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ABSTRACT

Investigation included four foreign varieties: V-385 @, RxT, Hewessi 4, L. 17-66 and two domestic male sterile hybrid
lines: V-112 CMS F1 and V-97 CMS F1. The trial was set up using the method of randomized blocks in four replications.
Therefore, the purpose of investigation of the Virginia varieties and lines was to present the characteristics of the middle
belt insertions: length and width of the 5 th, 10th and 15th leaf in green condition, height of the plant with inflorescence
and the number of leaves per plant. Measurements of the investigated varieties and lines were made during the flowering
period. To obtain the significance of these investigations, the results were statistically processed and tested with LSD test.
The best results were obtained with the lines V-112 CMS F; and V-97 CMS F;, with statistical significance of 1%
compared to the check in all examined traits.

Key words: tobacco, leaf, length, width, varieties.

MOP®OJIOIIKHX OCOBUHHU KAJ HEKOU BUPIIMHUCKHU COPTHU U JIMHUU
TYTYH BO 2019 TOAUHA

Bo ucnuryBamara 6ea 3emenu uetupu crpancku coprtu: V-385 @, RxT, Hewessi 4, u L. 17-66 kako u jBe qOMAaliHuA
MatkocTepuiiHu xubpunuu auaun kpeanun Ha HUT-TIpunen V-112 [IMC Fi u V-97 IIMC Fi. UctpxyBamara Gea
HalpaBeHH Ha OIUT IO METOAOT CllydaeH OJIOK CHCTEM BO YETHpPH IIOBTOpyBama. llenTa BO ncmmTyBamara Ha
BUPUMHUACKUTE COPTH M JIMHUM HU O€llle J1a T NPETCTaBUME KapaKTEPUCTUKUTE Ha MHCEPIMHUTE Of CPEIHUOT TOojac:
JOJDKHA U mpoynHa Ha 5 T, 10 T 1 15 TH JmcT BO 3eeHa coctoj0a, BHCHHA HA PACTEHHETO CO COILBETHE M Opoj Ha
JIMCTOBHU 10 pacTeHHe. Mepemara Ha HCITUTYBaHUTE COPTH M JIMHUM Oea HalpaBeHU BO NEPHOAOT Ha IBeTame. 3a J1a ce
nmo0He 3HAYajHOCTA HA OBUE HUCIHUTYBalbha JOOMEHUTE PE3y/ITaTH O0ea M CTaTUCTUYKH 00paboTeHu u Tectupanu co LSD
TecT. Bo HajroneM aen o] NCIUTYBAaHHUTE CBOjCTBA HAjnoOpyu pe3ynrat nokaxaa muauure V-112 IIMC Fiu V-97 IIMC
F1kou BO cuTe HCITUTYBAaHHU CBOjCTBAa MMaa CTATUCTHYKA 3HAYAjHOCT 3a 1% BO crmopesda co KOHTpOJIaTa.

Kity4nu 300poBU: TYTYH, JHCT, OJDKUHA, IIUPUHA, COPTH.
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INTRODUCTION

In parallel with creating new varieties of
prilep, yaka, djebel, basmak, otlya and burley
tobacco types, Scientific Tobacco Institute -
Prilep is actively working on creating new
varieties of virginia tobacco type. The varieties
of virginia tobacco type participate in Blend
cigarettes at about 50-60%, depending on the
recipe of the cigarette. Characteristic of this
tobacco type is that it is cured in hot air (Flue-
cured) and it is purchased in green and dry
condition. North Macedonia offers very
favorable conditions for the development of
the large-leaf tobacco production, especially of
virginia type, thanks to its climatic,
pedological and hydrological characteristics.
For years, producers have not produced this
tobacco type, as a result of unregulated
purchase of large-leaf tobacco by the tobacco
companies. Miceski, Stojanoska, Risteski
(2001) emphasize that in North Macedonia, the
production of Virginia tobacco, from 1991 to

1996, ranged from 6% to 8% of the total
tobacco production. The same authors
emphasize that there are favorable conditions
for growing this tobacco type and for its farm
production.

The main orientation in breeding of this
tobacco type is creation of male sterile hybrid
varieties, which in most properties have proven
to be better than the fertile varieties. Before the
registration in the State Commission for
Variety Testing, the varieties (lines) that
proved to be good (as a result of the breeding)
are previously examined in comparison with
other recognized varieties in comparative
trials. According to the obtained results, it can
be seen that the new varieties have already
been created and they will be reported for
recognition in the State Commission for
Variety Testing, if there are conditions for
proper curing of the tobacco leaf.

MATERIAL AND METHODS

The seedlings were produced in Scientific
Tobacco Institute - Prilep. Same cultural
practices were applied for the examined
varieties. Sowing of the seed material was
performed with 3g of seed material per 10 m2.
The trial was set up in the field of STI-Prilep
on alluvial-colluvial type of soil, previously
examined, prepared and fertilized with 300
kg/ha NPK fertilizers in a ratio of 8:22:20.
Investigation included four foreign varieties as
a check: fertile variety V-385 from Poland,
RXT from the USA, Hewessi 4 from Hungary,
L-17-66 from Australia and two domestic male
sterile hybrid varieties (lines): V-112 CMS F1
and V-97 CMS F1 from North Macedonia,
created in STI - Prilep. The trial was set up
using the method of randomized blocks in four

replications, with planting density 90x50 cm.
During the growing period, two hoeing and
one feeding with 26% KAN (3-4g/stalk) were
performed. Also, several irrigations and
treatments with protective products against
diseases and pests were performed. Following
measurements were made during the flowering
period of the plants: length and width of the
5th, 10th and 15th leaf in green condition,
height of the plant with inflorescence and
number of leaves per plant. Morphological
measurements were made on 10 plants, and the
average values were tabulated. The obtained
results were statistically processed using the
method of analysis of variance and LSD
test.(Najceska, 2002, Filiposki 2011).
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RESULTS AND DISCUSSION

Morphological characteristics of the
varieties

Data on the morphological measurements of
the varieties are provided in Table 1.
According to the data in Table 1, line V-112
CMS F1 is characterized by the highes length
of the 5th leaf (58 cm), and variety L-17-66

with the lowest length (41 cm). In the other
varieties, this data ranges from 45.5 cm in
RXT, to 56.9 cm in line V-97 CMS Fi. Line V-
97 CMS F; is characterized by the highest
width of the 5th leaf (39.60 cm) and variety L-
17-66 by the lowest width (26.2 cm).

Table 1. Results of the morphological measurements (average values)

. 5th leaf 10th leaf 15 th leaf
Variety
(Line)
length width length width length width
V-385 0 46.4 26.5 61.1 32.3 54 26.3
RxT 45.5 33.7" 60.4 44.4™ 57.2 33.8™
Hewessi 4 51.1" 32.8™ 59.8 38.2" 55.8 31.6™
L-17-66 41 26.2 53.7 30.8 50.2 29.1
V-112 CMSF; 58" 36.5™ 71.8™ 421" 63.2™ 36.8™
V-97 CMS F1 56.9 39.60™ 70.4™ 43.0™ 65.7" 37.4™

Length of 5th leaf

LSD 5% " =3.98 cm LSD
1% ™ =551 cm

Width of 5th leaf

LSD 5% *=3.05 cm LSD
1% ™=4.23cm

In other varieties, the width of this leaf ranges
from 26.5 cm in V-385, to 36.5 cm in line V-
112 CMS Fi. Line V-112 CMS F1 is
characterized by the highest length of the 10th
leaf (71.8 cm), and line L-17-66 by the lowest
length (53.7 cm). In the other varieties the
length of the 10th leaf ranges from 59.8 cm in
Hewessi 4 to 70.4 in line V-97 CMS F1. The
lowest width of the 10th leaf is registered in
variety V-385 (32.3 cm) and the highest (43.0
cm) in line VV-97 CMS F1. For the characteristic
Length of the 5th and 10th leaf, the statistical
significance at 1% level compared to the check
was obtained in both lines, V-112 CMS F; and
V-97 CMS F1. For the characteristic Length of
the 5th leaf, in Hewessi 4 was obtained
statistical significance at 5% level, and for the
Width of the 5th and 10th leaf, statistical
significance at 1% level was obtained in the

Length of 10th leaf
5% " =3.02 cm LSD
1% ™ =4.18 cm
Width of 10th leaf

5% * =2.13cm LSD 5% " =3.65*m
1% ™ =2.95¢cm

Length of 15th leaf
5% " =4.85cm
1% ™ =6.71cm
Width of 15th leaf

1% = 5.05"*cm

following varieties and lines: RxT, Hewessi 4,
V-112 CMS Fy and V-97 CMS F1.

According to the obtained data, the hybrid
lines have larger leaves dimensions compared
to the other varieties in the trial, which will
increase their yield. Hawks S.N. (1978) and
Gornik R. (1973) reported that F1 hybrids in
male sterile form are characterized by higher
yields, higher resistance to some diseases,
early maturation etc.

The highest length of the 15th leaf (65.7 cm)
was observed in line V-97 CMS F1 and the
lowest (50.2 cm) in variety L-17-66. In other
varieties, the length of the 15th leaf ranges
from 69.2 cm in line V-112 CMS F4, to 54 cm
in check variety V-385. The highest width of
the 15th leaf (37.4 cm) was observed in line V-
97 CMS F1, and the lowest (26.3 cm) in check
V-385. In the other varieties examined in this
trial, the width of this leaf is in range of 36.8

3
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cmin V-112 CMS Fy, up to 29.1 cm in variety
L-17-66. Lines V-112 CMS F; and V-97 CMS
F1 obtained statistical significance at 1% level,
for the characteristic Length and width of the
15th leaf. Statistical significance at 1% level
was shown in varieties R x T and Hewessi 4,
for the characteristic Width of the 15th leaf.

Drazi¢ et al. studied 13 genotypes of Virginia
tobacco in Nova Pazova (Serbia) in 2011 and
found that the average size of the middle-belt

leaves was 64 cm length and 30 cm width.
Kalamanda  (2009) in Republika Srpska
performed 3-year investigations with two
Virginia tobacco varieties and reported that the
middle belt leaf had 48.7 cm average length
and 22.7 cm average width. According to the
obtained data, the examined varieties and lines
have a characteristic leaf size for this type of
tobacco, especially the hybrid lines V-112
CMS F; and V-97 CMS Fi.

Table 2. Plant height and number of leaves
(average values)

\(/E:Le;)y HS(:;?EE r? fctmhe Number of leaves
V-385 O 190 26.4
RxT 162 30.2"
Hewessi 4 154 26.2
L-17-66 168 24.6
V-112 CMS Fy 198 32"
V-97 CMS Fy 201" 31.8"

Height of the stalk

Number of leaves

LSD 5% " =8.53cm LSD 5% =197 cm

1% ™ =11.81cm

According to Table 2, the highest stalk height
with inflorescence (201 cm) was measured in
line V-97 CMS F1, and the lowest (154) in
variety Hewessi 4. In other varieties, the
average stalk hight ranges from 198 cm in line
V-112 CMS F1 to 162 cm in R x T. Dev¢i¢ K.
et al. (1982) reported that the height of the
Croatian varieties H-10, H-31 and H-32 was
170 cm. According to Beljo (1996) and
Uzunoski (1985), the Virginia tobacco belongs
to the group of high tobaccos (about 200 cm),
which  require  precisely  determined
agroecological conditions and cultural

1% ™=2.72cm

practices for their growth and development,
including the specific method of drying (flue-
curing).

On average, line V-112 CMS F1 is
characterized by the largest number of leaves
per stalk (32), and variety L-17-66 by the
lowest (24.6). In other varieties, the number of
leaves ranges from 31.8 in line V-97 CMS F1,
to 26.2 in variety Hewessi 4. Statistically
significant differences at 1% level in height of
the plant were recorded in lines V-112 CMS
F1, V-97 CMS F1 and variety RxT, compared
to the check V-385.

