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ABSTRACT

Investigations were carried out with five aromatic autochthonous oriental tobaccos of the types: Prilep (P 10-3/2
and P 12-2/1), Djebel (Dj Ne 1) and Yaka (YK 7-4/2 and KY) and five commercial oriental varieties of Prilep
tobacco (P-23, P-84, NS—72, P-66-9/7 and P—79-94), to study the number, length, width and area of the middle
belt leaves per stalk. The trial was set up in the Experimental field of Tobacco Institute—Prilep in 2013 and 2014,
in randomized block design with three replications, using traditional agricultural practices.

The aim of the investigation is to study some autochthonous varieties and new commercial varieties for the stated
quantitative traits, and with analysis of variance to estimate the significance of differences betwin varieties and
betwin years, which will improve our knowledge on stability of the traits, genotypical homogeneity and progress
in selection of oriental tobacco in the Republic of Macedonia.

Differences in leaf the number and size among genotypes in the two-year investigations are highly significant,
which is genetic indicator of their mutual differences. The error of the mean value is low, indicating stability and
homozygosity of the genotypes. The variety P-66-9/7 is characterized with the highest number of leaves (60) and
it has 33 leaves more than YK 7-4/2 and Dj Ne 1. The largest leaf size was measured in P-79-94 (23,3cm — length,
12,1 cm — width, 179 cm? — area). It has 4,8 cm longer, 3,2 cm wider and 74,5 cm? larger leaves then YK 7-4/2,
which is characterized by the smallest leaves. These data point out to a successful breeding activity of the Tobacco
Institute in the selection of oriental aromatic tobaccos. Through evaluation of stability of varieties, the breeder
improves its knowledge on their homozygosity and higher security in the choice of parental pairs for implementing
selection programs.

Keywords: tobacco (Nicotiana tabacum L.), old varieties, commercial varieties, quantitative traits, analysis of
variance.

MOP®OJIOIIKH ITPOYUYBAIBA HA JIMCTOBUTE KAJ HEKOU ABTOXTOHH
N KOMEPHUJAJIHU COPTU TYTYH BO PEITYBJINKA MAKE/IOHUJA

HcnntyBanu ce meT apoMaTHYHHA aBTOXTOHM OPHEHTAIICKH TyTyHH ox Turosute: rpwiten (IT 10-3/2 u IT 12-2/1),
neden (LI Op.1) u jaka (JK 7-4/2 u KJ) 1 ner KxoMepiujaaHyn OpueHTancku coptu ox turnot npuien ([1-23, [1-84,
HC-72, T1-66-9/7 u 11-79-94), 3a 6pojoT Ha JMCTOBM IO CTPAK M JOJDKMHATA, IIUPUHATA W ITOBPIIMHATA HA
JHMCTOBUTE O CPEAHHUOT rojac. OnuroT Oele MocTaBeH Ha eKCHEPHUMEHTAIHOTO noie Bo HaydyHHOT MHCTHTYT
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3a tyryH—IIpunen Bo 2013 u 2014 romuna, no ciaydaeH OJOK—CHCTEM BO TPH IOBTOPYBama, CO MPHUMEHA Ha
BOOOMYACHU arpOTEXHUYKH MEPKH.

LenTa Ha ucTpaxkyBamara € Ja ce Mpoydyar aBTOXTOHUTE COPTH U HOBHUTE KOMEPIMjaIHH COPTH 33 HAaBEICHHUTE
KBAaHTUTATHBHU CBOjCTBA, & CO aHAJIM3a HA BapHjaHcaTa Jia ce IPOLEHN BaKHOCTA HA Pa3JIMKUTE IIOMEly COPTUTE
U TOJIMHUTE, CO IITO Ke ce JJ00ue BU3Hja 3a CTAOMIIHOCTA Ha CBOjCTBATa, TCHOTHIICKATa XOMOTCHOCT M HAMPEIOKOT
Ha CeJICKI[MjaTa Ha OPUEHTAJICKH TYTYHH BO PeryOinka MakenoHuja.

Paznukure BO 6pOjOT U JUMEH3UMUTE Ha JIMCTOBUTC HOMef‘y IFCHOTHUIIOBUTE BO JABCTOAWIIHUTC IPOYy4YyBamba CC
BUCOKOCHTHM()MKAHTHH, IITO € TEHETCKH I0Ka3arell 32 HUBHATa Mel'yceOHa pa3iuyHocCT. [ pelikara Ha cpegHaTa
BPEIHOCT 3a CUTE MOJATOLM € HUCKA, IITO € 3HaK 3a cTaOWIIHOCTa M XOMO3UTOTHOCTA Ha reHorunosure. Coprara
[1-66-9/7 ce omukyBa co HajrosieM 0poj siuctoBu (60). Taa uma 33 nmucroBu noseke ox JK 7—4/2 u 11 6p.1. Ilto
ce OJIHeCYBa JI0 TUMEH3UKUTE Ha JTUCTOBHTE npeanuyu [1-79-94 (23,3c¢cm — nomwkuna, 12,1 cm — mmpuna, 179 cm?
— nospiirHa). Taa uMa 3a 4,8 cm mojory, 3a 3,2 ¢cm NOMIMPOKHU | 3a 74,5 ¢cm? morosemu JiuctoBu o JK 7-4/2
KOja MMa HajMalii JuBYMba. OBHE MOIATOLM Ka)KyBaarT 3a ycCIIelHara 001aropoayBadka JAejHocT Ha IHCTUTYTOT
3a TYTYH BO 00JjlacTa Ha CeJICKI[MjaTa Ha OPHCHTAJICKH apOMaTH4HU TyTyHHU. [Ipeky eBaiyanuja Ha cTaOMIIHOCTA
Ha COPTUTE, CEJIEKI[MOHEPOT J00MBa MOr0JeMO CO3HAHHME 32 HUBHATA XOMO3UTOTHOCT U MOT0JIEMa CHUI'YPHOCT BO
U300pOT Ha POAUTEIICKH [TAPOBH 32 UMIUIEMEHTHPAE Ha CEJIEKIIMOHUTE TIPOrPaMHu.

Kayunu 360poBu: tytyH (Nicotiana tabacum L.), crapu cOpTH, KOMEPIHjAIHH COPTH, KBAHTUTATUBHU CBOjCTBA,
aHa/lM3a Ha BapujaHca.

INTRODUCTION

Tobacco is a crop that is grown for its leaf
and all breeding activities are directed to
increasing its yield and quality. Many au-
thors consider leaf size (length and width)
as an important parameter in determination
of tobacco quality. During the evaluation,
dry oriental tobacco leaves which length
exceeds 20 cm are classified as additional
tobacco because they have very little or no
aroma. Scientific Tobacco Institute - Prilep
dates from 1924 and its main activity is the
selection of oriental, small-leaf, aromatic
tobaccos.

Atanasov (1972) reported that the leaf num-
ber in selected varieties is of approximate-
ly constant size. According to Uzunoski
(1985), leaf number varies depending on
agro-ecological conditions and it is import-
ant character, since it greatly determines
the yield of tobacco. Dimitrieski, Miceska
(2011) reported that the newly created vari-
ety P-66-9/7 in 2010 accounted for 70-80%
of the primary production of tobacco type
Prilep. The average leaf number of this to-
bacco was 52, with an average length of 16-
18 cm for the middle and 8 - 10 for the top
leaves. Aleksoski (2013) in his three-year

investigations on a diallel cross with four
parental genotypes of P-84 (breeded for
higher yield), received about 52 leaves per
stalk and the leaf area of the middle belt was
146 cm? in 2007, 138 ¢cm? in 2008 and 142
scm? in 2009. Korubin-Aleksoska, Aleksos-
ki (2013) in the two-year investigations of
six tobacco varieties and their diallel cross-
es in FI and F2 generations reported that
the variety P-23 showed low variability of
number of leaves per stalk, which confirms
the homozygosity of the variety i.e. its sta-
bility and uniformity. Miceska et al. (2014)
in the two-year biometric investigations of
autochthonous tobacco varieties in the Re-
public of Macedonia for the leaf number
per stalk reported that the obtained param-
eters of variability are low, which indicates
high genetic homogeneity.

The aim of the study is to investigate and
compare the number of leaves per stalk and
size of the middle belt leaves in some old
domestic varieties and new commercial va-
rieties, in order to get a better knowledge
and more successful selection of oriental
tobacco in Macedonia.
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MATERIAL AND METHODS

Two-year investigations were made on the
number of number, length, width and area
of the middle belt leaves in five old domes-
tic varieties of the types: Prilep (P 10-3/2
and P 12-2/1), Djebel ( Dj Ne 1) and Yaka
(YK 7-4 /2 and KY — Kishinska Yaka), and
five new commercial varieties of the type
Prilep: P-23, P-84, NS-72, P-66-9/7 and
P—79-94. The traits were measured during
tobacco growth in the field. The leaf area
(relative area) was calculated by multiply-
ing the length by the width, using the co-
efficient k = 0,6354 (Gornik, 1973). Each

amount represents the arithmetic average
for the examined property that is accompa-
nied by error of the mean value (Najceska,
2002).

During tobacco vegetation in field (May
- September) in 2013, mean monthly tem-
perature was 19,40C, number of rainy days
34 and total precipitation amount 153 mm.
In the same period in 2014 mean monthly
temperature was 18,30C, number of rainy
days 33 and total precipitation amount 223
mm.

General characteristics of the old domestic tobacco varieties

The cultivation of old tobacco varieties in
this region began long ago, during the Ot-
toman Empire. The centuries—long pres-
ence led to their adaptation to the present
agro—ecological conditions. Through suc-
cessive natural selection they have acquired
resistance to drought and diseases and can
rightly be called autochthonous. Today, the
old varieties make a valuable material for
breeding activity in the Institute.

Prilep P 10-3/2 — characterized by cup-like
habitus, average stalk height 50cm, with
30-36 sessile leaves, dry mass yield averag-
es 1200 kg/ha (Fig.1).

Prilep P 12-2/1 — characterized by cup-like
habitus, average stalk height 55cm, with
34-38 sessile leaves, dry mass yield averag-
es 1500 kg/ha (Fig.2).

P 10-3/2 and P12-2/1 are put into produc-
tion in the 30-ies of the last century; phe-
notypic and genotypic are very similar;
originating from the local tobacco variety
Djumaj-bale from Gorna Djumaja — Bul-
garia.

Djebel Dj Ne 1 —released in the first half of
the last century; Originated from the local
variety Xanthian Yaka grown in the Djebel
tobacco producing region in Bulgaria; char-

acterized by a cylindrical habitus, average
stalk height 80cm, 26-30 sessile leaves
erected toward the stalk, dry mass yield av-
erages 1000 kg/ha (Fig.3).

Yaka YK 7-4/2 — released in mass pro-
duction in 1932. Originated from Xanthian
Yaka originating from Xanthy — Greece;
aplant with narrow, spindle shaped—elliptic
habitus; average stalk height 100 cm, with
26-32 sessile leaves, dry mass yield aver-
ages 1000 kg/ha (Fig.4).

These four domestic varieties were created
in the Tobacco Institute—Prilep by Rudolf
Gornik (Gornik, 1973). by individual selec-
tion.

KY (Kishinska Yaka) — According to some
unconfirmed reports, this variety originates
from village Kishino in the region of Veles,
Republic of Macedonia. According to other
surces it was transmitted in the past from
Moldova (Uzunoski, 1985). Environmen-
tal conditions had a great influence on the
morphology and chemistry of this genotype
and with multi—decades selection a uniform
and stable variety was formed. It is char-
acterized by elongated—elliptic habitus with
about 40 sessile leaves (Fig.5).
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General characteristics of the new commercial tobacco varieties

The new commercial oriental sun—cured
varieties created in the Scientific Tobacco
Institute—Prilep present a high quality raw
material for the domestic and world market.
Due to their pleasant aroma and harmoni-
ous chemical composition they enter in the
mixtures of the highest—quality cigarette
brands.

Prilep P-23 — created by Kostadin Niko-
loski and Milan Mitreski, through hybrid-
ization and selection in Tobacco Institute
— Prilep; recognized by the Ministry of Ag-
riculture, Forestry and Water Management
of the Republic of Macedonia in 1995 (Ko-
rubin — Aleksoska A., 2004). It has ellipti-
cal—conical habitus, average stalk height 65
cm, with about 55 densely arranged leaves,
dry mass yield 2000-2500 kg/ha (Fig.6).
Prilep P—84 — created by Kiril Naumovs-
ki and Ana Korubin — Aleksoska, through
hybridization and selection; recognized in
1988 in former Yugoslavia, as one of the
first varieties of the type Prilep. Character-
ized by cylindrical — elliptical habitus, aver-
age stalk height 65 cm, with approximately
40 — 42 sessile leaves, elliptical in shape,
dry mass yield 2500-3200 kg/ha (Fig.7).
Prilep NS-72 — created by Dushko Boce-
ski and Simeon Karayankov; recognized
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Fig. 1. Prilep P 10-3/2

in 1984 in former Yugoslavia as one of the
first varieties of the type Prilep obtained
by crossing (Korubin—Aleksoska A. et al.,
2012); characterized by cylindrical—ellip-
tical habitus, average stalk height 75 cm,
with approximately 50 sessile leaves, ellip-
tical in shape, dry mass yield 2800-3300
kg/ha (Fig.8).

Prilep P—66-9/7 — created in Tobacco Insti-
tute—Prilep by Miroslav Dimitrieski and Go-
rdana Miceska; recognized by the Ministry
of Agriculture, Forestry and Water Manage-
ment of R. Macedonia in 2004 (Korubin—
Aleksoska A. et al., 2012); characterized by
elliptical-conical habitus, with 54-60 ovate
leaves, sessile and evenly distributed on the
stem, dry mass yield 3000-3600 kg/ha. It
has been the most represented tobacco va-
riety in our country in recent years (Fig.9).

Prilep P-79-94 — created in Tobacco Insti-
tute—Prilep by Milan Bogdanceski; recog-
nized by the Ministry of Agriculture, For-
estry and Water Management of R.
Macedonia in 2001 (Korubin — Aleksoska
A., 2004); characterized by cylindrical—¢l-
liptical habitus, average stalk height 75 cm,
with about 55 sessile leaves densely distrib-
uted, especially in the upper part of stem,
dry mass yield 2500-3000 kg/ha (Fig.10).

00,

Fig. 2. Prilep 12-2/1
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Fig. 3. Djebel Dj Ne 1 Fig. 4. Yaka YK 7-4/2

Fig. 5. KY (Kishinskan Yaka) Fig. 6. Prilep P-23

Fig. 7. Prilep P-84 Fig. 8. Prilep NS-72

Fig. 9. Prilep P-66-9/7 Fig. 10. Prilep P—79-94
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RESULTS AND DISCUSSION

The highest leaf number among the old va-
rieties was found in Kishinska Yaka — KY

(36 — 2013, 38 — 2014, i.e. x = 37) and the

lowest in YK 7-4/2 (26 — 2013, 28 — 2014,
ie. x =27) and Dj Ne 1 (26 — 2013, 29 —

2014, i.e. x = 27.5). Among the new com-

mercial varieties, the highest leaf number
was found in P-66-9/7 (58 — 2013, 62 —

2014, i.e. x =60) and the lowest in P—84 (40

—2013, 42 -2014, i.e. x = 41). The variety

P—66-9/7 has 33 leaves more than YK 7-4/2
and Dj Ne 1 (Table 1).

Analysis of variance for the number of leaves
per stalk showed highly significant differen-
ces among the varieties. Only in the combi-
nation Dj Ne 1 — YK 7-4/2 the difference was
not significant (Table 2). This is an indicati-
on of different genotypes. Differences in leaf
number per years are small but significant, as
a result of the different conditions in the two
years of investigation (Table 6).

The highest leaf length among the investiga-
ted varieties was measured in P 12-2/1 and

P—79-94 (; =23 cm) and the lowest in YK

7-4/2 ()_c = 18 cm). The difference in length

of the middle belt leaves between the two va-
rieties is 5 cm (Table 1). The comparison of
the middle belt leaf length of the semi—
oriental variety Otlja O 9-18/2 — Fig. 11.
(32,5 cm — 2013, 33 cm - 2014, ie.

x = 32,75 cm), with that of the variety
P—79-94 shows that leaves of O 9-18/2 are
9,5 cm longer compared to P-79-94 and
14,3 cm longer compared to YK 7-4/2.

8

Fig. 11. Otipa 9 -18 /2

The analysis of variance for the length
of the middle belt leaf shows highly sig-
nificant differences among varieties in
82,2% (2013) and 77,8% of the combina-
tions (2014) and 0,05 significance in 6,7%
(2013) and 8,9% (2014). No significance
was observed in about 12,2% (P 10-3/2 —
KY, 10-3/2 — NS-72, P 12-2/1 — P-79-94,
KY — NS-72, P-23 — P-84, P-23 — P-66-9/7
and P-84 — P-66-9/7). The significance of
differences in about 87% of the combina-
tions indicates that this trait is varietal char-
acteristic (Table 3).

