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INTORDUCTION

In the past ten years the educational, research and applicative activities of the Faculty of Agriculture
— Stip, Goce Delcev University — Stip, contributed to the development of agriculture sector in the
country and broader region.

The Faculty of Agriculture organized the 1 International Meeting Agriscience & Practice (ASP 2018),
giving an opportunity to the participants for presentation and discussion of original scientific and
practical results in different fields of agriculture.

The 1¢ International Meeting Agriscience & Practice (ASP 2018), heled on 10-11 May at Faculty of
Agriculture - Stip, was organized with intention to bring together all agricultural stakeholders for
sharing their knowledge, experience and obstacles. One of the main aims was to link research and
field work in agricultural sector in the country and broader, giving it an international dimension. All
oral presentations as well as poster presentations at ASP 2018 were organized in several scientific
sessions:

- Agricultural economics,

- Plant biotechnology,

- Plant production,

- Plant protection,

- Quality control and food safety,
- Soil science and hydrology,

- Viticulture, enology and fruit production.

The main goal of the Meeting was linking and promoting scientific achievements and practical
knowledge, presented in different thematic areas, which were achieved in the Republic of Macedonia
and wider in the region.

Journal of Agriculture and Plant Sciences Vol. 16, No. 1 contains the presented papers from the
1* International Meeting Agriscience & Practice (ASP 2018).

Editorial Board, Editor in chief,

August, 2018 Prof. Liljana Koleva Gudeva, PhD
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THE EFFECT OF BACKCROSS METHOD IN TOBACCO BREEDING

Jane Aleksoski*
Bis Promet Agrocentar - Bitola, Republic of Macedonia
*Corresponding author: janebispromet@gmail.com

Abstract

The paper encompasses investigations of four oriental tobacco varieties (P10-3/2, P-23, P-84 and YK 7-4/2)
andtheirdiallelF1,F2,BC1(P1)andBC1(P2) crossesinthe course of 2016 and 2017, forthe charactersleaf number
per stalk and dimensions of the middle belt leaves. The research was carried out on the experimental field of
the Scientific Tobacco Institute - Prilep in randomized block system with four replications. The measurements
were made in the stage of rapid growth (butonization), and the values obtained were processed by variational-
statistical analysis. Heritability (h2) of the traits was calculated using the Mather and Jinks method.

The aim of the research is to study the effect of backcross breeding on improving the quantitative traits
of tobacco, to open up the possibility of selecting individuals at the maximum number of crosses enabled by
the diallel of parental genotypes and to offer directions for further selection.

The obtained results showed different modes of inheritance in all generations studied. Heritability of
the crosses was over 95%, which is a sign of high heritability of the studied traits. The offered pattern for
further successive selection can also be used for other plant species to improve a range of traits, including the

resistance to diseases.

Key words: tobacco (Nicotiana tabacum L.), backcross, diallel, heritability

INTRODUCTION

Plant breeding is considered to be one of
the oldest skills that man has occupied. It dates
back 10,000 years ago with the cultivation of
wild species, which will mean the beginning
of agriculture. However, the creativity from
this area of science is more recent and begins
with gender studies in species. In Europe
first explorations for the sexes of plants are
published by Camerarius (1694). At that time
the ever-present desire of the breeder to create
varieties more superior than the existing ones
is born. All actions in this direction are called
breeding and they lead the selection forward
towards ever-increasing success. According
to Borojevic (1992) breeding is man’s work for
improvement and creation of new varieties of
plants, in order to meet the needs of people and
domestic animals.

Oriental tobacco, like the rest of the
agricultural crops where breeding and selection
is continuous process, is a strategic crop with a

centuries-old tradition of production and high
quality. Oriental tobacco is mainly grown in
Prilep and Yaka types or Dzebel and Basmak on
smaller areas which is due to the pleasant aroma
and a high price on the international market.

The main aim of the breeders at the
Scientific Tobacco Institute in Prilep is to create
new varieties and improve the existing ones by
applying appropriate methods, including the
Backcross Method - a process that improves the
existing commercial varieties with some desired
traits, such as resistance to diseases.

The Back-crossing Method is defined by
a large number of scientists including: Gornik
(1973) —Backcross is a method for fast and secure
improvement or addition of traits that are not
presentin the existing varieties or not sufficiently
expressed; Matthew (2012) - Backcross breeding
isamethodthat can be usedtoinserta particular
trait, such as disease resistance, from one line,
often inferior, to another that is usually an elite
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line for improvements; Pavlica et al., (2013) -
Backcross is crossing of hybrid (individual of
the F1 generation) with one of the parents or
individual of the parent genotype, and so on. In
The Free Dictionary (2014) Back-cross means to
cross (a hybrid) with one of its parents or with
an individual genetically identical to one of its
parents; while in Wikipedia (2017) — Backcrossing
is a crossing of a hybrid with one of its parents
or an individual genetically similar to its parent,
in order to achieve offspring with a genetic
identity which is closer to that of the parent.
In this direction, several selection programmes
were realized. For example, Korubin-Aleksoska
(2007) in research for resistance to blue mould
(Peronospora tabacina Adam) found dominant
inheritance in the oriental variety Pobeda 2
and its application in the Backcross Method
for transferring the resistance on to the current
varieties. Dimitrieski et al. (2012) examined two

varieties and eight lines of Oriental tobacco for
resistance to blue mould and black shank as
ones of the most dangerous tobacco diseases
and discovered a line resistant to blue mould (P
123-65/82) and two lines resistant to black shank
(YK 20-23/10 n P 65-54/09) which can be used
in projects for breeding of oriental tobacco.
Korubin-Aleksoska and Aleksoski (2015), in an
experiment with 10 varieties, of which one
flue-cured and nine oriental, found that YK 10-
7/1 is characterized by the dominance in the
inheritance of resistance to the black shank
(Phytophthora parasitica var. nicotianae) and
with the application of Backcross Method
improved the large-leaf variety MV-1.

The aim of this paper is to explain the
Backcross Method as one of the methods for
breeding the plants, and to show the way and
effect of its application.

MATERIAL AND METHODS

Breeding of tobacco is done in order to
obtain new and more superior varieties that
are homozygous with a stable inheritance
of the traits: yield, dry leaf quality, chemical
components, technological characteristics
and resistance to diseases. Tobacco processing
methods are those that apply to the selection
of self-sufficient plants (Martinci¢ & Kozumplik,
1996), such as: Mass Selection, Individual
Selection, Pedigree Method, Bulk Method, Single
seed descent Method and Baeckcross Method -
subject to this work. This method is carried out
with series of backcrossing with the variety to
be improved. The efficiency of this method is
greater if it is done for the breeding of only one
or two traits where are one gene or one pair of
major genes is responsible for the inheritance.
The procedure is different, depending on the
manner of inheritance.

As a working material we took three
Oriental varieties of the type Prilep (P10-3/2,
P-23 and P-84) and one Oriental variety of Yaka
type (YK 7-4/2).

Prilep P 10-3/2 (Fig. 1) — Originated from
the local tobacco variety Djumaj-bale from
Gorna Djumaja - Bulgaria. Released in mass
production by Gornik, in the 30-ies of the last
century. Characterized by cup-like habitus,
average stalk height 50cm, with 30-36 sessile

leaves, dry mass yield averages 1200 kg/ha
(Korubin — Aleksoska, 2004).

Prilep P-23 (Fig. 2) — created by Kostadin
Nikoloski and Milan  Mitreski, through
hybridization and selection in Tobacco
Institute — Prilep; recognized by the Ministry of
Agriculture, Forestry and Water Management
of the Republic of Macedonia in 1995 (Korubin
— Aleksoska A., 2004). It has elliptical-conical
habitus, average stalk height 65 cm, with about
55 densely arranged leaves, dry mass yield
2000-2500 kg/ha (Korubin - Aleksoska, 2004).

Prilep P-84 (Fig. 3) - created by Kiril
Naumovski and Ana Korubin-Aleksoska,
through hybridization and selection; recognized
in 1988 in former Yugoslavia, as one of the first
varieties of the type Prilep. Characterized by
cylindrical - elliptical habitus, average stalk
height 65 cm, with approximately 40 — 42 sessile
leaves, elliptical in shape, dry mass yield 2500-
3200 kg/ha (Korubin — Aleksoska, 2004).

Yaka YK 7-4/2 (Fig. 4) — released in mass
production in 1932 by Gornik. Originated from
Xanthian Yaka originating from Xanthy - Greece;
a plant with narrow, spindle shaped-elliptic
habitus; average stalk height 100cm, with 26-32
sessile leaves, dry mass yield averages 1000 kg/
ha (Korubin — Aleksoska, 2004).
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Figure 1. Prilep, P 10-3/2

Figure 3. Prilep, P-84 Figure 4. Yaka, YK 7-4/2
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In the course of 2015, we made diallel
crosses, and in 2016 we set up an experimentina
field with the parents and their 6 F1 hybrids. The
paper presents data from the measurements
for the number of leaves per stalk, as well
as the length and width of the middle belt
leaves. Besides measurements, we isolated the
plants for the F2 generation and made two-
way reciprocal crossings, with the first and the
second parent. In 2017 we set up an experiment
with parental varieties and the offspring of

F1, F2, BC1 (P1) and BC1 (P2) generations. The
experiment took place in the Experimental
Field of Scientific Tobacco Institute — Prilep
by random block system in four repetitions.
During the vegetation common agrotechnical
measures were applied. The measurements
were carried out in the early stage of flowering.
The obtained data is statistically processed
through parameters of traits variability. The
analysis of the variance was made according to
the Griffing Method (1956).

RESULTS AND DISCUSSION

In order to get acquainted with the genetic
stability of the selected varieties and their F1
hybrids, we made measurements in 2016 and
2017 and on the basis of the results obtained
we analyzed the inheritance of the number of
leaves per plant and the dimensions (length and
width) of the middle-belt leaves.

It can be seen from Table 1 that with the
highest number of leaves among parental
genotypes, in both years of investigations, is
characterized P-23 (48.35 - 2016; 45.60 —2017),
and with the lowest YK 7-4/2 (28.70 - 2016;
28.20 - 2017). Existence significantly differ
between parents, which means that the genes
are different. The highest number of leaves
among diallel F1 hybrids has P-23 x P-84 (46.35
- 2016; 45.60 -2017), and the lowest P10-3/2 x
YK 7-4/2 (31.05 - 2016; 30.15 -2017). The overall
genotype set in 2017 has lower number of
leaves in comparison with 2016, which is due to
extremely drought conditions in the vegetation
period of 2017, in spite of the three necessary
watering. Itis interesting to note that the biggest
difference is in P-23 (@approximately three leaves
less in 2017, compared to 2016), which means
that this variety is not resistant to drought. The
other parents showed high resistance to dry
conditions because the difference in the number
of leaves between the two years is less than one
leaf. Here, in the first place, it is P-84 (difference

of 0.25), then YK 7-4/2 (difference of 0.50), then
P 10-3/2 (difference of 0.60). Between F1 hybrids
the slightest difference in the traits has in P 10-
3/2 x P-23 (0.1) and P-23 x YK 7-4/2 (0.25). This
data is important for the selection directed
towards to stress drought resistance. From the
visual inspection of the experiment, absence
of the economically important diseases blue
mould (Peronospora tabacina Adam) and black
shank (Phytophthora parasitica var. nicotianae)
was ascertained, which is important for
further selection programs, obtaining resistant
varieties, or improving resistance in the existing
commercially important tobacco varieties. In
parents and F1 hybrids the error of the mean
value (S) is small and moves from 0.19 (P-23 x YK
7-4/2 and P-84 x YK 7-4/2) to 0.78 (P-23 x P-84)
in 2016 and from 0.18 (P-84 x YK 7-4/2) to 0.63
(P-23 x P-84) in 2017. The standard deviation (o)
ranges from 0.87 to 3.48 in 2016 and from 0.80
to 2.82 in 2017 for the same combinations. The
coefficient of variability (CV) ranges from 2.02 %
(P-23 x YK 7-4/2) to 7.94 % (P 10-3/2) in 2016 and
from 2.20 (P-84 x YK 7-4/2) to 6.29 % (P 10-3/2)
in 2017. Low variability values are an indication
of the high genetic homogeneity of the studied
traits, i.e., stable homozygous varieties are
selected and uniform heterozygous diallel F1
hybrids are obtained.
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Table 1. Number of leaves per stalk in parents and F, hybrids.

Parents and n 2016
F, hybrids +S o
P 10-3/2 20 33.40 £ 0.59 2.65
P 10-3/2 x P-23 20 40.30 £ 0.35 1.58
P 10-3/2 x P-84 20 35.30+£0.26 1.14
P10-3/2 x YK7-4/2 = 20 31.05+0.28 1.24
P-23 20 48.35+0.44 1.96
P-23 x P-84 20 46.35+0.78 3.48
P-23 x YK 7-4/2 20 43.20 £ 0.19 0.87
P-84 20 42.45 +0.29 1.28
P-84 x YK 7-4/2 20 37.50+0.19 0.87
YK 7-4/2 20 28.70 £ 0.28 1.27
LSD ,,, =1.52
=2.06

0.01

It can be seen From Table 2 that with the
highest average value for the length of the
middle-belt leaves among parental genotypes,
in both years of research, is characterized P
10-3/2 (22.00 - 2016; 21.80 - 2017), and with
the lowest number YK 7-4/2 (18 - 2016; 17.9 -
2017). There are significant differences between
parents, which is a sign of genetic differentiation
(with the exception of P-23 and P-84, among
which there is no significant difference). Among
diallel F1 hybrids the longest leaves have P10-
3/2 x P-84 (21.90 - 2016; 21.70 - 2017), and the
shortest P-84 x YK 7-4/2 (19.10 - 2016; 18.72 —
2017). In all investigated genotypes, the length
of the leaves is lower in 2017 compared with
that measured in 2016 as a result of the dry
conditions during vegetation in 2017.