Growing period length (flowering)

The cycle from planting the tobacco seedlings
to tobacco flowering stage is defined as a
growing period, which is primarily
conditioned by the genetic characteristics of
the type and variety. Table 3 presents data on

the length of the growing period in the
examined varieties and lines in 3 phases:
beginning of the flowering from transplanting
date in days, 50% flowering and end of the
flowering.
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Table 3. Length of the growing period from 2019

1
o
y—
> = 5%
= @ Difference §9 Difference pld Difference
o > S 2=
5% o9 =
Variety == £3 S
(line) £5 2 2 = 2
_ = D =
28 5 2 g8 = 2 8@ 5 2
£z 2 < g 2 < g S 2 <
5 o4 < o4 < x
o S
V-385 O 72 / 100.00 77 / 100.00 81 / 100.00
RxT 67 -5 93.05 72 -5 93.50 76 -5 93.82
Hewessi 4 67 -5 93.05 71 -6 92.21 75 -6 92.59
L-17-66 73 +1 101.38 77 0 100.00 81 0 100.00
V-112 CMSF; 75 +3 104.16 79 +2 102.59 84 +3 103.70
V-97 CMS F1 74 +2 102.77 78 +1 101.30 81 0 100.00

Acording to the data above, it can be seen that
the flowering first started in varieties RxT and
Hewessi 4 (67 days) and the last in line VV-112
CMS F1 (75 days). In other varieties and lines,
this data ranges from 72 days in check V-385,
up to 74 days in line V-97 CMS F1. Rubin
(1971) concluded that the first flower that
blooms is the central (top) flower of the
inflorescence. Naumoski etal. (1977) reported
that tobacco plant has already built 90% of its
plant mass by the end of flowering. Line VV-112
CMS Fy is characterized by the longest
growing period from the planting date to 50%
flowering (79 days) and Hewessi 4 by the
shortest (71 days). In other varieties and lines,
this data ranges from 72 days in variety RxT,
upto 78

days in line V-97 CMS Fi. The phase End of
the flowering from transplanting date is the
longest in line V-112 CMS F1 (84 days), and
the shortest in variety Hewessi 4 (75 days). In
other varieties and lines, this data ranges from
76 days in variety RxT, up to 81 days in line
V-97 CMS F: and varieties V-385, L-17-66.
Risteski and Kocoska (2014) in investigation
of 7 domestic and foreign tobacco varieties and
lines in the region of Prilep in 2010/2011
reported that the end of flowering occurs after
71.5 - 79 days. According to data above, we
conclude that the hybrid lines compared to the
foreign varieties ( RxT and Hewessi 4 ), are
characterized by longer growing period.

CONCLUSIONS

Regarding the morphological traits, all
varieties and lines included in this trial fit
within the limits that apply to this type of
tobacco.

- The highest average length of the 5th and
10th leaf was recorded in line VV 112 CMS F1.
The length of the 5th leaf is 58 cm and the
length of the10th leaf is 71.8 cm. The length of

the 15th leaf is the highest in line VV-97 (65.7
cm).

- The highest average width of the 5th, 10th
and 15th leaf was recorded in line VV 112 CMS
F1 and it is 39.60 cm, 43.0 cm and 37.4 cm
respectively.

- The highest average height of the stalk was
measured in line V-97 CMS F1 (201 cm), and
the lowest in variety Hewessi 4 (154 cm).
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- The average number of leaves was the highest
in line V-112 CMS Fy (32), and the lowest in
variety L-17-66 (24.6).

-The morphological measurements made in
this trial lead to a conclusion that lines V-112
CMS F1 and V-97 CMS F1 dominate over the
other varieties.

- According to data obtained from the trial, we

compared to the foreign varieties (R x T and
Hewessi 4 ).

- The results of the examined properties
indicate the conclusion that the hybrid lines are
characteristic for the Virginia type and that
there are appropriate agroecological and
climatic conditions for production of this
tobacco type in our country.

can conclude that the hybrid lines are
characterized by longer growing period,
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ABSTRACT

The results of the study show that for the length of the vegetative period, heterosis phenomena are not essential for the
selection of Burley tobacco. Regarding the size of the yield, the heterosis manifestations are also not strongly expressed.
However, the heterosis phenomena are very strongly expressed in terms of the percentage of the first grade. Crossing
direction is more significant on heterosis for size of yield, but not for length of vegetative period, and for percentage of
first grade, crossing direction is critical. Burley 1344 variety has a pronounced combinative ability, participating as a
parent component in the investigated hybrid combinations. In general, no positive relationship is observed between the
occurrences of heterosis for yield size and those for first grade percentage. From the economic and selection point of
view, Hybrid 1579 and Hybrid 1577 perform best, and also to some extent Hybrid 1573 and Hybrid 1573A.

Key words: tobacco, heterosis, vegetative period, first grade

MAHUPECTALIUJA HA XETEPO3UCOT U BJIMJAHUE HA HACOKATA HA
BPCKYBAIBE BP3 HEKOU KAPAKTEPUCTUKU KAJ XUBPUJIHUTE
KOMBHUHAIIUM HA BAPJIEJCKU TYTYHHA

Pesynrarure ox cryaMjara mokakyBaar Jeka 3a BpeMETpackheTo Ha Ce30HaTa Ha pacTemne, (PeHOMEHHTE Ha XeTepo3a He
ce 0J] CYIITHHCKO 3HaUYeHE 3a CeJIeKIMjaTa Ha TyTyHOT byprej. Bo ogHOC Ha roleMuHara Ha IPUHOCOT, MaHU(eCTauUTe
Ha XeTepO3H HCTO TaKa He ce CHIHO u3paseHu. Cenak, (peHOMEHHTE Ha XeTepo3a ce MHOTY CHIIHO M3pa3eHH BO OJJHOC Ha
NPOLICHTOT Ha NpBa kiaca. Hacokara Ha BKpcTyBame Oellle MO3HaYajHa 3a XeTepo3ara 3a ToJIeMHHATa Ha IPUHOCOT, HO
HE U 3a JOJDKUHATA Ha CE30HaTa Ha PacTeme, a 3a IPOLIEHTOT O IPBa Kjlaca, HACOKaTa Ha BKPCTyBame Oellle KpUTHYHa.
Coprata Burley 1344 wma wm3pa3zeHa KOMOMHATHBHA CIIOCOOHOCT, YYECTBYBAajKM KaKO MaTHYHAa KOMIIOHEHTa BO
UCTpaXKyBaHUTe XUOpHIHN KoMOuHarmu. OmTo 3eMeHo, He Oele 3abenexaHa MO3UTHBHA BpCKa TIOMely MojaBara Ha
XeTepo3a 3a ToJIeMHHATa Ha IPUHOCOT MO HE U 3a MPOLICHTOT Of NpBa Ki1aca. O eKOHOMCKA U CeNIeKTHBHA TJIeHA TOUKa,
HajoOpu pesynratu nokaxaa Hybrid 1579 n Hybrid 1577, a ucro Taka no oapenen crenen u Hybrid 1573 u Hybrid
1573A.

Kiyunu 300poBH: TYTYH, XeTepO3HC, BEI€TALMCKH IIEpUO/, IIpBa Kiaca
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INTRODUCTION

The dynamics and growing demands of the
domestic and international markets for tobacco
varieties constantly pose new tasks for tobacco
selection (Nikolova et al., 2008; Kocoska,
2018; Kurt et al., 2020; Nikolov et al., 2022;
Aleksoski et al., 2023; Tsaliki, 2023).
Heterosis selection in large-leaf tobacco
provides very good opportunities for creating
new varieties and helps to intensify the
selection process (Shabanov and Tomov,
1989; Butorac, 2000; Korubin — Aleksoska,
2016; Manolov, 2000; Gixhari and Canllari,
2004; Pearce et al., 2019; Kinay and Kurt,
2022; Aleksoski, 2023).

Heterosis is a biological phenomenon that is
observed in first-generation hybrids and is
expressed in an increase in the power, viability
and productivity of hybrids compared to those
of the original parental forms (Yankulov,
1996). When the value of the trait increases in
hybrids compared to the parental forms, the
heterosis is called positive, and when it
decreases, it is called negative (Delchev et al.,
1996). Heterosis is used only in the first hybrid
generation because it is most pronounced and
because the plants are phenotypically uniform
(Patel et al., 2012; Schnable and Spinger,
2013).

Most often, the heterosis effect mainly affects
te increase in vegetative mass and growth rate

(Tchinchev, 1984; Pearce et al., 2014). For
large-leaved tobacco varieties, a rapid initial
rate of growth and development is very
important in order to shorten the long rosette
phase when tobacco is most vulnerable
(Pophristev, 1977; Prasannasimharao, 1995;
Xu and Zhu, 1999).

While the heterosis effect with respect to the
size of the yield in tobacco is the subject of a
large number of studies, there are relatively
few for the length of the vegetative period, and
for the quality shown by the percentage, the
grades are downright scarce (Dyulgerski,
2011; Aleksoski, 2022; Sufan et al., 2023).
Literature data on the influence of the crossing
direction on the manifestations of the heterosis
effect in tobacco are few and quite
contradictory (Vasilev and Dimitrova, 2010;
Dimitrova and Vassilev, 2010; Ramanarao et
al., 1993; Kara and Esendae, 1995), which
necessitates new studies on the subject.

The purpose of the present study is to study
heterosis manifestations and to establish the
influence of the direction of crossing on them
in terms of the most important economic and
productive indicators: length of the vegetative
period, yield size and the percentage of grades
in hybrid combinations of Burley tobacco.

MATERIAL AND METHODS

The experimental work is carried out during
the period 2014-2020 at the experimental field
of TTPI — Markovo, Bulgaria. Twenty hybrid
combinations created by us in F1 tobaccos from
the Burley cultivar group are subjected to
research. Each hybrid combination is
represented by its direct and reverse cross - the
variant that is a maternal component in one is
a paternal component in the reciprocal. Both
established indigeneous and introduced
varieties and promising lines selected by us are
involved as parental components. For all
variants, the length of the vegetative period,

the size of dry tobacco yield per hectare and the
percentage of the first grade are recorded.

An analysis of variance (ANOVA) is
performed on the obtained data. Arithmetic
mean (x), arithmetic mean error (Sx %) are
calculated in relation to the studied indicators.
Hypothetical and true heterosis are determined
according to Omarov (1975). Hypothetical
heterosis is determined relative to the average
value of the two parents, and the real one -
relative to the value of the better parent
(Omarov, 1975).
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RESULTS AND DISCUSSION

Regarding the length of the vegetative period,
negative heterosis is desired, as it is associated
with a shorter one. The obtained results for
heterosis manifestations for the length of the
vegetation period show that for all hybrid
combinations, the values of true heterosis are
lower than those of the hypothetical one (Table

IS obtained in three out of all twenty crosses
studied, and it is on the border of significance,
being most strongly expressed in Hybrid 1577
(B 1344 x Ky 17). In cases where Burley1344
variety is used as the parent component, the
heterosis effect has higher values. Positive
heterosis is observed in one third of the studied

(Tn 90 x L 1322)

1). In this case, the differences in values crosses, which, however, is extremely
between the two indicators are not significant. undesirable in this case.
True negative heterosis with significant values
Table 1. Manifestations of heterosis in relation to the length of the vegetative period
Parents / Crosses Py P, F1 HP HP
x+Sx% x+Sx% x£Sx% hipothetical real %
%
Hybrid 1571 76,7£0,27 74,5+0,26 71,7+0,25 -5,2 -3,8
(L 1410 x B 1344)
Hybrid 1571 A 74,5+0,26 76,7+0,27 72,3 0,25 -4,4 -3
(B 1344 x L 1410)
Hybrid 1572 76,7+0,27 77,7+0,27 79,5 +0,28 3 37
(L 1410 x Ky 17)
Hybrid 1572A 77,7+0,27 76,7+0,27 78,3+0,27 1,4 2,1
(Ky 17 x L 1410)
Hybrid 1573 76,5+0,27 74,5+0,26 72,7+0,25 -3,7 -2,4
(L 1349 x B 1344)
Hybrid 1573A 74,5+0,26 76,5+0,27 70,5+0,25 -6,6 -5,4
(B 1344 x L 1349)
Hybrid 1574 76,5+0,27 80,3+0,28 80,3+0,28 1,2 0
(L 1349 x Tn 90)
Hybrid 1574A 80,3+0,28 76,5+0,27 81,0 0,28 33 59
(Tn 90 x L1349)
Hybrid 1575 76,5+£0,27 76,3+0,27 75,5+0,26 1,2 -1
(L1349 x Tn 86)
Hybrid 1575A 76,3+0,27 76,5+0,27 77,7+0,27 1,7 1,8
(Tn 86 x L 1349)
Hybrid 1576 75,7+£0,26 79,5+£0,28 78,7+0,27 1,4 4
(L 1399 x Ky 907)
Hybrid 1576A 79,5+0,28 75,7+0,26 79,3+0,28 2,2 4,8
(Ky 907 x L 1399)
Hybrid 1577 74,5+0,26 77,7+0,27 69,7+0,24 -8,4 -6,4
(B 1344 x Ky 17)
Hybrid 1577A 77,7+0,27 74,5+0,26 70,5+0,25 -7,4 -5,4
(Ky 17 x B 1344)
Hybrid 1578 78,30,27 77,7+0,27 78,0 £0,27 0 -0,4
(L 1409 x Ky 17)
Hybrid 1578A 77,7+0,27 78,3+0,27 77,5+0,27 -0,6 -0,3
(Ky 17 x L 1409)
Hybrid 1579 80,3+0,28 74,5+0,26 71,3+0,25 -7,9 -4,3
(Tn 90 x B 1344)
Hybrid 1579A 74,5+0,26 80,3+0,28 71,5+0,25 -7,6 -4
(B 1344 x Tn 90)
Hybrid 1580 77,340,27 80,3+0,28 76,7 0,26 -2,7 -0,8
(L 1322 x Tn 90)
Hybrid 1580A 80,3+0,28 77,34+0,27 78,3+0,27 -0,6 1,3
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Regarding this indicator, the heterosis
phenomena are weakly manifested and are not
essential for the selection of Burley tobacco.
Influence of the crossing direction on the
manifestation of heterosis with regard to this
indicator is not observed.The obtained results
for heterosis manifestations for the size of the
yield show that for all hybrid combinations, the
values of true heterosis are lower than those of
the hypothetical one (Table 2). In this case,
however, the differences in values between the
two indicators are significant. True heterosis
with significant values was obtained in three

out of all twenty crosses tested. It is most
pronounced in Hybrid 1579 (Tn 90 x B 1344).
And in this case, the heterosis effect has higher
values when the Burley 1344 variety is used as
the parent component. The heterosis
phenomena are not strongly manifested and are
not essential for the size of the yield in the
studied crosses.