The highest leaf width among the varieties
was measured in P-79-94 (11,9 cm — 2013,

12,3 cm — 2014, i.e. x = 12,1 cm), and the

lowest width in YK 7-4/2 (8,7 cm — 2013,
9,1 cm — 2014, i.e. x = 8,9 cm). The diffe-

rence in width of the middle belt leaves
between these two varieties is 3,2 cm (Table
1). Comparison of width in the middle belt
leaves shows that the semi—oriental variety
0 9-18/2 (17,5 ecm — 2013, 18 cm — 2014,

ie x = 17,75 cm) has 5,65 cm wider leaves

than P—79-94 and 8,85 cm wider compared
to YK 7-4/2.

The analysis of variance for the width of the
middle belt leaves shows highly significant
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differences among varieties in 88.9% and
82.2% (2013 and 2014 respectively) and
0.05 significance in 4.4% and 8.9% (2013
and 2014, respectively), while in 6.7%
(2013) and in 8.9% (2014), i.e. in only five
combinations no significance was observed
(P 12-2/1 — P-23, P 12-2/1 — P-84, P 12-2/1
—NS-72, Dj Ne 1 — KY and P-23 — NS-72).
The significance of differences in about
93% of the combinations indicates that the
investigated trait is varietal characteristic
(Table 4).

The largest area of the middle belt leaves
was measured in variety P-79-94 (175,9 cm?

~ 2013, 183 cm?— 2014, Te. x = 179 cm?),

and the lowest in YK 7-4/2 (101 cm? — 2013,
108 cm? — 2014, ie. x = 104,5 cm?). This

means that P-79-94 has about 74,5 cm? lar-
ger leaves than YK 7-4/2 (Table 1). Still, this
difference is within the allowed limits for
oriental tobaccos. Comparison of the area of

middle belt leaves in the semi-oriental va-
riety Otlja O 9-18/2 (361 cm? — 2013, 377

em? — 2014, i.e. x =369 cm?) shows that it

has 190 cm? larger leaves than P—79-94 and
264 cm? larger than YK 7-4/2, which indica-
tes that they are two different categories of
tobacco.

The analysis of variance for the area of the
middle belt leaves in 2013 shows highly
significant differences among varieties in
66,7%, 0,05 significance in 20% and no sig-
nificance in 13,3% of the combinations, whi-
le in 2014 high significance was assessed in
62,2%, 0,05 significance in 20% and no sig-
nificance in 17,8%. The significance of dif-
ferences in about 84% of the combinations
indicates that the investigated trait is varietal
characteristic (Table 5).

The differences in leaf size by years are
small but significant and they appear as a re-
sult of various meteorological factors during
the growing season in the two years of inves-
tigation (Table 6).

Table 1. Number and size of the middle belt leaves in autochthonous and commercial tobacco varieties
from the Republic of Macedonia

Quantitative traits

Number of leaves per stalk

Length of the middle belt

Width of the middle belt Area of the middle belt leaves

Tobacco leaves (cm) leaves (cm) (cm?)
varieties _ —
X Tsx - - - -
2013 2014 2013 2014 2013 2014 2013 2014
Autochthonous varieties
P10-32 320,09 340,08 33 220,10 220,11 22 10,20,05 10,50,04 104 1431,65 149 1,63 146
P12-2/1 340,10 360,11 35 230,12 230,11 23 10,40,07 11,10,06 10.8 1491,83 1641,70  156.5
Dj Ne 1 260,16 290,14 28 190,11 200,10 20 11,5004 11,80,04 11.8 1421,55 151 1,49 146.5
YK 7-3/2 260,17 280,15 27 180,08 18 0,09 18 8,70,08 9,1 0,07 89 101159 1081,52 104.5
KY 360,15 380,15 37 220,12 220,11 22 11,60,07 11,80,05 11.7 1611,93 166 1,84  163.5
KY 360,15 380,15 37 220,12 220,11 22 11,60,07 11,80,05 11.7 161 1,93 166 1,84  163.5
Commercial tobacco varieties
P-23 450,20 480,18 47 200,13 220,12 21 10,70,04 11,10,03 109 1371,85 156 1,74  146.5
P-84 400,14 420,15 41 200,10 210,09 21 10,50,05 10,70,03 10.6 1361,77 1451,59 140.5
NS-72 430,21 450,17 44 220,17 230,15 22 10,80,07 10,90,06 109 1492,17 1582,03 1535
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P-66-9/7 580,15 620,15 60 210,12 220,14 21 11,2005 11,20,04 11.2 1491,58 153 1,54 151

P-79-94 520,14 540,15 53 230,12 230,11 23 11,9006 12,30,02 12.1 1751,69 183162 1705

LSD, 0,581 0,4200, 1635,655
LSD, , 1,053 0,756 10,179

Table 2. Significance of differences in number of leaves per stalk between varieties
(from the values in Table 1)

Differ. Signi. Differ. Signi. Differ. Signi. Differ. Signi. Differ. Signi.
S1-S2 A S2 - S3 7.5%% S3-S5  -9,5%*  S4-S8 -1 7% S6 — S8 2,5%*
S1-S3 5,5%* S2 -S4 gHk S3-S6  -19%*  S4-S9 -33%* S6-S9  -13,5%*
S1-S4 6F* S2 -85 S S3-S7 -13,5%% S4-S10 -26%* S6-S10 -6,5%*
S1-S5 -4 S2-S6 -11,5%*% S3-S8 -16,5%* S5-S6  -9,5%%  S7-S8 -3

S1-S6  -13,5** S2-S7 -6** S3-S9 -32,5% S5-87 4% S7-S9 -19%*
S1-S7 -8 S2 - S8 -9**  S3-S10 -25,5%* S5-S8 STEE S7-S10  -12%**
S1-S8  -11%** S2-S9  -25%* S4-S5  -10**  S5-S9 -23%* S8 —S9 -lo**
S1-S9  -27#**  S2-8S10 -18** S4-S6 -19,5%** S5-S10 -16**  S8-S10 -9F*

S1-S10  -20%* S3 -S4 0.5 S4-S7  -14**  S6-S7 55%¥%  §9-S10 TH*

Sign1. — - significance for 5%; ~ - significance for 1%
Differ. — differences between varieties

Varieties: S1 =P 10-3/2, S2=P 12-2/1,S3=Dj Ne 1, S4 =YK 7-3/2, S5 =KY, S6 = P-23, S7=P-84, S8 =NS-72, S9 =P-66-9/7, S10 = P-79-94

Table 3. Significance of differences in length of the middle belt leaves between varieties
(from the values in Table 1)

Differ. Signi. Differ. Signi. Differ. Signi. Differ. Signi. Differ. Signi.
S1-S2  -0,65% S2-S3 3,1%%* S3-S5  -2,15%* S4-S8  -39%¥* S6-S8  -12%*
S1-S3 245%* S2-S4 445 S3-S6 -1,35%* S4-S9 -2,75%** S6-S9 -0,05

S1-S4 3,8%%* S2-S5  0,95%* S3-S7 -1,05%*% S4-S10 -4,85*%* S6-S10 -2,15%*
S1-S5 0,3 S2-S6  1,75%* S3-S8 -2,55%* S5-S6 0,8%%* S7-S8  -1,5%*
S1-S6 1,1%* S2-S7 2,05%* S3-S9 -14¥* S5-87 11%* S7-S9 -0,35

S1-S7 1,4%%* S2-S8 0,55 S3-S10 -3,5¥*% S5-S8 -0,4 S7-S10 -2,45%%*
S1-S8 -0,1 S2-S9 1,7%%* S4-S5  -3,5%**  S5-S9 0,75%* S8—-S9  1,15%*
S1-S9  1,05%* S2-S10 -0,4 S4-S6  -2,7%* S5-S10 -1,35%*% S8-S10 -0,95%*
S1-S10 -1,05%* S3-S4  1,35** S4-S7 -24%¥%*  S6-S7 0,3 S9-S10  -2,1%**

Table 4. Significance of differences in width of the middle belt leaves between varieties
(from the values in Table 1)

Differ. Signi. Differ. Signi. Differ. Signi. Differ. Signi. Differ. Signi.
S1-S2 -04** S2-S3 -09** S3-S5 -0,05 S4-S8  -1,95%*  S6-—S8 0,05
S1-S3  -1,3**  S2-S4 1,85** S3-S6 0,75** S4-S9  -23**  S6-S9  -0,3%*
S1-S4 145%* S2-S5 -095** S3-S7 1,05%* S4-S10 -32*%% S6-S10 -1,2%*
S1-S5 -1,35%* S2-S6 -0,15 S3-S8  0,8%*  S5-S6 0,8%%* S7-S8  -0,25%%*
S1-S6 -0,55** S2-S87 0,15 S3-S9  045** S5-S7 L 1% S7-59  -0,6%*
S1-S7  -0,25*  S2-S8 -0,1 S3-S10 -0,45** S5-S8 0,85 S7-S10  -1,5%*
S1-S8  -0,5** S2-S9 -045%* S4-S5 -28%** S5-S9 0,5%%* S8—-S9  -0,35%*
S1-S9  -0,85%* S2-S10 -1,35%* S4-S6 2*%*  §5-8S10  -04**  S8-S10 -1,25%%*
S1-S10 -1,75** S3-S4 2,75%* S4-S7 -1,7%*% S6-S7 0,3** S9-S10 -0,9*%*
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Table 5. Significance of differences in area of the middle belt leaves between varieties
(from the values in Table 1)

Differ. Signi. Differ. Signi. Differ.

Signi. Differ. Signi. Differ. Signi.

S1-S2  -10.5*%* S2-S3 10* S3 -85
S1-S3 -0.5 S2 -S54 S2%* S3 -S6
S1-S4  41.5%* S2-S5 -T* S3-S7
S1-S5 -17.5%* S2-S6 10* S3 —-S8
S1-S6 -0.5 S2 - 87 16** S3 -89
S1-S7 5.5 S2 — S8 3 S3 -S10
S1-S8 -7.5% S2 -89 5.5 S4 - S5
S1-S9 -5 S2-S10  -14** S4 - S6
S1-S10 -24.5** S3 -S4 42%* S4—-S7

-17**  S4-S8 -49%** S6 — S8 -T*

0 S4-S9  -46.5%* S6-S9 -4.5
6* S4-S10  -66**  S6-S10  -24**
-T* S5 —-S6 17%* S7-S8 -13%*
-4.5 S5 -87 23%* S7-S9  -10.5%*

-24**  S5-S8 10* S7-S10  -30%*
-59**%  S5-S9  12.5%*  S8-S9 2.5

-42%% S5 -S10 -T* S8 —-S10  -17**
-36**  S6-S7 6* S9-S10  -19.5%*

Table 6. Significance of differences for investigated caracteristics of varieties between years
(from the values in Table 1)

Differences between years (2013 - 2014)

Varieties Number of leaves ~ Length of the middle ~ Width of the middle Area of the middle

per stalk belt leaves

belt leaves belt leaves

Autochthonous tobacco varieties

1. P10-3/2 SQEE -0.3 -0.3%* -6*
2. P12-2/1 SQEE -0.8%* -0.7%* -15%*
3. DjNel -3k -0.8%** -0.3 -9*
4. YK 7-3/2 Sk -0.5* -0.4%* -T*
5. KY Sk -0.3 -0.2* -5
Commercial tobacco varieties

6. P-23 -3k -1.9%* -0.4%* -19%*
7. P-84 Sk -0.9%* -0.2* -9*
8. NS-72 Sk -1 -0.1 -9*
9. P-66-9/7 -4k -0.6* 0 -4
10. P-79-94 Sk -0.2 -0.4%* SQ5H*

" - Significance for 5%);
** - significance for 1%

CONCLUSIONS

Two-year investigations of some old do-
mestic oriental varieties (P 10-3/2, P 12—
2/1, Djebel Dj Ne 1, Yaka YK 7-4/2, KY
— Kishinska Yaka) and new commercial
varieties (P-23 P—-84, NS-72, P-66-9/7,
P-79-94) showed a small error of the mean
value for the traits: number, length, width
and area of the middle belt leaves per stalk,
which is an indication of correct setting of
the experiment, high genetic stability of the
traits and homozygosity of the varieties.

The highest leaf number per stalk was ob-
tained in P-66-9/7 (60), which is 33 leaves
more than YK 7-4/2 and Dj Ne 1 — charac-
terized by the lowest number of leaves. The
aanalysis of variance shows highly signif-
icant differences between varieties and no
significant differences between the years,
which is indication that these are different
genotypes and that the investigated trait is
highly heritable and varietal characteristic.
The highest leaf length and width was

11
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measured in P—79-94 (; = 23,3 cm length,
x = 12,1 cm — width), and the lowest length
and width in YK 7-4/2 (x = 18,45 cm

length, x = 8,9 cm - width), showing that

the leaves of P-79-94 are 5 cm longer and
3,2 cm wider compared to YK 7-4/2. The
significance of 87% for the leaf length and
93% for the width indicates the differences
between varieties, suggesting that these
traits are varietal characteristics.

The largest area of the middle belt leaves

was measured in P-79-94 ()_c =179 cm?),

and the lowest in YK 7-4/2 (; = 104,5

cm?), which means that P-79-94 has 74,5
cm? larger leaves than YK 7-4/2. The sig-
nificance of differences between the variet-
ies in about 84% of the combinations con-
firms that the investigated trait is a varietal
characteristic.

Compared to the semi—oriental variety Otl-
ja O 9-18/2 it can be concluded that differ-
ences in leaf size among the ten genotypes
is within allowed limits for oriental aromat-
ic tobaccos.
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ABSTRACT

Examined are the biological and production parameters of seven newly created lines of Burley tobacco. Research
results show that with the best biological assessment presents Line 1540, followed by a line 1521. With the shortest
and yet most favourable vegetative period differs Line 1531 (74,7 days). With favourable the vegetative period is
presented and Line 1521 (76,2 days). All test variants have a shorter vegetative period than the standard variety,
Pliska , which is a success in selection work by this indicator. Line 1540 gives the highest yield per hectare (3607
kg/ha) as an average over the period of study and three years of study. From this line gets the highest percentage of
first class (45%) and at lower than third class (6%), as average for the period of study and for three years of study.
All new created lines strongly outweigh the testimony of the standard variety, both in terms of production and in
terms of percentage of classes, which is an indication of the success of the selection work. Line 1540 Line 1521
and Line 1536 are formed as options with the highest production and selection value. In complex of biological
indicators and productive characteristics most stands Line 1540 and therefore may being offered for production
test and presentation for recognition as a new variety Burley tobacco.

Key words: Burley tobacco, new created lines, biological indicators, production characteristics

OIEHKA HA BUOJIOIIKH U ITPOU3BOJIHU KAPAKTEPUCTUKHU HA
INEPCIIEKTUBHU BEPJIEJCKH JIMHUU TYTYH

HcrpaxyBamara ce 3a OHOJOIIKO-IIPOM3BOAHHUTE ITOKa3aTeNI HAa CeIyM HOBOCO3IAIEHH JHMHHU TYyTyH bepiej.
Pesynrarure ox neTpaKyBameTO MTOKaXKyBaaT Ieka co Hajnobpa Ouoromnka mporeHka ce omnkysa Jimanja 1540 u
Jluanja 1521 . Co HajKpaTOK M MICTOBPEMEHO T0OCTA ITOBOJICH BETeTallMOHEH IEPHOJ ce ouKyBa Jluamja 1531 (74,7
nena). Co MOBOJICH BeTETAlMOHEH MepHoJ ce omKyBa u Jluamja 1521 (76,2 nena). Cure HCIMTYBaHH BapyjaHTH
MMaar [OKPaTOK BereTallOHeH IIePUOJ O] CTaHIapIHaTa copra, [lincka, o e MOBOJICH IToKa3arell IpH u300p 1
pabora o oBoj mokasaren. Jluauja 1540 gaBa Hajromem npuHOC MO XekTap (3607 Kr/xa), Kako MPOoceK 3a IePHOAO0T
Ha HCTPaXKyBame, Taka U 3a TPUTE TOAWHU Ha HCTpaxyBame. O oBaa JMHMja ce JOOWBA HAjBUCOK MPOICHT Ha
npBara kiaca (45%) n Hu30k ox Tpeta kiaca (6%), Kako MPOCeK 3a MEePUOA0T Ha HCTPAKyBabe, TaKa U 3a TPUTE
TOJMHH Ha HCTpaxKyBame. CHTE HOBOCEIKIMOHUPAHH JIMHUM IIOKaXyBaaT rojieMa IMPeIHOCT M ja HaIMUHYyBaaT
CTaHIapJHaTa COpTa, Kako BO OJHOC HA IMPOM3BOIACTBOTO, TaKa M BO OAHOC Ha IIPOLEHTOT Ha KJIACHTE IUTO €
WHAWKAIFja 3a ycrex Ha m30op u padota. Jluamja 1540, muamja 1521 u muanja 1536 ce BapujaHTH CO HajBHCOKA
OHMOITOIIKO-TIPOU3BO/IHA, M CEeNIEKIIHOHA BpeaHOCT. Crioper OMONOMIKUTE U MTPON3BOJHUTE WHANKATOPH HAjMHOTY
ce m3nBojyBa Jluamja 1540 u mopaan Toa MOXKE /1a C€ TMPEUIOKHU 3a TIPOU3BOICTBO, TECTUPAHE M TepPOPMaHCH U
3a IPU3HaBambe Kako HoBara copra TyTyH bepie;j.