2017
CV (%) +S G CV (%)
7.94 32.80+046 206  6.29
3.93 4020034 154  3.82
3.24 34.35+020 091 265
4.01 30.15+023 101  3.36
4.05 4355+044 199 456
7.51 4560+063 282  6.18
2.02 4295+028 124  2.90
3.02 4220+031 137  3.26
2.31 36.40+0.18  0.80 220
4.42 2820+025 112  3.98

LSD . =148

=1.99

0.01

In parents and F1 hybrids the error of the
mean value (S ) is small and moves from 0.29 cm
(P 10-3/2x P-84)t0 0.49 cm (P 10-3/2) in 2016 and
from 0.27 cm (P-23 x P-84 and P-84 x YK 7-4/2) to
0.42 cm (P 10-3/2) in 2017. The standard deviation
(o) ranges from 1.32 cm (P10-3/2 x P-84) to 2.18
cm (P 10-3/2) in 2016 and from 0.27 cm (P-23 x
P-84 and P-84 x YK 7-4/2) to 0.42 cm (P 10-3/2)
in 2017. The coefficient of variability (CV) varies
from 6.02 % (P10 3/2 x P-84) to 9.93 % (P 10-3/2)
in 2016 and from 5.88 (P-23 x P-84) to 8.72 %
(P 10-3/2) in 2017. Low values for variability in
these traits are an indicator for existence of high
genetic homogeneity.

Table 2. Length of the leaves from the middle belt in parents and F, hybrids (cm).

Parents and n 2016
F, hybrids +S o
P 10-3/2 20 22.00 £ 0.49 2.18
P 10-3/2 x P-23 20 22.50 + 0.39 1.73
P 10-3/2 x P-84 20 21.90 + 0.29 1.32
P10-3/2 x YK7-4/2 20 20.04 + 0.34 1.51
P-23 20 20.50 + 0.32 1.43
P-23 x P-84 20 20.50 + 0.31 1.40
P-23 x YK 7-4/2 20 19.30 + 0.31 1.37
P-84 20 20.60 + 0.35 1.56
P-84 x YK 7-4/2 20 19.10 £ 0.32 1.44
YK 7-4/2 20 18.00 + 0.32 1.45
LSD ,,, =1.17
=157

0.01

2017
CV (%) £S o CV(%)
993  21.80+042 190 872
770 | 2204+034 154  6.99
602  2170+029 128 589
7.54 19.91£034 152 764
6.98 19.70£033 146  7.42
6.81 20204027 119 588
7.11 19.20£033 148  7.70
758  2050+039 173 845
7.52 18724027 120  6.39
8.05 17.90£032 145 8.1
LSD ,,, =0.96

=1.30

0.01
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The data on the width of the middle belt
leaves shown in Table 3 shows that with the
highest average values between parental
genotypes, in both years of investigation has
P-23 (10.60 - 2016; 10.50 — 2017), and with the
lowest YK 7-4/2 (8.7 - 2016; 8.5 - 2017). The
significance of differences between parental
genotypes by 1% exists only in relation to YK
7-4/2. Among diallel F1 hybrids the widest
leaves have P-23 x P-84 (10.30 - 2016; 10 - 2017),
and the narrowest P 10-3/2 x YK 7-4/2 (9 — 2016;
8.8 - 2017).

In the parents and F1 hybrids standard

deviation (o) ranges from 0.42 cm (P 10-3/2 x
P-84) to 0.93 cm (P-23 x YK 7-4/2) in 2016 and
from 0.17 cm (YK 7 -4/2) to 0.87 cm (P 10-3/2 x
P-84) in 2017. The coefficient of variability (CV)
ranges from 4.18% (P 10-3/2 x P-84) to 9.85% (P-
23 x YK 7-4/2) at 2016 and from 5.70 (P-23 x P-84)
to 9.30% (P-84 x YK 7-4/2) in 2017. Coefficient
of variability (CV) ranges from 4.18% (P 10-3/2
x P-84) to 9.85% (P-23 x YK 7-4/2) at 2016, and
from 5.70 (P-23 x P-84) t0 9.30% (P-84 x YK 7-4/2)
in 2017. The low values for variability in this traits
are indicative of the existence of high genetic
homogeneity.

Table 3. Width of the leaves from the middle belt in parents and F, hybrids (cm).

Parents and n 2016
F, hybrids +S o
P 10-3/2 20 10.10 £ 0.13 0.60
P 10-3/2 x P-23 20 10.20 £ 0.13 0.58
P 10-3/2 x P-84 20 10.00 + 0.09 0.42
P10-3/2 x YK7-4/2 20 9.00+0.18 0.79
P-23 20 10.60 + 0.17 0.78
P-23 x P-84 20 10.30 £ 0.13 0.60
P-23 x YK 7-4/2 20 9.50+0.21 0.93
P-84 20 10.00 £ 0.12 0.52
P-84 x YK 7-4/2 20 9.80+0.12 0.56
YK 7-4/2 20 8.70+0.17 0.78
LsD,,, =0.51
=0.69

0.01

In order to give genetic knowledge for
the number of leaves and dimensions of leaves
from the middle belt in F2 - generation at the
beginning of the selection activity, and BC1(P1) -
generation obtained by backcross of F1 with the
first parent, and BC1 (P2) — generation obtained
by backcross of F1 with the second parent, we
made measurements in 2017 and based on the
obtained results, we made analysis of inheritance
for traits. The aim of this investigation was to
determine the selection material needed for the
future selection programs in order to improve
some traits in commercial varieties, as well as
for obtaining resistance to drought stress and
resistance to diseases of crucial nature.

The analysis of the number of leaves per
plant in the offspring of F2 generation and
those from backcross, points to a series of laws

2017
CV (%) +S o CV (%)
5.98 10.00+0.14 063  6.32
5.67 1000+ 0.17 074  7.42
4.18 970019 087 899
8.78 8.80+026 080  9.05
7.40 1050+ 0.19  0.85 8.1
5.82 1000+ 0.13 057  5.70
9.85 9.00+0.16 071  7.86
5.24 950+0.14 063  6.66
5.68 9.00+0.19  0.84  9.30
8.98 850+020 017 872
LSD . =0.68

=0.92

0.01

(Table 4). Thus, the number of leaves is greater
in F2 offspring relative to F1 (with the exception
of P-23 x P-84 where the F1 offspring has more
leaves than both parents and the F2 generation,
while in P23 x YK 7-4/2, the F1 offspring has
more leaves than the F2 generation, but the
difference between the values is minimal).
Values for the F2 property range from 31cm in P
10-3/2 x YK 7-4/2 to 43.2 cm in P-23 x P-84. The
heterotic effect of P-23 x P-84 for this trait could
not be confirmed with certainty because it is
not in line with the 2016 results. It is necessary to
repeat the experiment in 2018.

With the highest number of leaves per
plant in offspring of the BC1 (P1) generation is
characterized (P-23 x P-84) x P-23 (42.50) and
with the lowest (P 10-3/2 x YK 7-4/2) x P 10-
3/2 (32.20). The inheritance of the trait in this
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generation depends from the leaves number
of parent that backcrossed F1 population. In
combinations where backcrossed with a parent
with a lower number of leaves, BC1 (P1) offspring
is with smaller size than F2, while in the examples
where backcrossed with the parent with a higher
number of leaves, BC1 (P1) offspring is with
larger size than F2 generation. With the highest

Table 4. Number of leaves per stalk in the parents, F

Parents and

hybrids P&F,
P 10-3/2 32.80
P 10-3/2 x P-23 40.20
P 10-3/2 x P-84 34.35
P 10-3/2 x YK 7-4/2 30.15
P-23 43.55
P-23 x P-84 45.60
P-23 x YK 7-4/2 42.95
P-84 42.20
P-84 x YK 7-4/2 36.40
YK 7-4/2 28.20

LSD,, = 1.48 LSD
=1.99

0.01

The length of the middle-belt leaves is
greater in F2 offspring relative to that of F1
(with the exception of P 10-3/2 x P-23 where
the difference between the values is minimal).
Values for the traits in F2 range from 18.9 cm to
P-84 x YK 7-4/2 to 21.75 cm in P 10-3/2 x P-84
(Table 5).

The largest length of the leaves in the BC1
(P1) generation is characterized in the cross (P
10-3/2 x P-84) x P 10-3/2 (21.75 cm), and the

Table 5. Length of the leaves from the middle belt in the parents, F

Parents and

[AETRY

number of leaves per plant in offspring of the
BC1 (P2) generation is characterized (P 10-3/2 x
P-23) x P-23 (43), and with the lowest (P-84 x YK
7-4/2) x YK 7-4/2 (37). In BC1 (P2) generation, all
crosses of BC1 (P2) where they are backcrossed
with the better parent, better offspring are
obtained in relation to BC1 (P1) and vice versa.

F., BC, (P,) and BC, (P,) offspring (2017).
Number of leaves per stalk
P&F, P &BC,(P,) P &BC, (P,)
32.80 32.80 32.80
41.50 36.00 43.00
38.00 35.00 41.00
31.00 32.20 30.20
43.52 43.52 43.52
43.20 42.50 42.03
42.80 32.50 40.50
42.00 42.00 42.00
38.00 41.00 37.00
28.20 28.20 28.20
005 = 2.01 LSD,, =2.18 LSD,,, = 1.90
001 =2.72 001 = 2.94 001 = 2.57

shortest in (P-23 x YK 7-4/2) x P-23 (19 cm). In this
case the inheritance of the trait depends on the
length of the parent’s leaves that backcrossed
the F1 population. In BC1 (P2) generation with
the longest leaves is the cross (P 10-3/2 x P-23) x
P-23 (21.24 cm), and with the smallest (P 10-3/2
x YK 7-4/2) x YK 7-4/2 (18.03 cm). In all BC1 (P2)
crossings where backcrossed with the better
parent, better offspring are obtained in relation
to BC1 (P1) and vice versa.

F

1o

BC, (P) and BC, (P,) offspring (2017).

Length of the leaves from the middle belt (cm)

hybrids P&F, P&F, P&BC,(P, = P&BC,(P,)
P 10-3/2 21.80 21.80 21.80 21.80
P 10-3/2 x P-23 22.04 21.30 21.73 19.85
P 10-3/2 x P-84 21.70 21.75 21.75 21.24
P 10-3/2 x YK 7-4/2 19.91 20.50 20.50 18.03
P-23 19.70 19.70 19.70 19.70
P-23 x P-84 20.20 20.40 20.50 19.90
P-23 x YK 7-4/2 19.20 19.50 19.00 18.50
P-84 20.50 20.50 20.50 20.50
P-84 X YK 7-4/2 18.72 18.90 19.50 18.25
YK 7-4/2 17.90 17.90 17.90 17.90

LSD,,, =096  LSD,, =137 LSD,, =135 LSD,, =128
=1.30 = 1.84 = 1.82 =173

0.01

0.01

0.01 0.01
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The width of the middle belt leaves is a
property whose values do not have an overall
significance in the differences between the
parents and, therefore, between the crosses.
Therefore, lawfulness in the inheritance of
the generations studied is not fully expressed.
Values for the F2 traits are ranged from 8.8 cm
in P 10-3/2 x YK 7-4/2 to 10.3 cm in P-23 x P-84

Table 6. Width of the leaves from the middle belt in the parents
Width of the leaves from the middle belt (cm)

Parents and
hybrids

P&F,
P 10-3/2 10.00
P 10-3/2 x P-23 10.00
P 10-3/2 x P-84 9.70
P 10-3/2 x YK 7-4/2 8.80
P-23 10.50
P-23 x P-84 10.00
P-23 x YK 7-4/2 9.00
P-84 9.50
P-84 X YK 7-4/2 9.00
YK 7-4/2 8.50
LSD,,, =068  LSD
=0.92

0.01

0.01

0.05

(Table 6). The highest width of the leaves in the
BC1 (P1) generation is characterized by the cross
(P-23 x P-84) x P-23 (10.5 cm) and the smallest
(P-84 x YK 7-4/2) x P-84 (9.3 cm). The broadest
middle belt leaves in the BC1 (P2) generation
has the cross (P 10-3/2 x P-23) x P-23 (10.5 cm),
and the narrowest (P-84 x YK 7-4/2) x YK 7-4/2
(8.7 cm).

F,F

IARTRY

BC, (P) and BC, (P,) offspring (2017)

P&F, P&BC,(P,) = P&BC,(P,)

10 10 10
10.2 10.1 10.5
9.7 9.8 9.4
8.8 9.8 8.8
10.5 10.5 10.5
10.3 10.5 9.3
9.5 10.4 9

9.5 9.5 9.5
9.4 9.3 8.7
8.5 8.5 8.5
=066 LSD,,=078 LSD,, =061
=0.89 =1.05 =0.82

0.01 0.01

CONCLUDING REMARKS

The greatest number of leaves among
parental genotypesin both years ofinvestigation
gave P-23 (48.35 - 2016; 45.60 — 2017), and the
smallest YK 7-4/2 (28.7 — 2016; 28.2 — 2017). The
largest length of the middle-belt leaves was in
P 10-3/2 (22 cm - 2016; 21.8 cm - 2017), and the
smallest in YK 7-4 / 2 (18 cm - 2016; 179 cm -
2017). With the greatest width of the middle
belt leaves is characterized P-23 (10.6 cm — 2016;
10.5 cm - 2017), and with the smallest width YK
7-4/2 (8.7 cm - 2017; 8.5 cm - 2017). Differences
in values between the two years in the varieties
are minimal, which is a sign of their ecological
stability. An exception is made by P-23, which in
2017 (extremely drought, with three irrigations
trough the season) gave about 3 leaves less
than 2016, and thus it is characterized by poor
resistance to drought stress.

In F1 hybrids P-23 x P-84 (46.35 - 2016) with
the highest number of leaves is characterized,
and with the smallest P 10-3/2 x YK 7-4/2 (31.05

- 2016). The longest leaves had P 10-3/2 x P-84
(21.9 cm - 2016), and the shortest P-84 x YK 7-4/2
(18.72 cm - 2017). The widest leaves had P-23 x
P-84 (10.3 cm - 2016), and the narrowest P 10-3/2
x YK 7-4/2 (8.8 cm - 2017). The low differences
between the years of research are another
confirmation that these are high-heritable traits
on which the influence of environmental factors
is weak and limited.

Two vyears of investigations on the
variability of the traits of parental genotypes
and their diallel F1 crosses showed low values.
The coefficient of variability (CV) for the number
of leaves per stalk ranges from 2.02% (P-23 x
YK 7-4/2 — 2016) to 7.94% (P 10-3/2 - 2016), for
the length of the leaves of the middle belt from
5.88% (P-23 x P-84 - 2017) to 9.93% (P 10-3/2 -
2016), and for the width by 4.18% (P 10-3/2 x P
-84 - 2016) t0 9.85% (P-23 x YK 7-4/2 - 2016). The
results indicate high genetic homogeneity, i.e.
stability of homozygous parents and uniformity
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of heterozygous hybrids.