An influence of the crossing direction with
regard to this indicator is observed in a greater
part of the hybrid pairs and was of greater
importance than the length of the vegetative
period.

Table 2. Manifestations of heterosis in terms of yield

Parents / Crosses Py P, F1 HP HP
x+Sx% x+Sx% x+Sx% hipothetical real
% %
Hybrid 1571 284,3+1,59 338,7+1,90 346,3+1,93 11,2 2,2
(L 1410 x B 1344)
Hybrid 1571 A 338,7+1,90 284,3+1,59 357,7+£2,00 14,8 5,6
(B 1344 x L 1410)
Hybrid 1572 284.3+1,59 271,31,52 287,5+1,61 3,6 1,1
(L 1410 x Ky 17)
Hybrid 1572A 271,3+1,52 284,3+1,59 293,3+1,64 5,6 3,2
(Ky 17 x L 1410)
Hybrid 1573 296,3+1,66 338,7+1,90 360,3+2,02 13,5 6,4
(L 1349 x B 1344)
Hybrid 1573A 338,7+1,90 296,3+1,66 342,7+1,92 7.9 1,2
(B 1344 x L 1349)
Hybrid 1574 296,3+1,66 307,0+1,72 294,7+1,65 -2,3 -4
(L 1349 x Tn 90)
Hybrid 1574A 307,0+1,72 296,3+1,66 317,3+1,78 52 3,4
(Tn 90 x L1349)
Hybrid 1575 296,3+1,66 292,5+1,64 302,7+1,70 2,8 2,2
(L1349 x Tn 86)
Hybrid 1575A 292,5+1,64 296,3+1,66 298,5+1,67 1,4 0,7
(Tn 86 x L 1349)
Hybrid 1576 288,7+1,62 302,3+1,69 290,3+1,63 -1,8 -4
(L 1399 x Ky 907)
Hybrid 1576A 302,3+1,69 288,7+1,62 306,3+1,72 3,7 1,3
(Ky 907 x L 1399)
Hybrid 1577 338,7+1,90 271,3+1,52 353,5+1,98 15,9 4.4
(B 1344 x Ky 17)
Hybrid 1577A 271,3+1,52 338,7+1,90 340,7+1,91 11,7 0,6
(Ky 17 x B 1344)
Hybrid 1578 281,5+1,57 271,3+1,52 283,7+1,59 2,6 0,8
(L 1409 x Ky 17)
Hybrid 1578A 271,3+1,52 281,5+1,57 286,3+1,60 3,6 1,7
(Ky 17 x L 1409)
Hybrid 1579 307,0+1,72 338,7+1,90 368,7 +2,06 14,2 8,9
(Tn 90 x B 1344)
Hybrid 1579A 338,7+1,90 307,0£1,72 343,0+1,92 6,2 1,3
(B 1344 x Tn 90)
Hybrid 1580 314,7+1,76 307,0£1,72 308,7+1,73 -0,7 -1,9
(L 1322 x Tn 90)
Hybrid 1580A 307,0+1,72 314,7+1,76 319,3+1,79 2,7 15

(Tn 90 x L 1322)
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The obtained results for heterosis
manifestations for the percentage of the first
drade show that for all hybrid combinations,
the values of the true heterosis are lower than
those of the hypothetical (Table 3). In this case,
the differences in values between the two
indicators are very pronounced. In all hybrid
combinations, in contrast to the length of the
vegetative period and the size of the yield, a

highly pronounced positive heterosis is
established. It is especially strongly expressed
in Hybrid 1576 and especially Hybrid 1579,
where the heterosis exceeds 40%, which is
very favorable.

In contrast to the other studied parameters, in
this case a strong influence of the crossing
direction is observed, and this is found in all
studied hybrid combinations.

Table 3. Manifestations of heterosis in terms of percentage of the first grade

Parents / Crosses P; P, F1 HP HP
x+Sx% x+£Sx% x£Sx% hipothetical real
% %
Hybrid 1571 26+1,25 33+1,58 361,72 22 9,1
(L 1410 x B 1344)
Hybrid 1571 A 33+1,58 26+1,25 43+2,06 45,8 30,3
(B 1344 x L 1410)
Hybrid 1572 26+1,25 24+1,15 33+1,58 32 26,9
(L 1410 x Ky 17)
Hybrid 1572A 24+1,15 26£1,25 291,39 16 11,5
(Ky 17 x L 1410)
Hybrid 1573 28+1,34 33+1,58 40+0,25 31,1 21,2
(L 1349 x B 1344)
Hybrid 1573A 33+1,58 28+1,34 37+1,78 21,3 12,1
(B 1344 x L 1349)
Hybrid 1574 28+1,34 25+1,20 32+1,54 12,3 14,3
(L 1349 x Tn 90)
Hybrid 1574A 25+1,20 28+1,34 35+1,68 22,8 25
(Tn 90 x L1349)
Hybrid 1575 28+1,34 23+1,10 36+1,72 41,2 28,5
(L1349 x Tn 86)
Hybrid 1575A 23+1,10 28+1,34 34+1,63 33,3 21,4
(Tn 86 x L 1349)
Hybrid 1576 27+1,30 23+1,10 38+1,82 52 40,7
(L 1399 x Ky 907)
Hybrid 1576A 23+1,10 27+1,30 30+1,44 20 11,1
(Ky 907 x L 1399)
Hybrid 1577 33+1,58 24+1,15 44+£1,11 54,4 33,3
(B1344 x Ky 17)
Hybrid 1577A 24+1,15 33+1,58 42+2,02 47,4 27,3
(Ky 17 x B 1344)
Hybrid 1578 31+1,49 24+1,15 34+1,63 23,6 9,7
(L 1409 x Ky 17)
Hybrid 1578A 24+1,15 31+1,49 35+1,68 27,3 12,9
(Ky 17 x L 1409)
Hybrid 1579 25+1,20 33+1,58 474226 62 42,4
(Tn 90 x B 1344)
Hybrid 1579A 33+1,58 25+1,20 39+1,87 34,5 18,2
(B 1344 x Tn 90)
Hybrid 1580 30+1,44 25+1,20 32 +1,54 16,4 6,7
(L 1322 x Tn 90)
Hybrid 1580A 25+1,20 301,44 34+1,63 23,6 13,3

(Tn 90 x L 1322)
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With the exception of Hybrid 1479 and partial
hybrids with the numbers: H 1571A and H
1573, no positive correlation is observed
between the manifestations of heterosis for the
size of the yield and those for the percentage of
the first grade. On the contrary, in most of the
crosses, the manifestations of pronounced
positive heterosis in the percentage of grades

are related to the absence of such for the size
of the yield. This is particularly manifested in
Hybrid 1576, where, on the one hand, the most
pronounced positive heterosis is observed for
the percentage of the first grade, and even a
negative one for the size of the yield. However,
this relationship is not so strong.

CONCLUSIONS

In the studied hybrid combinations of Burley
tobacco, the heterosis phenomena regarding
the length of the vegetative period are not
strongly expressed and are not essential for the
selection. Crossing direction has almost no
influence on the manifestations of heterosis
effect in relation to the length of vegetative
period.

In the studied hybrid combinations of Burley
tobacco, the heterosis in the size of the yield is
not strongly manifested and is not essential for
selection and practice. The direction of
crossing is more pronounced in the heterosis
phenomena for the size of the yield than in the
length of the vegetative period, but due to its
weak manifestations it is also not of essential
importance.

At the percentage of the first grade, the
manifestations of heterosis are very
pronounced. In this case, however, the
direction of crossing is of essential importance.
No positive correlation is observed between
the heterosis manifestations for size of yield
and those for percentage of first grade. In most
hybrid combinations, it is rather negative, and
this is especially strongly manifested in Hybrid
1576.

The variety Burley 1344 shows a pronounced
combinative ability when it participates as a
parent component in the investigated hybrid
combinations.

As a result of the research, it was established
that Hybrid 1579 and Hybrid 1577 are the
variants with the greatest economic and
selection value.
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ABSTRACT

Helicoverpa armigera, Agrotis segetum and Agrotis ipsilon are significant agricultural pests on wide range of crops
worldwide including tobacco. The studies were carried out on Experimental tobacco field in Prilep using light trap from
beginning of March to the end of October 2020-2022.

In 2020 a total of 76 adults of H. armigera, 80 of A. segetum and 14 of A. ipsilon were caught, 74 moths of H. armigera,
45 of A. segetum and 25 adults of A. ipsilon in 2021, and 68 adults of H. armigera, 72 of A. segetum and 18 of A. ipsilon
in 2022.

The maximum flight of H. armigera was during August 2020-2022. The maximum flight of A. segetum was from the
third decade of May to the first decade of June and in the first and second decade of August 2020-2022. The maximum
flight of A. ipsilon was in the first and second decade of August 2020-2022.

Effective monitoring is crucial for understanding population dynamics of pests, identifying outbreak patterns and
implementing timely pest control measures. Long-term data collection capabilities make the light trap an important
component of integrated pest management programs.

Key words: light trap, H. armigera, A. segetum, A. ipsilon

JUHAMMUKA HA ITONTYJIAIUJATA Ol PAMUIINJATA NOCTUIDAE - CO
YIIOTPEBA HA CBETJIOCHA JIOBUJIKA

Helicoverpa armigera, Agrotis segetum u Agrotis ipsilon ce 3HauajHu 3eMjOENICKH ITETHUIM HA IUPOK CIEKTap Ha
KyJATYpH IIHPYM CBETOT, BKIy4yBajKu o M TYyTYHOT. [IpoydyBarmaTa Gea M3BEICHH BO €KCIICPUMEHTAIHOTO TYTYHCKO
morie Bo [Ipmiten co ymoTpeda Ha CBETIOCHA JIOBHJIKA OJT TIOYETOKOT Ha MapT 10 KpajoT Ha okToMBpH 2020-2022 ronmHa.
Bo 2020 roguna 6ea dateHu BKynHo 76 Bo3pacuu on H. armigera, 80 ox A. segetum u 14 ox A. ipsilon, 74 momum ox H.
armigera, 45 ox A. segetum u 25 Bospacuu ox A. ipsilon Bo 2021 romuna, 68 umara ox H. armigera, 72 ox A. segetum u
18 ox A. ipsilon Bo 2022 roauHa.

Makcumasuauor Jiet Ha H. armigera 6eme Bo Tekor Ha aBryct 2020-2022 romuna. MakcumaaHuoT Jer Ha A. segetum
Oemie o TperaTa JeleHWja HA Maj IO MpBaTa ACUCHHWja HA jJYHH W BO IpBaTa M BTOopaTa Jekama Ha aBryct 2020-2022
roxuHa. MakcumanHHOT jieT Ha A. ipsilon Gemre Bo mpBaTa u Bropara aekana Ha aBryct 2020-2022 roauna.
EdexTuBHOTO creneme € 01 KIyYyHO 3Ha4yeHhe 3a pa3Oupame Ha AMHAMHMKATa Ha IOIyJandjaTa Ha MITCTHHLUTE,
uaeHTH(QUKYBalke HAa MOJCIUTE HAa MOjaBa W CIPOBENYBaWkEe HABPEMEHH MEPKH 3a KOHTPOJA HA MITCTHHIHMTE.
JloJIropovHHUTE MOYKHOCTH 33 COOMparbe OAATOLH ja IIPaBaT CBETIOCHATA CTallMIla BaKHA KOMIIOHEHTa Ha HHTErPaHUTE
MpOrpaMu 3a yIpaByBarbe CO IITSTHUIIH.