Koyuynu 360poBu: bepiejcku TyTyH, HOBH JIMHUH, OMOJIOIIKY [T0Ka3aTe !, IPOU3BOIHH KapaKTePUCTUKH
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INTRODUCTION

Burley tobacco is indispensable compo-
nent of American blend cigarettes (To-
mov and Minev, 1996; Davis and Nielsen,
1999). Although he held increasingly im-
portant part of total tobacco production
in Bulgaria, the yield and quality of the
produced raw material in the country sig-
nificantly inferior to that in the traditional
producing countries (Bozukov, 2012). The
unsatisfactory situation of the tobacco pro-
duction in country is a serious obstacle for
even greater expansion of cultivated areas
(Dyulgerski, 2011).

The main reasons for this are old variet-
ies in production (Dimanov and Masheva,
2011). Embedded currently in production
varieties Burley tobacco not satisfy the
contemporary requirements, neither farm-
ers nor the tobacco industry (Dyulger-
ski, 2011; Masheva, 2008; Nikolov et al.,
2004). Imported Burley tobaccos seriously
outperform our tobaccos from this varietal
group on most indicators. (Docheva and

Stoilova, 2011; Kirkova et all., 2006; Mi-
lanova all., 2013; Stoilova and Bojinova,
2007; Nicolova and Drachev, 2006; Popo-
va et all, 2006).

The unsatisfactory situation of the Burley
tobacco requires the creation and deploy-
ment of new, xigh-yielding and higher
quality varieties, which can only be done
through selection-research for develop-
ment and introduction of new higheffec-
tive varieties (Dyulgerski, 2011; Yonchev,
2015; Calvert et all, 2000; Dimitrieski et
all., 2006; Pearce et all., 2014; Risteski et
all, 2012; Snell, 2006).

The purpose of this study is to evaluate
the most important biological indicators
and productive characteristics of new lines
Burley tobacco and the possibilities for
their use in selection programs, as well as
a possible submission of the best of them
for production testing and recognition,
new varieties of Burley tobacco.

MATERIAL AND METHODS

For the achievement of defined goal for
the period 2013 - 2015 in experimental
fields of TTPI - Markovo are tested eight
samples of Burley tobacco, namely: Line
1500, Line 1521, Line 1525, Line 1531,
Line 1535, Line 1536, Line 1540 and Plis-
ka 2002 variety used to standard in Burley
tobacco. Subject of research and analysis
are the most important biological and eco-
nomic parameters in Burley tobacco. Of
the biological parameters are researched:
plant height, number of leaves; length
and width of 13 leaf, respectively, for mid
harvesting belt. Estimated is the length of
the vegetative period. Dimensions are 120
plants from the option. Of economic indi-
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cators are calculated yield per hectare and
percentage of first, second and third class.
All the options apply a uniform technolo-
gy of cultivation. The harvesting of tobac-
co is performed on whole plants and the
air drying is performed in a heating base
of TTPI. Field trials are set according to
the methodology of Zapryanov and Dimo-
va (1995).

Mathematical treatment of the data is
made to the accompanying products SPSS
20. Experimental data are processed by a
process of analysis of variance (Anova), a
difference between the variant are estab-
lished by of many ranking test of Dunkan
(1995).
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RESULTS AND DISCUSSION

I. Biological assessment

1. Biometrical indicators

Not observed significant differences in the
height of the options explored in the three
years of study. The highest plants are in
2014 and the lowest in 2015 at all options.
In 2013 and 2014 the greatest height of
plant develops Line 1521 and Line 1540
through 2015.

Average for the period of study with the
highest values in terms of the height of
the plants presents Line 1521 (169.8 cm)
and Line 1540 (168,7 cm). With the small-
er height are formed Line 1500 and Line
1531. There are no significant differences
between the testimonies of the variants. All
present values for height of plants that are
optimal for group Burley tobacco (Table 1).
In unison with the the biggest height of most
leaves all options developed in 2014, with
no significant differences in the number of
leaves over the years. And in the three years
of researches most leaves gives Line 1540
(32.7 leaves), followed by Line 1521 (Table
1). At least leaves and in the three years of
study gives Line 1525 (26.6 leaves).

Most leaves - 33 averages during the report-
ing period develops Line 1540, followed by
a small but proven difference Line 1521.

These lines are the only one the variant
that give more than 30 leaves. With at least
leaves are shape Line 1525 (26.6 leaves)
and Line 1500 (27 leaves). Although the
testimony of options regarding the number
of leaves are not optimal, though they sat-
isfy the requirements of Burley tobacco of
this indicator (Table 2).

And in terms of size of the leaves no signif-
icant differences in different years of study,
both the width and length of the leaves. In
this case, most large leaves in all the vari-
ants are produced in 2014. The results also
are unidirectional - the greatest length and
width of the leaves are derived from Line
1540, invariably followed by Line 1521.
And in the three years to study the control
variety Pliska is characterized by the small-
est width of the leaves.

Average for the period of study with the
greatest length of the leaves is presented
Line 1540 (63.5 cm) followed a slightly
different line from Line 1521 (63.1 cm). All
others variant given more than 60 cm long
of the leaves and satisfy the requirements of
Burley tobacco (Table 2).

Table 1. Data from biometric indicators of studied variants by years in the period of study

Variety/Line Height in  Number of Lengthof 13  Widthof 13 Vegetative peri-
cm. leaves leaf in cm. leaf in cm. od in days
2013

Pliska 166,7% 27,7 61,5 28,8¢ 82,7*
Line 1500 163° 26,8° 61,34 30,3¢% 78,3¢
Line 1521 169,5° 29,2 63,3% 33,2 76¢
Line 1525 165® 26,3° 61,70 31,3« 80,8°
Line 1531 163,7%® 27,4% 61,8 31,80 743"
Line 1535 164,3% 28 62,34 32,1%¢ 77,44
Line 1536 166,5% 28,9 62,9%¢ 32,7 774
Line 1540 169,2° 31,6* 63,6* 33,5° 78,5¢
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GD,_, 5,9 4,5 1,4 1,5 0,8
2014

Pliska 168,3% 28,6 61,8 29,3 81,8
Line 1500 166,83 27,8 62,2t 30,6 78,5
Line 1521 173,3¢ 31,4% 63,4 33,4° 75,7¢
Line 1525 165,2* 26,6 61,4" 31,5% 80,5
Line 1531 1640 28,6 62,5 32,1 744
Line 1535 164,6* 29,20 62,4 32,3 770
Line 1536 167,7% 30,6 63 32,8 76,5¢
Line 1540  171,5* 32,7° 63,8° 33,8a 78,3

GD5% 7,8 3,3 2,2 2,1 1,6

2015

Pliska 166,5% 27,3t 61,3 28,5¢ 83,7°
Line 1500  161,1° 26,5t 61,4% 30,10 78,7
Line 1521  166,7* 30,8 62,7 32,7° 774
Line 1525 163,3" 26° 61" 30,7 81,5
Line 1531 1630 26,8 61,6% 31,3 75,3¢
Line 1535 1634 27,8t 62,1 31,6% 79+
Line 1536 165,5" 29,2 62,5% 32,4t 77,54
Line 1540  168,6° 31,3 63,1° 33,10 79,7%

GD 4,9 2,7 2,0 2,6 2,1

5%

The greatest width of the leaves is presented
Line 1540 (33,5 cm), followed by a margin
of line 1521 (33,2 cm). With the narrower
width of the leaves are set forth control va-

riety Pliska, which does not fully meet stan-
dards in Burley tobacco. The testimony of
others the variant in this index satisfy the
requirements of group Burley (Table 2).

2. Length of vegetative period

With regard to the length of vegetation pe-
riod is observed significant difference be-
tween different options. All the variants
with the longest vegetative period in 2015
and the shortest in 2014, the difference over
the years at different options is not signifi-
cant (Table 1). This shows that all options
show stability on this indicator. And in the
three years of study with the longest the
vegetative period is the standard variety
Pliska, and with the shortest Line 1531.

Average for the period of study with the
shortest and yet most favourable the vege-
tative period differs Line 1531 (74,7 days).
With favourable vegetative period is pre-
sented and Line 1521 (76,2 days).
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These two lines can be used as a donor for
hybridization to shorten the length of the
vegetative period in the selection of Burley
tobacco. The greatest length of the vegeta-
tion period is characterized standard variety
Pliska (82,7 days). All test variants have a
shorter the vegetation period than the stan-
dard variety, which is a success in selection
work on this indicator.

Line 1525 (80,9 days) and especially vari-
ety Pliska are presented with too long for
Burley tobacco vegetative period. For the
rest of the variant the length is with values
satisfy the selection criteria for Burley to-
bacco (Table 2).

No is observed significant variation of bi-
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prerequisite for vegetative and morphology
uniformity.

ological indicators in the experienced vari-
ant during the years of the study, which is

Table 2. Data from biometric indicators of studied variants average for the period of study

Variety/Line Height in ~ Number of Lengthof 13  Width of 13 Vegetative pe-
cm. leaves leaf in cm. leaf in cm riod in days
Pliska 166,5%° 27,9¢ 61,6% 28,9¢ 82,7°
Line 1500 163,6¢ 274 61,5 30,3¢ 78,5¢
Line 1521 169,8* 30,5° 63,1 33,1 76,2¢
Line 1525 164,1% 26,6° 61,4 31,2¢ 80,9°
Line 1531 163,5¢ 27,6% 62% 31,7« 74,7
Line 1535 164,5% 28,3 62,3 32¢ 77,8
Line 1536 167,2% 29,6 62,8 32,6° 77%
Line 1540 169,7 31,9 63,5° 33,5° 78,8¢
GD,, 52 1,4 0,6 0,6 1,3

5%

II. Production characteristics

1. Yield

The greatest yield per hectare in 2013
gives Line 1540 (3591 kg/ha) followed
with proven deference by Line 1521
(3443 kg/ha) (Table 3). At lower yield is
obtained from the control Pliska variety
(2527 kg/ha). In 2014 again the highest
yield is obtained from Line 1540 (3775
kg/ha), followed by Line 1521 (3537
kg/ha). At lower yield is obtained from
the standard Pliska variety (2724 kg/
ha). This year, all study variants give
the highest yield, which in unison with
the most favorable biometric identifiers
received in the same year. And in 2015
the highest yield is obtained from Line
1540 ( 3162 kg/ha), again followed by
Line 1521 (3637). Again the lowest
yield, which is obtained from the control
Pliska variety (2582). In that year Line
1521 and especially Line 1531 (3162 kg/
ha) show significantly lower yield than
in the previous two. It can be concluded
that with the exception of Line 1531
other tested variants exhibited stability
in terms of yield in individual years.

Average for the period of study Line

1540 gives the highest yield per hectare
3607 kg/ha (Table 4). In unproven
difference its results superior to those of
the next in the ranking in yield per hect-
are, namely Line 1521 (3462 kg/ha). The
yield of Line 1540 exceeds this of stan-
dard variety with almost 38%, and the
next Line 1521 by 33%. Only those lines
receive over 3500 kg per hectare, and
therefore can be defined as high-yield-
ing. Favourable extraction and is third in
the ranking Line 1536 (3416 kg/ha). The
lowest yield presents the standard Pliska
2002 variety (2611 kg/ha) (Table 4).

All new selection lines outperform pro-
duction standard variety. This is an in-
dication of the success of the selection
work on this most important agronomic
indicator. Although Line 1525 exceeds
8% yield of the standard variety, its re-
sults and those of variety Pliska should
be defined as unsatisfactory.
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2. Percentage of classes

In terms of percent of classes is observed
a strong influence of factors - year (Table
3). Observed are significant differences
between the variant during the three years
of study, as by all of them are the most fa-
vorable in 2014 and the worst in 2015 and
during the three years of study. With the
highest percentage of first-class is Line
1540, which it is with the lowest percentage
of third class. Second and third place with
small difference between them in the three
years of study are Line 1521 and Line 1336.
And during the three years studied with the
lowest rate first and highest third class is the
standard Pliska variety.

Average for the period of study highest per-
centage of first class (45 %) is results from
Line 1540 (Table 4). As it is presented in
the three years of study in the first place on
this indicator, it can be concluded that ex-
hibits stability in terms of quality. This is
the variant that gives the lowest percentage
of third grade (6%). This line can be defined
as a relatively high-quality.

In second place but with a big difference
from the first is ranks Line 1521 (42 %).
With small ranks third Line 1531 (37 %).
These two variants also provide less than

10% third class (Table 4).

The standard variety Pliska 2002 gives the
lowest percentage of first class from all
studied the variant (12 %). Only in him the
percentage of third class exceeds that of the
first class (Table 3).

Although all variants provide significantly
higher rate of first-class than the standard
variety, the results of this indicator can be
considered satisfactory, since all of them
second-class rate exceeds that of the first
(Table 4).

All new created lines surpass strong testi-
mony of the standard variety, both in terms
of yield and in terms of percentage of class-
es. This indicates that the selection work in
terms of economic indicators is achieved its
goals.

Line 1540 Line 1521 and Line 1536 form
as options with the highest productive and
selection value. In complex biological and
economic indicators most stands Line 1540.
Because exhibited optimal biometric iden-
tifiers favorable length of the vegetation
period, high stable yield per hectare and
satisfactory percentage of first class, this
line deserves to be presented in IASAS for
recognition as variety.

Table 3. Production characteristics of studied variants by years in the period of study

Variety/Line Yield Percentage of Classes in %
kg/ha standard
I II III
2013

Pliska 2527¢ 100 10 73 17
Line 1500 3323¢ 131 17 69 14
Line 1521 3443° 136 42 51 7
Line 1525 2701¢ 107 28 59 13
Line 1531 3342¢ 132 36 55 9
Line 1535 3362¢ 133 30 58 12
Line 1536 3377¢ 134 37 56 7
Line 1540 3591® 142 44 51 5

GD 63

5%
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2014
Pliska 27241 100 18 70 12
Line 1500 3391¢ 124 21 67 11
Line 1521 36370 134 46 48 6
Line 1525 2956¢ 109 34 55 11
Line 1531 34201 126 43 50 7
Line 1535 3454 129 41 51 8
Line 1536 3515 127 38 56 6
Line 1540 3775 139 51 46 3
GD,_, 87
2015
Pliska 25821 100 8 64 19
Line 1500 31301 121 15 70 15
Line 1521 33070 128 37 53 10
Line 1525 2787 108 20 63 17
Line 1531 3162« 122 31 56 13
Line 1535 33310 129 27 57 16
Line 1536 3357% 130 34 55 11
Line 1540 3456° 134 39 52 9
GD,, 136

5%

Table 4. Production characteristics average for the period of study

Variety/Line Yield Percentage of Classes in %

kg/ha standard

I 11 I

Pliska 2611° 100 12 72 16

Line 1500 3281° 126 18 69 13

Line 1521 3462 133 42 50 8

Line 1525 2815¢ 108 27 59 14

Line 1531 3308° 127 37 53 10

Line 1535 3382 130 33 55 12

Line 1536 3416® 131 36 56 8

Line 1540 3607° 138 45 49 6

GD,,, 221

CONCLUSION

In our study samples of Burley tobacco with
the most favourable biological indicators is
characterized Line 1540. With very good
evaluation is presented and Line 1521.

Average for the period of study with the

shortest and yet most favourable the vege-
tative period differs Line 1531 (74,7 days).
With favourable the vegetative period is
presented and Line 1521 (76,2 days).
Line 1540 gives the highest yield per hect-
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are (3607 kg/ha) as an average over the
period of study and for the three years of
study. From this line is prepared highest
percentage of first class (45 %), as aver-
age for the period of study and for the three
years of study.

All new created lines highly superior to the
readings of the standard variety in terms
of yield and in terms of percentage of the
classes. This is an indication of the success

of the selection work.

Line 1540 Line 1521 and Line 1536 stand
out as the variants with the highest value
selection.

The final results show that Line 1540 is
ranked first, with complex of biological in-
dicators and production characteristics and
should be proposed for production testing
and recognition as a new variety.
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ABSTRACT

The basic principle of EM technology is to apply and increase the population of effective and useful soil microor-
ganisms which will displace degenerative microorganisms, especially soil pathogens.

There are data on the use of probiotics not only in soil improvement but also in prevention of disease attacks. With
regard to this, our objectives were to study the impact of probiotics on soil microflora and, more specifically, to
determine the number of each group of microorganisms and their influence on certain processes in the soil, even
in the control of certain pathogens, to estimate the effect of application of one probiotic or their combination, as
well as the best model of application - when usual cultural practices are applied in order to produce healthy and
good quality tobacco seedlings.

Investigations included two probiotics - EmFarma Plus and Ema 5 (probiotic with enriched formula and with rath-
er fungicidal effect), and their combinations, as well as the modes of application.

It can be concluded from investigations that probiotics have a positive effect on the number of certain groups of
microorganisms.

The best results in increasing the number of actinomycetes were obtained with EmFarma Plus + Ema 5 (with and
without herbicide application). The small number of bacteria is compensated by increased number of actinomy-
cetes. A balanced ratio of bacteria and fungi was recorded, too. The application of Ema 5 also confirmed its effects.
It may be concluded that probiotics with their effect on increasing some groups of microorganisms can prevent the
attack of soil pathogens.

Keywords: probiotic, EmFarma Plus, Ema 5, actinomycetes, bacteria, fungi

E®EKTOT HA TPOBUOTHULHUTE BP3 IIOYBEHATA MUKPO®JIOPA BO
SAIITUTATA HA TYTYHCKHUOT PACAJI O BOJIECTH

OcuoBHHUOT puHIMI EM TeXHOJIOTHjaTa € aluInKaIlija i 3roJIeMyBamke Ha TIOITyTalijaTa Ha e(puKacHU U KOPHCHU
MHKPOOPIaHM3MH BO [I0YBATA, CO LITO CE HCTUCHYBAAT AEICHEPATUBHUTE MUKPOOPTAaHU3MHU, OCOOCHO MOYBEHUTE
[IaTOTeHU.