With the highest number of leaves in the
F2 generation is characterized P-23 x P-84 (43.2),
and with smallest P 10-3/2 x YK 7-4/2 (31). The
longest leaves had P 10-3/2 x P-84 (21.75 cm),
and the shortest P-84 x YK 7-4/2 (18.9 cm). The
widest are the leaves of P-23 x P-84 (10.3 cm),
and the narrowest are of P 10-3/2 x YK 7-4/2 (8.8
cm). The values obtained from F2 offspring are
higher than those of the F1 generation.

In the offspring of the BC1 (P1) generation
with the highest number of leaves per stalk
is characterized (P-23 x P-84) x P-23 (42.5), and
with the lowest (P10-3/2 x YK 7-4/2) x P10-3/2
(32.2). With the largest length of the leaves is
(P10-3/2 x P-84) x P10-3/2 (21.75 cm), and with
the smallest (P-23 x YK 7-4/2) x P-23 (19 cm). The
highest width of the leaves has (P-23 x P-84) x
P-23 (10.5 cm), and the smallest (P-84 x YK 7-4/2)
x P-84 (9.3 cm). The inheritance of the traits
in this backcross generation depends on the
parent back-crossed with the F1 offspring.

The highest number of leaves in the
offspring of the BC1 (P2) generation is
characterized by (P-10-3/2 x P-23) x P-23 (43), and
the lowest by (P-84 x YK 7-4/2) x YK 7-4/2 (37).
The largest length has the leaves of (P-10-3/2 x
P-23) x P-23 (21.24 cm) and the smallest of (P10-
3/2 x JK 7-4/2) x JK 7-4/2 (18.03 cm). With the
highest width of the leaves is (P-10-3/2 x P-23) x
P-23 (10.5 cm), and with the smallest width is (P-
84 x YK 7-4/2) x YK 7-4/2 (8.7 cm). And here the
inheritance of the traits depends on the parent
back-crossed with the F1 offspring.

From the results shown in the paper, we
can see, among other things, the effects of the
backcrossing are obtaining resistance to stress
from drought — an increasing world problem. In
the breeding directed to this aim, the varieties
P 10-3/2, P-23 and P-84 are distinguished, and
they can be successfully integrated in selection
programmes. From the crosses most suitable for
the given purpose is P-23 x P-84.
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EQEKT Ol NTOBPATHOTO BKPCTYBAE BO OBJIATOPOAJYBAHETO HA TYTYHOT

JaHe AneKkcockn*
buc npomem aepoueHnmap - bumona, Penybnuka MakedoHuja
*KoHmakm aemop: janebispromet@gmail.com

Pesnme

TpynoT ondaka ncnutyBarba Ha YeTmpu copt of opueHTtancku tin (M10-3/2, M-23, MN-84 n JK 7-4/2,
N HUBHUTe gujanenuu F1, F2, BC1(P1) n BC1 (P2) KpcTocku, Bo TeKoT Ha 2016 n 2017 rognHa 3a 6pojoT Ha
NINCTOBM MO CTPaK U AUMEH3MMTE Ha JIMCTOBUTE Of CpedHUOT nojac. McTpaxyBarbaTa 6ea HanpaBeHU Ha
OMUTHOTO Mone Npu HayYHWOT MHCTUTYT 3a TYTyH — [punen Bo onuT NocTaBeH Mo cjlyyaeH 6/I0K-CcCTeM BO
yeTUpK NoBTOpyBara. MeperaTa 6ea HanpaBeHU BO NepuofoT Ha byeH nopact (dpas3a Ha byToHM3aLmja), a
Lo6ueHnTe BpeaHoCTy 6ea BapujaLMOHO CTaTUCTMYKK 06paboTeHn. XeputabunHocta (h2) Ha cBojcTBaTa belue
npecmeTtyBaHa no metof Ha Mather u Jinks.

Lienta Ha ncnutyBarbaTta e fla ce npoyun eGeKToT of NOBPATHOTO BKPCTYBakbe BO NOAOOPYBaHETO Ha
KBaHTUTaTUBHUTE CBOjCTBA Kaj TYTYHOT, ja Ce Aajie BU3Kja 3a MOXKHOCTa Ha M360p Ha eiNHKM Kaj MaKCUManH1OT
6pO0j KPCTOCKM KOW i OBO3MOXYBa AMWjanenoT Ha POAUTENICKATE reHOTUMOBM U Aa ce MOHYAAT HAacoKM 3a
noHaTamoLLHa cenekuuja.

[lobreHnTe pe3yntaTy NoKa)kaa pasfiMyeH HauMH Ha HacnefyBake BO CUMTE aHanM3MpaHU reHepauumn.
XepwrTabunHOCTa Kaj cuTe KPCTOCKU e MoBUCOKa off 95%, LUTO e 3HaK 3a BUCOKa HaceJHOCT Ha NpoyYyBaHuTe
cBojcTBa. [MoHygeHaTa Wwema 3a NoHaTamMoLlHa CYKLEeCMBHA CeneKkluuvja MoXe fa ce KOPUCTU U Kaj Apyru
pacTUTeNnHn BMAOBU 3a NopobpyBame Ha rofem 6poj ocobuHu, mefy Kou 1 fobuBarme Ha OTMOPHOCT KOH
6onectn.

KnyuHum 36opoBu: mymyH (Nicotiana tabacum L.), noepamHo ekpcmysare (backcross), dujanern,
xepumabunHocm

Journal of Agriculture and Plant Sciences,
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Abstract

The aim of this paper was to evaluate the grain yield and some yield related traits in different rice
genotypes grown in the Republic of Macedonia. Nine rice genotypes (Prima Riska, 78/12-3-1, 79/22-2, Ronaldo,
Onice, Opale, Gloria, Pato and San Andrea) were used for this research. All rice genotypes were from Italy except
Prima Riska variety and two promising lines (78/12-3-1 and 79/22-2) which have Macedonian origin. The field
experiments were carried out during 2014 and 2015 on the field areas in Kocani, Republic of Macedonia. Each
genotype was set up on 5 m2 test area in three repetitions in randomized block design. Grain yield and some
important yield associated traits, like plant height, panicle length, 1 000 grain weight and the number of
plants per m2 were evaluated. This study investigated the effect of genotype and environment, but also their
interaction on the grain yield. Besides the importance of genotype, the analysis of variance showed that the
grain yield was strongly affected by environmental conditions (over 87 %). The average grain yield for all tested
genotypes during the period of study was 6 100 kg/ha.

Key words: grain yield, rice, agronomic traits, genotype

INTRODUCTION

Rice (Oryza sativa L) is a member of
Graminaeae family and it is one of the most
important cereals cultivated worldwide,
constituting the basic food for large number
of human beings, sustaining 2/3 of the world
population (Zhout et al., 2002). The world’s
farmers have to produce about 60 % more rice
than at present to meet up the food demands
of the expected world population by 2025
(Fageria, 2007).

In the Republic of Macedonia, rice
production has an important role in economy,
because it provides sufficient rice for domestic
needs and a significant part of rice production is
export-oriented. Among the production factors,
selection of variety plays an important role in
the productivity of rice in any location (Alam et
al., 2009).

In recent years, the main varieties in
rice production in Macedonia are the Italian
varieties San Andrea and R-76/6, which account
for more than 90 % of the total production.

The remaining part is represented by newly
introduced varieties from Italy (Opale, Onice),
Turkey (Halilbey) and selected domestic
varieties (Prima riska and Biser-2).

In general, the productivity of this crop
can be influenced by environmental conditions
such as solar radiation, temperature and water
availability during growth and development
(Fageria, 2007). Grain yield depends on
genotype, environment and management
practices and their interaction with each
other (Messina et al., 2009). Under the same
management conditions, the variation of grain
yield is principally explained by the effects
of genotype and environment (Dingkuhn
et al, 2006). Interaction between these two
explanatory variables gives an insight in
identifying genotype suitable for specific
environments (Suchit et al., 2011).

The low heritability of grain yield characters
made selection for high yielding varieties
possible usually using various components
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traits associated with yield (Atlin, 2003). Many
researches confirmed that rice yield depends
on a lot of number of traits, such as: the number
of plants (the number of panicle per unit area),
plant height, panicle length, the number of
grains per panicle, the weight of the grains in
panicle and 1 000 grain weight. The significance
of each of these properties depends on climatic
conditions and the water regime during the
vegetation, as well as applied agro-technical
measures.

Today, rice selection is mainly aimed at
increasing the grain yield potential, improving
the chemical and technological properties,

good adaptability, shorter vegetation and
shorter stem. Complex interactions between
these indicators are exiting, because when
increasing the value of one parameter, the value
of another is often reduced.

The aim of this paper is to examine and
evaluate the grain yield and some important
yield associated propertiesinrice varieties which
are dominate in rice production in Macedonia,
in varieties that are recently recognized and in
varieties and genotypes that according to the
preliminary results represent a perspective for
rice production in the Republic of Macedonia.

MATERIAL AND METHODS

Plant material and experimental design

During two years (2014 — 2015), nine rice
varieties were cultivated and evaluated in agro-
ecological conditions in Republic of Macedonia.
Five of them were newly introduced varieties
from Italy (Ronaldo, Opale, Onice, Gloria and
Pato), one variety is domestic selection (Prima
riska) and two are domestic prospective lines
(78/12-3-1 and 79/22-2). San andrea, also Italian
variety, was used as an experimental material
and this cultivar for a long period is main variety
in commercial rice production in Macedonia.
The experiment was performed on alluvial soil
type in the region of Kocani. Each test area was

Data collection
Ten randomly selected plants from each

repetition have been analyzed for the plant
height (cm) and panicle length (cm). The
number of plants per m? was determined by
counting the plants from m? of each repetition.
1 000 grains weight, has been determined to

Statistical analysis
For analysis of variance (ANOVA) the
statistical package SPSS (2010) was used. Least

5 m?setin three repetitions in randomized block
method. In both years of research, rice was
pre-crop. In 2014, the sowing was conducted
on 25 April and in 2015 on 7 May. During the
vegetation, standard agronomic practices
were used. Before sowing, 500 kg/ha of NPK
fertilizer (15:15:15) and 200 kg/ha Urea (46 %)
were applied and during vegetation 100 kg/
ha ammonium nitrate (34 %), of which 50 kg/
ha during tillering and 50 kg/ha during heading
was used. For weeds control, Basagran (4 I/ha),
Rainbow (1.5 I/ha) and Clincher duo (1.5 I/ha)
were applied.

measure 1 000 grains of each repetition. Grain
yield obtained from 5 m? was calculated in kg/
ha. The moisture content was reduced in 14 %,
when was calculated the 1 000 grains weight
and grain yield.

significant difference (LSD) was calculated using
Statistical analysis system software JMP (2002).

RESULTS AND DISCUSSION

The results of mean values for grain yield
and some yield associated traits are shown in
Table 1. Significant differences were found
between the tested varieties for all analyzed
properties.

Yield superiority was shown by Ronaldo
variety (7 082 kg/ha) and Prima riska (7 057 kg/
ha) but the lowest grain yield was obtained

from Gloria variety (4 766 kg/ha). The paddy
yield obtained from genotype 78/12-3-1 (6 753
kg/ha) statistically does not differ significantly
from the yield received from Ronaldo and
Prima riska. The average value for grain yield for
all tested varieties during the period of study
was 6 100 kg/ha.
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Table 1. Mean values for yield and some yield related traits in rice varieties (2014-2015).

Variety Plant height Panicle length 1090 grain Number of plants Grain yield
(cm) (cm) weight (g) per m? (kg/ha)
Prima riska 92a 19a 38,82b 449bc 7 057a
78/12-3-1 88b 19a 35,09¢ 502ab 6 753a
79/22-2 86b 17b 41,21a 468bc 6 540ab
Ronaldo 54b 16cd 32,21d 446bc 7 082a
Onice 82c 129 32,58d 464bc 5 885bc
Opale 62d 14f 32,44d 432c 5768c
Gloria 57e 15de 41,12a 443bc 4 766d
Pato 63d 14ef 42,39a 438bc 5234cd
San Andrea 88b 16bc 39,49b 538a 5815c
Mean 75 16,0 37,26 465 6 100
Minimum 43 9 28,34 202 1972
Maximum 107 25 48,50 720 11400
LSD .. 3,60 1,09 1,39 68,92 659,40
CV (%) 2,81 4,05 2,18 8,65 6,30

The results of many researches show that
the grain yield is determined by the three main
components such as: the number of panicles
per unit area, the number of grains per panicle
and 1 000 grain weight. San Andrea has the
largest number of plants per m? (538), followed
by genotype 78/12-3-1 (502). Opale variety
showed the lowest number of plants (432).

1 000 grain weight varies from 32.21 g in
variety Ronaldo to 42.39 g in Pato cultivar.

Significant impact on grain yield has
panicle length. Longer panicle length usually
is associated with a larger number of grains.
Plants which have longer panicle, can serve as
a source of assimilates because of more active
photosynthesis. From this study Prima riska
and 78/12-3-1 have the longest panicle (19 cm)
while the shortest was recorder by Onice variety
(12 cm). The average value for this trait was 16.0
cm for all tested varieties.

Prima riska variety also was the highest (92
cm) from all tested varieties.

Significant differences between the
varieties show the presence of genetic variability
among them and give a great opportunity to
improve the yield. The obtained results for the
tested properties show that all investigated
genotypes are significant and have great
potential for yield. Their inclusion in selection
programs to improve these properties can be
effective for further rice improvement.

The results from ANOVA obtained from the
research are given in Table 2.

Grain yield was significantly affected by the
year, while the influence of the variety and the
interaction of variety and year have not shown
significance. The impact of the year on yield
formation was 87.95 % while from the variety
7,61 %.The least influence on paddy yield has the
interaction between variety and year (4.44 %).

Table 2. The influence of variety, year and their interaction on grain yield.

Factor Sum of Squares df Mean Squere F n
Total 424,949 53
Factor (A) - variety 31,600 8 3,950 14,512 7,61
Factor (B) - year 365,134 1 365,134 1341,501 87,95*
AxB 18,417 8 2,302 8,458 4,44
Error 9,799 36 0,272
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Thevegetation periodin both years of study
differed in ration of air temperatures, amount
and schedule of precipitations. Deviations in
temperatures were more pronounced during
the blooming and spraying the grains. Negative
impact on grain yield in the second year of
the trials has the precipitations during grain

spraying and ripening. Frequent and heavy
rainfall prolonged the harvest. Additional and
the worst negative impact on the research has
unfavourable water regime during and after the
treatment with herbicide in the second testing
year. According to this, the destruction of the
weeds was not timely and fully effective.