Knyunn 360poBu: cBeTiiocHa JloBuiKa, H. armigera, A. segetum, A. ipsilon
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INTRODUCTION

Helicoverpa armigera Hiibner - tobacco
bollworm, is a pest of great agricultural
importance, due to its polyphagy - wide host
range, high reproductive potential and ability
to migrate long distances.

Higher temperature and precipitation in spring
and high temperatures in summer have a
favorable effect on mass reproduction of this
species (Vasilev et al. 1996).

Larvae of H. armigera successfully develop on
tobacco plants where they cause economically
significant damage. At the beginning of the
vegetation, they feed on the young leaves
making irregular holes. Other generations
cause damage to the top leaves, flower buds,
flowers, seed capsules. They can break through
the stem and the top of the plant can break.
Larvae cause great damage and loss of tobacco
seeds (Krsteska, 2022, 2021, 2019, 2016,
2015, 2007).

Agrotis segetum Denis & Schiffermiiller-
common cutworm or winter is an economically
important polyphagous pest of arable land, it is
one of the most widespread cut-worm
especially in regions with a temperate and
continental climate (Vukasovic et al., 1962,
Camprag 1973).

It is the most dangerous and widespread pest of
arable land. For mass reproduction, a warm
spring and summer with poor rainfall and a
long warm and moderately humid autumn have
a favorable effect (Vasilev et al. 1996).

A. segetum caterpillars can cause significant
damage to the tobacco crop. In the lower larval
stages, the larvae cause small circular lesions

on young tobacco leaves, often damaging them
down to the lower epidermis. In the larger
larval stage, fallen leaves, leaves partially
buried in the soil are observed, and the attacked
plants turn yellow due to damage to the
conducting vessels, wither and dry. The
caterpillars make small holes in the stem near
the root neck, and even cut whole young
tobacco plants at the base of the stem.

Agrotis ipsilon Hufnagel- black cutworm is
distributed almost all over the world.

It is a hygrophilous species and reproduces
massively in warm years with early spring and
long autumn and abundant and evenly
distributed rainfall throughout the growing
season (Vasilev et al. 1996, Kolektiv
autora, 1983, Vukasovic et al.,1962). The
species occurs in large numbers in localities
with a high level of underground water, which
are abundant with moisture in the dry season.
It was found in fields which were flooded and
hardened in early spring (Camprag, 1973).

It is especially harmful to late planted tobacco
plants or to plants that are behind in
development. Young caterpillars make holes to
the tobacco leaves. Third-stage larvae hide
shallowly in the ground or under leaves lying
on the ground during the day, and are active at
night or in cloudy and rainy weather. They
damage the stalks, and the older caterpillars cut
the plants at ground level, and tobacco plants
die.

Adult of both sexes of these investigated pests
can be captured in light trap.

MATERIAL AND METHODS

The studies were carried out during 2020-2022
on tobacco plantations in Prilep. The light trap
is used to determine the flight and the number
of the adults. The trap is a strong light source
with a power of 250 W (Figure 1). The lamp is
placed at a height of 4 m, and is lit at night and
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burns until sunrise. The "owlet moths™ are
active at night and they are attracted to light
and captured through a funnel in a metal cage
placed under the lamp. The light trap was used
from March to the end of October.
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Figure 1. Light trap

RESULTS AND DISCUSSION

The family Noctuidae is the largest family of
the Lepidoptera order. They are commonly
known as owlet moths, cutworms or
armyworms. The moths are dark and the
forewings are larger and narrower than the
hindwings. The forewings are gray, brown,
with kidney-shaped, round and wedge-shaped
spot (which are often indistinct) and other
species-specific  patterns  (crossbands or
crosslines). The hindwings are lighter white or
yellowish with or without outer marginal
stripe. The head is small brown, the compound
eyes are large, and the proboscis is well
developed. The antennae are threadlike or
feathery. The chest is large and the stomach is
cylindrical.

They are active at night, which is why they got
the name night owls. Mimicry is present in the
species and they are difficult to notice in the
environment in which they live.

The investigated Noctuid moths commonly
active season from spring to fall. Polyphagous

larvae cause damage to many crops and weeds.
They have several generations per year.

The species H. armigera is known as the
tobacco bollworm, the cotton/corn borer, etc.
Common synonyms for this species are:
Heliothis obsoleta, Heliothis armigera,
Chloridea armigera, Chloridea obsoleta.

The adult has a large body with body color
varying from dark greenish yellow, olive
green, greyish to light brownish yellow. The
species is characterized by pronounced sexual
dimorphism females are always darker than
males. In females, the front wings are grey-ash,
with hints of reddish-black color, while in
males, the front wings are lighter brownish-
yellow, with a more pronounced Kkidney-
shaped pattern. The hindwings in both sexes
are lighter than the forewings, with a broad
dark brown outer marginal stripe (Figure 2).
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Figure 2. H. armigera B

The species is represented in large quantitative
numbers on tobacco plantations every year. In
2020 a total of 76 adults were caught, 74 in
2021 and 68 on 2022. The H. armigera moths
were determined in the second decade of June
2020 and in the third decade of June 2021-
2022, until the second decade of October
2020/21, to second decade of September 2022.
In 2020 the maximum flight was first and
second decade of August, and then a greater
number of moths were ascertained in the
second decade of September. The maximum
flight of the adults in 2021 is determined in the
third decade of July and the first decade of
August 2021, and in 2022 maximum flight of
the adults is determined in the third decade of
July to the first decade of September (Table 1,
2 and 3).

According to Tirelli (1955), H. armigera
develop 2-3 generation per years. In Bulgaria
there are 3 generations per year: from the end
of April-May, then June-July, then the end of
August-September (Camprag, 1973). They
appear in large numbers in May-June and then
during August (Kolektiv autora, 1983), May-
June, July- August and September (Popov,
1962 cit. Vukasovi et al., 1962). During our
investigations, the species was determined
from the middle of June to the middle of
October. Vasilev (1975) states that the
butterflies are most active from July to
September, when the conditions for the
development of all developmental stages are
most favorable.

Table 1. Quantitative representations of H. armigera in 2020
- method of light trap

Months
Decade 1"l v \V Vi VI VIl IX X
1 / / / / / 13 8 2
2 / / / 2 5 11 12 2
3 / / / 4 5 7 5 /
Total no /months / / / 6 10 31 25 4
Total number 76

Table 2. Quantitative representations of H. armigera in 2021
- method of light trap

Months
Decade Il v \V VI VI VIl IX X
1 / / / / 1 27 3 /
2 / / / / 11. 5 1 1
3 / / / 2 21 2 / /
Total no /months / / / 2 33 34 4 1
Total number 74
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Table 3. Quantitative representations of H. armigera in 2022
- method of light trap

Months
Decade 11 v \/ Vi VIl VIl IX X
1 / / / / 1 11 12 /
2 / / / / 3 12 6 /
3 / / / 1 15 7 / /
Total no /months / / / 1 19 30 18
Total no /months 68

The flight dynamics of this species coincides
with the appearance of this species in
pheromone traps (Krsteska, 2022, 2021).
During the examination of the tobacco
plantations for the presence of eggs and larvae
of H. armigera, the presence of the species was
determined after several days on the tobacco
plants, which directed us to a more detailed
daily monitoring of the pest in order to
determine the time for the application of
insecticides for the successful control of H.
armigera on seed plantations.

Insecticidal treatment should be performed
after emergence of the caterpillars and before
they enter the seed capsules. Larvae during L5
and L6 burrow into the seed capsules and cause
direct economic loss of seeds.

In 1972, the population of this species was
much larger than in 2020 - 2022 with a total of
1900 specimens caught with the light trap. The
first appearance of butterflies is in June, and
the species is then represented from August to

October, with the maximum development of
the population in August with a total of 1328
butterflies caught (Todorovski, Vasilev, 1973).
While in 1992 the species was represented
from July to October with a total of 57
specimens, with two peaks in June and August
(Vasilev et al., 1996). In 1993 and 1994 the
catch was very poor with a maximum of 3
butterflies caught in 1993 and 17 specimens in
1994. In 1995, a total of 29 butterflies with two
peaks were caught in June and August.

The species A. segetum is known as a common
cutworm, winter owl. Known synonyms for
this species are Euxoa segetum, Scotia
segetum.

The moths have grey-brown to dark gray
forewings, with characteristic spots that are
often indistinct and distinct transverse dark
lines. The hind wings are whitish, lighter in
males, with dirty yellowish nervature (Figure
3).

Figure 3. A. segetum

In 2020 a total of 80 adults were caught, 72 in
2022, compared to 2021 when 45 adults were
caught. The A. segetum moths were
determined in the first decade of May 2020-
2022, until the first decade of September 2021,

second decade in 2022 and until the third
decade of September 2020. The maximum
flight was from the third decade of May to the
first decade of June and in the first decade of
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August 2020/21 and second decade of August
(Table 4, 5 and 6).

Table 4. Quantitative representations of A. segetum in 2020
- method of light trap

Months
Decade i v \% VI VII VI IX X
1 / / 2 17 / 21 2 /
2 / / 5 7 / 3 1 /
3 / / 13 1 5 2 1 /
Total no /months / / 20 25 5 26 4 /
Total number 80

Table 5. Quantitative representations of A. segetum in 2021
- method of light trap

Months
Decade i v Vv VI VI Vi X X
1 / / 2 10 / 6 1 /
2 / / 3 4 / 5 / /
3 / / 9 2 1 2 / /
Total no /months / / 14 16 1 13 1 /
Total number 45

Table 6. Quantitative representations of A. segetum in 2022
- method of light trap

Months
Decade i v V VI ViI VI 1X X
1 / / 1 13 / 8 2 /
2 / / 8 4 / 13 1 /
3 / / 16 1 3 2 / /
Total no /months / / 25 18 3 23 3 /
Total number 72

The species flies from the beginning of May to
the middle of June with a maximum in the third
decade of May and the first decade of June
(Vasic, 1954 cit. Camprag, 1973) and then
from the end of July to the beginning of
October. The maximum of the population is in
the first two decades of August. According to
Tanasievic, llic (1969) the flight of the first
generation is May-June, and of the second-
July-August. A mass flight of the first
generation is in the third decade of May and the
beginning of June. They pupate in mid-July, so
the mass flight of the second generation is
during August, which is consistent with our
investigations  (Kolektiv autora, 1983).
According to Vukasovic et al., 1962, females
lay eggs in May when there is an increased
flight in our research, the butterflies of the
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second generation fly in August until the
beginning of September.

In 1972, the flight dynamics of A. segetum is
from April to October. The population of this
species was much larger compared to 2020 -
2022 with a total of 2684 specimens caught
with the light trap. The first peak of the
appearance of butterflies is in May with 253
species, and the second in August with 689
butterflies caught (Todorovski, Vasilev, 1973).
While in 1992-1993 and 1995 the species was
represented from May to September with two
peaks in June and August, with a total of 445
butterflies in 1992, 48 in 1993 and 72
individuals in 1995, and with a total of 183
individuals in 1994 with two peaks in June and
September.
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The species A. ipsilon is known as the
cutworm, the so-called black ipislon owl.
Forewings are grey/dark brown with
characteristic dark brown spots and dark lines,
often lighter in color towards the edge of the

wing. The hindwings are whitish to gray with
darker venation and a dark brown outer
marginal stripe (Figure 4).

Figure 4. A. ipsilon

In 2020 a total of 14 adults were caught, 18 in
2022 and 25 in 2021. The A. ipsilon flight in

2020 was determined in June and from August
to the first decade of September (Table 7).

Table 7. Quantitative representations of A. ipsilon in 2020
- method of light trap

Months
Decade Il v \Y VI VI VIl IX X
1 / / / / / 7 1 /
2 / / / 2 / 1 / /
3 / / / / / 3 / /
Total no /months / / / 2 / 11 1 /
Total number 14

Table 8. Quantitative representations of A. ipsilon in 2021
- method of light trap

Months
Decade Il v \Y VI VI VIl IX X
1 / / / 1 1 7 1 /
2 / 2 / 4 / 1 1 /
3 / 3 / 2 1 1 / /
Total no /months / 5 / 7 2 9 2 /
Total number 25

The moth’s flight in 2021 was determined in
second and third decade of April, then in June
to the first decade in July and from the end of
July to the middle of September. The moths

flight in 2022 was determined in second
decade of June to the first decade of
September. The maximum flight of moths was
in the first decade of August 2020/21 and
second decade of August 2022 (Table 8 and 9).
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Table 9. Quantitative representations of A. ipsilon in 2022
- method of light trap

Decade Months

11 v \/ VI VIl VI IX X
1 / / / / 1 3 1 /
2 / / / 2 1 4 / /
3 / / / 4 1 1 / /
Total no /months / / / 6 3 8 1 /
Total number 18

The caterpillars of the first generation do
damage in the middle of May (Kolektiv autori,
1983), so in June is the flight of the adults as in
our investigations 2020 and 2022.