[TocTojar mogaromy 3a MprMeHa Ha IPOOHOTHITNTE HE CaMO BO HACOKa Ha MOA00pyBamke Ha CBOjCTBATa Ha TI0YBATA,
HO W CIpedyBame Ha HamaaoT of OonecTr. 3aToa, HAIIaTa [eJ Oele 1a Ce MCIUTA BIIFjaHHeTO Ha TPOOHOTHITUTE
Bp3 mouBeHaTa MUKpodiopa. [loTouHo, yTBpAyBameTo Ha OpOjHOCTA HA ONICITHH IPYITH MUKOOPTaHU3MH, IITO OH
3Ha4eJI0 HUBHO BJIMjaHUE BP3 OZPEICHHU MPOLIECH BO [10YBaTa, AypPH M HAIaJOT O IIATOTCHUTE.

Hcro Taka, 1a ce yTBpau epeKTOT O IpUMEHaTa CaMo €IeH WM HUBHA KOMOMHAIIN]a, KaKO M HajI00pHOT MO
Ha aluIMKalyja [py MpUMeHa Ha BOOOMYAeHHTE arpOTeXHWYKH MEPKH, 3a Ja Ha KpajoT MPOU3BEIMME 31paB U
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KBAJINTETEH TYTYHCKHU pacaj.
HcnuryBamara ce W3BpILICHH NPH arvivkaiuja Ha npoduorunure EmFarma Plus 1 Ema 5 (mpoduotuk co 3jakHara
(dopMyIa 1 uyne J1ejcTBO € noBeke (GpyHIHIUIHO), IPH Pa3HU HUBHU KOMOMHAIMHY, KaKO M HAYMHH Ha arlIMKaIuja.
On ucnuTyBamara MOXKE Jla C€ KOHCTarupa Jieka NpOOMOTHIMTE MMaaT MO3MTHBEH e(ekT Bp3 OpojHOCTa Ha
OJJICITHH TPYIIH MUKPOOPTaHU3MH.

3abenexxuresieH pe3yaTaT Bo 3rojieMyBambhe Ha OpojHOCTa Ha aKTHHOMULETUTE ce 3a0eleKyBa Kaj TPEeTMaHUTe CO
EmFarma Plus + Ema 5 (0e3 u co mpumena Ha xepOuiun). Masiata OpojHOCT Ha OaKTepHHTE CE KOMIICH3HPaHa CO
3rosieMeHara Ha akruHomuuerute. Ce 3a0enexyBa n u3dajiaHcupaH oJHoC Ha Oakrepuute U rabure. [Ipumenara
Ha Ema 5 ucTo Taka ro moTBpau CBOETO JICjCTRO.

Moxxe aa ce KOHCTaTHpa Jieka HPOOHOTHIIMTE CO CBOETO J€JCTBO BP3 HAMHOXYBAWETO HAa OJJICIHH TIPYIH

MHKpPOOpPIraHU3MH, MOXKAT Jia BIIMjaaT BP3 CIIPEUyBambe Ha HAIMa/I0T OJ TIOYBEHUTE NAaTOrCHH.
Kayunu 360poBu: npoororuk, EmFarma Plus, Ema 5, akrunomuneru, 6akrepuu, rabu

INTRODUCTION

EM (eftective microorganisms) technology
is one of the main modes of environmental
management aimed at establishing a sus-
tainable production.

The basic principle of this technology is the
application and increase of the population
of effective and beneficial microorganisms
in soil which eliminate degenerative micro-
organisms, especially soil pathogens, thus
creating a healthy environment for plants.
Effective microorganisms continue to coex-
ist in the rhizosphere and plants grow well,
free of pathogens. Therefore, plant growth
regulators which exibit no pesticidal activi-
ty but instead can promote, inhibit or modi-
fy the physiology of plants, are also regulat-
ed as biopesticides (BPIA, 2014).

EM farma are bioproducts based on tech-
nology of effective microorganisms. Its in-
clude four group of microorganisms: lactic
acid bacteria, yests, phototrophic bacteria
and actinomycetes in carbohydrate medi-
um. Introduction of beneficial microorgan-
isms in any living system will ensure that
the healthy microbes dominate the dis-
ease-causing populations (ProBioticsPols-
ka, 2015).

There are data on the use of probiotics not
only to improve the soil but to prevent the
attack from diseases (Higa et al., 1989;
Tokeshi et al., 1997; Okorski et al., 2008).
The presence of some groups of micro-or-
ganisms implies that they have an influence
on certain processes in the soil, on condi-
tions for infection provoked by soil patho-
gens and on development of diseases.

Our main objective was to study the effect
of probiotics on some groups of soil micro-
flora, by indirect monitoring of the inten-
sity of damping off disease. Analyses were
also made on the effect of biofungicide
EMa 5 used alone or in combination with
EM farma probiotics, applying all neces-
sary agro-technical measures. Identification
of the best model of application of these
products will increase the possibility of re-
alization of the basic principle of effective
microflora and EM technology will also
become applicable from the aspect of seed-
lings protection from diseases. The ultimate
goal is to provide healthy and good quali-
ty tobacco seedlings produced by the stan-
dards of sustainable tobacco production.

MATERIAL AND METHODS

Trials were set up in tobacco seed-
beds and sown with seed of the variety
P-66-9/7 at a rate of 6,75 g/ 10 m.

Treatment of soil in the appropriate variants

was carried out the previous day. Variants
and treatments are presented in Table 1.
Each variant was tested in three replicates
and the area of each replicate was 3,33 m>.

23



Tyryn/Tobacco,Vol. 66, N°1-6, 22-29, 2016

Table 1. Variants and treatments

No.

Variant

Treatment

1 Check, untreated

Standard treatment

(herbicide, funcigide and saltpe-
ter)

3 EmFarma Plus +Ema 5; herbicide

4 Ema 5; without herbicide

5 Ema 5; without herbicide

EmFarma Plus +Ema 5
6 lings
after emergence of seedlings;

after emergence of seed-
lings - Ema 5

after emergence of seed-

EmFarma Plus EmFarma Plus

+Ema 5 +Ema 5
Ema 5 Ema 5
Ema 5 Ema 5

EmFarma Plus EmFarma Plus

+ Ema 5 + Ema 5

EmFarma Plus EmFarma Plus +

+ Fma 5 Ema 5

EmFarma Plus EmFarma Plus +

+ Ema 5 Ema 5

EmFarma Plus EmFarma Plus +

herbicide EmFarma Plus + Ema 5
EmFarma Plus +Ema 5; without
7 ..
herbicide
3 Seed with EmFarma Plus +soil
with Ema5; without herbicide
9 Seed with EmFarma Plus +soil

with Ema5; herbicide

+ Ema 5 Ema 5

Treatment of seedlings

EM-farma was applied in a rate of 1000
ml/100m?, i.e. 30 ml/3,33 m?.

Ema 5 was applied in a rate of 300 ml/100
m?, or 10 ml/3,33 m>.

Tobacco seed (2,25 g/3,33 m?) was soaked
in 3 ml of the prepared solution of EM far-
ma (100 ml/10m?) and stored 24 hours be-
fore sowing.

In variants using herbicide Gamit 4 EC the
rate was 0,07 ml/m?2.

The second treatment was after 15 days in
all variants (including 4 and 6).

Standard treatment (Variant 2) was applied
on the same day, using the fungicides Top
M (0,1%) and Ridomil (0,25%) and fertil-

24

ization with 15 g/m? ammonium saltpeter
the day before.

Third treatment with preparations and their
combinations followed 15 days after the
second one.

Monitoring of seedlings and damping off
disease was made on daily basis.

Two evaluations of damping off disease
were made — the first one prior to the second
treatment and the second one - prior to the
third treatment.

The percentage of infected area was calcu-
lated for the three replicates of each variant
and analysis was made on average values.
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Microbiological analysis

The number of major groups of microor-
ganisms (bacteria, fungi and actinomy-
cetes) was counted.

Soil samples from all replicates of each
variety including the check were collected
in sterile paper bags and they were used to
make an average sample of 10 g soil.
Applied method of dilution — from the ini-
tial 10" to 10*. 1ml of each dilution was
transferred in 5 petri dishes. For the three

groups of microorganisms, the following
dilutions were used: 10 for fungi, 10~ for
actinomycetes and 10 for bacteria.

For each group of organisms, specif-
ic nutrient base was used: Capek’s agar
for fungi, Mesopepton agar for bacteria
and Waxmans agar for actinomycetes.
The number of colonies was the average of
the 5 replicates multiplied by the appropri-
ate dilution..

RESULTS AND DISSCUSION

The late treatment with Ema 5 (variant 4)
influenced the number of fungi. Therefore,
there is the lowest number of fungi in this
variant (Table 2). But also, in its application
before sowing without herbicide (variant

5), the presence of this group of microor-
ganisms is less than the other two. These
data also confirming the effect of Ema 5 as
biofungicide.

Table 2. Presence of the main groups of microorganisms in the soil

Group of
microorganisms
2 Fungi Actinomycetes Bacteria
(x 10%) (x 10%) (x 109
Variant
1
Check, untreated 5,7 6,0 4,0
2 Standard treatment (herbicide,
funcigide and saltpeter) 30 L7 83
3 EmFarma Plus +Ema 5; herbicide 3,0 10,0 3,3
Ema 5; without herbicide
2,7 6,3 5,0
after emergence of seedlings
5  Ema 5; without herbicide 7,3 11,0 13,7
6  EmFarma Plus +Ema 5
after emergence of the seedlings; her- 7.3 10,0 13.3
bicide
" — =
7 EmFarma Plus +Ema 5; without herbi 12,0 9.6 18.3
cide
8 Seed with EmFarma Plus +soil with
Ema5; without herbicide >3 7.6 15,3
9  Seed with EmFarma Plus +soil with 9.0 7 203

Ema5; herbicide
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The greatest numbers is determined in the
variant 7 (Ph 1), where is the smallest inten-
sity of damping off disease (Graph 1).
Compared to this variant, there is signifi-
cantly lower number in the variant 3, which
indicates effects of herbicide. However, it
is same as the amount of fungi in standard
treatment, which favors their application in
the use of herbicide.

In application of probiotics on the seed at
variant 9 there is almost twice higher val-
ue than in variant 8 - without herbicide (Ph
2).

5- with Ema 5 treatment without the use
of herbicide (Ph 3). But also they are rep-
resented by 10 and 9.6 x 10° in treatments
EmFarma Plus + Ema 5 (with and without
application of herbicide), which is a re-
markable result. The same results was in
application of EmFarma Plus + 5 Ema, after
emergence of seedlings.

Their number is especially important be-
cause actinomycetes are active participants
in the decomposition of carbohydrate and
albuminous complexes in soil (Koncynocka,
1999). Hence, increased numbers of actino

Ph 1. Presence of fungi in Variant 5- Ema 5; without herbi-
cide and 7 - EmFarma Plus + Ema 5; without herbicide

The presence of actinomycetes are the
smallest in the standard treatment. In the
treatment with probiotics, the largest num-
ber (11 x 10°) is determined in the variant

Ph 2. Presence of fungi in variants 8 and 9: seeds with EmFarma

Plus + Ema 5; without and with herbicide treatment

mycetes along with numerous enzyme com-
plex means providing more nutrients and
destroying of pathogens.

Ph 3. Presence of actinomycetes in Variant 5- Ema 5;

without herbicide
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Ph 4. Presence of bacteria in the variants: 5 - Ema 5 without
herbicide, 2- standard treatment and 3- EmFarma Plus +
Ema 5; with herbicide
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Graph 1. Influence of probiotics on the intensity of damping off disease

Bacteria, as actinomycetes, have the bigest
presence in variant 5 (Table 2, Ph 4), fol-
lowed by variant 9 (20,3 x 10°). But vari-
ant 7 has one of the highest values of the
presence of bacteria. This is of great impor-
tance for the effect of EM technology on
attack of damping off disease. Free living
rhizobacteria and endophytic bacteria use
some of the same mechanisms to promote
plant growth and control phytopathogens
(Blomberg, 2001) The small numbers of
bacteria in variant 3 is compensated with
the number of actinomycetes.

According to the results, variants where
the soil is treated with probiotics EmFarma
Plus + Ema 5 before sowing, without and
with herbicide treatment and two addition-
al treatments, have the smallest intensity of
the disease (Graph 1, Ph 5,6).

In these variants, particularly in the appli-
cation of both probiotics, it is estimated the
biggest numbers of fungi (in variant 7) or
actinomycetes (in variant 3). At increased
presence, their role in the processes influ-
enced by them increased and they have a
positive effect on the prevention of attack
by pathogens.

The fungi break down highly complex and
resistant compounds such as cellulose,
starch, gums and lignin (Cinklin, Jr. A. R.
2002, loc cit. Sanko Sangyo Co, 2004).

Actinomycetes produce and release in the
soil solution antibiotics such as streptomy-
cin, actinomycin and neomycin, and are
involved in the decomposition of complex
organic compounds such as phospholip-
ids (Cinklin, Jr. A. R. 2002, loc cit. Sanko
Sangyo Co, 2004).

The strenghteen formula of EMa 5 certainly
contributes to this effect i.e the best results
is achieved in their mutual application. Ap-
plication of these probiotics before sowing
as well as aditional treatment unable de-
velopment and multiplying of beneficial
microflora. Therefore, the best result in re-
ducing the damping off disease is achieved
when applied in a soil or direct to foliage
(Gveroska, 2014a, b).

Higa et al. (1989) emphasize the role of EM
on the supression of several destructive soil
pathgens, too. Increasing in microbial com-
munity — promoters of plant growth are re-
sponsible for this effect. The widely recog-
nized mechanisms of biocontrol mediated
by plant growth-promoting microorganisms
are competition for an ecological niche or
a substrate, production of inhibitory al-
lelochemicals and induction of systemic re-
sistance in host plants to a broad spectrum
of pathogens (Combant et al., 2005).
According to Okorski et al. (2008), increas-
ing of the microbial diversity of soil im-
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proving health and productivity of plants.
Sudarma and Suprapta (2011) found that
the number of groups of microorganisms
like bacteria , fungi and actinomycetes was

Ph S. Intensity of damping off disease in
the check

28

higher in soil in which there are no symp-
toms of disease caused by Fusarium, unlike
that in which the plants suffer from the dis-
ease caused by this pathogen.

Ph 6. Seedlings in Variant 3-EmFarma
Plus + Ema 5; with herbicide

CONCLUSIONS

The tested probiotics reduce the intensi-
ty of damping off disease.

Probiotics have a positive effect on the
number of some groups of microorgan-
isms and reduce the presence of soil
pathogens.

The lowest intensity of disease was ob-
served in the variants where Ema 5 was
applied in combination with EmFarma
Plus in the soil before sowing.

The highest number of fungi was re-
corded in soil treatment with  EmFarma
Plus + Ema 5 without herbicide appli-
cation.

The highest number of bacteria was re-
corded by seed treatment with EmFar-
ma Plus + Ema 5, with herbicide appli-
cation.

The highest actinomycetes value was
obtained during treatment with Ema 5,
without herbicide application.
Significant increase in the number of ac-
tinomycetes was recorded in treatments
with EmFarma Plus + Ema 5 (with or

without herbicide application).

- Increased number of actinomycetes is
of major importance because they are
active participants in degradation of
protein and carbohydrate complexes in
the soil.

- Postemergence treatments with biofun-
gicides had no positive effect on mi-
croflora or on reducing the intensity of
damping off disease.

- The application of bioproducts on the
seed before sowing did not give the ex-
pected results (with respect to microflo-
ra and disease intensity).

- Probiotics with their effect on increas-
ing some groups of microorganisms can
prevent the attack of soil pathogens.

- The use of probiotics in the tobacco
seedling protection from diseases has
good prospects in the sustainable tobac-
co production.
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ABSTRACT

Aphids appear in all tobacco producing regions in Macedonia.

Observations were made on tobacco plants in the region of Prilep during the growing season in 2011-2013, apply-
ing the method of 20 tobacco stalks and the method of Davies. Field treatments were carried out for aphid control
with: Acetamiprid -0.02%, Imidacloprid -0.03%, 78083 leaf aphids Thiamethoxam -0.02%, Chlorpiriphos -0.15%,
Lambda-cyhalothrin -0.025 and Methomyl -0.06%.

The Myzus persicae population grew from 79630 in 2011 to 93414 in 2012 and declined to 74440 in 2013, or
247484 on 600 tobacco stalks. According to the method of Davies, 78083 leaf aphids were registered. The maxi-
mum incidence of aphids was within 1* and 20" of August.

Applied Neonicotinoides showed excellent effectiveness in aphid control and contact insecticides gave good aphid
control. Growers should use insecticides only when necessary. To avoid the possibility of resistance, a change of
chemicals during the same growing period is recommended.

Keywords: tobacco, Myzus persicae, population dynamics, control

ITPACKOBATA BOIIKA MYZUS PERSICAE (SULZER) HA TYTYHOT

JIucHMTE BOILIKH CE 110jaByBaaT BO CUTE TYTYHOIIPOM3BOIHHU PEOHN BO Make0HMja.