CONCLUDING REMARKS

The results from the study had proved
significant differences between tested rice
genotypes for all analyzed traits.

Genotypes Ronaldo, Prima riska and 78/12-
3-1haveshownthehighestyield potential. Prima
riska is already recognized domestic variety,
present in rice production but with better agro
technology measurements can be much better
ranked in rice assortment. Ronaldo, Pato, 78/12-
3-1 and 79/22-2 with additional researches may
also be more popular among rice manufactures.
For a longer time in rice production, San Andrea

variety has the dominant role and this study
shows that it is still justifies the “backbone” of
rice production. The presence and use in rice
production of genotypes Onice, Opale, Pato
and Gloria is also justified. All genotypes, used
in this research, under favourable external
conditions and application of more intensive
modern agro-technology, can further exploit
their potential. All genotypes can also be used
as parents in breeding programs for creation
of new rice genotypes, in order to get the new
high yielding varieties.
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EXAMINATION ON YIELD AND SOME YIELD ASSOCIATED PARAMETERS
IN DIFFERENT RICE GENOTYPES

NCNMUTYBAILE HA MPMHOCOT U HEKOU KOMIMOHEHTU HA NMPUHOC
KAJ PA3JIUMHUN TEHOTUMOBU HA OPU3

Karta AHrenoBa'’, Bepuuya Unuesa’', Hatanuja MapkoBa Pyxauk', Unuja Kapos', Jbynuo
Muxajnos', Mute Unueeckn'

Ynusepsumem ,loye [lenyes’; 3emjodencku ¢hakynmem,
Kpcme Mucupkos 66., 2000 LLimun, Penybnuka MakedoHuja,
*KoHmakm asmop: angelova.kate@hotmail.it

Pe3snme

LienTta Ha oBoj TpyA Gelue fAa ce ncnmTa MPUHOCOT Ha 3PHO Y HEKOW KOMMOHEHTU Ha MPUHOC Kaj pa3nnyHu
reHoTUNoBU Ha opwu3 oarnefyBaHu Bo Penybnuka MakefoHuja. [leBeT reHoTnnoBu Ha opu3s (Prima Riska,
78/12-3-1,79/22-2, Ronaldo, Onice, Opale, Gloria, Pato n San Andrea) 6ea ynoTpebeHun Kako enkcrnepumeHTaneH
MmaTepujan. Cute reHOTMMNOBU MMaaT UTaNMjaHCKO MOTEKIO, CO UCKNYYOK Ha Prima Riska v pBe nepcnekTnusHM
CENEKUNCKN IMHUN KOW MMAaT MakefoHCKO NoTeKno. EKkcnepumeHTanHuTe onmTy 6ea NocTaBeH) BO TEKOT Ha
2014 1 2015 rognHa Ha ONUTHKTE NOBPLINHY BO KoyaHu. CeKoj reHoTUN 6elle NocTaBeH Ha OMUTHY MOBPLLMHM
o 5 m?Bo Tpu NOBTOPYBaka BO paHAOMU3UPaH 6510K crcTem. Bo TEKOT Ha iBETe FOAUHM Off UCTPaXyBarbaTa
6ea aHanM3npaHu ciefHNBE CBOjCTBA: MPUHOC Ha 3PHO, KAKO M HEKOW BaXKHN KOMMOHEHTU Ha MPUHOCOT, BUCUHA
Ha pacTeHue, JOMKNHA Ha MeTIMYKa, Maca Ha 1000 3pHa 1 6poj Ha pacTeHmja Ha M2 VcTpaxyBameTo nmaLle
3a uen fa ro yTBPAW U BNWjaHMETO Ha reHOTMMNOT, FOAMHaTa Kako WU HUBHaTa MHTepaKLuuja BP3 NPUHOCOT Ha
3pHo. OcBeH 3Ha4yajHOCTa Ha reHOTUMOT, CO aHann3a Ha BapujaHca ce NoKaxka ieka yCJIoB/Te Ha HafBopeLlHaTa
cpepviHa (roguHaTa) CUTHO BAKMjaaT BP3 NMPUHOCOT Ha 3pHO (Hag 87 %). MpoceyHaTta BpeAHOCT 3a NPUHOC Ha
3pHO 3a crTe MCNUTyBaHKW reHoTMNoBK Gelwe 6100 kg/ha.

Kﬂy‘lHlll 360POBIII: NpUHOC HA 3pHO, OpU3, KOMNOHeMuU HA hpUuHOC, e¢eHomun
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Abstract

Implementation of organic agriculture and development of sustainable agriculture production gives a
new lifestyle quality in local communities and country in general. Intensive agriculture is unsustainable and it
cannot support production of enough food longtermly because of compromising the basic settings for food
production.

The modern agriculture trends involve favorizing of new high yielding varieties produced with high
input consumption which is a direct threat for genetic diversity and agriculture. Ingenious genotypes have
enormous gene poll of different desirable characteristics, but they are permanently endangered because of
utilization of commercial varieties.

Introduction of organic farming is a hope for survival of endangered and ingenious varieties and
genotypes. The positive role of organic farming is foreseen in growing crops in their natural environment
which contributes to conservation of existing genetic diversity. Utilization of old varieties and local genotypes
in organic farming is one of the ways to increase genetic diversity and biodiversity in agricultural system
and it gives to the organic farming broader and durable meaning regarding protection of ecosystem and
environment.

Environmental conservation and protection are important to the politics of rural development in EU.
Following this approach, there is need for implementation of instruments which will create conditions for
development of sustainable, highly harmonized agriculture with the principles of environmental protection.

Key words: sustainable agriculture, intensive agriculture, biodiversity, organic farming

INTRODUCTION

Conventional agriculture in the last environmental degradation and pose a threat

century achieved significant results in the field
of food production. Conventional agriculture
is characterized by the use of advanced
technological solutions, significant investments,
enlargement of agricultural land, cultivation of
monocultures, uniform high-yield hybrids and
varieties, using large amounts of pesticides and
fertilizers, using external energy inputs, high
efficiency of workforce, etc. But, on the other
hand, in conventional farming, soil processing
is intense and as such destroys its quality in
different ways. First of all, it reduces the amount
of organic matter in the soil, and therefore it
reduces its fertility and disrupts its structure.
Also, other agrotechnical measures applied in
intensive agricultural production contribute to

to the sustainability of the agroecosystem in the
long run.

In response to the vicious disruption of
agro-biocenosisand environmental pollution, as
well as the decrease in the quality of agricultural
products and the deterioration of the structure
and fertility of the soil, the need and necessity
for sustainable agriculture will be carried out
under conditions of reasonable comfort within
the framework of natural boundaries of natural
communities.

Sustainable agriculture is based on
sustainable  agricultural  practices  with
adapted soil treatment systems, with the
application of which produces positive effects
on the health and productivity of mutually
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dependent communities, the life of the land,
plants, animals and humans. At the core of
these agricultural practices is the avoidance of
the use of artificially synthesized materials in
the production and promotion of exclusively
natural materials used as fertilizers, plant
protection products, that is, pesticides, plant
growth and development stimulators, as well as
additives in the production and processing of
food. The application of the crop rotation, plays
a key role in the achievement of the objectives
of sustainable agriculture (Lampkin, 1994;
Wijnands, 1999; Miloev and Seremesi¢, 2004)
and improvement of soil quality (Jaenicke and
Drinkwater, 1999; Olesen et al., 1999; Lampkin
and Measures, 2001). In fact, the key principle of
sustainable food production is the interaction of
all components involved in the food production
cycle.

Organic farming is a sustainable food
production system aimed at reducing harmful
effects on the environment, soil fertility
conservation, using natural mechanisms in
ecosystems and improving natural resources.
Today, the organic farming sector is the fastest
growing food sector. Consumer interest grows
in response to the ever-present fear of food
safety and animal welfare, as well as the impact
of conventional agriculture on the environment
(Bavec and Bavec, 2006).

The Republic of Macedonia has natural

resources that enable the development of
organic agricultural practice and environmental
production management systems. Organic
farming is separated as a system of agricultural
production that has been established on the
agricultural land in the Republic of Macedonia
in recent years. Although this system is
introduced to only about 1% of the total arable
land, the trend for introducing organic farming
is increasing and it gives the right to expect
organic farming to be the carrier and basis for
the further development of other systems of
sustainable agriculture in Macedonia (National
Plan for Organic Production, Ministry of
Agriculture, Forestry and Water Economy, 2013 -
2030).The activitiesand measures undertakenin
this area arein line with the National Agricultural
Strategy and Action Plans that the Ministry
of Agriculture, Forestry and Water Economy
creates for certain programme periods, with the
aim of increasing the development of organic
farming in the Republic of Macedonia.

In the past few years, organic farming
in Macedonia has seen a certain increase,
which is perceived through the increased total
production capacities and the increased number
of organic producers. However, despite the
favourable conditions and resources available
in the Republic of Macedonia, it can be pointed
out that they are underutilized, especially in
terms of arable land.

MATERIAL AND METHODS

This paper presents the overall situation
in the organic agricultural production in the
Republic of Macedonia in the period of 2013-
2017. During the preparation of the paper,
relevant literature and data were obtained

from public, state and scientific institutions.
Also, certain consultations have been made
personally with manufacturers, control and
certification bodies and advisory services.
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RESULTS AND DISCUSSION

The potential of the natural resources of
the Republic of Macedonia for the development
of organic production as part of sustainable
agricultural practice and as an environmentally
friendly production management system is
necessary to be used at a higher level. This is
necessary in order to achieve a reasonable
relation of man to the environment, thereby
supporting and strengthening the health of
ecosystems as a whole. Proper targeting of the
Macedonian agro-food sector to the process
of approximation of the standards defined by
the Common Agricultural Policy of the EU is
necessary.

Organic production in the Republic of
Macedonia is regulated by the Law on Organic
Agricultural Production (Official Gazette of the
Republic of Macedonia, No. 146/2009, 53/2011,
149/2015, 39/2016, 132/2016), which is fully
harmonized with the European Regulations
for Organic Production, No. 834/2007 and
889/2008. In order to protect organic producers
from unfair competition and at the same time
to protect consumers of organic products, it
is necessary to guarantee that the product is
produced in accordance with the principles
of organic farming. Professional control and
certification are a guarantee for consumers that
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the organic product is produced in accordance
with all the criteria and requirements of the
law and the by-laws for organic agricultural
production.

The certification of organic production
in Macedonia is carried out by two national
control / certification bodies - Balkan Biosert
and Pro Cert. These bodies are authorized by
the Ministry of Agriculture, Forestry and Water
Economy (MAFWE) on the basis of accreditation
received by the Accreditation Institute of the
Republic of Macedonia, which is a full member
of the European Accreditation and is a signatory
of the EA MLA - Multilateral Agreement, which
is an agreement between European accredited
certification bodies for mutual recognition of
certificates.

Based on the data from the procedure
for expert control, the authorized control /
certification bodies prepare a report and make a
decision for certification of organic production,
and for that they issue a certificate to the
applicants for the certification. The certificate
shall be valid until the next control, generally
one year from the date of issue. By acquiring
a certificate for organic production, the right
to use the national organic product label is
acquired.
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Figure 1. National label for organic product (a) and organic product in conversion (b).
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The Government of the Republic of
Macedonia is making great efforts to increase
the production of organic food through various
support measures, harmonizing the legislative
basis with the European regulations for organic
production and implementing various measures
for encouraging the development of this food
production system.

In order to raise the national awareness of
the value of organic food, as well as to promote
the national organic product label, the MAFWE,
in cooperation with the Federation of Organic
Producers of the Republic of Macedonia
(FOPM), implemented various promotional
activities and campaigns for raising the
awareness of consumers for organic foods, on
the basis of which is the need for additional
awareness raising and information regarding
organic agricultural production. Among many
promotional activities, MAFWE also promotes
plant protection products approved for use in
organic production and present on the market
in Macedonia.

All activities and measures undertaken in
the direction of better development of organic
production in the Republic of Macedonia are in
accordance with the National Plan for Organic
Production (2013-2020). According to this
strategic document, a national strategic goal
for increasing the competitiveness of organic
production in the Republic of Macedonia has
been set up, for the successful placement
on the domestic and foreign markets, for
which the realization has determined several
specific goals and measures in both primary
and secondary organic production, in trade,
control and certification, etc. One of the most

significant specific goals to be achieved by 2020
in the area of primary agricultural production is
to identify and support strategically important
organic products, improve the availability of
raw materials authorized for use in organic
production, the arable land under organic
production to have a share of 4% in the total
arable agricultural land in Macedonia and 4% of
the total livestock in the country to be certified
as organic livestock (including beekeeping and
fisheries).

Bearing in mind that organic production
is more complex in terms of conventional
production, the Government of the Republic
of Macedonia financially supports the
development of organic production each year
with 30% to 100% increased financial support
in terms of conventional production (MAFWE,
Decree on the detailed criteria for direct
payments, users of funds, maximum amounts
and the manner of direct payments, 2018).

The total National Budget, as well as
the measures for financial support of organic
production are created annually and are suitable
to the specific needs of the sector.

The number of farmers and other operators
of organic products has been increased in the
last few years (Fig. 2),while organically certified
arable land is decreasing (Fig. 3).

Specifically, although in 2014 as compared
to the previous year, the number of farmers,
processors and traders with organic products
decreased from 400 (2013) to 344 (2014), their
number from 2015 shows an increasing trend,
so the number of operators in 2015 is 481, 533
in 2016 and 654 in 2017.
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Figure 2. Number of operators involved in organic production (2013 - 2017)
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Despite the increased number of
operators, the situation with the production
capacities under plant organic production in
the investigated period registered changes of
2,359 ha in 2014 to 3,240 ha in 2016. In 2017

organic farming was established on 2,900 ha.
With the measures of support undertaken by the
MAFWE in the forthcoming period even greater
development and increase of the production
capacities is expected.

2016

2015

2014

2017 — 2,900

A —— 3,240
A 2,632
— 2,359

2013 _ 3,168

0 500 1,000

1,500

2,000 2,500 3,000 3,500

Figure 3. Organically certified arable area in the Republic of Macedonia (2013 - 2017)

According to FiBL and IFOAM data, the
situation in the countries of the region and
some EU countries shows a gradual increase
in agricultural land certified for the organic
production. There were 515 ha (2013) and were
662 ha (2016) certified arable areas in Albania.
In Bosnia and Herzegovina and Serbia, there
is also a trend of increasing the area. Serbia in

2013 had 8,228 ha, 9,548 ha (2014), 15,298 ha
(2015) and 14,358 ha (2016), while in Bosnia and
Herzegovina this trend is even more noticeable
because the certified arable land increased from
292 hain 2013 to the 992 ha in 2016.