In 1972, the flight dynamics of A. ipsilon is
from March to October. The population of this
species was much larger compared to 2020 -
2022 with a total of 1203 specimens caught
with the light trap. The first peak of butterflies
is in April with 172 specimens, the second in

June with 448 butterflies, and the third in
August  with 310 butterflies  caught
(Todorovski, Vasilev, 1973). While in 1992
there was only a catch of 6 specimens, in 1993
4 specimens, and in 1995 14 butterflies. In
1994, the species was represented in June, then
from August to November with a total of 48
butterflies, with the maximum number in
August (Vasilev et al. 1996).

CONCLUSIONS

The studied species are active at night, which
is why they are easily caught with a light trap.
In 2020 a total of 76 adults of H. armigera, 80
of A. segetum and 14 of A. ipsilon were
caught, 74 moths of H. armigera, 45 of A.
segetum and 25 adults of A. ipsilon in 2021,
and 68 adults of H. armigera, 72 of A. segetum
and 18 of A. ipsilon in 2022.

The small number of specimens caught in the
light trap during 2020- 2022 indicates the
successful timely control of these species.

For successful monitoring of these species we
must be careful that these light traps are placed
among the tobacco plantations away from the
urbanized area because the increased number
of lights in the surrounding facilities would
directly reduce the catch in the trap.

For the control of Noctuidae species, it is
required constant monitoring of the flight of
the adults.
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ABSTRACT

This study investigated the biological transfer and bioaccumulation of Cd from a contaminated
substrate in tobacco (Nicotiana tabacum L.) and aphids (Myzus persicae Sulz.). The soil samples
were treated with Cd solutions at concentrations of 0, 25, 50, 75, and 100 mg/I, and the experiment
was conducted in a greenhouse. Tobacco plants were infested with aphids and samples were collected
for microelement content analysis. The total concentration of Cd in the soil samples was determined
using aqua regia, and the Cd content of tobacco plants and aphids was analyzed using atomic
absorption spectrometry. Also, the bioaccumulation factor (BAF) was calculated. The Cd content in
tobacco leaves increased with higher Cd concentrations in the soil, indicating successful uptake. The
BAF values for the soil-tobacco system were >1, suggesting accumulation of Cd in tobacco plants.
However, the BAF for the tobacco-aphid system was <1, indicating no biomagnification of Cd in the
aphids.

Keywords: bioaccumulation, cadmium, trophic levels, Nicotiana tabacum L., myzus persicae Sulz.,

TPAHC®EP U BUOAKYMYJIAIIUJA HA Cd BO CUCTEMOT NIOYBA-PACTEHHE-
JIMCHHU BOLIKH

OBaa cTyauja ro uCTpa)xyBa OMOJIOIIKUOT TpaHcdep U Onoakymynanujata Ha Cd ox KOHTaMUHUpaH
cymctpat Bo TyryH (Nicotiana tabacum L.) u nucuu Bomku (Myzus persicae Sulz.). ITousenute
npumeponu 6ea Tpetupanu co pactBopu Ha Cd Bo xoHuentparuu ox 0, 25, 50, 75 u 100 mg/l, a
EKCIIEPUMEHTOT CE CIPOBEAEC BO CTaKJIeHUK. TyTyHCKHTE pacTeHH]a Oea MH(ECTHpaHU CO JUCHU
BOILIKH, a MPUMEpOLUTe Oea coOOpaHu 3a aHAIM3a Ha COAP)KMHATA HA MUKpPOEJIEeMEHTOT. BkynHara
KoHIeHTpanyja Ha Cd Bo MoYBEeHUTE MPUMEPOIIN Oelie onpezesieHa co ynorpeda Ha mapcka Boja
(aqua regia), a conpkunara Ha Cd BO TYTYHCKHTE pacTeHHja U JIMCHUTE BOILIKHU Oellle aHaIu3upaHa
CO aToOMCKa arcCopIIMOHa crhekrpomeTpuja. Mcro Taka Oeme mnpecMeTraH W (DaKTOpOT Ha
o6uoakymynanuja (BAF). Conpxunara Ha Cd BO TMCTOBUTE O/ TYTYHOT C€ 3TOJIEMHU CO 3r0JIEMYBAHE
Ha koHUeHTpanuure Ha Cd Bo mouBaTa, IITO YKa)KyBa Ha ycCIeIlHa arncoprnuuja. Bpennocture Ha
BAF 3a cucremor nouBa-TyTyH 6ea >1, mro cyrepupa akymynanuja Ha Cd Bo TYTYHCKUTE pacTeHH]a.
Cemak, BAF 3a cuctemor TyTyH-TMCHU BOmIKH Oeme <l, mTO yKa)xyBa Ha OTCYCTBO Ha
o6uomarnudukamnuja Ha Cd BO JMCHUTE BOILIKH.

Kayunn 300poBu: Ouoakymynanmja, kKaaMuyM, Tpopuuku HuBoa, Nicotiana tabacum L., Myzus
persicae Sulz.
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INTRODUCTION

Agroecosystem contamination by cadmium
(Cd) poses a significant challenge, as this
metal can persist in soil for extended periods of
time (Gall et al., 2015). The toxic effects of Cd
can disrupt ecological interactions and
negatively affect ecosystem structure and
function (Dar et al., 2015). The food chain is
a fundamental ecological concept that
illustrates the flow of energy and nutrients at
different trophic levels. Each stage in this
chain is crucial for maintaining the ecological
balance and ensuring ecosystem health.
According to Tripathi et al. (2021), cadmium
(Cd) poses significant ecological risks as it can
biomagnify and bioaccumulate in organisms at
higher trophic levels. As the foundation of
numerous food chains, plants facilitate the
transmission of metals to subsequent trophic
levels, including herbivorous insects (Green et
al., 2010; Dar et al., 2015). Tobacco (Nicotiana
tabacum L.) serves as a significant model for
research on the accumulation and
phytoextraction of heavy metals from the soil
(Angelova et al., 2004). The focus of this study
was the aphid Myzus persicae Sulz., which is

prevalent in all tobacco-growing regions of our
country, and targets commercial varieties of
Nicotiana tabacum L., as reported by Krsteska
(2016). Aphids can bioaccumulate and
selectively remove an average of 50-60 % of
chemical substances, including potentially
toxic metals (Kaminski et al., 2021).
Therefore, the following question arises: Does
a higher concentration of Cd at a particular
trophic level result in a correspondingly
increased accumulation at subsequent trophic
levels of the food chain, and is it possible for
Cd to be retained at elevated concentrations at
any of the trophic levels? The primary
objective of this study was to investigate the
biological transfer and bioaccumulation of Cd
from a contaminated substrate to Nicotiana
tabacum and aphids (Myzus persicae Sulz.) as
primary consumers. This study aimed to
monitor changes in the concentrations of heavy
metals during their transport through the soil-
tobacco-aphid trophic chain resulting from
treatment with different concentrations of
cadmium,

MATERIAL AND METHODS

The soil samples used in this study were
obtained from uncontaminated soil in the
experimental fields at the Tobacco Scientific
Institute in Prilep (TSIP). These samples were
air-dried and placed in pots, which were then
treated with Cd solutions at concentrations of
0, 25, 50, 75, and 100 mg/l, made from
standard reference solutions (Merck, 1000
mg/l). A total of 20 pots were utilized, with
four replicates for each concentration level,
and samples were collected from these pots to
analyze the soil microelement content and soil
parameters. The experiment was conducted in
a greenhouse between June and September
2022. Twenty healthy plants obtained from
TSIP nursery beds were transplanted. The
plants were regularly watered, and during the

vigorous growth phase of tobacco, just before
flowering, they were infested with aphids
obtained from the natural populations. The
aphids were reared in a cage on one of the
control groups and new generations of aphids
were collected and transferred to tobacco
samples using an exhaustor. Three weeks after
the infestation, aphid samples were collected
from each pot. Some aphids were analyzed for
microelement content, whereas others were
frozen to serve as food for ladybugs
(Coccinella  septempunctata, Coleoptera:
Coccinellidae). The feeding experiment for
colonizing ladybugs was set up in petri dishes,
but was incomplete, therefore the research
concluded with the feeding of the aphid
samples.
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Analysis of soil samples for pH, total nitrogen, humus, easily available phosphorus, and
potassium

The soil samples were analyzed in compliance
with 1SO 11464:2006 criteria. The samples
were air-dried, ground, and sieved through a
mesh with a 2 mm opening. The assessed

parameters included pH, total nitrogen, humus,
easily available phosphorus, and potassium
(Pelivanoska, 2012). The available forms were
extracted according to 1SO 14870 standards

Analysis of Cd

The total concentration of metals in the soil
samples was determined using aqua regia as
described by Pelivanoska (2012).
Additionally, the Cd content of tobacco plants
was determined. The plants were washed to
remove contaminants and then rinsed with
distilled water. Subsequently, the samples
were placed in paper bags, dried at 75°C for 12

h, and ground into powder. The plant material
and aphid samples were dissolved in a CEM
microwave oven following the method
outlined in US EPA Method 3050 B (2007).
The microelement content was determined by
atomic absorption spectrometry using a Varian
220 A instrument.

Analysis of bioaccumulation factor

The bioaccumulation factor (BAF) was
calculated as the ratio between the metal
concentration in the plant and that in the soil,
as well as the ratio of the metal concentration

at the second trophic level (aphids) to that at
the first trophic level (tobacco) (Butt et al.,
2018).

RESULTS AND DISCUSSION

The results of the soil parameter analysis are
presented in Table 1. The results indicated that
the pH of the samples decreased as the
concentration of the cadmium solution
increased to 75 mg/l, whereas a slight increase
was observed at 100 mg/Il. The addition of Cd

did not appear to significantly affect the humus
content in the soil, although minor variations
were evident. It is important to note that low
soil pH can lead to increased bioavailability of
heavy metals for absorption by tobacco plants,
as reported by Golia et al. (2009).

Table 1. Soil Parameters of the Examined Soil Samples Under Different Treatments

Treatment level, mg/I pH (H20) pH (KCI) Humus, %
Control group 7.42 6.69 1.96
25 7.42 6.61 2.03
50 7.34 6.54 2.15
75 7.16 6.36 2.07
100 7.18 6.4 1.95

Soil Cd content

Table 2 presents the Cd levels in the soil before
planting. The results indicate that the
concentration of cadmium (Cd) increases in a
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proportional manner with the increasing
concentrations of the applied standard
solution, ranging from 4.1 mg/kg at the 25
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mg/kg treatment to 24.7 mg/kg at the 100
mg/kg treatment.

Table 2. Cadmium Content of the Examined Soil Samples Under Different Treatments

Treatment level, mg/l

Cd (mg/kg)

Control group
25
50
75
100

<DL
41
10.5
21.0
24.7

Plant uptake of Cd

Table 3 presents the Cd content in the
examined tobacco leaves, where an increase in
cadmium (Cd) content was observed compared
to the initially added solutions in the soil. The
concentration of cadmium (Cd) was
insignificant in the control group; however, it

demonstrated a progressive increase with
higher treatment levels, reaching a substantial
peak at 100 mg/l. This poses a risk of
bioaccumulation in the food chain and is a
potential hazard for plants.

Table 3. Cadmium Content in the Examined Tobacco Leave

Treatment level, mg/l

Cd (mg/kg)

control group
25
50
75
100

0.1
7.8
17.5
18.8
334

Cd accumulation in aphids

Table 4 displays the Cd levels in the aphid
samples. The increase in Cd content in the
aphids associated with the increase in

treatment concentrations indicated a minimal
transfer of Cd from the soil to the aphids via
the plants.

Table 4. Microelement Content in the Examined Aphid Samples

Treatment level, mg/l

Cd (mg/kg)

Control group
25
50
75
100

<DL
0.3
0.7
1.3
2.9
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Based on the data obtained for Cadmium (Cd),
it is possible to assess potential
biomagnification by observing the increase in
the Bioaccumulation Factor (BAF) from soil to
tobacco and from tobacco to aphids (Figure 1).
The Bioaccumulation Factor (BAF) for Cd
increased sharply at 25 mg/l and then gradually
decreased, indicating a potential initial
tolerance, accumulation  saturation, or
inhibition mechanism at higher concentrations.
Considerable bioaccumulation factor values,

particularly at low contamination levels,
indicate that tobacco plants can readily
accumulate Cd from the soil. BAF values for
Cd uptake from tobacco to aphids were
noticeably low, with all values falling below
0.1. This suggests that a minimal amount of Cd
was transferred from tobacco to aphids.
Nevertheless, despite these low values, the
BAF values indicate a certain level of Cd
transfer from plants to aphids.