HabspynyBamara Oea n3BpiieHn BO pernoHoT Ha [Ipmiten, 3a Bpeme Ha Bereranujara Ha TYTYHOT BO TEKOT Ha
2011-2013, co arumkanuja Ha Metoz Ha 20 cTpaka TyTyH B MeTos Ha Davies. 3a KoHTpoJa Ha JIMCHHUTE BOILIKH Oea
rocraBeHu noscku onuth co: Acetamiprid -0.02%, Imidacloprid -0.03%, Thiamethoxam -0.02%, Chlorpiriphos
-0.15%, Lambda-cyhalothrin -0.025 u Methomyl -0.06%.

[omynanwmjata Ha Myzus persicae on 79630 Bo 2011, mopacHa 1o 93414 Bo 2012 u onagra 1o 74440 Bo 2013 mim
BKynHO Oca yTBpaeHu 247484 micHu Bomku Ha 600 TyTyHCKH cTpaka. Criopen meronot Ha Davies Oea yTBpaeHH
BkynHO 78083 nucHu Bomky. MakcuMaliHaTa 1ojaBa Ha JIMCHHUTE BOIIKHU Oemie ox 1 1o 20 aBrycr.
AnmMnypaHuTe HCOHUKOTHHOM/IM OKa)kaa MH3BOHPEIHA €(PUKACHOCT BO KOHTPOJIA HA BOIIKUTE, 3 KOHATAKTHUTE
WHCEKTUIUAN Jas10a oopa 3amTuTa. TyTyHONPOU3BOAUTENNTE Tpeda Ja TH NMPUMEHYBaaT WHCEKTHUINANTE KOora
€ HEOIXOJHa KOHTpOJaTa Ha JIMCHUTE BONIKH. 3a /Ja ce M30erHe MOXKHOCTA 3a TOjaBa Ha PE3UCTECHTHOCT, CE
MIpenopadyBa CMEHa ¥ POTallfja Ha MHCEKTHIIUANTE BO TEKOT HA MCTATa BEreTalujara.

Kayunu 300poBu: TyTyH, Myzus persicae, TomyaanuoHa JMHAMHKA, KOHTPOJIA
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INTRODUCTION

The green peach aphid, M. persicae, is a
highly polyphagous species, colonizing
over 500 species of host plants from at least
40 different families (Blackman and Eas-
top, 2000, cit. Srigiriraju, 2008; Grigorov,
1979). In field conditions of Macedonia, it
has a holocyclic life cycle where the sexual
phase is completed on a peach and asexual
phase occurs on tobacco and other second-
ary host species (Janusevska, 2001; Krstes-
ka, 2007).

The aphid attack commercial varieties of
Nicotiana tabacum L. and forms large,
dense colonies at the growing points and
on the youngest leaves (Helmut and Har-
rington, 2007).

Aphid diet causes damages on tobacco
leaves and reduction of carbohydrates, sol-
uble sugars and glucoses. The aphids may
also cause water stress and reduced growth
rate of tobacco plant. They deposit honey-
dew on tobacco leaves resulting in the sub-
sequent growth of a black sooty mold. Con-
tamination of tobacco plant with aphids, or
with aphid honeydew, also causes loss and
reduces leaf quality. M. persicae is vector
of several important plant viruses (Todoros-
ki, 1965; Todoroski and Maceljski, 1983;

Srigiriraju et al., 2010; Maric and Camprag,
1982).

M. persicae has high potential for repro-
duction and development. In tobacco bio-
cenosis in the region of Prilep high quanti-
ties of this aphid wepe recorded. Due to the
unsuitable climate conditions in 2003, the
number of its generations on tobacco was
reduced to 8, while in 2004 and 2005 there
were 10 generations of M. persicae (Krstes-
ka, 2007).

Early in the season, aphid infestations are
often spotty and if such plants or areas are
treated in time, serious damage can be pre-
vented later in the season. In some cases,
use of insecticides for other, more damag-
ing insects leads to outbreak of green peach
aphid. Inadvertent destruction of beneficial
insects is purported to explain this phenom-
enon, but aphid resistance to some types of
insecticide may also be involved (Srigirira-
ju, 2008). M. persicae develop resistance to
many insecticides (Harlow, 1990; Kerns et
al., 1998; Silva et al., 2012; Eleftherianos et
al., 2008).

The main goal of the investigations was to
perform analysis of population dynamics of
aphids in tobacco fields and their control.

MATERIAL AND METHODS

Investigations were carried out during
2011-2013, on tobacco plants in Prilep. The
observations were made with application of
the following methods:

a. Method of survey of 20 randomly selected
tobacco stalks infested with aphids. Tobacco
stalks were sampled from the whole area of
the trial at 10-days interval, starting from
June 1, up to the end of September. The in-
vestigationss were performed on parts of
tobacco (leaves, tobacco flowers, seed cap-
sules). 10 checks were made by this method
in each of the three years of investigations,
i.e. 200 stalks per year, or 600 stalks in total.
The investigation included a total of 17603

tobacco leaves (5837 in 2011, 5849 in 2012
and 5917 in 2013).

b. Method of Davies - survey of 100 ran-
domly selected tobacco leaves infested with
aphids. Tobacco leaves were sampled from
the whole area of the trial at 10-days inter-
val, during tobacco vegetation. 10 checks
were made by this method in each of the
three years of investigation, i.e. 1000 leaves
per year, or 3000 leaves in total.

Field trials were carried out in the Experi-
mental field of Tobacco Institute-Prilep for
aphids control with 6 insecticides of differ-
ent chemical classes.

The treatments included:
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1. Acetamiprid (Bubastar 20 SP) -0.02%

(neonicotinoid)

2. Imidacloprid (Confidor SL 200) -0.03%

(neonicotinoid)

3. Thiamethoxam (Actara) -0.02% (neon-

icotinoid)

4. Chlorpyriphos (Pyrinex 48 EC) -0.15%

(organophosphate)

5. Lambda-cyhalothrin (King) - 0.025%

(pyrethroid)

6. Methomyl (Metomyl 90-SP) -0.06%

(carbamate)
7. Untreated control

8. The chemicals were applied foliary,
with knapsack sprayer, at 20°C. The

10.

treatment included 400 tobacco plants
in flowering stage. The treatments and
the untreated check were set up in a ran-
domized complete block design with
four replications. The border rows of
the foliar treatments were left untreated.
Effectiveness of the applied insecticides
was estimated 1,4, 7, 11, 15 and 21 days
after application.

Climate conditions are important fac-
tors for development of tobacco and
aphids. Data presented in Table 1 were
obtained from the meteorology station
of Scientific Tobacco Institute in Prilep.

Table 1. Climate conditions in the Prilep region

Year Meteorological factors  Decade May Jun July  August Septem. X/ ??
Mean decade air tem- 1 11,3 18,5 19,4 20,7 21,1
perature (°C)
11 13,6 18,3 24.4 22,2 21,0
I 16,5 18,8 20,00 22,5 16,0
Mean monthly air 13,9 18,5 213 219 196 19,1
temperature (°C)
2011
| 20,0 31,0 8,0 9,0 /
Precipitations (mm) I 32,0 20,0 / 1,0 23,0
11} 11,0 / 9,0 1,0 15,0
Total precipitations 63,0 51,0 17,0 11,0 380  180,0
(mm)
Mean decade air | 16,2 19,1 242 239 20,9
t t °C
emperature (C) I 13,6 21,6 237 216 173
11 13,9 22,1 248 233 18,1
Mean monthly air 14,6 20,9 243 23,0 188 20,3
temperature (°C)
2012 I 6,0 / /140
I 56,0 / / 6,0 23,0
Precipitations (mm) I 49,0 20,0 12,0 / /
Total precipitations 111,0 20,0 12,0 20,0 23,0 186,0

(mm)
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Mean decade air I 17,4 16,0 20,3 246 20,0
temperature (C) no 162 206 209 233 156
I 15,7 20,4 239 209 155
Mean monthly air tem- 16,4 19,0 2,7 229 17,0 194
perature (°C)
2013
I 33,0 24,0 11,0 / /
Precipitations (mm) I 11,0 11,0 / 1,0 21,0
I 3,0 16,0 / 8,0 14,0
Total precipitations 47,0 5,0 1,0 90 350 1530
(mm) 9 9 9 9 9 9
RESULTS AND DISCUSSIONS
During investigation of the species of Aph- occur in light green, dark green, orange or
ididae family, tobacco was attacked only by red color (Photo 2). This color morphism in
Mpyzus persicae Sulzer (Photo 1). M. persicae results from the presence of a
The body in apterous aphid is oval and 1.5 series of glycosides in the aphid hemo-
to 2.6 mm long. The wingless aphids may lymph (Blackman, 1974).

Photo 1. Aphids on tobacco Photo 2. Apterous aphids with several

distinctive colors

Nymphs are greenish or yellowish, and is in average two days. Redish eyes of
they go through four stages during devel- young progeny, often easily observable
opment, and the duration of each stage in the abdomen of the mother.
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Photo 3. Female, with immatures

As aphid densities increase winged forms
are produced to aid dispersal. Alate aphids
have a black head and black-redish thorax,
and a yellowish green abdomen with a large
dark patch dorsally (Photo 3).

1ological state of the plant.

Following the dynamics of the population
of aphids in the Prilep tobacco producing
region during 2011-2013, we concluded
that the aphids can be observed on tobacco

Photo 3. Occurrence of alate aphid in aphid colony

During the summer, M. persicae devel-
oped many parthenogenic generations of
apterous aphids on tobacco, which de-
pends primarily on temperature fluctua-
tions and precipitation, as well as the phys-

34

plants from early July to the end of Sep-
tember. Individual samples were found un-
til early October. The most intensive attack
of aphids on tobacco occurs from the end
of July to mid-August (Graph. 1).
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Graph. 1. Dynamics of the population of aphids in tobacco
production region in Prilep

Table 2 shows the numerical coverage of
leaf aphids in accordance with the Method
of 20 stalks. Between 2011 and 2013 a sur-
vey of leaf aphids was conducted on 600
stalks containing 17603 tobacco leaves.

The population of leaf aphids grew from
79630 in 2011 to 93414 in 2012 and de-
clined to 74440 in 2013 or, in total, 247484
over the years.

Table 2. Quantitative representation of aphids 2011 - 2013
Method: survey of 20 tobacco stalks

Date N’of tobacco N’of aphids N°of tobacco N’of aphids N°of tobacco N°of aphids
leaves 2011 2011 leaves 2012 2012 leaves 2013 2013
01.07 332 17 317 267 329
10.07 368 451 361 3360 365 98
20.07 521 6121 522 10254 519 3775
01.08 628 17003 586 24098 603 16995
10.08 653 22498 639 18679 673 21648
20.08 710 17491 716 15573 722 18435
01.09 724 12275 764 13023 785 10311
10.09 678 2890 663 6128 681 3107
20.09 615 873 668 1956 647 71
01.10 608 11 613 76 593 -
Total 5837 79630 5849 93414 5917 74440

In the first year of investigation (2011),
aphid population was very low at the be-
ginning (17 aphids /sample) and maximum
density was achieved in August 10 (22498
aphids/sample). In the peak period, average
temperature of 22.2 °C and precipitations of
9 mm were recorded. The aphid population
showed a declining trend from the mid-Sep-

tember, due to gradual decrease in tempera-
ture.

In the second year of investigation ( 2012),
the infestation of aphids on tobacco started
from the first week of July and the maxi-
mum incidence was achieved in the first
decade of August (24098 aphids/ sample),
at 23.9 °C mean temperature and 14 mm
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precipitations. After the second week of
September, aphid density declined with the
decrease of temperature.

In 2013, aphids were present from the sec-
ond decade of July to September 20 and
maximum population was recorded in Au-
gust 10 (21648 aphids/sample).

Table 3 gives numerical presentation of leaf
aphids according to the Method of 100 to-
bacco leaves infested with aphids. Over the
years, 3000 tobacco leaves were tested and
78083 aphids were recorded. Peak period
of aphid population is from early August to
mid-August.

Table 3. Quantitative presentation of aphids, 2011-2013
Method: survey of 100 tobacco leaves

N of aphids

Date

2011 2012 2013
01.07 53 54
10.07 764 811 143
20.07 1231 3262 925
01.08 5083 9143 3206
10.08 8321 8148 8249
20.08 6078 6021 7054
01.09 2174 3067 1702
10.09 136 1189 556
20.09 117 213 210
01.10 52 121
Total 24009 32029 22045

During tobacco growing season in 2011-
2013 there were quantitative differences
in aphids occurrence depending on climate
conditions. Beside the climate conditions,
parasites and predators limit the number of
insects per plant. Some cultural practices
as weed control, inter-row cultivation and
use of recommended nitrogen rates may
help delay infestations of aphids or reduce
the aphid populations in tobacco. However,
insecticides play a major role in aphid con-
trol, alone or within the IPM program.

For successful aphid control higher atten-
tion should be paid to monitoring. Tobac-
co leaves should be regularly checked for
aphid colonies, but yellow traps and water
pan traps can be also used in monitoring of
aphid population.

According to our investigations, treat-
ments are recommended if the populations
reach economic threshold levels, i.e., when
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at least 10 of 100 plants are infested with
small aphid colonies. Remedial treatments
are recommended if the TGPA populations
reach economic threshold levels, i.e., when
at least five of 50 plants are infested with 50
or more aphids on any one leaf (Semtner,
2007, cit. Srigiriraju, 2008).

Aphids have developed resistance to many
insecticides and they are more difficult to
control.

The extensive use of one insecticide during
tobacco vegetation creates conditions that
favor the fast development of M. persicae
resistance.

The first report of resistance in this species
dates back to 1955 from Anthon, with re-
sistance now reported to most classes of in-
secticide, including the organophosphates,
carbamates, pyrethroids, cyclodienes, and
neonicotinoids (Bass et al., 2014).

The green peach aphid, M. persicae, has
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developed resistance to at least seventy
different synthetic compounds and dif-
ferent insecticide resistance mechanisms
have been reported worldwide (Silva et al.,
2012). Eleftherianos, 2008, reported strong
resistance to pyrethroid insecticides in the
peach-potato aphid, M. persicae.

Field trials were conducted to evaluate the
performance of various chemical classes
for aphid control on tobacco, in order grow-
ers to rotate insecticides during vegetation
(Graph. 2 and 3).

24 hours after application. The efficacy is
excellent up to the 21* day. Contact insecti-
cides Chlorpyrifos (organophosphate),
Lambda-cyhalothrin  (pyrethroid) and
Methomyl (carbamate) gave good aphid
control, 95 %, 90 % and 98 % respectively.
The aphids usually feed on young leaves,
flowers and top of the stem. They are often
found on the underside of tobacco leaves
and are difficult to kill with contact insecti-
cides, therefore careful application of insec-
ticides with knapsack sprayer is necessary.

100
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92

920
88

1day 4 gay

7 day

11 day 15 day 21

B Imidacloprid
® Acetamiprid

Thiamethoxam

Graph. 2. Efficacy of Neonicotinoides against leaf aphids
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m Methomyl

Graph. 3. Efficacy of contact insecticides against leaf aphids

Neonicotinoides: Imidacloprid, Acetami-
prid and Thiamtexam provide effective
long-lasting protection of aphids, because
of their systemic nature. They reached 100
% effectiveness, visible from the first check

The insecticides were also applied in field
trial in Chile and, according to Silva et al.
2012, M. persicae has been chemically
controlled by the application of almost all
classes of insecticides, including neonico-
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tinoids, pyrethroids, organophosphates and
carbamates.

Aphid control with insecticides on tobacco
is necessary. The number of treatments de-
pends on the density and intensity of the at-
tack of leaf aphids. To avoid the possibility
of resistance, a change of chemicals during
the same growing period is recommended.
Growers must apply insecticides only when
essential for control, using correct label
rates and application procedures and avoid-
ing unnecessary or excessive spraying.
According to Srigiriraju, 2008, the control
of M. pesricae presents a special challenge
to tobacco growers because aphids develop
resistance to many insecticides and the facts

is that many of the insecticides have been
withdrawn from use due to environmental
safety or poor performance.

Foster et al. 2007, cit. Srigiriraju, 2008,
explain that the extensive use of imidaclo-
prid and other neonicotinoids on tobacco
and the reduced availability of insecticides
with other modes of action (rotation with
neonicotinoids) could create conditions that
favor the development of neonicotinoid re-
sistance in M. persicae.

Tobacco growers are relying on a few in-
secticides for control of aphids but the list
of insecticides authorized for use on tobac-
co must be expanded.

CONCLUSIONS

During investigation of fauna species of the
Aphididae family it was stated that tobacco
was attacked only by M. persicae.

From the analyses conducted between 2011
and 20013 to determine the number of leaf
aphids in the region of Prilep, it can be con-
cluded that there was variable quantitative
coverage.

In 600 tobacco stalks tested the population
of leaf aphids grew from 79630 in 2011,
to 93414 in 2012 and declined to 74440 in
2013 or, in total, 247484 aphids were count-
ed over the years. According to the method
of Davies, in 3000 tobacco leaves a total
of 78083 leaf aphids were recorded. In all
years, the maximum incidence of aphids
was between 1 * and 20 " of August.