In some EU countries, organic farming
areas are also increasing. Detailed list organic
agriculture land is given in Table 1.

Table 1. Organic agriculture land in some EU and courtiers from the region (FiBL & IFOAM, 2018).

Year / ha

Country 2013 2014 2015 2016
Albania 515 662 662 662
Bosnia and Herzegovina 292 353 576 992
Serbia 8,228 9,548 15,298 14,358
Montenegro 3,068 3,289 3,213 3,470
Turkey 461,396 491,977 486,069 523,777
Greece 383,606 362,826 407,069 342,485
Bulgaria 56,287 74,351 118,552 160,620
Slovenia 38,665 41,237 42,188 43,579
Croatia 40,641 50,054 75,883 93,593
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RepublicofMacedoniahasfavourableagro-
ecological conditions for the implementation of
organic plant production since there are large
unpolluted areas suitable for crop production
and favourable agro-ecological conditions and
possibilities for optimal and successful organic
cultivationofawideassortmentofdifferent plant
crops (cereal, industrial, fodder, horticultural
and viticulture-orchard production). In plant
production, the most producers are certified for
organic production of various cereals, forage
and fruit crops,

In the research period, the biggest area
of 1557.97 ha certified for organic cereals was
accomplished 2013, as opposite to 2014 and
2015, when the area under organic cereals was
reducedbyabout600haand950ha, respectively.

The areas certified for the production of organic
cereals have been gradually increased in 2016
(938.40 ha) and in 2017 (939.59 ha).

Certified areas under organic orchards
have been increased from 321.55 ha (2013)
to 559.20 ha (2017). There is a certain trend of
growth in organic production of vegetable
crops represented with 83.88 ha in 2015, 93.17
in 2016 and 174.38in 2017 (Tab.2).

Farmers also have experience in the
cultivation of crops in a traditional-extensive way,
and there are opportunities for the application
of appropriate crop rotation systems in plant
production in the regions with the possibility
of irrigation, which is considered as a strength
according to the National Plan for Organic
Production (2013 - 2020), (MAFWE, 2013).

Table 2. Organic plant production in the Republic of Macedonia (2013 - 2017).

Year / ha

Crop 2013 2014 2015 2016 2017
Cereals 1557.97 896.40 604.42 938.40 939.59
Forage 691.26 523.99 977.33 748.98 681.18
Industrial 34.59 - - - -
Oilseed 73.44 119.53 103.56 42.84 32.78
Orchards 321.55 96.54 400.19 42214 559.20
Viticulture 41.92 52.41 76.39 17.54 24.03
Vegetables 7157 24320 83.88 93.17 174.38
Fallow land 304.26 204.22 642.29 402.14 192.21

According to FiBL and IFOAM data, in
Europe and the European Union the largest areas
under the organic agriculture are certified for
production of cereals and green fodder (FiBL &
IFOAM, 2018).I1n2016,2.279.155 hain Europeand
1.889.408 ha in the EU were certified for cereals,
while 2.255.059 ha in Europe and 2.066.861 ha
in the EU for green fodder. The same year, there
were 148.088 ha (Europe) and 135.684 ha (EU)
under organic vegetable production. Organic
production of temperate fruits and (sub) tropical
fruits was conducted on 158.182 hain Europe and
117.276 ha in the EU. Italy (approx. 300.000 ha,
including large areas of durum wheat), Germany
(approx. 242.000 ha) and France (approx. 217.000
ha) have the largest organic cereal production.
The largest certified areas for organic production
of vegetables were registered in Italy (43.648 ha),
France (18.064 ha) and Spain (17.013 ha) (Willer
etal, 2016).

In the last few years, a significant increase
in Republic of Macedonia occurs in organic
livestock production. The country has favourable

conditions for the development of organic
farming of livestock, unpolluted natural meadows
and pastures. Livestock producers have many
years of experience and apply traditional animal
husbandry practices, very close to the organic
way of raising animals. Also, the interest of the
processing sector for organic dairy products
and meat products has increased, and various
organic livestock products in the country’s trade
chains are more likely to be found.

The most certified animals in organic
farming are sheep, but also the interest for
certifying cattle and goats is increasing. The
highest number of organically certified sheep
(92.386) and cattle (8.565) was registered in 2017.
The number of organically certified cattle in 2017
was two and a half times more as compared to
2016 and almost four times more as compared to
2013 and 2014. A slight decrease in the number
of goats registered for organic production was
registered in 2017, compared to 2015 (4.012
goats) and 2016 (4.142) (Tab. 3).
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Table 3. Organic animal farming in the Republic of Macedonia (2013 - 2017).

Animal Year / number of animals
2013 2014 2015 2016 2017
Cattle 2.736 2.136 3.180 3317 8.565
Sheep 64.301 53.484 70.007 78.664 92.386
Goats 2.946 2.276 4.012 4.142 3.833

Taking into account currently available
information, the organic animal sector is
developing at a fast pace in the European
countries. In 2016 in Europe, 3.9 million bovine
animals, 1 million pigs and 46 million poultry
were breed as organically certified (Willer et al.,
2016).

The conditions in Republic of Macedonia
are also exceptionally favourable for organic
beekeeping production. Many beekeepers in

the past have been converting their production
into organic, whichalso givesthem higheradded
value for bee products that are increasingly
demanded on the market. The overview of the
number of bee families in the period 2013 -
2017 is given in Figure 4. The average number of
bee hives in the research period is around 7,000.
In 2017, this number is 7.676; in 2016, it is 7.760,
in 2015,itis6.932,in 2014, itis 6.285and in 2013
it is 6.363.

2013
2014
2015
2016
2017

Figure 4. Number of certified organic bee hives in the Republic of Macedonia (2013 - 2017)

According to FiBL and IFOAM data, it is
expected that organic beekeeping will continue
to grow worldwide because to the increasing
demand for organic honey and bee products.
One of the main challenges for new organic
beekeepers is the conversion process due to

the luck of knowledge on organic beekeeping
practices and the organic certification process.
The country with the largest number of organic
beehives is Brazil (537.014), followed by Mexico
(368.000) and Bulgaria (236.462) (FiBL & IFOAM,
2018).

CONCLUDING REMARKS

The main goal of sustainable development
is to create economically viable and
environmentally ~ acceptable  agricultural
production that would be the basis for rural
development and the basis for rural livelihoods,
which would create opportunities for a
breakthrough in the European market.

Organic production is separated as a
system that has been established in the last few
years on larger agricultural areas in the Republic
of Macedonia. In parallel, national agricultural
policies for supporting sustainable agriculture,
as well as the implementation of agroecological
measures, are adapted. These policies are aimed
at efficient and market-oriented agricultural

production, where issues related to food
safety, environmental protection and animal
welfare, and which contribute to the general
development of rural society, are an important
place.

In fact, the main task of agricultural
policies is defining strategies for the production
of healthy and safe food, and the decision
to support and develop the organic sector
actually created the conditions for obtaining
high quality and safe products for which with a
well-planned and meaningful performance the
markets would ensure the competitiveness of
these products in the markets.
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The European market offers numerous
opportunities for exporters from developing
countries, especially for organic and healthy
foods. For that reason, Macedonia must use its

potentials to produce such food, promote it
and become recognizable and competitive on
international markets.
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EVALUATION OF THE CURRENT STATUS IN ORGANIC AGRICULTURAL PRODUCTION
IN REPUBLIC OF MACEDONIA AND EUROPEAN COUNTRIES

CNOPEABA HA COCTOJBATA CO OPFTAHCKOTO 3EMJOAEJNICKO NMPOU3BOACTBO BO
PEMYBJIMNKA MAKEAOHWJA N EBPONCKUTE 3EMJA
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'3emjodesncku pakynmem, YHusepaumem ,loue [lenyes” - Limun, Kpcme Mucupos 10-A, lMowmeHcku ¢hax 201,
2000 LLimun, Peny6nuka MakedoHuja
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Pe3nme

MmnnemeHTalmjata Ha OpraHCKOTO 3eMjOAesiCTBO U yHanpedyBareTO Ha pPa3BOjoOT Ha OAPXKIIMBOTO
3emjofienICKo NPOV3BOACTBO NPETCTaByBa eleH HOB KBA/IUTET BO XKMBOTOT Ha JIOKaNHWTe 3aeJHMLN 1 3emjaTa
BO LieNnHa.

NHTEH3MBHOTO 3eMjOAENCTBO € HEOAPXKMBO M HeMa Aa MOXKe Aa MPOAOSIXKU CO MPOM3BOACTBO Ha
LOBOJIHM KONMUYUHM Ha XpaHa BO NOLOJT BPEMEHCKM Neprop Nopazm 3arpo3yBarbeTo Ha CYLUTUHCKMTE YCNOBM
Of KOV APEKTHO 3aBUCY 3eMjOAENCKOTO MPOU3BOACTBO.

TpeHOoT Ha MOAEPHOTO 3eMjoLeNICTBO UCTO Taka Gpopcupa HOBM COPTM U BUOOBM KOW JaBaaT BUCOKM
NPUHOCK NPV FonemMun BIOXKYBarba. Toa MpeTcTaByBa AMPEKTHA OMAcHOCT 3a FeHeTCKUOT AMBep3vTeT U’
3emjofenctBoTo. ABTOXTOHUTE MOMy/auuMy UMaaT BO M300MIICTBO FeHX 3a OTMOPHOCT Ha GonecTn v reHu
3a KBanuTeT M UCTUTE Ce CEePUO3HO 3arpo3eHn TPajHO Aa McyesHaT 3apagu ynoTpebata Ha reHOTUMNOBM Ha
KOMepUMjanHn COpTU U BULOBW.

BoBepnyBareTo Ha OPraHCKOTO 3eMjofleNCTBO NPeTCTaByBa HafleX 3a ONCTaHOK Ha 3arpo3eHunTe BUAOBMU.
Mo3mTrBHaATa ynora Ha OpPraHCKOTO 3eMjofencTBO Ce corfieflyBa BO Toa LUTO KyNTypuTe ce ofrnefyBaaT BO
HUBHOTO NMPUPOAHO OMKPYXKYBahe, CO LUTO Ce KOH3epBMpPa NOCTOEYUKMNOT FeHETCKN AVBEP3UTET.

KopucTerbeTo Ha cTapu COpTY 1 NOKasHY NoMnynaLum BO OPraHCKOTO MPOM3BOACTBO € efleH Of HauMHUTe
3a 3rofiemMyBake Ha reHeTCcKaTa [VBepreHuumja Ha OArfefyBaHWTe pacTeHMja U HMBHO YyHanpefyBatbe.
3auyByBareTO Ha reHeTCKaTa Pa3HOBUAHOCT 1 OMOAMBEP3UTETOT BO 3€MjOAENICKMOT CUCTEM Ha OPraHCKOTO
NpPov3BOACTBO My [1aBa MOLUMPOKO M TPajHO 3HaueHe BO OJHOC Ha 3aluTUTaTa Ha eKOCUCTEMOT.

3auyByBarbeTO M 3allTMTaTa Ha YoBeKoBaTa OKOJIMHA 3a3emMaaT 3HauyajHO MecTo BO MONUTUKWTE 3a
pypaneH pa3Boj Ha EBponckaTa YHuja. Cnefiejkim ro oBoj npucran, notTpebHo e Aa ce NpuMeHaT MHCTPYMeHTUTe
KOW Ke OBO3MOXaT Pa3Boj Ha OAPXKJIMBOTO 3eMjOAENICTBO KOe € MaKCMMAasHO YCOrnaceHo co NpUHUMnuTe 3a
3alUTWTa Ha KMBOTHATa CpeaunHa.

KnyuHun 360poBu: 00px/1u80 3emjo0esicmao, UHMeH3UBHO 3eMjodesICmeo, 2eHemcKu dusepaumem

Journal of Agriculture and Plant Sciences,
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Abstract

During 2015-2016, research with 10 cotton varieties (lines 57136, 57140 and 5741, created at the Institute in
Strumica and Bulgarian varieties Chirpan 539, Veno, Perla 267, Avangard 264, Colorit 409, Helius 288 and Natalia
361) was done in the agro-ecological conditions of Strumica region. The aim was to study the biological and
agricultural characteristics of cotton varieties. The experiments were done in three repetitions following a
randomized block system and with size of experimental field parcel of 14m? All examined varieties in agro-
ecological conditions in Strumica have fallen in medium early-matured varieties, with a vegetation period of
125-130 days. The lines belonging to the group of early-matured varieties had a vegetation period of 116-118
days. The seed cotton yields in the years of research were from 2853 kg/ha at the Bulgarian variety Colorit to
5158 kg/ha at the variety Veno. The highest lint percentage from the domestic genotypes was found for the

line 5741 (42.6%), and for the Bulgarian genotypes Chirpan 539 (45.4%) and Helius 288 (43.8%).

Key words:Gossypium hirsutum L., cotton lint percentage, yield, fibre length

INTRODUCTION

Cotton (Gossypium hirsutum L.) is the most
importantfibrous culturein the world. Itisgrown
in tropical and subtropical regions in more than
80 countries around the world. Of the 39 species
of cotton plants, only four species are grown
in order to obtain fibre. These are Gossypium
hirsutum, Gossypium barbadense, Gossypium
herbaceum and Gossypium arboretum. Virtually
all the commercial cotton that is grown today
are the varieties of American species Gossypium
hirsutum and Gossipyum barbadense. Gossypium
hirsutum covers more than 90% of cotton
grown in the world and is the main source
of textile fibres and is also produced for the
production of oil. The quality of cotton fibre,
such as hygroscopic, softness and electro-
neutrality, in many cases makes it indispensable
from artificial fibres. Cotton continues to be a
culture of great economic significance in many

developing and some developed countries
(Rathore et al., 2006). Today, cotton covers for
less than 3% of arable land in the world. Long
cotton fibres are spun into thread for textiles,
towelling, paper, banknotes, fishing nets, tents,
nappies, wallpaper, bandages, surgical sutures,
rope and sheets. Short cotton fibres, or linters,
provide cellulose used for dynamite, sausage
skins, lino, cellophane, rayon, photographic
film, nail polish, etc. From the crushed cotton
seed you get useful vegetable oil and the meal
from crushed seeds is used for cattle feed, fish
bait and organic fertilizer. Global cotton seed
production can potentially provide a protein
requirement for half a billion people per year.
The cotton production in Macedonia depends a
lot on early maturity of the cotton (Spasova et
al.,, 2010, 2016).
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The selection of varieties is one of the
most important decisions in the selection of
cotton. The various features depend heavily
on the environment. Environmental conditions
do not change only with geography but also
from season to season in a particular area. It
is important for manufacturers to know what
the limiting factors are and to choose the
appropriate variety.