BAF Values for Cadmium (Cd)

1.75¢

1.50F

1.25¢

1.00}

BAF Values

Type
s BCF (soil-tobacco)
| mmm BCF (tobacco-aphids)

Cd control }
Cd 25 mg/L

Cd 50 mg/L

Cd 75 mg/L |
Cd 100 ma/L P

Concentration

Figure 1. Bioaccumulation Factor (BAF) from Soil to Tobacco and from Tobacco to Aphids

Following the analysis of cadmium (Cd)
bioaccumulation in Myzus persicae, this
discussion aims to contextualise our findings
within the broader field of ecological studies
on heavy metal dynamics. The findings
revealed low bioconcentration factor (BCF)
values, all below 0.1, suggesting a minimal
transfer of Cd from tobacco to aphids. Our
findings of low BCF values in Myzus persicae
are consistent with previous research that
reported limited bioaccumulation of cadmium
in aphid-plant systems. For instance, Green et
al., (2006) observed no significant
biomagnification of Cd in Sitobion avenae fed
on barley (Hordeum vulgare), which they
attributed to the restricted translocation of Cd
within the plant. Similarly, Green et al., (2010)
demonstrated that the Cd transfer coefficients
from wheat to Sitobion avenae aphids were
below 1 at all treatment concentrations. Butt et
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(2018) also found that Cd did not
accumulate significantly in Sitobion avenae
from Trifolium alexandrinum, with an average
bioaccumulation factor below 1. While our
findings align with those noting minimal
bioaccumulation, it is crucial to consider
studies that have observed higher Cd
bioaccumulation rates in different aphid-plant
systems. Dar et al., (2015) reported high Cd
concentrations in Lipaphis erysimi, with
transfer coefficients ranging from 0.8-1.7.
Similarly, Green et al., (2003) found transfer
coefficients ranging from 0.85 to 1.6 for
Sitobion avenae feeding on Triticum aestivum.
These contrasting findings indicate that Cd
transfer and accumulation can vary
significantly among different aphid and plant
species, suggesting that environmental Cd
levels, and plant and aphid physiology play a
role in these variations. Our study contributes
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to this broader understanding by highlighting
the variability of Cd bioaccumulation across
different ecological contexts.

The mechanisms underlying Cd transfer in
aphid-plant  systems involve  complex
interactions between plant resistance and aphid
adaptation strategies. One key factor is the
regulation of Cd concentration in the plant
phloem, which determines the amount of Cd
available for aphids to ingest. In addition,
aphids possess regulatory mechanisms to
manage Cd accumulation, ensuring that metal
concentrations do not reach toxic levels.
According to Naikoo et al. (2021) and Dar et
al. (2015, 2017), aphids can partially regulate
Cd bioaccumulation through excretion of this
metal in honeydew; However, Cd content in
honeydew does not increase proportionally
with Cd concentration in aphids, implying that
excretion through honeydew is not the sole

regulatory mechanism. This regulation may
vary among aphid species, as suggested by
Crawford et al., (1995), thereby contributing to
the differences observed across studies. The
levels of Cd in aphids were considerably lower
than those in tobacco plants, which may be
attributed to the efficiency of the regulatory
mechanisms in Myzus persicae. Further
research on the regulatory pathways of Myzus
persicae is crucial to gain a Dbetter
understanding of Cd transfer and
accumulation, and the minimal transfer of Cd
from tobacco to Myzus persicae suggests a
limited risk of biomagnification in this specific
food chain. These findings contribute to our
understanding of heavy metal dynamics,
emphasising the importance of system-specific
studies to assess the ecological impact of metal
pollution.

CONCLUSIONS

The bioaccumulation and trophic transfer of
Cd in the food chain highlights the complex
dynamics of heavy metal movement within
ecosystems. These interpretations underscore
the need for further research to understand the
mechanisms of bioaccumulation and trophic
transfer of heavy metals as well as their
potential consequences on  ecosystems.
Understanding these dynamics is crucial for
developing strategies to manage the risks
associated  with  heavy  metals in
agroecosystems. The implementation of
regulatory measures and agricultural practices
aimed at reducing heavy metal inputs into the

soil, along with regular monitoring of metal
concentrations in agricultural crops and
associated organisms, play a vital role in
ensuring food safety and environmental health.
These findings emphasize the importance of
ecological studies to understand the natural
cycles of pollutants and their effects on
different species. Further research is required
to identify the specific genetic and molecular
mechanisms involved in the regulation of
heavy-metal accumulation in plants and
insects.

REFERENCES

1. Angelova V., Ivanov K., Ivanova R., 2004. Effect of chemical forms of lead, cadmium, and zinc
in polluted soils on their uptake by tobacco. J. Plant Nutr. 27, 757-773.

2. Butt A., Qurat-Ul-Ain N., Rehman K., Khan M. X., Hesselberg T., 2018. Bioaccumulation of
cadmium, lead, and zinc in agriculture-based insect food chains. Environ. Monit. Assess. 190, 1-

10.

3. Crawford L. A., Hodkinson I. D., Lepp N. W., 1995. The effects of elevated host-plant cadmium
and copper on the performance of the aphid Aphis fabae (Homoptera: Aphididae). J. Appl. Ecol.

32, 528-535.

29



Tyryn/Tobacco, Vol. 71, N° 1-6, 2023

10.

11.

12.
13.

14.

15.

30

Dar M. I., Khan F. A., Green I. D., Naikoo M. 1., 2015. The transfer and fate of Pb from sewage
sludge amended soil in a multi-trophic food chain: A comparison with the labile elements Cd and
Zn. Environ. Sci. Pollut. Res. 22, 16133-16142.

Dar M. 1., Green I. D., Naikoo M. I., Khan F. A., Ansari A. A., Lone M. |., 2017. Assessment of
biotransfer and bioaccumulation of cadmium, lead and zinc from fly ash amended soil in mustard—
aphid—beetle food chain. Sci. Total Environ. 584, 1221-1229.

Gall J. E., Boyd R. S., Rajakaruna N., 2015. Transfer of heavy metals through terrestrial food
webs: A review. Environ. Monit. Assess. 187, 1-21.

Golia E. E., Dimirkou A., Mitsios I. K., 2009. Heavy-metal concentration in tobacco leaves in
relation to their available soil fractions. Commun. Soil Sci. Plant Anal. 40, 106-120.

Green I. D., Diaz A., Tibbett M., 2010. Factors affecting the concentration in seven-spotted
ladybirds (Coccinella septempunctata L.) of Cd and Zn transferred through the food chain.
Environ. Pollut. 158, 135-141.

Green I. D., Merrington G., Tibbett M., 2003. Transfer of cadmium and zinc from sewage sludge
amended soil through a plant-aphid system to newly emerged adult ladybirds (Coccinella
septempunctata). Agric. Ecosyst. Environ. 99, 171-178.

Green I. D., Jeffries C., Diaz A., Tibbett M., 2006. Contrasting behaviour of cadmium and zinc
in a soil-plant-arthropod system. Chemosphere 64, 1115-1121.

Kaminski P., Barczak T., Bennewicz J., Jerzak L., Kavanagh B. P., Tkachenko H., Stuczynski T.,
Baszynski J., Szady-Grad M., Wozniak A., 2021. The role of aphids in the transfer of chemical
elements in disturbed Polish saline environments. Sci. Total Environ. 776, 145980.

Krsteska V., 2016. Peach aphid Myzus persicae (Sulzer) on tobacco. Tutun/Tobacco 66, 30-39.
Naikoo M. I., Raghib F., Dar M. I, Khan F. A., Hessini K., Ahmad P., 2021. Uptake,
accumulation and elimination of cadmium in a soil-Faba bean (Vicia faba)-Aphid (Aphis fabae)-
Ladybird (Coccinella transversalis) food chain. Chemosphere 279, 130522.

Pelivanoska V., Jordanoska B., Stafilov T., 2016. Cadmium uptake by different parts of oriental
tobacco grown in the Republic of Macedonia. Tutun/Tobacco 65, 47-53.

Tripathi S., Arora N., Pruthi V., Poluri K. M., 2021. Elucidating the bioremediation mechanism
of Scenedesmus sp. ITRIND2 under cadmium stress. Chemosphere 283, 131196.



Biljana J. Sh.a, Bojana D. G., Marjana G., Vesna K.: INFLUENCE OF ELEVATED ...

ISSN 0494-3244
Tyryn/Tobacco, Vol. 71, N° 1-6, 2023 UDK: 632.951:633.71633.71-295.1
Original Scientific Paper

INFLUENCE OF ELEVATED DELTAMETHRIN APPLICATION RATES ON
MICROELEMENT UPTAKE BY ORIENTAL TOBACCO

Biljana Jordanoska Shishkoska, Bojana Dimovska Gonovska, Marjana Glusheska, Vesna Krsteska
Scientific Tobaco Institute, St. Kliment Ohridski University, Kicevska bb, 7500 Prilep, Republic of
Macedonia;
e-mail: biljana.jordanoska@uklo.edu.mk

ABSTRACT

Crop pest protection strategies and practices in agriculture are still heavily reliant on chemical pesticides. Pyrethroid
pesticides are insecticides of intense interest in tobacco protection practices because of their desirable environmental
properties: short persistence and nontoxicity to mammals. Although recommendation for their usage is strictly declared
by the manufacturer, there are always deviations. Field experiment was caried out in order to investigate the effects of
different deltamethrin application rates and their impact on the content of two selected microelements (Cu and Zn) in
oriental tobacco plants. The study provides an insight into accumulation of these microelements in the root and the shoot
system of the tobacco plant.

Keywords: deltamethrin, oriental tobacco, copper, zinc

BJINMJAHUETO HA 3I'OJIEMEHMU 103U HA JEJITAMETPUH BP3 COAPKUHATA HA
MHUKPOEJIEMEHTH BO OPUEHTAJIHUOT TYTYH

CrpaTteruure ¥ NMPaKTHKUTE 32 3alITHTa Ha HAacaJUTe BO 3€MjOJENICTBOTO CC YIITE CE€ BO rojieMa Mepa 3aBHCHH O]l
XEMHCKUTE MecTUlUAn. [IupeTponIHuTe NeCTHIHUAN KaKOB IITO € JeNTaMETPUHOT C€ MHCEKTHIIMIHN O] FOJeM HHTEepec
3a ynortpeba Bo 3amTuraTa Ha TYTyHOT. OBa ce JOJDKM Ha HUBHUTE ITOKEITHH €KOJIOIIKM CBOjCTBA. KPAaTOK IEPHOJ Ha
pacnarame M HETOKCHMYHOCT 3a Lunauute. Mako mpenopakata 3a HHBHA ymorpeba € CTpOro AeKiIapupaHa on
MIPOU3BOANTEIIOT, CEKOTAIll NMa OTCTalyBamka. HampaBeH € MOJICKH OMHUT €O LeJ Ja Ce UCTpaXkaT e()eKTUTE O MpUMEHa
HA pa3IHYHH 03U OJ] NENTaMETPHH U HUBHOTO BJIMjaHUE BP3 CONpP)KUHATA Ha JBa n3bpaHu MukpoenemeHTH (Cu u Zn)
BO pacTeHHjaTa Ha OpHUEHTAJICKU TyTyH. CTyaujaTta AaBa yBHJl BO aKyMyJallijaTa Ha OBHE MUKPOEIEMEHTH BO KOPEHOT U
Ha/[3MHHOT JIeJI Ha PACTEHHETO TYTYH.

Kayunu 300poBH: IenTaMETPHH, OpUEHTANICH TYTYH, 0akap, INHK
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INTRODUCTION

Agriculture is a fundamental source of our
food supply with the ideal objective to provide
safe  products with minimal adverse
environmental impacts. Optimisation of the
crop production is essential and use of
agrochemicals including synthetic pesticides is
inevitable. A variety of pesticides belonging to
different chemicals groups, organophosphates,
carbamates and anthranilic  diamides,
spinozines,  pymetrozines,  oxadiazines,
synthetic pyrethroids are recommended for
use. Some of these pesticides are broad-
spectrum and can control more than one target.
At the same time, some products containing
the mixtures of two or more pesticides,
generally organic phosphate plus synthetic
pyrethroid (OP+SP), are available.

Deltamethin is one of the most potent
insecticides (Elliot, 1977) and appears very
promising for controlling insect pests found to
infest various vegetable and field crops. In
recent years it’s degradation rate and pathways
in plants have been reported. Ruzo and Caslda
(Ruzo & Castda, 1979) and Cole et al. (Cole et
al. 1982) characterized a large number of
extractable metabolites following application
of the insecticide upon plant foliage. The
information on the metabolic fate of
deltamethrin in crops is important for an
improved understanding of its practical uses in
agriculture. Pyrethroid pesticides are also
substances of intense interest for use in tobacco
protection because of their desirable
environmental properties of short persistence
and nontoxicity to mammals (Baker et al.