For successful management of aphids
greater attention should be paid to monitor-
ing. Tobacco leaves should be checked reg-
ularly for aphid colonies and treatments are
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recommended when the populations reach
economic threshold levels.

Insecticides play a major role in keeping
this pest under control. Development of
insecticide resistance in field populations
must be avoided.

It can be concluded that M. persicae has
been successfully controlled by the applica-
tion of all classes of insecticides applied in
field trial. Neonicotinoides showed excel-
lent effectiveness in aphid control and con-
tact insecticides gave good aphid control.
To avoid the possibility of resistance, rota-
tion of chemicals during the same growing
season is recommended.

Growers should apply insecticides only
when essential for the control, using a cor-
rect label rates and application procedures
and avoiding unnecessary or excessive

spraying.
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ABSTRACT

Tobacco plants in seedbeds are often attacked by the soil phytopathogenic fungus Rhizoctonia solani, the causing
agent of damping off disease. Investigations were made in biological laboratory of the Scientific Tobacco Institute
- Prilep with tobacco variety NS72 in order to determine the effectiveness of some newer fungicides in the control
of this pathogen. Seedlings were sown in 0,3 m? plastic trays in naturally infested soil and in soil inoculated with
fungal culture before sowing. The following fungicides were used in investigation: Top M 0.1% (70% thiophanate
methyl), Orvego 0,1% (ametoctradin 300 g/1 + dimethomorph 225 g/I), Enervin 0,2% (ametoctradin 120 g/kg +
metiram 440 g/kg) and Signum 0,1% (boscalid 267 g/kg + pyraklostrobin 67 g/kg). Seedlings were treated twice,
by watering with 1 1/m? of the solution. The first watering was done in the 4-leaf stage and the second in the stage
of rapid growth. The coefficient of fungicide effectiveness was calculated according to Abbott’s formula. In seed-
lings treated with Signum no symptoms of the disease were observed, while in the check variant the infection rate
was 75.00 to 100.00%. Due to its high effectiveness, the Signum fungicide can be used in practice, in protection
of tobacco seedlings from this pathogen.

Key words: tobacco seedlings, R. solani, disease, fungicides, effectiveness

INPUMEHA HA HEKOU HOBU ®YHI'MIIU /U 3A KOHTPOJIA HA
RHIZOCTONIA SOLANI KUHN BO TYTYHCKHUOT PACA/J]

[Ipu mpou3BOACTBOTO Ha pacaj, YeCTO BO JICUTE CE T0jaByBa U IOUBEHaTa GuTomnaToreHa raba Rhizoctonia solani,
IIPUYMHUTEI Ha OoJiecTa ceuere. 3a J1a ce 3allTHTH PacagoT o 0Ba 3a00iyBame, HAlPaBHBME HCIIUTYBambe Ha
MIOHOBH ITPEIapaTy, co Ll Aa Ce IPOBEepH HUBHATA €(DUKACHOCT BO Cy30MBAK-ETO Ha OBOj IIATOreH. McnnuTyBameTo
€ M3BeNeHo Bo OmonomkaTa Jaboparopuja Ha HaygyHnoT nHCTHTYT 3a TyTyH-IIpren Ha pacax ox coprara HC72.
Pacazor e oxrieayBan Bo IUIACTHYHM KOpHUTa co moBpiuHa ox 0,3 m? Ha NpUpOAHO HHOHUIIKPAHa T0YBa H [10YBA
WHOKYITHpaHa co KyJITypa of rabarta Kaje WHOKYIyMOT Oelne TofaieH mpea cenada Ha pacaioT. 3a HCIUTYBambe
6ea xopucrenn cranaapaauot npenapar Top M 0,1% (70% thiophanate methyl) n npemaparure Orvego 0,1%
(ametoctradin 300 g/l+dimethomorph 225 g/l), Enervin 0,2% (ametoctradin 120 g/kg+metiram 440 g/kg) u Sig-
num 0,1% (boscalid 267 g/kg+pyraklostrobin 67 g/kg). Pacagor e Tperupan aBa mati co mosneBame co 1o 1 1
pactBop Ha m?* IIpBOTO mOJEBamkE ¢ HANPABEHO BO (pa3sa BKPCTYBarkbe HA PacaloT, a BTOPOTO BO OyeH MOpacT.
Koedumnentor Ha epukacHOCT Ha GYHTUIIUANTE € TIpecMeTad cropen dhopmynara Ha Abbott. Kaj Tpetupanmnor
pacan co GyHrHOIUAOT Signum HeMmale mojaBa Ha 3a00yBame, ToJeKa Kaj KOHTpOJIaTa 3apazaTa H3HeCyBalle Of
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75,00-100,00%. 3apanu Bucokara e(hMKacHOCT IITO ja [TOKa)a OBOj IIpenapar, HCTUOT MOXKE J1a HajJ/ie U MOLINpOKa
NpaKkTHYHA MPUMEHA BO 3alITHTATa Ha TYTYHCKHOT pacaj Ol OBOj MOYBCH MATOTCH.
KuyuHu 300poBH: TYTYHCKH pacaj, R. solani, bosect, npenaparu, ¢(pUKacHOCT

INTRODUCTION

Tobacco production is a complex and spe-
cific process. Tobacco growth and devel-
opment, yield and quality depend on the
climate and soil conditions and the applied
cultural practices. During the production of
seedlings for tobacco, vegetable and orna-
mental plants, the sprouts and young plants
can be seriously damaged. The most com-
mon cause of this phenomenon, despite
Pythium debaryanum, is the soil phyto-
pathogenic fungus Rhizoctonia solani. The
ground part of the stem is covered with wa-
ter-soaked spots, the tissue decays and the
infected plant eventually dies. The disease
spreads in larger or smaller patches and it is
necessary to apply protective agro-technical
measures as an integral part of the produc-
tion. For prevention of disease outbreak, it
is recommended to apply optimum spacing
among plants in the seedbeds, moderate ir-
rigation, regular ventilation and chemical
protection. In North Carolina - where 95%
of tobacco seedlings are grown in green-
houses (hydroponic float trays) - one of
the most common diseases is damping off,
caused by the fungus R. solani (Gutierrez
et al., 2001). According to Kenneth et al. (
2011), float trays in which tobacco seed-
lings are grown are ideal place for develop-
ment of this pathogen.

In our country, too, damping off disease
caused by Rhizoctonia solani (teleomorph,
Thanatephorus cucumeris) is economically
important disease. This is plant pathogenic
fungus with a wide host range and world-
wide distribution. It belongs to the class
Basidiomycetes - fungi that do not produce
asexual (conidia) spores (Annonimus 2016
a,b). It exists in the soil as mycelium and
produces sclerotia on plant residues, but oc-
casionally it can also produce sexual spores
- basidiospores. The fungus Thanatephorus

cucumeris (teleomorph stage) was earlier
described under the name Rhizoctonia so-
lan and it is an anamorph stage (Pejcinovs-
ki et al., 2009). According to Gonzalez et
al. (2011), the fungi can persist in soil for
years as mycelium and they also survive by
producing sclerotia, which makes it diffi-
cult to control them with conventional fun-
gicides. The most successful results can be
achieved by integrated protection, which is
a combination of fungicide application and
agro-technical measures.

Shew and Ridge (2016) confirmed that
fungicides containing active ingredients
azoxystrobin and mancozeb show high ef-
fectiveness in protection of tobacco seed-
lings from this pathogen. According to La-
Mondia (2012), in vitro tests showed that
azoxystrobin inhibited mycelium growth.
Initially, it reached 98.8% but the results
obtained in biological laboratory show
that fungicides with this active ingredi-
ent can significantly reduce the pathogen
infection. Seedlings treated with Quadris
based on azoxystrobin have a more devel-
oped root system, greener color and lower
rate of infection compared to the untreated
seedlings. High effectiveness in the con-
trol of this pathogen was achieved in the
tests made with a.i. thiophanate methyl and
with fungicides from the strobilurin group
-Quadris 25SC and Stroby WG (Taskoski et
al., 2001, 2015 a).

Signum, a new product of the BASF com-
pany, showed high effectiveness in the
control of gray mold (Botrytis cinerea)
on strawberries (Hauke, 2004) and lettuce
(Callens, 2005). Taskoski (2015) reported
high effectiveness of this fungicide in the
control of Pythium debaryanum in tobacco
seedlings.

The aim of this study was to examine the
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effectiveness of some newer fungicides,
including Signum, in protection of tobac-

co seedlings from the soil phytopathogenic
fungus R. solani.

MATERIAL AND METHODS

Investigations with tobacco seedlings of
NS 72 variety were performed in 2014 and
2015 at the biological laboratory of Tobac-
co Institute - Prilep in two treatments with
three replications. Seedlings were plant-
ed in 0,3 m? plastic trays on 5.5.2014 and
7.5.2015. In the first trial, they were planted
in soil inoculated with pure culture of the
fungus, while in the second trial we used
naturally infested soil, without additional
artificial inoculation. Culture of the fungus
grown on nutrient medium potato dextrose
agar was used as inoculum in a thermostat
at 25° C for a period of 10 days. The inoc-

ulum for one tray was prepared from my-
celial colony in two Petri dishes, blended
in 200 ml distilled water and added to the
soil before sowing the seedlings. Two treat-
ments with fungicides were made during
seedlings growth - in the 4th leaf stage and
in the stage of rapid growth. Seedlings
were treated with 1 1 fungicide solution/m?
and check variants were poured only with
pure water. Four fungicides were included
in the investigation. Their active ingredient
and concentration are presented in Table 1.
Regular agro-technical measures were ap-
plied during the cultivation of seedlings.

Table 1. Investigated fungicides

Fungicide Active ingredient Concentration %
Orvego 300 g/l ametoctradin + 0,1
225 g/l dimethomorph
Enervin WG 120 g/kg ametoctradin + 0,2
440 g/kg metiram
Signum WG 267 g/kg boscalid + 0,1
67 g/kg pyraclostrobin
Top M 70 WP 70% thiophanate methyl 0,1

Health condition of seedlings was estimated
according to the number of infected plants.
Two assessments were made during the
growing season - the first one ten days after
the second treatment and the second - ten
days after the first assessment. Spots where
seedlings were infected were measured and

the empty area and average intensity of dis-
ease attack were estimated by processing
the obtained data. According to the disease
intensity in the second assessment, coeffi-
cient of fungicides effectiveness was calcu-
lated by the Abbott’s formula (1925).

RESULTS AND DISCUSSION

Results of the two-year investigations on
fungicide effectiveness in protection of to-
bacco seedlings from the soil pathogen R.
solani are presented in tables. In trials per-
formed during 2014 with seedlings planted
in inoculated soil, the disease intensity in
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the check variant ranged from 83.33% in
the first assessment to 100.00% in the sec-
ond (Table 2). In variants treated with fungi-
cides, the disease intensity varied, reaching
50.00 - 65.30% with Orvego 0,1% , 45,00%
with Top M 0,1% and 25.00 - 41.20 % with



Petre Tashkoski: APPLICATION OF SOME NEW FUNGICIDES IN THE CONTROL OF RHIZOCTONIA SOLANI KUHN...

Enervin 0,2%. Only the seedlings treated
with Signum 0,1% applied alone or in com-

bination with other fungicides showed no
symptoms of disease.

Table 2. Disease intensity in seedlings grown in soil inoculated
with fungal culture of R. solani in 2014

Variant Infected area, %
I assessment II assessment
Check 83,33 100,00
Orvego 0,1% 50,00 65,30
Enervin 0,2% 25,00 41,20
Signum 0,1% 0,00 0,00
Orvego 0,1%+Signum 0,1% 0,00 0,00
Enervin 0,2%+Signum 0,1% 0,00 0,00
Top M 0,1% 45,00 45,00

According to the results, disease intensity
of seedlings planted on naturally infested
soil in 2014 in the check variant ranged
from 80.00% in the first and 90.00% in the
second assessment (Table 3). The high-
est rate of infection in the first assessment
was recorded with Orvego 0,1% - 27,40%,
Enervin 0,2% - 13,00% and Top M 0,1%

- 2,00%. Higher rate of infection was re-
corded in the second assessment (40.00%
with Orvego 0,1%, 30,50% with Enervin
0,2% and 16.40% with Top M 0 1%). In this
case again, no symptoms of disease were
observed in variants treated with Signum
0,1%.

Table 3. Disease intensity in seedlings grown
in naturally infested soil, 2014

Variant Infected area, %
I assessment IT assessment
Check 80,00 90,00
Orvego 0,1% 27,40 40,00
Enervin 0,2% 13,00 30,50
Signum 0,1% 0,00 0,00
Orvego 0,1%+Signum 0,1% 0,00 0,00
Enervin 0,2%+Signum 0,1% 0,00 0,00
Top M 0,1% 2,00 16,40

In 2014, in soil inoculated with fungal cul-
ture, the highest fungicide effectiveness
(100.00%) was obtained with Signum 0,1%
in all three variants (Table 4). The other
fungicides tested showed lower effective-
ness, reaching 58.80% with Enervin 0,2%,
55,00% with Top M 0,1% and 34.70% with
Orvego 0,1%. Similar effectiveness was

achieved in seedlings grown in naturally
infested soil. The lowest effectiveness was
obtained with Orvego 0,1% (55.55%) and
Enervin 0,2% (66,11%), and somewhat
higher effectiveness (81.77%) was ob-
tained with Top M 0,1%. No symptoms of
disease were recorded in seedlings treated
with Signum 0,1%.
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Table 4. The effectiveness of investigated fungicides in 2014

Variant

Effectiveness, %

Seedlings grown in inoculat-

Seedlings grown in naturally

ed soil infested soil

Check - -
Orvego 0,1% 34,70 55,55
Enervin 0,2% 58,80 66,11
Signum 0,1% 100,00 100,00
Orvego 0,1%+Signum 0,1% 100,00 100,00
Enervin 0,2%+Signum 0,1% 100,00 100,00
Top M 0,1% 55,00 81,77

In 2015, disease intensity was variable. In
soil inoculated with pathogenic fungus, the
highest intensity was achieved in the check
(Fig. 1), reaching 86.00% in the first assess-
ment and 100.00% in the second (Table 5).
Lower disease intensity (60.00 - 80.00%)
was achieved in the variant with Orvego
0,1% (Fig. 2). With Enervin 0,2% it ranged
from 2.70% in the first assessment to
30.00% in the second assessment (Fig. 3).

Fig. 1. R. Solani — infected seedlings in the check

variant

With Top M 0,1% (Fig. 4) disease intensity
of 7.50% was recorded only in the second
assessment. In this trial, Signum 0,1% ap-
plied alone or in combination with other
fungicides showed the highest effectiveness
in seedlings protection from the pathogen.
In seedlings treated with this product, no
symptoms of disease were recorded (Fig.
5).

Fig. 2. Tobacco seedlings treated with Orvego 0,1%

2

Table 5. Disease intensity in seedlings grown in soil inoculated
with fungal culture of R. solani in 2015

Variant Infected area %

I assessment IT assessment
Check 86,00 100,00
Orvego 0,1% 60,00 80,00
Enervin 0,2% 2,70 30,00
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Signum 0,1% 0,00 0,00
Orvego 0,1%+Signum 0,1% 0,00 0,00
Enervin 0,2%+Signum 0,1% 0,00 0,00
Top M 0,1% 0,00 7,50

Fig. 3. Seedlings treated with Enervin 0,2%

Fig. 4. Seedlings treated with Top M 0,1%

Fig. 5. Seedlings treated with Signum 0,1%

In naturally infested soil, the disease
intensity in the check variant ranged from
30.00% in the first assessment to 75.00% in
the second (Table 6). Somewhat lower in-
tensity was observed in the variant with Or-
vego 0,1% (26.00% in the first and 43.40%

in the second assessment). The lowest dis-
ease intensity of 3.00% in both assessments
was recorded with Enervin 0,2%. As in the
previous trial, no symptoms of disease were
recorded in seedlings treated with Signum
0,1% and Top M 0,1%.

Table 6. Disease intensity in seedlings grown
in naturally infested soil, 2015

Variant Infected area %

I assessment II assessment
Check 30,00 75,00
Orvego 0,1% 26,00 43,40
Enervin 0,2% 3,00 3,00
Signum 0,1% 0,00 0,00
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Orvego 0,1%+Signum 0,1% 0,00 0,00

Enervin 0,2%+Signum 0,1% 0,00 0,00

Top M 0,1% 0,00 0,00

According to the results (Table 7), 100.00% lings grown in naturally infested soil), no
effectiveness in protection of tobacco symptoms of disease were recorded. This
seedlings from this pathogen in 2015 was fungicide provided maximum effectiveness
achieved with Signum 0,1%, applied alone in protection of tobacco seedlings from the
or in combination with other fungicides. pathogen Pythium debaryanum, too (Tash-
In both variants (seedlings grown in soil koski, 2015).

inoculated with fungal culture and seed-

Table 7. The effectiveness of investigated fungicides in 2015

Variant Eftectiveness, %

Seedlings grown in inoculat-  Seedlings grown in naturally
ed soil infested soil

Check - -

Orvego 0,1% 20,00 42,13
Enervin 0,2% 70,00 96,00
Signum 0,1% 100,00 100,00
Orvego 0,1%+Signum 0,1% 100,00 100,00
Enervin 0,2%+Signum 0,1% 100,00 100,00
Top M 0,1% 92,50 100,00

High effectiveness was achieved with Top tum spp. in tomato and pepper (Rusevski et
M 0,1%, reaching 92.50% in seedlings al., 2012) and 98.83% effectiveness against
grown in soil inoculated with the patho- the same pathogen in tobacco seedlings
gen and 100.00% in seedlings grown in (Tashkoski, 2015).

naturally infested soil. Effectiveness of Due to their high effectiveness, the applica-
70.00 - 96.00% was achieved with Enervin tion of Signum and Enervin fungicides will
0,2% and the lowest effectiveness of 20.00 provide control of the soil pathogen R. so-
- 42.13% was obtained with Orvego 0,1%. lani - causing agent of damping off disease
Enervin is a fungicide which achieved on tobacco seedlings.