The main objective of the study was to

assess the new Bulgarian and Macedonian
varieties of cotton in agro-ecological conditions
in Strumica region, and to determine which of
them are best for introduction into production
or effective use in the breeding work. The
research in our country and in the world is
directed towards the following goals: Improving
the quality of the fibre and seeds, developing
varieties resistant of drought and diseases and
early maturing.

MATERIAL AND METHODS

During 2015-2016, research with 10 cotton
varieties (lines 5136, 5140 and 5141, created
at the Institute in Strumica, Macedonia and
Bulgarian genotypes Chirpan 539, Veno, Perla
267, Avangard 264, Colorit 409, Helius 288 and
Natalia 361 created at the Field Crops Institute
in Chirpan - Bulgaria) was done, in the agro-
ecological conditions of Strumica region.

In both years of examination, basic soil
treatment was carried out at a depth of 30cm
from the autumn, and in the spring only
additional processing was carried out.

The trials were set in three repetitions
following a randomized block system, with each
experimental parcel occupying an area of 14m?2,
Sowing of cotton in the years of examination
was performed 13 to 17 May.

The sowing was performed manually with
4-5 seeds in the nest, at a distance of 70 cm
between rows and 20cm in row, leaving two
plants in the nest.

During the vegetation, surveys and
biometric measurements for the growth,
development, and the birth of plants were
performed. Before harvesting, 10 bolls were

Table 1. Average monthly temperatures in Celsius

taken from each repetition, of each variety, that
was 30 bolls of each variety. In the laboratory
the mass of one boll, the lint percentage and
the length of the fibre were determined.

The results were statistically processed by
the method analysis of variance, and tested by
LSD - test.

The soil and climate conditions in the
area of research

The Strumicavalleyissituated on 200-300m
altitude and it is under the influence of the Sub-
Mediterranean and Eastern-continental climate.
Precipitation is characterized by Mediterranean
regime with a maximum in November and
a minimum in the summer months (July or
August).

The type of soil where the tests were
carried out is alluvial, poorly supplied with
humus and nitrogen, intermediately supplied
with physiologically active phosphorus and well
supplied with active potassium.

The weather conditions in the years
of examination were different in terms of
temperature and precipitation (Tab. 1 and 2).

Month Annual |Average

Year |yl m v v v vn v x| x | x| xn |2meunt |annual
of temp. |temp
2015 |28 |53 |72 |124 |198 |214 |267 |249 |20 |138 |88 |30 |50522 |138
2016 |14 |94 |95 |155 |169 |235 |255 |242 (191 |134 |72 |13 |50735 |13.9
231044' 24 |41 |88 [135 [182 224 |251 |249 [194 |126 |78 |34 |¥°%7° |13°
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Table 2. Amount of monthly precipitation in mm

Annual
Year Month amo.ul?t of
precipitation
in mm
| ] [[] v \' Vi Vil | VII IX X Xl Xl
2015 | 504 | 814 | 83.0| 166 | 16.1 [40.1| 6.6 | 65.6 | 950 |1029| 544 | 0.0 612.1
2016 | 61.3 | 23.5 [135.,5| 52,5 | 96.2 | 383 | 187 | 18.7 | 314 | 643 | 533 | 0.0 593.7
;g?: "| 435 | 515|505 | 440 | 663 |60.1] 52.0 | 399 | 61.0 | 80.1 | 48.3 | 66.9 663.9

Interms of temperature, 2015 was the most
suitable for growing cotton throughout the
whole vegetation. The high rainfall in August
and September (160.6mm), which is 59.7mm
above the perennial average, contributed to
the fact that many fruiting elements remained
unresolved. The temperature amount for the
same period was 1.5°C above the perennial
average, which contributed to the formation of
high yield.

In 2016, the low amount of precipitation
(37.4mm) in the months of July and August
(during flowering and boll formation), which
is 91.8mm below the multiyear average,
contributed to the formation and retaining of
less fruiting elements.

The temperature in both years was within
the average value or slightly below the ten-year
average.

RESULTS AND DISCUSSION

Phenological observations

Phenological observations are presented
in Table 3. The germination in both years of
research was from May 23 to May 29. The phase
of budding of all examined varieties occurred in
the second half of June. The blooming began
from July 17-25. The biggest cracking of bolls
was in the third decade of September. The bolls
from the lines 57136 and 5740 cracked first, which
is five to nine days earlier than the Bulgarian
varieties.

All examined varieties in the agro-
ecological conditions in Strumica region belong
to the group of medium early-matured varieties
with a vegetation period of 123-130 days,
while the lines belonging to the group of early-
matured varieties had a vegetative period of
119-122 days.

Table 3. Phenological observations and interphase period in days and height of plants per years.

Date of Interphase period
s | 8| 2 | %, | Es|asg| o2y, | 2%
Genowpes | & | 8 | E | E2 | EF | 5% | £ff | Ef:
: § 3 §< | E3 | 32| 3§° | Eg-
o 3 @ S 5 o g
2015

5136 23.05 24.06 17.07 19.09 32 24 63 119
5140 23.05 24.06 17.07 20.09 32 23 65 120
5141 23.05 24.06 18.07 22.09 32 24 66 122
Chirpan-539 24.05 25.06 19.07 24.09 33 24 67 123
Veno 24.05 25.06 18.07 25.09 33 23 68 125
Perla-267 24.05 25.06 19.07 28.09 33 24 68 127
Avangard-264 23.05 25.06 20.07 29.09 34 24 70 129
Colorit-409 23.05 24.06 18.07 29.09 31 24 72 130
Helius-288 23.05 24.06 18.07 26.09 32 24 67 125
‘Natalia-361 "~"""'|"""’ 23.05 2506 T 19.07 39509 | 337 24 68 [T 126"
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2016
5136 28.05 29.06 24.07 27.09 32 25 65 121
5140 28.05 29.06 24.07 29.09 32 25 66 123
5141 28.05 29.06 24.07 28.09 32 25 64 122
Chirpan-539 29.05 29.06 25.07 29.09 31 26 66 123
Veno 29.05 30.06 25.07 02.10 32 25 67 127
Perla-267 28.05 30.06 24.07 03.10 33 24 69 128
Avangard-264 29.05 29.06 25.07 05.10 31 26 66 129
Colorit-409 28.05 29.06 25.07 04.10 32 26 68 129
Helius-288 28.05 30.06 24.07 30.09 33 24 67 125
Natalia-361 28.05 29.06 25.07 04.10 32 26 65 129

The number of fruiting elements of a plantis
given in Table 4. The examined varieties differed
among themselves on both the total number
of young bolls and the number of detained or
not fallen bolls per plants. In domestic lines,

Table 4. Number of young bolls per plant per year.

the number of young bolls ranged an average
of 14.2 in the line 5136 to 20.7 in line 57417. In
Bulgarian varieties, the number of younger bolls
ranged from 20.2 in Helius-288 to 28.2 in Veno.

. Young bolls Untouched
Variety
number Number %
2015
5136 14.0 12.0 85.7
5140 19.5 17.0 87.2
5141 25.0 21.0 84.0
Chirpan-539 39.0 33.0 84.6
Veno 44.0 34.0 77.3
Perla-267 25.5 225 88.2
Avangard-264 40.5 35.0 86.4
Colorit-409 38.0 32.0 84.2
Helius-288 27.5 23.0 83.6
Natalia-361 30.5 285 934
2016
5136 14.5 5.5 37.9
5140 16.0 10.0 62.5
5141 16.5 7.5 454
Chirpan-539 12.5 7.5 60.0
Veno 12.5 7.5 60.0
Perla-267 15.5 7.5 48.4
Avangard-264 11.5 6.5 56.5
Colorit-409 11.0 7.0 63.6
Helius-288 13.0 7.0 53.8
Natalia-361 11.5 7.0 60.8

Productive characteristics of the varieties

In 2015, the variety Veno showed the
highest yield - 5150 kg/ha, and exceeded the
standard variety Chirpan-539 by 54.6% (Table
5). Very high yields of 4369-5019 kg/ha or 31.2-
50.7% above the standard were obtained from
Macedonian lines 5140, 5141 and Bulgarian
varieties Helius-288, Natalia-361 and Perla-267.

The highest weight of the bolls were found
for the genotypes 5136 — (7.4g) and Colorit-409
(7.4g), followed by 5140 and 5141 which had
the same weight (7.2g), by 0.3-0.5g over the
standard. The longest fibre was found for the
Bulgarian varieties Colorit-409 (28.2mm) and
Natalia-361 (28.1mm), whilst the shortest fibre
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was found for lines 5140 (25.4mm) and 5136
and 5141 (25.5mm). The results for the fibre
length were approximately equal in research
(Spasova et al., 2009, 2016). As for the fibre lint
percentage the varieties Veno and Perla-267
had the highest values — 46.2-46.9%, followed
by Chirpan and Helius — 44.9%.

In 2016 also the variety Veno showed the
highest yield of 5167 kg/ha and exceeded the
standard Chirpan-539 by 40%. Except line 5141,
all other varieties had a lower yield than the
standard. Veno variety and line 5141 had the
biggest bolls - 7.4g and 7.2g. The other varieties
had boll weight of 6.1-7.1g. The longest fibre was
found for Colorit-409 (27.6mm) and Natalia-361
(27.5mm), followed by Veno and Avangard-264
(27mm), while the lines had a shorter fibre.
The highest lint percentage was obtained for
Chirpan-539 - 46% and Avangard-264 - 43.9%.

The highest yield of 5158 kg/ha for two
years was found for the genotype Veno which
exceeded the standard Chirpan-539 by 47.3%.
High yields of 4573 kg/ha and 4238 kg/ha

by 30.7% and 22.2% over Chirpan-539 were
obtained from line 5141 and variety Perla-267.
The lowest yield of 2853 kg/ha was found for
the variety Colorit-409 which is 18.2% below
the standard. The highest bolls weight was
found for lines 5136 - 7.3g,5140and 5141 -7.2qg,
the smallest for Chirpan-539 - 6.5g. The others
genotypes had boll weight of 6.7-7.1g. Similar
results were obtained from other authors
(Stoilova et al., 2014a; Stoilova et al., 2014b).

The fibre lint percentage ranged from
an average of 41.6% in the line 5140 to 45.4%
in Chirpan-539. The length of the fiber ranged
from 25.1mm in 5140 and 5141 to 27.9mm
in Colorit-409 and 27.8 in Natalia-361. In
research by other authors, similar length of
fiber was obtained (Spasova et al., 2016). In
the both years of the examination, the highest
total seed cotton yield was realized in the line
5141 (2735kg/ha) and the lowest in genotype
Avangard-264 (1737kg/ha).

The Macedonian lines had shorter fibres
than the Bulgarian genotypes.

Table 5. Productive and quality properties of varieties by years.

=3
§< o £ £ 1 £ 5
Variety s & ;\'o' s 'g o S E EL g 2E
2 % cg = @ E -g ° -1
29 = o 2 g o s
z S S @ o g w =
2015
5136 3912 117.4 7.4 25.5 42.0 2321 104.0
5140 4492 134.8 7.2 254 424 2643 110.5
5141 4576 137.4 7.2 255 43.0 2643 119.0
Chirpan -539 3331 100.0 6.9 26.6 449 1833 104.5
Veno 5150 154.6 6.4 27.6 46.2 2770 116.5
Perla - 267 5019 150.7 6.7 27.6 46.9 2607 99.5
Avangard - 264 3264 97.9 7.0 27.7 43.6 1857 106.5
Colorit- 409 3007 90.3 7.4 28.2 457 1619 111.0
Helius - 288 4369 131.2 6.9 27.4 449 2405 104.0
Natalia - 361 4509 1354 6.7 28.1 43.6 2571 103.0
LSD 5% 0.24 319 1.3 2.1 3.8 0.69 4.2
LSD 1% 0.34 43.6 1.8 2.8 5.2 0.95 5.7
2016
5136 3542 959 7.1 25.1 42.8 2038 109.3
5140 2614 70.8 7.2 25.1 40.8 1562 102.3
5141 4571 123.9 7.1 25.0 42.2 2828 118.3
Chirpan -539 3690 100.0 6.1 25.9 46.0 2680 106.0
Veno 5167 140.0 7.4 27.0 414 2524 113.0
Perla - 267 3457 93.7 6.9 26.9 41.1 2043 113.3
Avangard - 264 2838 76.9 6.8 27.0 439 1617 103.7
Colorit- 409 2700 73.2 6.7 27.6 40.3 1905 105.0
Helius - 288 3619 98.1 7.1 26.7 42.7 2033 111.0
Natalia- 361 2455 66.5 6.6 27.5 409 1464 105.7
LSD 5% 47.0 21.9 0.9 2.6 2.0 19.8 24.5
LSD 1% 64.3 29.9 1.2 3.5 2.8 27.0 333
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CONCLUDING REMARKS

All examined genotypes in the agro-
ecological conditions of Strumica region belong
to middle early-maturing varieties with a
vegetation period of 123-130 days, while the lines
belong to the group of early-matured varieties
with a vegetative period of 119-122 days.

The highest yield of 5158 kg/ha average for
two years was found for Veno variety. The lowest
yield of 2853 kg/ha was obtained for Colorit-4009.

The highest bolls weight was accounted in
lines5136-7.3g5140and 5141-7.2g, the smallest

in Chirpan-539 - 6.5g. The others genotypes
had boll weight of 6.7-7.1g. The highest lint
percentage was found for varieties Chirpan-539
(45.4%) and Helius-288 (43.8%). Macedonian
lines had lower lint percentage about 42-43%.

Thelongest fibre was found for the Bulgarian
genotypes Colorit-409 (27.9mm) and Natalia-361
(27.8mm).

