as enterprises for cigarette production.
Considering these facts, it means that tobacco
is a culture and a source of existence for a great
number of inhabitants in Macedonia. The ac-
tivities related to tobacco do not have consistent
intensity during one year or in the course of many

consecutive years. They depend on the demand,
supply of tobacco and tobacco products.

In practice, it is very rare case or almost
impossible for equality between the supply and
the demand i.e. to maintain balance. When the
supply is greater than the demand, there is a posi-
tive balance of tobacco and vice versa.

The purpose of this paper is to determine
the dynamics of supply and demand of tobacco
and tobacco products during a ten year period.

MATERIAL AND METHOD

The supply of tobacco and tobacco prod-
ucts consist of the amount of produced tobacco
and the amount of imported tobacco while the
demand itself'is a sum of domestic consumption
and the amount of exported tobacco and tobacco
products. For all balance elements of tobacco, it
was used statistical data published by the State
Statistical Office of the Republic of Macedonia
for the period 2001-2010. It was also used Sta-
tistical Yearbook and Statistical Review: Foreign
trade.

The balance of supply and demand of
tobacco, as well as of tobacco products was cal-
culated by the following formula:

Eq=(Pr+Im)-(CD+ Ex)

Pr — production of tobacco (purchased
tobacco),

Im — tobacco import and tobacco prod-
ucts,

CD — domestic consumption of tobacco
and tobacco products,

Ex — tobacco export and tobacco prod-
ucts.

Original data were used from the State
Statistical Office for the quantity and value of
tobacco, as well as for tobacco export/import.
The domestic consumption was calculated ac-
cording to the following statistical data; annual
expenditure for personal consumption of tobacco
per household, number of households, average
price of cigarettes with filter of I quality group,
and technological normative for number of 1 kg
cigarettes of oriental tobacco.

RESULTS AND DISCUSSION

1. Quantitative expression of tobacco balance

It is noteworthy to be mentioned that
tobacco balance is relatively difficult. The dif-
ficulties appear in consequence of the purchasing
companies which do not sell (or they cannot at
all) the wholly quantity in the same year, but
rather they leave some reserves. The state keeps
a certain amount of it as commodity stocks, and
after several years, it is available on the market.

Furthermore, a certain amount of the import
is exported as a finished product, while some
amount of raw tobacco cannot be found on the
market, i.e. it is not statistically registered, but
consumed in the households. Presumably, a small
part of tobacco is illegally exported outside the
country. All of these facts create problems for the
balance of tobacco.
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Table 1 - Dynamics of tobacco balance according to quantities

Tobacco quantity, tons

Year Supply Demand Balance
2001 25,886 18,014 7,872
2002 25,705 19,880 5,825
2003 26,761 25,398 1,363
2004 26,088 19,249 6,839
2005 28,185 25,357 2,828
2006 28,714 33,414 -4,700
2007 25,605 27,551 -1,946
2008 21,941 24,645 -2,704
2009 27,774 20,007 7,767
2010 35,628 21,804 13,824
Average 27,229 23,532 3,697

Source: Statistical Yearbook of R. Macedonia 2001-2010

It is our hope that in the future, all of the
subjects involved in tobacco sector will behave
more rationally and that the variations on to-

bacco market will not be as great as in the past
(Figure 1).

Figure 1- Quantitative balance of supply and demand

However, mostly during the analyzed
period, Macedonia offers greater quantity than
needed. The data show that the quantity was in
highest surplus in 2010 (Table 1). This is due to
the fact that in 2010, the supply was the highest
(above 35, 6 thousand of tons), with the largest
production of (above 30 thousand of tons) and
with the largest import of (above 5, 3 thousand
of tons). The largest deficit or rather the highest
negative balance was recorded in 2006. In that
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year, the demand was 16, 4% higher than the
supply, due to the impact of the export. That year,
Macedonia recorded an export of 32 thousand
of tons.

The downward trend in domestic con-
sumption continues to decrease (Filiposki B.,
2010). If the export and production continue to
decrease, while supply increases, in 2011 and
even after, the problems will become tough on
the Macedonian market of tobacco.
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2. Financial expression of tobacco balance

The analysis of data (Table 2) for the is due to tobacco higher use and thus, economic
financial expression of tobacco balance reveals  value in the process of fabrication. The tobacco
that during the period of research, the value of  prepared for export has also higher quality and
demand was higher than the value of supply. This ~ economic value.

Table 2 - Dynamics of tobacco balance based on value

Tobacco value, 000 denars

Year Supply Demand Balance
2001 3,550,603 9,005,803 - 5,455,200
2002 3,602,602 10,029,740 - 6,427,138
2003 2,753,079 9,335,392 - 6,582,313
2004 3,403,461 8,008,989 - 4,605,528
2005 3,984,102 9,488,516 - 5,504,414
2006 3,858,160 11,767,648 - 7,909,488
2007 3,134,024 10,782,429 - 7,648,405
2008 3,321,548 11,937,082 - 8,615,533
2009 5,304,069 10,830,448 -5,526,379
2010 6,578,435 10,781,443 -4,203,008
Average 3,949,008 10,196,749 -6,247,741

Source: Statistical Yearbook of R. Macedonia 2001-2010

The culmination of difference was  expenditure for personal consumption of tobacco
reached in 2008, but after, it started to decrease  per household.
(Figure 2). On the one hand, it was primarily The fact that Macedonia is a good pro-
due to decreased export prices, and on the other  ducer of tobacco is a base for further expansion
hand, because of the decline by 17% in annual  of exports to the old and new markets.

Figure 2 — Financial balance of supply and demand
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CONCLUSIONS

According to the results of the research
on the supply and demand of tobacco and tobacco
products, we can draw the following conclusions:

* R. Macedonia has an extra quantity of
tobacco in the domestic market

* R. Macedonia is continuously present
on the international market of oriental tobacco in
terms of the export. However, while the quantity
is decreasing, the price is relatively increasing.

* Apart from exporting, R. Macedonia

imports mainly Virginia tobacco types, and the
quantities are in slight increase.

* During the ten year period (2001-2010),
a downward trend was recorded in the domestic
consumption.

* Due to the fact that the elements of
demand (domestic consumption and export) in
the process of processing are with added quality
value, they are more economically valued on the
market. For this reason, the pecuniary value has
been always higher than the supply.
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