100% effectiveness in the control of the

causing agent of damping off disease Pyth-

CONCLUSION
The disease caused by the soil-borne patho- ly high disease intensity in 2014 which
gen R. solani is a serious problem in pro- reached 100.00% in the check variant (soil
duction of tobacco seedlings. Severe losses inoculated with culture of the fungus) and
caused by this disease can be reduced by 90.00% in the trial with naturally infested
applying appropriate agro-technical and soil.
chemical measures. For this aim, the ef- Effectiveness of 55.00% was obtained by
fectiveness of some newer fungicides was application of the standard fungicide Top M
studied during 2014 and 2015. 0,1% 1n soil inoculated with fungal culture
This effectiveness was achieved at extreme- and 81.77% in naturally infested soil. The
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lowest effectiveness (34.70% and 55.55%,
respectively) was obtained by the Orvego
0,1% fungicide. In 2015, disease intensity
in the check variant was 100.00% in the soil
inoculated with fungus and 75.00% in the
trial with naturally infested soil.

Application of the above fungicides reduc-
es the infection of tobacco seedlings by
this pathogen. The effectiveness achieved
with the standard fungicide Top M 0,1%
was 92.50% in seedlings grown in inocu-
lated soil and 100.00% in seedlings grown
in naturally infested soil. Again, the lowest
effectiveness in both variants was obtained
with Orvego 0,1% ( 20,00% and 42.13%,

respectively). The effectiveness achieved
by Enervin 0,2% was 70,00% in seedlings
grown in inoculated soil and 96.00% in
seedlings grown in naturally infested soil.
In both years and both trials, the highest
effectiveness in protection of tobacco seed-
lings from R. solani was achieved by the
fungicide Signum 0,1%, used alone or in
combination with other fungicides. Seed-
lings treated with this fungicide showed no
symptoms of disease.

Due to its high effectiveness, it can be rec-
ommended for practical application in pro-
tection of tobacco seedlings from this soil-
borne pathogen.
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ABSTRACT

Tobacco is major agricultural product in many countries in the world. Depending on climate conditions, it is either ex-
ceptionally popular or marginally represented. At world level, the annual tobacco production ranges from 6.500.000
to 7.000.000 t. Within this range is the final production of cigarettes which, by acceptance of the American blend, be-
comes more and more globalized.Trade with raw tobacco in the world is fairly stable, with a balance between supply
and demand. The market is traditional and in most cases perfectly defined. Over 95% of tobacco production is spent
on cigarette production and the remaining 5% on other tobacco products.

Macedonia has stabilized its tobacco production at approximately 25.000-30.000 tons, with a tendency to improve the
quality as much as possible.Macedonia is a country with its own strategy and it will not accept to reduce tobacco pro-
duction, because replacement of tobacco with another crop will not provide existence to tobacco growers, having in
mind the climate conditions and the economic impact. In regions where tobacco is grown, climate and soil conditions
are unfavorable for other crops. Regarding the economic impact, production of a new crop will be accepted only if it
is profitable replacement for tobacco that will provide existence to growers, which is hardly believable.

Keywords: stabilization, tobacco production, incentives for support and development, productional structure, pur-
chase prices

CE CTABUWIN3HUPA TYTYHCKOTO IMTPOU3BOJACTBO BO PMAKE/TOHUJA

Kako 3emjonencka KyaTypa,TyTyHOT € 3Ha4aeH 3a MHOTY 3€MjH BO CBETOT M BO 3aBHCHOCT OJ KJIMMAaTCKUTE YCIOBU
WM € U3PAa3UTO MacOBHA KYITypa WM € MaprUHaIHO 3acTaneH.Ha cBeTCko HUBO,IIPOU3BOACTBOTO HA TYTYH O CUTE
TunoH ce amxn of1 6.500.000-7.000.000ToHM TOIMIITHO 1 BO PAaMKHTE Ha OBA IIPOM3BOJICTBO CE IBIDKH M (hHHATHATA
mpepaboTka Ha IUTapH,Koja co MpuakameTo Ha aMEPUYKHOT ONEHI,NO CBOjOT KBAJHTET CTAaHyBa CE IOBEKE
HHTEpHALMOHAIHA OTHOCHO IIoOanHa. TproBujara co TyTyHCKaTa CypOBHHA BO CBETOT € JOCTa CTaOWIIHA,0HOCHO
ITOCTOHM paMHOTEa IToMery oHy/aTa 1 modapysaukara.lla3apoT € TpaauIrioHaneH 1 BO IOBEKETO CIIydau Mep(eKTHO
neduanpan.Hax 95% ox TyTyHCKOTO TIPOM3BOICTBO C€ TPOIIH 3a MPOM3BOJACTBO HA ITUTAPH,I0ACKa ocTaHatute 5%
oTIaraar Ha IpyruTe TYTYHCKH IPOU3BOMH.

MakxezoHurja 1o cTabMIM3Hpa MPOM3BOICTBOTO HA TyTyH. KommumHuTe ce co TeHIEHIMja Ja ce 3apiKaT Ha OKOIY
25.000-30.000ToHE TYTYH, CO IITO € MOXKEH momobap kBaimTeT.Kako 3emja co cBoja crparermja,MaxemoHHja He
mpudaka METONONOTHja 3a HaMalyBare Ha ITPOM3BOJICTBOTO HA TYTYH KOja € CHPOTHBHA Ha 00€30emyBameTo
er3MUCTeHIIN]a Ha IPOM3BOIUTENINTE M BO YCJIOBH KOTa Ke ce 3aMEHM TYTYHOT CO Jpyra Kyntypa. [Ipu Toa Tpebda na
ce MMaar IpeBu KIMMATCKHTE YCIOBU M €KOHOMCKHOT e(eKT. Bo pernonure kajge mTO ce Caid TYTYHOT HeMa
KIIMAaTCKH YCJIOBH 32 JIPYTH KyNTypH OHIejku ce Toa CyBH MecTa. OKolly eKOHOMCKHOT e(ekT, ce mpudaka camo
aKo HOBa KyNTypa € MCIUIATIIMBA 3aMEHA, OJHOCHO MM 00e30e1H er3ucTeHIja Ha IPOU3BOJUTENNTE, [ITO € MaJKy
BEPOjaHToO.

Kiayuynu 3060poBu: cTabmim3anyja, TYTyHCKO IPOHW3BOACTBO,CTHMYNAIIMK 33 TOJJIPIIKA M Pa3BOj,IPOU3BOIHA
CTPYKTYpPa,0TKYITHH IICHH.
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INTRODUCTION

Macedonia is traditional producer of ori-
ental tobacco. During the long period of
tobacco production it has fluctuated due
to various factors, but the most important
are weather conditions, which showed the
highest impact on quality and quantity of
tobacco and according to which we can dif-
ferentiate weak, average and above average
harvests. Other important factors that affect
stability of tobacco production are the mea-
sures and instruments of economic policy,
primarily the prices and incentives.

During the transition period, there were big
oscillations in tobacco production compared
to the preceding socialist period that were
due to the change of socio - political system

and the adaptation of tobacco production to
the newly created conditions. The produc-
tion began to stabilize and to approach the
quantities achieved in the previous period
in 1997, although still with frequent fluctu-
ations. Big and important role in this trend
of stabilization played the Government, by
introducing special incentives for tobacco
production. After 2005, this production
ranges between 20,000 and 30,000 tons.

Nowadays, Macedonia has a stable tobacco
production compared to neighboring coun-
tries, both with regard to quantity and qual-

1ty.

QUANTITATIVE AND QUALITATIVE CHANGES IN TOBACCO PRODUCTION
CONDITIONS IN THE PRE-TRANSITIONAL PERIOD

Macedonian tobacco production in the
pre-transitional period consisted of 23 to-
bacco processing plants and three tobacco

companies, organized in the complex orga-
nization of associated labor “Yugotutun” —
Skopje.

Table 1. Production of raw tobacco in Macedonia in middle-term periods (in tons)

Years Production
1971 - 1975 29.120
1976 — 1980 30.243
1981 — 1985 29.976

Source: Analysis of the operation of SOZT “Yugotutun” - Skopje

In the period 1981 — 1985, more precise-
ly in 1980, tobacco production engaged
70,000 subcontractors with an average of
0.4 - 0.43 hectares of planted area and 430
kg tobacco per subcontractor. Main tobac-

cos represented in the production were the
oriental types Prilep, Yaka and Dzebel and
the semi-oriental type Otlja.. These tobac-
co types were manufactured in five tobacco
producing regions in Macedonia.

Table 2. Structure of tobacco production by types

Type Tons %
Prilep 17.345 59
Yaka 6.195 21
Dzebel 1.543 5
Otlja 2.197 8
Others 1.917 7
Total 29.197 100

Source: LJ.Poposki “Uticaj drustveno-ekonomskih i organizaciskih faktora na stanje I razvoj primarne proizvodn-
je duvana”, Beograd 1990

In 1985, the number of registered subcon-
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tractors engaged in tobacco production of
R. Macedonia was 71,033 and the average
yield per subcontractor was 411 kg.

In the above administrative period, prices
of raw tobacco were determined by appro-

priate government authority. There were
two types of prices: guarantee prices set by
the Government and production prices con-
tracted with purchase companies. No incen-
tives for tobacco existed during this period.

TOBACCO PRODUCTION DURING THE PERIOD OF TRANSITION

After 1991, with acquisition of indepen-
dence of the Republic of Macedonia, the
production of raw tobacco took place in
changed socio - economic and political
conditions. It was a period of beginning of
privatization process, when there was a lack
of capital and when the production shifted
from public to private foreign and domestic
companies. In such conditions, some of the
companies ceased the manufacture and pur-
chase of tobacco. Foreign buyers appeared

on the raw tobacco market, with only a few
domestic companies. Main organizers and
buyers are, however, the foreign companies.
Macedonia, although small by its area and
population, has a solid concentration of
tobacco production which, estimated per
capita, is higher than that of the surround-
ing countries. Based on statistics, in 2003
per capita production of raw tobacco in
Macedonia was 11.8 kg, in Turkey 2,3kg, in
Greece 11,1kg and in Bulgaria 8 kg.

In the last two medium terms, tobacco production in Macedonia ranged as follows:
Table 3.in tons

Year Production Subcontractors
2005 -2010 21.726 33.785
2011 - 2015 24.773 (2014) 34.784

Source: Association of tobacco growers of R. Macedonia 2015

In the period 2006 - 2010, the average
number of subcontractors was 33,795,
while in 2011-2014 it was 34784 and

the average production per subcontrac-
tor was 624 kg and 712 kg, respectively.

Table 4. Areas under tobacco in the last medium terms

Years Hectares
2006 — 2010 16.837
2011 -2014 16.044

Source: Association of tobacco growers of R. Macedonia 2015

The average production of tobacco in 2006
-2010 was 643 kg/ha, while in 2011-2014 it
mounted to 1,634 kg/ha. The most frequent-

ly grown tobacco types were Prilep, Yaka
and Basma.

Table 5. Structure of raw tobacco production in 2015godina by types

Tobacco types kg %
Prilep 16.684 88,5
Yaka 2.150 11,0
Basma 77 0,5
Total 18.911 100,0

Source: Association of tobacco growers of R. Macedonia 2015
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The most dominant variety in the produc-
tion of raw tobacco is P -66, which accounts
for 90% of the total production. This means
that it is easily adaptable to most of the
productive regions in R. Macedonia. Thus,
in 2011-2015 the variety P-66 represented
about 78% of the total amount of 24,773
tons purchased tobacco, Yaka - 20%, Basma
- 1.7% and other varieties 0, 3%. It is wor-

thy to mention that in 2015 the production
of Basma variety was reduced to 77 tons,
which is over 90% decrease compared to
730 tons in 2011.

The influence of weather conditions on the
quality and quantity of manufactured tobac-
co affects the structure of purchased classes
of raw tobacco.

Table 6. Purchased amount of raw tobacco in tons and share of purchased classes in %

2013 2014 2015

Class Tobacco Tobacco % Tobaccotons Tobacco % Tobacco tons  Tobacco %
tons

I 248 10,0 249 43 270 10,0

11 178 57,4 178 28,4 189 65,0

11 136 252 136 44,0 136 23,0

v 53 7,4 55 23,3 55 2,0

Total 615 100,0 618 100,0 650 100,0

Source: A representative part of the purchase of a tobacco purchase company

The data in the table reveal that the 2014
harvest was below the average, the harvest
in 2013 was within the average, while in
2015, seen through the quality of purchase

classes, the harvest was slightly above the
average.

In compliance with the quality of purchased
tobacco are the purchase prices by classes.

Table 7. Purchase prices of raw tobacco, denars/kg

Years 2006 2007 2008 2009 2010

2011 2012 2013 2014 2015

Prices 118 141 167 192 136

165 180 153 117 185

Source: Source: Association of tobacco growers of R. Macedonia

Differences in quality of purchased tobacco
expressed through the purchase prices are
due to the influence of weather conditions

in subsequent years, but subjective influ-
ence of the purchase companies must not
be excluded.

COMPARATIVE DATA AND INDICATORS OF
PRIMARY TOBACCO PRODUCTION IN GRECCE AND BULGARIA

In terms of purchase prices of leaf tobacco,
the situation in Macedonia is similar to that
in Greece. The average purchase price in
Macedonia in 2015, is 4 EUR /kg includ-
ing the incentives, and in Greece it rang-
es from 3.8 to 4.5 EUR/kg leaf tobacco.
Tobacco production per hectare in Greece is
around 2,000 kg, while in Macedonia, in the
period 2011-2014, it reached 1,634 kg. The
area under tobacco per subcontractor is 1 ha
in Greece, 0.5 ha in Macedonia and 0.55 ha
in Bulgaria.

The number of subcontractors engaged in
tobacco production in Bulgaria in 2015 was
32,000, while in Macedonia 35,000 subcon-
tractorswereengagedintheperiod2011-2015.
The average production of oriental tobacco
in Bulgaria for the period 2011 - 2015 was
15,300 tons, while in Macedonia 24,773
tons. The lower production of oriental to-
bacco in Bulgaria is a due to tha fact that
some of the subcontractors are engaged in
the production of large-leaf tobaccos Vir-
ginia and Burley.
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CONCLUSION

After a long time, Macedonia has stabilized
its tobacco production both in quality and
quantity, which means that it regained the
yields of the pre-transitional period.
Tobacco production has increased its pro-
ductivity and gives higher yields per unit
area and per subcontractor, which points
out to better utilization of land capacities
and available workforce.

The structure of purchased tobacco consists

of high quality classes, which is reflected
in the pricing policy of purchased tobacco.
The yields and quality of oriental tobacco
production in Macedonia is in compliance
with those of Bulgaria and Greece, with a
strong trend of stabilization.

Big influence on this stabilization has the
Government, with its incentives for support
and development of tobacco production.
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ABSTRACT

The tobacco is grown in many countries in the world and there are areas where the growing tobacco is only
economically viable. Fermented tobacco leaf is a commercial product and it is used in the production of cigarettes
in the tobacco processing industries. Only a small amount of best quality seeds are collected from fields for next
year production, most of them are a by-product of tobacco leaves production.

In our previous studies we found that the seeds of the three tobacco types cultivated in the Balkans, show potential
as a nutrient product. In the present study the seeds from oriental tobacco were evaluated as a potential as renewable
source of oil.

The aim of the study is revealing the fatty acid composition of seeds of oriental tobacco. For qualitative and quan-
titative determination of fatty acids in oil from seeds, a GC/FID procedure was performed. The results show that
the tobacco seed oil with its unique fatty acid composition may be regarded as special oil suitable for consumption
after refining.

Key words: oriental tobacco, seed oil, fatty acid composition, alternative use

ONPEAEJYBAILE HA COCTABOT HA MACHUTE KNCEJIMHU BO CEME O/}
OPUEHTAJICKU TYTYH

TyTyHOT ce oarieayBa BO MHOTY 3€MjH BO CBETOT, a [IOCTOjaT 00IACTH KaJIe OAIIEIyBambe Ha TYTyH € CIMHCTBEHO
€KOHOMCKH OIIpaBaaHo.DepMEHTHPAHUOT TYTYH € KOMEPIHjaJeH MPOU3BOJL KOj C€ KOPUCTH BO MPOH3BOACTBOTO
Ha [WTapH BO MHAYCTpHjaTa 3a mpepabdoTka Ha TyTyH. CaMo Maja KOIWYHHA Ha CEeMe CO Hajao0ap KBaJUTET ce
cobOpa of1 oNMmIkaTa 3a cleJHaTa MPOU3BOHA TOMHA, TOBEKETO OJf CEMETO € HyC-IIPOM3BO/l Ha IPON3BOICTBO Ha
TYTYHCKH JIUCT.