On average, in both years of research
all genotypes showed lower lint percentage
compared to the standard.
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CHARACTERIZATION OF SOME DOMESTIC AND INTRODUCED VARIETIES
OF COTTON IN THE AGRO-ECOLOGICAL CONDITIONS OF STRUMICA REGION

KAPAKTEPU3ALMJA HA HEKO AOMALUHN U UHTPOAYUPAHU COPTU NMAMYK BO
ATPOEKOJIOLWWKKX YCJNTOBU HA CTPYMULIA

JleHue byceBa', iparviya CnacoBa'*, BunjaHa AtaHacoBa'
13emjodencku ¢pakynmem, YHugepzumem ,loye Jenves” - LLimun
OHMakm asmop: dragica.spasova@ugd.edu.m
*K p: d @ugd.edu.mk

Pesume

Bo nmepuopgot op 2015 pgo 2016 roguHa BO arpoekonolwkute ycnosu Ha Crpymuua 6ea v3BefeHu
ekcnepmmeHTu co 10 reHOTUNOBY Ha NaMyK (MUHUKUTe 57136, 5140, 5141, co3pageHn BO MHCTUTYTOT Bo CTpymuua
1 GyrapckuTe COpTU YUPNAH, 8eHO, nepna 267, asaHzapo 264, konopum 409, xenuyc 288 n Hamanuja 361), a uenta
Gelle aa ce npoyyat OMONOLWKMTE U CTOMAHCKMTE KapaKTepUCTUKIM Ha NaMyKoT. MicnuTyBarbaTa ce U3BpLUeHU
BO TpW MOBTOPYBakba MO PaHAOMM3MpPaH 60K CMCTEM CO rofieMrHa Ha eKcrepumeHTanHaTta napuena go 14
mZ. CUTe NCNUTYBaHM COPTY BO arpoeKonoLwKute ycnosu Bo CTpymuLa cnaraat BO CpefHO paHOCTacHU COpTy
Co BereTauuoHeH nepuop o 125 go 130 geHa, foAeKa NMHMMTE CraraaT BO rpynata Ha paHO3penu copTtu
€O BereTauuoHeH nepuofd og 119 go 122 peHa. MPUHOCOT Ha CYpoOB NaMyK BO FOAUMHUTE Ha UCNUTYBake ce
aBvxun of, 2853 kg/ha Kaj 6yrapckarta copta kosiopum, fo 5158 kg/ha Kaj copTata 8eHo. HajBucok paHamaH of
JOMaLuuTe reHOTUNOBM MMa NnHKjaTa 5141 (42.6%), a op 6yrapckuTe reHOTMNOBU Kaj YupnaH-539 (45.4%)
xenuyc-288, (43.8%).

KnyuHu 36opoBu: Gossypium hirsutum L., namyk, npuHoc, paHoOMa, O0/IKUHA HA 8/1AKHO
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Abstract

Phenols are secondary biomolecules, which in their structure contain an aromatic ring attached to one or
more substituents, such as flavonoids, which are one of the largest class plant phenols.

Phenolic compounds participate in biochemical processes that are important for the protection of plants
against infections caused by fungi and viruses, mechanical damage, regulation of metabolism, and more.
Phenolic compounds are oxidized by phenol oxidases to quinones, by releasing hydrogen and thus directly
participating in the exchange of matter. The intensity of the biosynthesis of phenolic compounds increases
after plant infection with pathogenic microorganisms. Therefore, the amount of total phenolic in plants can
be used as biochemical parameter and indicator in the selection of plants for resistance to fungi, bacteria and
viruses. Phenolic compounds are intensively synthesized in mechanical damage to plants, whereby they build
protective film with active condensation in damaged areas. In this way they prevent cell wall degradation in
infections caused by the necrotropic pathogens that destroy the cells in order to build their colonies on the
dead tissues.

This paper presents the results of the research on the determination of the total phenols determined
in three regions of the Republic of Macedonia in a total of 20 different locations. The content of the total
phenols in the dry plant material of alfalfa in three mowings was determined by routine method in Folin-
Ciocalteu (1927). The quantitative determination of total phenols in the plant ethanol extract was performed
spectrophotometrically at a wavelength of 765nm.

Key words: Lucern mowings, spectrophotometry, phenolic compounds, forage crop

INTRODUCTION

Alfalfa (Medicago sativa L.) is a perennial Alfalfa, also called lucerne is characterized

fodder culture and is one of the many species
of the Medicago genus. Of all species, the
widespread production is common or blue
alfalfa belonging to the family Fabaceae
(Bacunuuenko, 1949). It is one of the oldest
cultivated species. It belongs to the oldest and
most widely used forage crops in many parts of
the world, but also in our country, but it is one of
the most important forage crops.

by high nutritional value (Julier et al., 2000),
both in green mass, also in hay, silage, sage
or alfalfa flour. Alfalfa is a fodder culture that
ensures high yield and quality of protein foods
(Dinic et al., 2005), which makes it one of the
most important forage crops. The high yield
of this crop comes from the ability of alfalfa to
regenerate continuously through the year.
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In addition to the nutritional components
that make alfalfa useful as an animal feed or
food supplement (Hatfield, 1992), the plants
produce a variety of secondary metabolites
showing biological activity. Many of these
compounds help protect the plant against
herbivores (Cambier et al., 2000; Awmack and
Leather, 2002) and can influence the choise of
food sources by insect herbivores (Shonle and
Bergelson, 2000; Lankau, 2007; Mosleh et al.,
2008).

In agricultural production, it has a huge
influence and has a dominant role in the
intensification of fodder production, due to
the presence of vitally important vitamins,
carbohydrates, mineral elements and other
active components essential for the growth and
development of plants that enable the ability
for high productivity, quality and ability for
strong regeneration (Hao et al., 2008).

Alfalfa has a powerful and developed root
system, which improves the soil structure and
deeper depths, but is also responsible for its
resistance to drought on one side and very low
temperatures on the other side (Markovic et
al., 2007a). Through symbiotic nitrogenfixation
with the bacterium Rhisobium meliloti var.
medicaginis fixes large amounts of nitrogen
from the air (JakywkwuH, 1947); it reaches
300-400kg/ha per year of nitrogen, which
corresponds to more than 60 tonnes of manure.
In the soil significant amounts of phosphorus

and potassium live. All this makes the alfalfa an
excellent pre-culture for a range of important
crops: cereal, industrial and horticultural.

In addition, alfalfa also contains phenolic
compounds that have more significant
functions, such as stimulating the growth and
development of plants, protecting plants from
pathogens, giving the color of flowers, and thus
stimulate pollination, give the taste of green
fruits and more.

Phenolic compounds are a group of
chemical compounds thatare widely distributed
in nature. They are simple compounds present
in most fresh fruits and vegetables, or complex
compounds present in bark, roots and leaves of
plants. A group of polyphenols, responsible for
the color of many fruits, vegetables, and flowers,
are known as anthocyanins. There are several
important classes, of phenolic compounds.
According to the basic skeleton, the structure
of natural polyphenols varies from simple
molecules, such as simple phenols (volatile
phenols), to highly polymerized compounds,
such as condensed tannins (Waterman and
Mole, 1994).

Phenolic compounds as prevalent active
secondary biomolecules that participate in
various biochemical processes important for
photosynthesis, regulation of metabolism and
other, direct research mainly to confirming the
quality of this culture as an excellent component
in feeding stuffs.

MATERIALS AND METHODS

Plant material

The object of the examination was
alfalfa (Medicago sativa L.), collected from
three different regions on the territory of the
Republic of Macedonia, Skopje region with
coordinates (42.01° N, 21.24° E), Ovchepolski
(41.45°N, 22.11° E) and Tetovo region (42.00° N,
20.58°E) from a total of 20 different locations, in

three mowings. Table 1 describes the locations
from the examined sites with their altitude (m),
latitude ('N) and longitude (E). The material is
collected during the vegetative cycle of alfalfa.
The experiments were carried out on dry plant
material using modern quantitative methods.
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Table 1. Description of the locations from the examined sites altitude (m) and latitude (°N) and longitude (°E).

Order Locations Region Altitude Latitude Longitude
number (m) (°N) (°E)
1. Bogovinje Tetovo 531.50 41.9236809 20.9168772
2. Vrutok Tetovo 682.41 41.7665300 20.8381550
3. Dzepciste Tetovo 474.48 42.0331690 21.0001650
4, Galate Tetovo 600.73 41.8381370 20.8813700
5. Zelino Tetovo 1605.94 41.9006530 21.1175770
6. Pechkovo Tetovo 991.87 41.7843700 20.8311530
7. Jegunovce Tetovo 658.34 42.1245655 21.0875064
8. Avtokomanda Skopje 246.68 42.0006868 21.4536642
9. Sopiste Skopje 1017.16 41.8638490 21.3083500
10. Drachevo Skopje 264.41 41.9352675 21.5098515
11. Saraj Skopje 424.88 42.0017493 21.2815977
12. Radishani Skopje 392.32 42.0732769 21.4479917
13. Vlae Skopje 256.07 42.0072938 21.3801924
14. Glumovo Skopje 274.74 41.9817742 21.3103747
15. Dobroshane Ovce Pole 302.06 42.1066200 21.7540130
16. Cheshinovo Ovce Pole 294.00 41.8735350 22.2905610
17. Karbinci Ovce Pole 342.98 41.7882100 22.2622460
18. Obleshevo Ovce Pole 297.63 41.8639320 22.2622460
19. Lozovo Ovce Pole 277.86 41.7806752 21.8995629
20. Mustafino Ovce Pole 289.18 41.8407190 22.0789350
The content of the total phenols in dry The quantitative determination  of

plant material from alfalfa was determined by
the routine method in Folin-Ciocalteu (Singleton
et al, 1965). The Folin-Ciocalteu reagent is
most commonly used for the quantitative
determination of the content of phenols and
antioxidant compounds in plant extracts.

Extraction method

The extraction of phenolic compounds
from the plant material was carried out with 80%
methanol (CH,OH). Dry plant material (50mg)
was macerated and then incubated. Then, the

Method for determination of total phenols

For the quantitative determination of the
content of the total phenolic compounds in
the methanolic extracts, samples were taken,
a series of standard solutions (in concentration
rag from 0-0.4mg.ml") against a blank test. The
reaction mixture of the sample consists of 20uL
of methanol extract, 80uL of 80% CH,OH, 500uL
diluted aqueous solution of Folin-Ciocalteu
reagent (1:9) and 400uL of 0.7M Na,CO.. A series
of standard solutions were prepared by diluting
a gallic acid solution with a concentration of 0.4
mg. ml”". The blank was used for calibration of
the spectrophotometer and contained 100pL of

total phenols in the plant methanol extract
was performed spectrophotometricaly at a
wavelength of 765nm (Singleton et al., 1999),
and the results are presented as mg GAE/g DW
(mg Gallic acid equivalent/g dry weight).

extracted plant extracts were centrifuged and
the supernatant obtained was collected and
used for quantitative analysis of the content of
total phenolic compounds.

80% CH,OH, 500uL dilute aqueous solution of
Folin-Ciocalteu reagent (1: 9) and 400uL of 0.7M
Na,CO,. The prepared samples, the standard
solutions and the blank were incubated on a
temperature of 50°C water bath for 5 minutes.
Then, the samples were cooled to room
temperature (15 minutes) and their absorbance
was measured at a wavelength of 765nm. The
results were expressed in mg GAE/g DW of
plant material. The samples were prepared in
triplicate for each analysis and the mean value
of absorbance was calculated.
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Statistical analysis

The data were statistically processed
(XLSTAT 2014) with a one-way variance analysis
(ANOVA), in order to determine the significant
differences (p <0.05) between the mean values
of the samples. Subsequently, the results were

Post hoc analyzed using Duncan’s multiple
ranking test. This test is used to determine
statistically significant differences in the
content of phenolic compounds within the
three mowings.

RESULTS AND DISCUSSION

Content of total phenolic compounds at the first mowing

In this experiment, results of the
studies for determining the total phenolic
compounds have been presented. Phenolic
compounds constitute a large class of plant
secondary metabolites characterized by a high
degree of structural heterogenity. Phenolic
compounds such as 4-hydroxybenzoic, salicylic,
r-coumarinic, gallic acid as well as some other
phenolic compounds have a certain effect
on the growth of plants. It has been found
that the plant phenol-linullaric acid acts as a

phytohormone and can replace the abscissic
acid (Cvetanovska, 2016).

Form the results presented in Figure 1
and Table 2 can be seen that the significantly
increased content of phenolic compounds was
determined in the following regions and their
localities: Tetovo (Dzepciste), Skopje (Glumovo),
Ovchepole region (Lozovo) and the smallest
content was measured in the Skopje region
(Drachevo).
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Figure 1. Content of total phenolic compounds in alfalfa (Medicago sativa L.), at certain localities on the territory
of the Republic of Macedonia in the first mowing, expressed in mg GAE/g DW.
* If the small letters that are above of each column are the same there in no statistical difference, and if they are different

there is a statistically significant differences.
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Table 2. Content of total phenolic compounds in alfalfa (Medicago sativa L.), at certain localities on the territory
of the Republic of Macedonia in the first mowing, expressed in mg GAE/g DW.

No. Locations First mowing Standard
mg GAE/ g DW deviation
1. Bogovinje 6.65 bj +0.54
2. Vrutok 6.17 bd +1.18
3. Dzepciste 8.42r +0.62
4, Galate 5.84b +0.36
5. Zelino 6.96 c-m +0.37
6. Pechkovo 6.73 om-pr +0.97
7. Jegunovce 6.47 be +0.10
8. Avtokomanda 7.14 d-In +0.43
0. Sopiste 6.85 bmpr +0.18
10. Drachevo 4.89a +0.37
11.  |Saraj 5.93 bc +1.05
12. Radishani 7.52 e-Ir +0.81
13.  |Vlae 6.49 b-p +0.33
14. Glumovo 8.19 pr +0.17
15. Dobroshane 6.6 bi +0.59
16. Cheshinovo 7.18 d-Is +0.47
17. Karbinci 6.49 bg +0.33
18. |Obleshevo 6.56 bh +0.17
19. Lozovo 8.07 n-pr +0.57
20. Mustafino 7.21dlp +0.31

Theintensity of the biosynthesis of phenolic
compounds increases after infection of plants
with pathogenic microorganisms. Therefore,
the amount of certain phenolic compounds
in the plant can be used as a biochemical
parameter in the selection of plants resistant to

fungi, bacteria and viruses.

Phenolic compounds are intensively
synthesized and in mechanical damage to plants
and damaged areas they build a protective film
(with active condensation).

Content of total phenolic compounds at the second mowing

The content of the total phenolic
compounds in alfalfa (Medicago sativa L.),

collected from different localities of the territory

of the Republic of Macedonia in the second
mowing is presented in Figure 2 and Table 3.
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Figure 2. Content of total phenolic compounds in alfalfa (Medicago satival.), at certain localities on the territory

of the Republic of Macedonia in the second mowing, expressed in mg GAE/g DW.
* If the small letters that are above of each column are the same there in no statistical difference, and if they are different
there is a statistically significant differences.