1982). Their features, combined with a broad
spectrum of pesticidal activity made them
alternatives to the older organochlorine
compounds and the natural pyrethrins.
Although recommendation for the usage of the
pesticides is strictly declared by the
manufacturer, there are always deviations.
Their excessive and uncontrolled application
causes environmental damage (Shahid &
Saghir Khan, 2022). They affect most of the
soil microorganisms, subsequently disturbing
soil nutrition properties and cause a
substantive  reduction  in  agricultural
production.

Oriental tobacco production in our country
holds a valuable economic impact. According
to Campbell (2000), basic micronutrients for
the development of tobacco culture are: Fe,
Mn, Zn, Cu and B. Copper participates in
numerous physiological processes in plant
cells and is a cofactor of many proteins. Zinc
is an essential component of proteins in plants
and has a direct or indirect influence on
photosynthesis, health, chlorophyll
biosynthesis, and carbohydrate metabolism
(Foy et al., 1978, Bowen, 1979). Starting from
the importance of microelements for the
tobacco plant, one of the aims of this study was
to investigate does different Deltamethrin
application rates have influence on the copper
and zinc content in oriental tobacco and the
soil where it is cultivated. Furthermore, copper
and zinc accumulation rate were observed in
different oriental tobacco plant organs.

MATERIAL AND METHODS

The field experiment was caried out during
2022. The plot was set with untreated control
and different Deltamethrin rates in three
replicates. The  treatments  included
recommended dose of Delthametrin (25 g/L,
Polux) and 30%, 50%, 70%, 100% increased
dose. Tobacco samples (root, stem, leaf,
blossom) and soil samples were collected in
September 2022. Plant samples were washed
carefully to remove any adhering soil particles
and rinsed with redistilled water. The plant
material was dried and homogenized to a
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constant weight after drying at 75°C for 12
hours. For the analysis, plant samples (0.5 g)
were put in Teflon vessels with 5 ml
concentrated HNO3z (trace pure, Merck,
Germany) and 2 ml H20 (30%, m V-1, Merck,
Germany) the vessels were closed, tightened
and placed in the rotor of a microwave
digestion system (Milestone, Ethos Touch
Control). The plant samples were digested at
180°C. After digestion and cooled samples
were quantitatively transferred into 25 ml
calibrated flasks (Baceva et al., 2012).
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Pretreatment of soil samples for physico-
chemical analysis was done in accordance to
ISO 11464 (2006). Soil samples were collected
before planting and after harvest from both
locations and analysed for soil texture, pH,
total nitrogen content, organic matter content,

carbon content, available phosphorus and
available potassium content and Cu and Zn
(Pelivanoska, 2011). The obtained solutions of
tobacco and soil samples were analysed with
the flame atomic absorption
spectrometry (FAAS), Varian 220A.

RESULTS AND DISCUSSION

All soil properties including the Cu and Zn
content of soil samples are presented in Table
1. According to the obtained data, soil sampled
from the experimental field has low humus
content, poorly acidic soil pH and medium
content of available phosphorus and
potassium. Soil samples were analyzed before
and after harvesting and the end of the
vegetation. The results are given for every
studied variant, treated with different
Deltamethrin doses.

Zn content in soil depends on the geochemical
nature, organic matter content, soil texture and
pH. Zn content in soil is from 10 to 300 mg/kg
(Kabata-Pendias, 2011). Plants absorb zinc
from the soil solution through the roots mainly
in the form of Zn?* and organic chelates (Golia

etal., 2002). In our samples, Zn content is near
the average value of 55 mg/kg found in arable
land form Pelagona area (Jordanoska et al.
2012, 2018).

Copper in agricultural soils is usually found in
the range of 1 to 50 mg/kg (Hodges, 1995).
Plants absorb copper from the soil solution
through the roots in the form of organic
complexes or Cu?*. Jordanoska et al. 2018
found Cu in tobacco soils form Pelagonia area
in the range from 5 to 39 mg/kg. Based on the
results from the analyzed soil samples with
different deltamethrine treatments, (Table 1)
no regularity was observed in Cu and Zn
content in the samples where tobacco plants
were treated with increased concentrations.

Table 1. Basic soil properties, Cu and Zn content of soil samples with different Deltamethrin dosage rates

oM TN pH pH  Available P Available K Cu Zn

Soil samples analyses % % H0  KCI mg/100 g Mok mg/Kg
untreated control 1.18 0.058 6.91 5.88 20.59 20.61 2315 49.25
untreated control after harvest ~ 1-07 7.05  6.19 24.06 18.03 2345 50.12
recommended dosage 1.09 0.057 6.81 592 25.15 19.85 2458 51.24
recommended dosage +30 % 1.08 0.056 6.82 5.98 25.12 19.75 2385  49.56
recommended dosage +50 % 1.07 0.058 6.82 5.96 25.10 19.82 23.98  50.18
recommended dosage + 70%  1.08 0.056 6.83 5.97 25.18 19.78 2412 51.02
recommended dosage +100%  1.06 0.056 6.82 5.96 25.12 19.85 2415 49.89

The content of Zn in the tobacco plant organs
are given in Table 2. The main source of zinc
for plants is from the soil. The natural content
of Zn in tobacco ranges from 30-79 mg/kg
(Grabuloski and Simonoska 1985). In their
research, the average values obtained for the
oriental tobacco type are close to 43.50 mg/kg.
According to the data of Golia et al. (2009) in
oriental tobacco varieties zinc content ranges
5.4 -50 mg/kg. Jordanoska et al. 2018 fount 8-
52 mg/kg Zn, with average values of 20 mg/kg
is samples from Pelagonia region. Some

authors consider zinc to be very mobile in
plants, while others point to its moderate
mobility, which is conditioned by the age of
the plants. In young plants, 75% of the total
absorbed Zn passes into the above-ground
organs, while in older plants, only 20-30% is
found in the above-ground organs (Baumeister
and Erst, 1978). The obtained values for the
content of zinc in tobacco leaves are in
agreement with data indicated in other literary
sources (Grabuloski and Simonoska, 1985;
Tso, 1989, Pelivanoska 2007, Golia et al.,
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2009, Jordanoska et al., 2018). As it can be most likely reason for the is that the pre-
seen in the Table 2 the highest content of Zn in flowering and flowering period is a period
the roots of the tobacco plants is determined in when there is significant plant consumption of
the samples from the untreated control. Zn, Fe and Cu.

Compared to the control all root samples from As whole plant, given as total in the Table 2,
different treatments have lower content of Zn. we can see that control has lowest content of
Difference in the accumulation of the Zn is Zn and samples treated with recommended
observed in the organs of the tobacco plant dosage have highest content of the observed
from all tested treatments, with highest microelement.

obtained values in the sampled flowers. The

Table 2. Zn content of plant material with different Deltamethrin dosage rates

Zn, mg/kg Root Stem Leaves Flowers Total
Control 14.43 4.65 8.94 15.32 28.91
recommended dosage 7.78 9.44 11.62 18.55 47.38
recommended dosage +30 % 5.89 5.11 9.52 23.94 44.44
recommended dosage +50 % 5.50 3.40 8.82 14.66 32.38
recommended dosage + 70 % 7.63 4.34 10.38 23.24 45.58
recommended dosage +100 % 9.58 4.67 8.70 16.83 39.77
The distribution of Cu content in different & Bozhinova (2004) it is 16.9-25.8 mg/kg.
oriental tobacco organs is presented in Table 3. According to the data of Golia et al., (2009)
Similar as Zn, roots sampled from the control mean Cu concentrations of 66 mg/kg were
treatment have highest content of Cu. Cu determined in Berley tobacco, 37 mg/kg in
content in tobacco leaves of 5 to 15 mg/kg is Virginia tobacco and 23 mg/kg in Oriental
found in most of the studies (Adamu et al., tobacco. In our study Cu content of the tobacco
1989; Bell et al., 1992 u Bergmann, 1992, leaves is much lower that all mentioned
Jordanoska et al., 2018). According to Collins authors but in the range as normal content of
et al. (1961), in Virginia tobacco, the copper copper in plants is from 5 to 30 mg/kg (Kabata-
content is in the interval of 14.9 and 21.1 Pendias, 2011).

mg/kg, while in the researches of Zaprjanova

Table 3. Cu content of plant material with different Deltametrin dosage rates

Cu, mg/kg Root Stem Leaves Flowers Total
Control 2.50 0.96 0.94 1.84 6.24
recommended dosage 1.27 1.67 1.26 2.37 6.57
recommended dosage +30 % 0.84 0.62 0.45 2.73 4.64
recommended dosage +50 % 0.92 0.72 0.74 2.20 457
recommended dosage + 70 % 1.13 0.97 0.73 4.05 6.88
recommended dosage +100 % 1.42 1.75 0.74 2.76 6.66
The highest contents of Cu in plant as total is capacity to retain it (Mrvi¢ et al., 2009). In the
determined from the treatment with 70 % root, copper binds to the cell walls and remains
increasement from the recommended dosage. immobile and only a small part reaches the
The translocation of copper between different young organs and therefore they are most often
plant parts plays an important role in its exposed to a lack of this element. (Mrvi¢ et al.,
utilization. It has been observed that in 2009). In order to present bioaccumulation of
conditions of its deficiency, or in conditions of both studied elements in the oriental tobacco
excessive concentrations, the root has a strong plant organs we use the biological transfer
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factor (BTF). BTF is calculated as the ratio of
the content of the examined element in the
above-ground tissues of the plant and the root.
This factor indicates the efficiency of the

transfer of elements in the aerial parts of the

plant. The calculated values are presented on
Figure 1.

Biological transfer factor of Cu

an Zn
10.0
o b Fh "
@@ @@;"" SRR
BTF Cu BTF Zn

Figure 1. The biological transfer factor (BTF) as a measure of the efficiency of the transfer
of elements in the aerial parts of the plant

As we can see in Figure 1, Zn has higher
accumulation factor than Cu in all treatments
from the preformed field experiment, except in
the treatment with increased rate of 70%. This

means that oriental tobacco has a higher
tendency to transfer and accumulate Zn rather
than Cu in the aerial organs.

CONCLUSIONS

The aim of our investigation was to determine
the whether elevated deltamethrin application
rates have impact on the Cu and Zn content of
soil samples and the oriental tobacco plant.
Compared to the control, higher content of Zn
is determined in the oriental tobacco plants that
are treated with deltamethrin, even with the
recommended dosage. It was established that
oriental tobacco has a higher tendency to
transfer and accumulate Zn compared to Cu.
Higher tendency of transfer and accumulation
of Cu prevails in the treatment with increased

rate of 70% from the recommendation dose.
Deltamethrin dosage had no influence on soil
samples. This study is only one approach that
provides input in the further monitoring that
will prevent the negative impact of pesticides
on soil, tobacco and tobacco products. The
presented study is helpful for
recommendations for commercial dosage use
that is environmentally responsible. According
to our findings, content of the Cu and Zn are
consistent with the data found in the referent
sources.

w
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ABSTRACT

Tobacco production technology includes two stages: seedling production and field production. To plant an area of 1 ha
with tobacco it is necessary to sow 20 seedbeds. The seedbeds were cold-prepared, standard (length 10m and width 1m).
Tobacco seeds of Prilep 66 9 variety were sown at a seeding rate of 4.5g/10m?. For each work operation during seedling
production, the required time and the number of workers were measured and then the cost and labor were calculated. The
cost price for hiring workers for the production year 2022 was € 2.9 per hour. The cost price for producing 20 seedbeds
of tobacco seedlings ( required for an area of 1 ha) amounts to a total of € 1085.

Key words: tobacco, seedling production, costs, price.

TEXHOJIOI'MJA HA ITPOU3BOACTBO HA TYTYHCKH PACA/I 1 TPOLLIOLIM 3A
MPOU3BOJACTBO HA 20 JIEU TYTYHCKU PACAJL

TexHosorujara Ha NPOU3BOJICTBO HA TYTYH omdaka nBe Ga3u U Toa: pacalolpOU3BOICTBO U HUBCKO ITPOM3BOACTBO. 32
Jla ce pacajy IOBpIIKHA 01 1 Xa co TyTyH oTpeOHO e na ce nocear 20 seu. Jlente Oea JagHO YCOBPIICHHU, CTaHIAPIHH
(momkuna 10 M u mupuna 1 M) u Geme kKopucTeHa HopMa Ha ceniba o1 4,59/10m? TyTyHCKO ceMe oJ1 TUTIOT NpuJIen 66
9. 3a cexoja paboTHa ormepanyja Ipu pacagopON3BOACTBOTO OEIIe MEPEHO MOTPEOHOTO BpeMe B OpOjoT Ha pabOTHHIM
Kou Oea BKIYYCHHM 3a U3BPIIYBakhe Ha UCTUTE, a OTOA Oellle BKAIKYJIMPaH U TPOIIOKOT U paboTHaTa cuia. lleHara Ha
YHHEHE 32 aHTOKUpambe Ha padOTHUIM 3a ipon3BoaHaTa 2022 roauHa Gemre € 2,90 ox vac.