Bo HammTe MpeTxonHu CTYJUM,yTBPANBME JIeKa CEMETO Of TPU THIIA HAa TYTYH KOM C€ OAMIeAyBaaT Ha bakaHoT,
MOKaKyBaaT MOTEHIIN]aJl KAKO XPaHUTEJIEH MaTeprjal. Bo oBa mcnuTyBame Oelle 3eMEHO ceMe 0] OPUEHTAJICKH
TYTYH U Oellle eBaJynpaH HETOBUOT MOTEHIINjall Kako OOHOBJIMB M3BOP Ha Maclio.

[enTa Ha NCTINTYBAaKETO € J1a CE OPEAN COCTABOT HA MACHUTE KHCEIMHN BO MACIIOTO OJ CEME Ha OPUEHTAJICKH
TYTyH. 32 KBJINTATHBHO M KBAaHTHUTATHBHO OIIPEAEITyBa€ HA MACHHM KHCEIHMHH BO MAaclOTO Of ceme, Oere
m3Benena GC nocranka / FID. PesyntarnTe mokakyBaar Jexa MacjaoTO Ol CEMETO MMa COCTaB HAa MACHH KUCEITHHH
KOj MOXE J]a C€ CMEeTa IOTOHH 32 yIoTpeda 1o padhuHHPAHETO.

Kiyunu 300poBH: OPHEHTAICKH TYTYH, Macllo Off CEM€, MAaCHOKHCEIMHCKH II0CTaB, aITEPHATHBHA yIoTpeda
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INTRODUCTION

Tobacco is an important industrial crop val-
ued for its leaves. After curing, the leaves are
used in manufacturing of different tobacco
and tobacco related products. The tobacco
industry comprises many companies en-
gaged in the growth, primary tobacco pro-
cessing, trade, marketing, and distribution
of tobacco and tobacco-related products.
The international tobacco market is a global,
mature, open and cyclical sector. Global
because in more than 124 countries in the
world is grown different types of tobacco.
Mature because growth of production is
slow mainly due to strong restrictions WHO
anti-smoking campaign. Open because one
third of the tobacco produced in the world
is exported from the country of origin. And
last but not least cyclical due to rapidly
changing supply-demand balance and price
fluctuations.

A change in European legislation has sig-
nificantly helped in this regard. Since most
subsidized crop, tobacco has become the
most negligees. World Health Organization
(WHO) policies and measures affected pro-
duction all types of tobacco, including an
Oriental (Health literacy, 1997). The change
in the taste of consumers has led to a further
reduction share of oriental tobacco in blends.
It is known that there are areas where the
cultivation of oriental tobacco is the only
possible agricultural crop.

Tobacco is excellent source of the phyto-
chemicals, edible proteins, seed oil and or-
ganic acids having pharmaceutical and in-
dustrial uses.There were reports of studies
on its usefulness in pharmaceutical practice.
Researchers from the University of South
Florida have found successful applicability in
degenerative brain diseases, which translates
into a gradual reduction of intelligence
and memory disorders. Have already been
developed preparations that help to delay the
symptoms of Alzheimer‘s disease (Health
media-Framar, 2012).

Tobacco seed as a secondary product of
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tobacco leaf production contains oil in a
wide range of 36- 41% of the seed weight
depending on a number of factors including
the variety, growing conditions of tobacco
and plantation area (Hutchens,1999.

The focus of researchers has been on the oil
content of the tobacco seed which does not
contain the alkaloid nicotine (Popov, 1940).
The main fatty acids in the oil of tobacco
seeds are linoleic, oleic, palmitic and stearic
acid (Ashraf-Khorassani at al., 2015).

The oil from the seeds of various types and
varieties of tobacco contain various amounts
of fatty acids. It has been found that the type
of solvent used for extraction of oil does
not affect the composition (Srbinoska at al.,
2003; Srbinoska at al., 2003a).Ten years ago
Prof. Zlatanov and colleagues examined to-
bacco seeds of “small-leaf” and “large leaf”
tobacco regarding their lipid composition and
more accurate determination of phospholip-
id, sterol and tocopherol fraction as biologi-
cally active substances in the oil (Zlatanov at
all., 2007).

There are studies on their use in animal feed
because of its biological value (Rossi et all,
2007). There has been even attempts recov-
ered oil from tobacco seeds to be used in
food supplements (Zdremtan and Zdremtan,
2006). There were no reports of research on
tobacco seeds as food for the human con-
sumption. In our previous studies we found
that the three groups of varieties of tobacco
are produced in the Balkans. Their seeds pos-
sess superior content of polyunsaturated fatty
acids close to the content in poppy and ses-
ame seeds (Kirkova at al., 2015, Kirkova at
al., 2016).

However, since the content of particular fat-
ty acids in the seed may vary considerably
depending on soil conditions, climate and
genetic factors, it would be of interest to
analyze seed oil from the oriental tobacco
type, which are predominantly cultivated in
Balkans. In order to establish the potential of
the oriental tobacco seed oil as edible oil the
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qualitative and quantitative analysis of fatty

acids in oil is research subjects of this study.

MATERIALS AND METHODS

It has been studied two harvests tobacco
seeds of the same variety oriental tobacco
under the same agricultural practice and
growing conditions in the Experimental field
of Institute of tobacco and tobacco prod-
ucts Markovo, Plovdiv.For the extraction
of tobacco seed oil Soxhlet procedure was
used (plant material to solvent ratio 1:10
w/v), extraction time 8 h and n-hexane as
solvent) (Stanisavljevic et al., 2007).

The fatty acid methyl esters (FAMEs) were

prepared by boron trifluoride (BF3) method.
The FAMEs were then analysed using a gas
chromatography (Varian Star 3400 CX)
coupled with a FID detector and with a
fused silica capillary column-DB-23
(Agilente Technologies, USA) (60 m x 0.25
mm x 0.25 mm).Identification of individual
fatty acid methyl ester was achieved by
comparison with reference standards. The
results are given as the dry weight
percentage of total fatty acids.

RESULTS AND DISCUSSION

Results for fatty acid composition of the
studied tobacco seeds of oriental tobacco

Regarding to the fatty acid composition
by groups varies throughout the two years,

80 -

70 A

60 -

50 -
40

30 - 24,4

2014
2015

20 13,6

Content (%) dry wt

Saturated fatty acids ~ Monounsaturated
fatty acids

Polyunsaturated
fatty acids

Fig.1. Fatty acid compositionof seeds of oriental tobacco, crop 2014 — 2015 (% dry wt)

are presented in Figure 1.

The content of fatty acids as well as the ra-
tio between unsaturated and saturated fatty
acids is important parameter for determina-
tion of nutritional value of certain oil.The
tobacco seed oil does is a mixture of satu-
rated fatty acids (SFAs) and unsaturated fat-
ty acids (UFAs). The group of unsaturated
fatty acids includes monounsaturated fatty
acids (MUFAs) and polyunsaturatedfatty
acids (PUFAs).

From the results it appears that the predom-
inant fatty acids present in oil are polyun-
saturated fatty acids (PUFAs) with range of
61.77 % to 73.66%on dry weight (Fig.1).

although variety is the same and tobacco is
grown in relatively close agricultural and
growing conditions. Content of saturated
fatty acids (SFAs) in 2015 have increase
compared to polyunsaturated fatty acids
(PUFAs). The amounts of monounsaturated
fatty acids (MUFAs) are similar (Fig.1).
The results for individual saturated,
monounsaturated and polyunsaturated fatty
acids contents are presented in Fig. Ne. 2, 3
and 4.

The results from this study, showed that the
percentage of the SFAs ranged from 13.6 %
t0 90.5% = 25.41% on dry weight, with the
predominant presence of palmitic (C16:0)
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Fig. 2. Content of saturated fatty acids (SFAs) (% dry wt), crop2015

and capric acid (C10:0) (Fig.2).

The fatty acid composition of tobacco seed
oil revealed that the oil is rich in unsaturated
fatty acids, having linoleic acid, oleic acid
and palmitic acid as the most abundant un-
saturated and saturated fatty acids respec-
tively. This composition indicates the suit-
ability of the oil as edible oil after refining
and also shows that tobacco seed oils follow
the usual pattern of seed-fat glyceride struc-
ture.

MUFAs refers to present of the major
monounsaturated fatty acid in oil, which is
oleic acid (C18:1).The content of the MU-
FAs ranged from 12.8 % to 13.18% on dry

Among the polyunsaturated fatty acids pres-
ent in the oil in the largest amount represent-
ed linoleic acid 60.82 % dry weight.

From the fatty acid composition, it can be
observed that the tobacco seed would be
classified as a linoleic oil. y-Linoleic acid
contains ranges from non-detectable to 0.25
(% dry wt).

The data for linoleic are comparable with the
data obtained for tobacco seed oils reported
by Srbinoska et al.(2003a), and Stanisavlje-
vi¢ et al. (2007).

Fatty acid profile of seed oil obtained from
Oriental tobacco is presented in Figure 5.
The unsaturated fatty acids are classified into

0,26%

® Palmitoleic acid (C16:1)
E Oleic acid (C18:1)

Fig. 3. Content of monounsaturated fatty acids (MUFAs) (% dry wt), crop2015

weight, with the predominant presence of
oleic acid (C18:1)-11.3% and palmitoleic
acid (C16:1)-0.26 % on dry weight (Fig.3).

PUFAc refers to the linoleic acid (LA)
(C18:2)60.82 % on dry weight, and lower
proportion of alpha-linolenic acid (ALA)
(C18:3)on 0.64 % dry weight (Fig.4).
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series known as omega, being ®-9 consid-
ered nonessential for humans, and the ®-3
and ©—06 as essential fatty acids, because the
latter ones cannot be synthesized by mam-
mals; therefore, they are obtained from diet.
Omega-3 (w3) and omega-6 (w6) fatty acids
are two different types of PUFAs. Both of
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Fig. 4. Content of polyunsaturated fatty acids (PUFAs) (% dry wt), crop2015

themare essential fatty acids required for
maintaining healthy skin, regulating cho-
lesterol metabolism, and as a precursor of
prostaglandins, hormone-like substances
that regulate many body processes./t was
found that if the body synthesizes w6

absorbs w6 fatty acids from food. On their
ratio have conflicting opinions. Widespread
opinion about daily dose is that the ratio of
w3: w6 befrom 1: 1 to I:4. Different studies
recommend different daily doses, including
2: 3. In the case studied tobacco seed ratio
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Fig. 5. The fatty acid profile of seed oil from Oriental tobacco

simultaneously takes place and synthesis of
omega-3 fatty acids. Otherwise, the body

is highly unbalanced in favor of w6 fatty
acids.

CONCLUSIONS

The result showed that the oriental tobacco
seed oil contain the highest percentage of
long chain mono and polyunsaturated fat-
ty acids: oleic acid (C18:1), linoleic acid
(C18:2) and linolenic acid (C18:3). Ratio
to monounsaturated fatty acids (MUFAs)
to polyunsaturated fatty acids (PUFAs)
governs the good stability of oil.

General nutrition quality of oriental tobac-
co seed oil free from nicotine is close to the
safflower oil. The high percentage of un-
saturated acids, mainly oleic and linoleic,
which has been found comparable to grape
seed oil, also suggests potential food use
of tobacco seed oil. The quality of the oil
would be better if the linoleic acid content
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is lower.

The chemical characterisation of oriental
tobacco seeds has been found important
to look at alternative products of the crop
i.e. oil and meal and find some uses of
these products. The study is also useful for

preserving seed purity. Also, the obtained
information will make a good contribution
to determination of the genotypic and
phenotypic variations of tobaccoform
different growing regions.

ITERATURE

. Ashraf-Khorassani M., Coleman W., Dube M., Isaac G., Taylor L., 2015. Synthesis,

Purification, and Quantification of Fatty AcidEthyl Esters After trans-Esterification
of Large Batches of Tobacco Seed Oil. Beitrdge zur Tabakforschung International/
Contributions to Tobacco Research, 26(5):205-213, DOI: 10.1515/cttr-2015-0008

2. From the First to the Last Ash: The History, Economics & Hazards of Tobacco
http://healthliteracy.worlded.org/docs/tobacco (10 September, 2016)

3. Health medium - Framar http://media.framar.bg (10 September, 2016)

4. Hutchens T.W (1999). Tobacco Seed in Tobacco Production, Chemistry and Technology,
Davis D. L and Nielsen M. T.(edt) Blackwell Science. 66-69

5. Kirkova S., Katsarova S., Zlatanov M., 2015. Preliminary studies on the consumable
properties of tobacco seeds, Journal of Global Biosciences, vol.4, 7, 2888-2892

6. Kirkova S., Srbinoska M., Ivanova S., Georgieva A., 2016. Investigation on fatty acid
compositions of seeds by type tobacco Virginia, Ecology and Health 2016

7. Popov M., 1940. A comprehensive use of tobacco. Tobacco review, 29-30

8. Rossi L., Selmini G., Cheli F., Fusi E., Fogher C., 2007. Possibile Impiego di Panello di
Seme di Tobacco Nell Abimentazione del Suinetto, Large Animal Review, vol.13, 211-215

9. Srbinoska M., Filiposki K, Rafajlovska V.,2003. Fatty Acid Composition of Tobacco Seed
Oil and its Potential as Source of Linoleic Acid, 164-167
http://semenarska.rs/UNS-PSU/radovi/2/32%20Fatty%20Acid%20164-167.pdf

10. Srbinoska M., Gercar N., Simonovska B., Najdenova V., Rafajlovska V., 2003. Fatty acids
content in oil of the seed of tobacco variety P-23. Tutun/Tobacco. Vol. 53. No.7-8, 225-
233

11. Stanisavljevi¢ 1., Lakicevi¢ S., Velickovi¢ D., Veljkovi¢ V., 2007. The extraction of oil
from tobacco (Nicotiana tabacum L.) seeds. Chemical Industry& Chemical Engineering
Quaterly.13 (1) 41-50.

12. Zdremtan, M., Zdremtan D., 2006.The Tobacco Oil A and Its Qualities. Buletin USAMV-
CN, 63:1-4, ISSN 1454-2382

13. Zlatanov M., Angelova M., Antova G., 2007. Lipid Composition of Tobacco Seeds.

58

Journal of Agricultural Science.13:539-544



IN MEMORIAM

Prof. Dr Vera Dimeska

On 7.12.2015 we lost our dear and respected colleague, Prof.
Dr. Vera Dimeska. She was an outstanding expert, scientist and
professor to many generations of students from St. Kliment
Ohridski Univeristy Bitola - Scientific Tobacco Institute-Pri-
lep.

The news of her death shook all the employees of Tobacco
Institute-Prilep. We knew that she fought against a serious dis-
ease, but we hoped that she would win yet another victory in Farewell to a great person.

her life.

She was a brave and successful woman, fighting with many challenges. Her perseverance, fairness and
kindness touched the hearts of many people.

Vera Milan Dimeska was born on 18.11.1943 in Prilep, where she completed the elementary school and
high school education. She graduated from Ss. Cyril and Methodius University in Skopje, Faculty of
Natural Science and Mathematics — Department of Biology, in 1968. Throughout her education, she was
a distinguished student, with high average grades.

She was employed in Tobacco Institute-Prilep in 1969, in the Department of tobacco protection from
diseases, pests and weeds, where she worked until her retirement in 2010.

In 1981 she obtained her M. Sci. degree and in 1990 became a doctor of biological sciences from Ss.
Cyril and Methodius University in Skopje, Faculty of Natural Science and Mathematics.

She gradually worked her way up from research associate in 1981, senior research associate in 1992
to scientific advisor in 1997. After the years of devoted work in scientific and educational processes, in
1998 Dimeska was appointed full professor at the Postgraduate course in Tobacco Institute-Prilep.

She was a mentor of one master thesis and participated in the preparation of many master and doctoral
thesis defended in the Institute.

Prof. Dimeska performed various functions at the Scientific Tobacco Institute-Prilep: head of the De-
partment for tobacco protection from diseases, pests and weeds, member and vice president of the Coun-
cil of Tobacco Institute, president of the Scientific Council, member of numerous commissions, etc.
She was also a member of the Senate and of the Commission for Education and Science at St. Kliment
Ohridski University in Bitola.

Prof.Dr. Dimeska published over 70 papers in national and international journals. As author or co-author
of research papers, she participated at many scientific symposia, conferences, congresses and meetings
in Macedonia and abroad.

She presented her research work at conferences and congresses of the international tobacco organization
CORESTA in New Orleans, Bucharest, Kyoto, Santa Cruz do Sul, Paris, Krakow etc.

She took active part in realization of national and international projects in the field of tobacco.

During her work she received several awards, certificates and plaques.

With her scientific-research activity on weeds, Vera Dimeska gave a great contribution to solving some
important problems and with her commitment she contributed to the development of tobacco science.
She became a well-known and recognized researcher.

Dr. Vera Dimeska was a good colleague and good friend to all of us, open and honest person. She always
had a positive attitude toward solving the working assignments. She remained optimistic until the last
moments of her life.

Staff of the Scientific Tobacco Institute Prilep expresses its deepest condolences to her family and grati-
tude for her contribution to the development of scientific thought and the prosperity of tobacco science.
Her death is a great loss to tobacco science and profession in the Republic of Macedonia.

Prof dr Vera Dimeska will always be remembered and will forever remain in our hearts, thoughts and
memories.
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