Kity4nu 300poBU: TyTYyH, pacaonpor3BO/ICTBO, TPOILOLH, LIEHA.
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INTRODUCTION

Tobacco industry is one of the most organized
agricultural industries in our country. Over the
past five years, tobacco production in the
Republic of North Macedonia has ranged from
20 000 to 25 000 tons and is one of the largest
in the Balkans. In the past, more than 30 000
families relied on tobacco production for their
livelihoods, but in recent years, there has been
a decline to around 20 000 families.

The production technology of tobacco itself is
specific, starting from the production of
tobacco seedlings, cultivating tobacco in fields
and culminating in post-harvest processing,
including tobacco curing and home handling.
From an economic standpoint, tobacco plants
are cultivated for their leaves, and thus the
proper use of agrochemical operations is of
enormous importance and directly impacts the
realized income.

Soil represents the medium for growing and
developing of tobacco plants, so it is
particularly important to understand it for

achieving both qualitative and quantitative
tobacco production. Optimized production
entails  the  rational  utilization  of
mechanization, labor and working hours for
the necessary operations.

Seedling production is an inevitable stage in
tobacco production and producing quality
seedlings is a crucial precondition for
successful tobacco production in the fields.
Besides the quality of the seedlings, it is also
of paramount importance to produce a
sufficient quantity of tobacco seedlings for the
planned area. Also, the seedlings should be
ready for transplanting within the optimal
timeframe for the production region.
Developing an effective technology for
tobacco seedling production requires a good
understanding of the biology of the seedling,
which goes through multiple developmental
phases. Application of high-quality and timely
agronomic measures is also very important.

MATERIAL AND METHODS

For the production of tobacco seedlings, the
following types of seedbeds exist (Uzunoski,
1985):

- Ordinary or cold seedbeds

- Warm seedbeds
Cold seedbeds are further divided into raised
and sunken beds. Raised beds are those lying
above the path level, while sunken beds are
those lying below the path level. Warm
seedbeds are classified as warm and semi-
warm beds.
For the purposes of this research, the seedbeds
were cold prepared i.e. cold seedbeds covered
with polyethylene fabric. The work process

included several phases, during which the time
and number of workers were measured:
e Autumn and spring soil
preparation for seedling
production
e Preparation of the seedbeds
e Sowing the seedbeds
e Herbicide treatment
e Regulation of the air-thermal

regime
e Seedbeds fertilization
e Irrigation

e Protection of tobacco seedlings
e Seedlings pulling

RESULTS AND DISCUSSION

To plant an area of 1 ha with tobacco, 20 cold
prepared seedbeds were sown in the
experimental field at the Scientific Tobacco
Institute - Prilep. According to (Korubin-
Aleksoska, 2004), recommended seeding rate
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for Prilep tobacco type, ranges from 3-
5g9/10m2. In our case, the seeding rate was
4.59/10m?. Seed of the tobacco type Prilep,
variety 66 9 was used. Seebeds were standard,
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measuring 10 meters in length by 1 meters in
width.

Appropriate cultural practices were applied
before sowing the seedbeds. Preparation of the
soil consisted of one fall and two spring
plowings. Fall plowing is an important cultural
practice as it improves soil structure, enhances
the soil's water-air regime and also improves
soil fertility. It also destroys weed vegetation
and prevents the overwintering of numerous
parasitic diseases and pests (Mickovski, 2004).
The formation of the beds was carried out
using a seedbed shaper, followed immediately
by manual bed correction (leveling, raking,
soil compaction, edge correction, frame
placement and covering with polyethylene
fabric). This bed formation process required 8
hours and 4 workers (Table 1). After seeding,
the tobacco beds were covered with burnt
manure, and then herbicide treatment with
Clomazone active ingredient was applied at a
concentration of 1ml/10m2. Burnt manure
cover is used to provide sufficient warmth for
the tobacco seeds during germination. During
the 56-day seedling production period, timely
and controlled irrigation was carried out.
According to (Uzunovski, 1985), irrigation of

Fg. bacco seedbed t inn

e

the nursery is a very important agronomic
measure. Initially, the tobacco beds were
irrigated daily to provide enough moisture for
seed germination. Additionally, timely
weeding, regulation of the air regime of the
beds (covering and uncovering the beds) were
performed to obtain healthy and high-quality
seedlings. According to the recommendation
of experts (Scientific Tobacco Institute -
Prilep, 2022) three treatments were carried out
during seedling production to protect the
tobacco seedlings from disease and pests. The
first treatment was conducted on April 18,
2022, in the 4-leaf stage, applying a
combination of two fungicides with Boscalid
and Pyraclostrobin active ingredients at a
concentration of 1.5g/10m? and Ametoctradin
at 1m1/10m? to prevent the occurrence of black
root rot in tobacco seedlings (Thielaviopsis
basicola). According to (Tashkoski, 2021),
black root rot is a widespread disease attacking
the root system of the plant and can cause
damage to both seedlings and tobacco planted
in the field.
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The second protection of the tobacco from
diseases was carried out on May 3, 2022, with
a fungicide containing Azoxystrobin active
ingredient at a concentration of 1.5ml/10m?,
The third protection of the tobacco seedlings
was performed with a combination of
fungicides  containing  Boscalid  and
Pyraclostrobin at 1.5g/10m? + Ametoctradin at
1ml/10m? and an insecticide based on
Deltamethrin at  0.5ml/10m2. The entire
protection process was carried out by 1 worker
and required 4 hours (Table 1).

According to (Hawks, 1970), tobacco
seedlings grow faster when fertilized with
nitrate nitrogen. In our case, we had three
fertilizations of tobacco seedlings with
NH4NO3 34.5% at a concentration of

80g/10m?2. The fertilization was carried out by
2 workers for a total of 10 hours (Table 1).
According to (Mickovski, 2004), if weeds are
not removed from the tobacco beds, they will
cover the seedlings, depriving them of light
and nutritional space. Tobacco beds were kept
free of weed vegetation to provide a clean
environment and allow the tobacco seedlings
to grow and develop unhindered. Weeding
required 4 workers and 16 hours (Table 1) for
the operation.

For the required area of 1 hectare, around 175
000 healthy seedling plants were used, i.e. 70
jute sheets with 2500 healthy and high-quality
tobacco seedlings each. The required working
hours for the pulling operation were 16, with 5
workers involved (Table 1).

Table 1. Number of workers and working hours per work operation

Work operation

Working hours Number of workers

Preparation of 20 seedbeds

Sowing

Fertilizing

Regulation of the air-thermal regime
Irrigation

Protection of tobacco seedbeds
Weeding

Pulling

8
5
10
30
15
4
16
16

OB FEPNDNNDDN A

The cost of one working hour for hiring
seasonal workers in our case was € 2,90. From

Table 2, the total labor cost required for 20
seedbeds can be seen

Table 2. Total cost for seasonal workers

Work operation Working hours Price per hour Cost in EUR
Seedbeds preparation 32 2,90 93
Sowing 10 2,90 29
Fertilizing 20 2,90 58
Regulation of the air- 60 2,90 174
thermal regime
Irrigation 30 2,90 87
Protection of tobacco 4 2,90 12
seedbeds
Weeding 64 2,90 185
Pulling 80 2,90 232
Total 300 870

For nursery production of 20 tobacco
seedbeds, 300 working hours were needed.
The cost for the workers was € 870 (Table 2).
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From table 3 it can be seen that the
repromaterials costs for 20 seedbeds amount to
€ 215.
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Table 3. Total costs for repromaterials

Repromaterial Cost in EUR
Irrigation water 13
Ammonium nitrate 34,5 % 5
Herbicide, insecticide and fungicide 12
Polyethylene fabric 89
Transport fuel 72
Burnt manure 24
Total 215
CONCLUSIONS
Based on the previously presented material, e The price of renting seasonal workers
the following conclusions can be made: for 1 hour is € 2,90
e Forplanting anarea of 1 ha, it is e The required number of working hours
necessary to sow 20 cold-prepared for nursery production is 300
seedbeds, _whlch are enoug_h to obtain e Total cost for seasonal workers
healthy, high-quality and timely amounts to € 870
m:tumddmbac;o S?edlmg_s d lasted e The cost of repromaterials is € 215
* ;jl' e seed production period lasted 56 The total cost for 20 seedbeds is €
ays 1085 or for one seedbed is € 54,25
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Manuscripts should be submitted to the Editorial Board electronically, via e-mail (nit@uklo.edu.mk).
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with single spacing. The complete manuscript should be no longer than 10 pages, A4 format, with
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between words. The Abstract should be translated in Macedonian, using Times New Roman font with
Macedonian support. There should be one empty row between titles/subtitles and the text. Ensure that
each new paragraph is without TAB.

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

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

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

ARRANGEMENT OF THE PAPER:

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

Full name and surname of the authors - capital initial letter, other letters small, font size 12,
centered;

Name of the institution - for multiple authors from different institutions, each author's surname
should be followed by identifying superscript number associated with the appropriate institution.
Address of the institution - full postal address of the institution, as well as the e-mail of the
corresponding author; italic, centered.

ABSTRACT - at the beginning of the paper, both in English and Macedonian, should not exceed 150
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summarize the most important results. Abstracts should not include citations to references. Font size
10, centered.
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For non-Macedonian authors, the Editorial board will provide translation of title, abstract and key
words in Macedonian.

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

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

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

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

Figure(s) Under Figure(s) are included: Photographs and all Graphical presentations (including
graphs, diagrams, schemes, drawings, photographs etc). Figures should be numbered with Arabic
numerals according to their sequence in the text. The title should be always under the Figure(s),
centered, in 10 pt font, with one empty row between them and the title and another one between the
the title and the text.

All Figure(s) should be submitted with the text and saved as separate files. Graphs and diagrams
should be prepared as Excel files — XLS extension, and schemes, drawings and photographs should
be submitted as JPG or TIF files. Minimum resolution for them is 200 - 300 dots per inch.

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

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

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

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

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

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

e Website pages with known author and year
Cite web pages in text as you would any other source, using the author and date if known.
For ex: Burja C., Burja V., 2008. Adapting the Romanian rural economy to the European
agricultural policy from the perspective of sustainable development, MPRA, Munich Personal RePEc
Archive, On line at: http://mpra.ub.uni-muenchen.de/7989/1/MPRA _paper_7989.pdf
In text citation: (Burja and Burja, 2008)

e For sources from website pages with author but no date use n.d. (for no date) in place of
the year: For ex: (Smith, n.d.).
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For ex: https://gd.eppo.int/taxon/TRSV00
In-text citation: (EPPO, TRS, 2002)

e If you cite website page, when no author and year are listed, cite organization as author
and short name of the document.
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REFERENCES - is arranged alphabetically numerated, in the following order: surname and initial
of author(s) first name, year of publication, title of the article, name of publication, volume number
and page. For books, author's name, complete title, publisher and date of publishing should be listed.
References are cited on the language of original papers. In literature references, use the International
Serials Catalogue for abbreviation of journal names.

For journals:
Mickoski J., 1988. Ispituvanje na infektivnata sposobnost na peronosporata i pepelnicata na tutunot.
Tutun/Tobacco 1-2, 21-40, Institut za tutun - Prilep.
Weybrew J.A., Wan Ismail W. A., Long R. C., 1983. The cultural management of flue-cured tobacco
quality. Tob. Sci. 27, 56-61.
For books:
Russel E. W., 1973. Soil conditions and plant growth. 10th ed., Longman, London.
Symposia volumes:
Clark T. A., Steward D., 1991. Wood and Environment, Proc. 6th Int. Symp. on Wood and Pulping
Chemistry, Melbourne, vol. 1, 493-498.
Patents: Names and initials of authors, year, patent title, country, patent number (italic):
Grant P., 1989. Device for Elementary Analyses. USA Patent, No. 123456.
Website references:

e If the authors, year, title of the documents are known and the reference is taken from a
website, the URL address has to be mentioned after these data:
Burja C., Burja V., 2008. Adapting the Romanian rural economy to the European agricultural policy
from the perspective of sustainable development, MPRA, Munich Personal RePEc Archive, On line
at: http://mpra.ub.uni-muenchen.de/7989/1/MPRA _paper_7989.pdf
And for sources with author but no date use n.d. (for no date) in place of the year (Smith, n.d.).

e If the authors of the documents are unknown and the reference is taken from a website,
the organization, year, name of the document, and the URL address have to be mentioned after
these data:

EPPO, 2002, Tobacco ringspot virus (TRSV00), On line at: https://gd.eppo.int/taxon/TRSV00
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