Table 3. Content of total phenolic compounds in alfalfa (Medicago sativa L.), at certain localities on the territory
of the Republic of Macedonia in the second mowing, expressed in mg GAE/g DW.

No. Locations Second mowing Standard
mg GAE/ g DW deviation
1. Bogovinje 4.77 d-gi +0.46
2. Vrutok 4.14 bcejk +0.34
3. Dzepciste 3.51ab +0.30
4. Galate 4.14 bcfh +0.22
5. Zelino 3.93 b-d +0.22
6. Pechkovo 4,71 degh +0.21
7. Jegunovce 5.31 h-l +0.34
8. Avtokomanda 6.2n +0.79
9. Sopiste 3.63 bcj +0.53
10. Drachevo 4.95 dfgk +0.46
11. Saraj 2.82a +0.43
12. Radishani 13.21q +0.80
13. Vlae 8.16 0 +0.46
14, Glumovo 6.29n +0.32
15. Dobroshane 10.01 p +1.02
16. Cheshinovo 6.04 I-n +0.23
17. Karbinci 4.8 d-gi +0.25
18. Obleshevo 4.21 bcg +0.16
19. Lozovo 3.57 ac +0.04
20. Mustafino 5.31 hi-km +0.16
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The results show that the highest content
of total phenolic compounds was found in the
Skopje (Radishani) and the Ovche Pole region
(Dobroshane), while the smallest quantity of
measured phenolic compounds content was
measured in the Skopje region (Saraj). The
statistical analysis shows a significant difference
between the amount of total phenols between
the locations Radishani and Saraj (p <0.05).

This data points to the fact that certain
factors contributed to increased production
of phenolic compounds in alfalfa grown in the
Skopje region. As possible factors for increasing
the total content of total phenols can be the

following: altitude, external stress factors,
climatic factors, etc.

The results of the authors, who analyzed
the quantitative and qualitative phytochemical
characteristics of plants, show different
values. (Bystricka et al., 2010), reported that
concentration and dynamics of the polyphenol
synthesis in plant depends on the plant species,
type of organs and growth stage. The results of
someauthors, who have comparatively analyzed
the concentration of phenolic compounds in
plant parts, support the fact that the highest
concentration of phenolic compounds was
found in leaves.

Content of total phenolic compounds at the third mowing

The obtained results, shown in Figure 3 and
Table 4 are showing that there is a significant
difference (p<0.05) between the Skopje region

(Sopiste) and the Tetovo region (Vrutok)

materials, taken in the third mowing.
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Figure 3. Content of total phenolic compounds in alfalfa (Medicago sativa L.), at certain localities on the territory

of the Republic of Macedonia in the third mowing, expressed in mg GAE/g DW.
* |F the small letters that are above of each column are the same there in no statistical difference, and if there are different

there is a statistically significant differences.
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Table 4. Content of total phenolic compounds in alfalfa (Medicago sativa L.), at certain localities on the territory
of the Republic of Macedonia in the second mowing, expressed in mg GAE/g DW.

No. Locations Third mowing Standard
mg GAE/ g DW deviation
1. Bogovinje 5.7 e-im +0.78
2. Vrutok 3.37a +0.62
3. Dzepciste 5.4d +0.44
4, Galate 5.71 e-in +0.49
5. Zelino 6.15 hip +0.56
6. Pechkovo 5.41 d-ik +0.97
7. Jegunovce 7.64 q +0.43
8. Avtokomanda 5.43 d-il +0.76
9. Sopiste 1345 +0.99
10. Drachevo 3.61ab +0.38
11. Saraj 4.85 cf +0.46
12. Radishani 8.76 r +0.39
13. Vlae 6.42 j-p +0.57
14, Glumovo 4.8 ce +0.25
15. Dobroshane 431 a-c +0.60
16. Cheshinovo 5.78 e-io +0.45
17. Karbinci 4.38 b-d +0.21
18. Obleshevo 4.96 cg +0.20
19. Lozovo 5.30ci +0.83
20. Mustafino 5.00 ch +0.01

The content of the phenolic compounds
varies depending on the external conditions.
Frequently there is a change in the content
of the phenols, whose content is variable,
depending on the eco-physiological conditions

of the environment. The content may be
increased even when it is necessary to absorb
harmful ultraviolet radiation or when reducing
the growth of surrounding competing plants
(Koleva-Gudeva, 2010).

CONCLUDING REMERKS

Phenolic compounds are a large group
of the secondary metabolites widespread
in the plant kingdom. They are categorized
into classes depending on their structure and
subcategorized within each class according
to the number and position of hydroxyl group
and the presence of other substituents. The
antioxidant properties of phenolics are mainly
due to their redox properties, which allow them
to act as reducing agents, hydrogen donators
and singlet oxygen quenchers. Commonly, the
in vitro methods often do not correlate with
the ability of phenolic compounds to inhibit
oxidative deterioration of foods. Phenolic
compounds are counted in such compounds
that represent specificity in plant cells (because
they contain enzymes responsible for their
biosynthesis). Depending on their structure

and degree of polymerization, they participate
in various biochemical processes that are
important for photosynthesis, plant protection
against fungi and viruses, mechanical damage,
regulation of metabolism, etc. Phenolic
compounds are used in plant production in
the selection of plants resistant to the action
of oxygen radicals and pathogens. In the first
mowing, significantly increased content of
phenolic compounds in the three regions in
certain sites, Skopje, Tetovo and Ovche Pole is
confirmed.

In the second mowing, the phenomenon
of significance was observed between location
Radishani and Saraj (p <0.05). Significant
difference regarding the content of total
phenolic compounds was observed between
the Skopje region at the Sopishte location in
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the third mowing and the Tetovo region at
the location Vrutok (p <0.05). Within the three
mowings, a significant increase in the content of
the phenolic compounds has been determined
in the first mowing in certain location in all three
regions, in the second and the third mowings
we have a significant difference between certain
locations in the given regions.

The alfalfa in agricultural production has a

huge impact and today it is the most important
multiannual fodder culture in the intensification
of fodder production, which is due primarily to
the high productivity, quality and ability for
strong regeneration. The listed properties of
alfalfa not only give economic but also very
high ecological significance, and it has been
increasingly applied in sustainable organic
production, bio nutritionism and dietetics.
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Pesnme

QeHonHWTe Ce CeKyHAapHU GMOMOIeKyny Kov BO CBOjaTa CTPYKTYpa COAp»KaT apomaTuyeH NpPCTeH co
efleH Uy noeeKke CYNCTUTYEHTU, a pacTeHrjaTa BO CBOjOT CEKYHAapeH MeTabonr3am rv CMHTETU3MpaaT oBre
coefMHeHVja KoV cop»KaT efiHa Unn noeke GeHONHHW rpynu.

QeHoNHWTE coefiMHeHWja y4yecTByBaaT BO OMOXEMUCKM MPOLIeCH KOM Ce 3HayajHM 3a 3aliTuMTaTta Ha
pacTeHujaTa of MHbeKUMM npean3BMKaHW of rabu 1 BMPYCH, MEXaHWUYKW OlUTeTyBaka, perynauuja Ha
meTabonuamot u apyro. GeHonHUTE coefiHEHMja Ce oKcuanpaaT co deHon-oKkcmaasy JO KUMHOHW, npu
wTo ocnobosyBaaT BOAOPOA M Taka AUPEKTHO yyecTBYBaaT BO pa3MeHaTa Ha maTtepujata. MIHTeH3uTeToT
Ha 6uocmHTe3aTa Ha GeHONMHUTE coeflHEHMWja ce 3rofemyBa MO MHOeKLMja Ha pacTeHmjaTa co MaToreHu
MUKpOOPraHn3mMu. 3apagmn Toa M KONMUYMHaTa Ha BKYNHUTE GEeHONHU BO pacTeHnjaTa MoXe fia ce KOpuctu
KaKo B1MOXeMUCKIN NapameTap 1 MHAUKATOP BO cefliekLmjaTa Ha pacTeHmnjaTa 3a OTNOPHOCT Ha rabu, 6bakTepun n
Bupycu. DeHoNHMTE CoefIHEHW]a UHTEH3MBHO Ce CUHTETM3MPAAT 1 MPY MeXaHNYKINTE MOBPean Kaj pacTeHunjaTa,
MpW LWITO Ha OLITETEHWTE MeCTa rpajaT 3alTuteH GuUIM co akTUBHa KOHAeH3aLmja. Ha Toj HauvH ja cnpeyyBaat
[erpajaumjata Ha KNeToYHUTe SUoBM NpU MHOEKLUN Npean3BrKaHN of HEKPOTPOdHUTE NaToreHn, Kou rum
YHMLWTYBaaT KNeTK1Te 3a Aa Ha U3ympeHuTe TK1MBa U3rpagaT CBOU KONOHUM.

Bo 0BOj Tpya ce npe3eHTUpaHN pe3ynTaTv Of UCTPa)KyBarbaTa 3a ofipeflyBarbeTo Ha BKYMNHUTe peHonu
ofpenyBaHU Ha TpU pervoHn Ha Penybnuka MakefnoHumja Ha BKynHO 20 pa3nuyHu nokauuu. CogpKuHata Ha
BKYMHUTe GeHOoNM BO CyB pacTUTENEeH MaTepujas off yLiepKa BO TPU OTKOCK e ofipeflyBaHa co PyTMHCKa MeToa
no Folin-Chioclateau (1927). KBaHTUTaTUBHOTO ofpeayBahe Ha BKynHMTe peHOoNn BO PacTUTENIHAOT eTaHOoJeH
EKCTPaKT e BPLUeHO cneKTPpodOTOMETPUCKIM Ha 6paHOBa JOMXKMHA o, 765 nm.
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Abstract

Over the last decade the horse meat has gone deeper into the field of vision of both consumers and
scientists. The objective of this study is to identify the specific features during aging of the horse meat. The
changes in microstructure, morphology, protein autolysis, soluble proteins, pH, WHC, drip loss and colour
were studied in horse m. Longissimus dorsi during 12 days of wet aging at 0 - 4°C. At 3 d post mortem the
A- and |-zones were more difficult to distinguish. Some shortening of the sarcomere was observed. The rigor
mortis period in the horse meat occurs between day 3 and day 5. Within this period the muscle fibres were
contracted, the red colour component was decreased by 2 - 3 units, the pH and the WHC were minimal - 5.80
and 13 - 14%, respectively, and the drip losses were maximum about 20%. In intra-cellular spaces released free
water was found. After 5 d post mortem single cracks and strains were observed - an indicator of the ongoing
autolytic processes. The solubility of the proteins is stabilized at about 1.750 mg/ml. An increased share of
protein fractions with a molecular weight of 28 - 23 KDa, considered as an indicator of increased meat fragility,
was found after 5 days. From 5 to 12 day, higher levels of a-actinin, desmin and light meromyosin were found.
After 7 d of post mortem the destructive changes were deepening. Z-lines were very much torn. A- and I-discs
were difficult to distinguish. Myofibrils were highly fragmented and |-zones were not distinguishable.

Key words: m. Longissimus dorsi, microstructure, morphology, protein autolysis, soluble proteins, drip
loss, color

INTRODUCTION

Post mortem changes, leading to the
transformation of muscle tissue into meat,
have been in the spotlight of scientists since
the middle of the twentieth century (Fujimaki &
Arakawa, 1958; Hultin, 1984). Longo et al. (2015)
confirm the hypothesis that at the centre of
this transformation is the process of apoptosis.
Post-mortem chemical changes in muscle are
associated with the aging of the meat (Davey,
1983) and its tenderness (Lian et al., 2013).
Proteolysis processes are referred to as primarily
responsible for the aging and maturation of
meat (Geay et al., 2001).

In the literature publications discussing
the problems of aging meat from 3 to 10 year
old horses (Litwinczuk et al., 2008) and foals
(Ruiz et al., 2018) and accelerated aging of horse
meat by marinating with solutions of calcium
chloride can be found (Lourdes Perez et al.,
1998). There were no studies on aging of two
years old horses bred in the Balkans. This is why
we have set ourselves the aim of this study being
to identify the specific features in the process of
the horse meat aging.
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MATERIALS AND METHODS

Horse meat

The objective of the study was horse m.
Longissimus dorsi. The meat was supplied by
Unitemp Ltd., village of Voyvodinovo, district of
Plovdiv. An average sample was taken from 21
horses. The 42 muscles were obtained, packed
in plastic containers in air and wet-aged for a
period of 12 days at 0 - 4°C. The samples of m.
Longissimus dorsi (from the area between 13th
and 18th thoracic vertebra about 500 g for each
sample) were taken for analysis.

Part of those muscle particles was used
for a morphological, microstructural and
colour analysis, determination of water holding
capacity (WHC) and pH. The meat samples
for protein autolysis and pH were mixed and
minced in a grinder with a hole diameter 4
mm. The mince meat was homogenized in a
homogenizer Knife Mill GRINDOMIX GM 300
(AZoNetwork UK Ltd., Manchester, UK). The
homogenized samples were vacuum-packed in
table-top vacuum packers LYNX 32 (INTRAMA
Group, Dobrich, Bulgaria) and stored for 8h at
0-4°C up to the moment of analysis.

The changes in microstructure, morpho-
logy, protein autolysis, soluble proteins, pH,
WHC, drip loss and colour were studied.

Light microscopy

For morphological analysis samples of 2 x 1
x 1 cm were used. The fixing and the contrast of
the samples were carried out according to the
method described by Barbut et al. (2005).

Transmission electron microscopy

The preparation of the samples and
the transmission electron microscopy were
conducted in accordance with the method of
Lawrence et al. (2002).

SDS-PAGE electrophoresis of
myofibrillar proteins
SDS-PAGE  electrophoresis  of  the

myofibrillar extracted proteins was carried out
under the Laemmli method (1970).

Free amino nitrogen

The amount of a-free amino groups in the
myofibrillar extracted proteins was established
as described in Analalytica - EBC (Welten, 2013).

Soluble proteins extracted from
myofibrils

Extraction of myofibrillar proteins was
performed with PBS buffer (ionic strength 0.55)
using Khan describtion (1962). The protein
concentration of the extract was determined by
Lowry et al. (1951) method.

Water holding capacity of meat

The water holding capacity of meat was
determined by the Grau & Hamm method
(Modzelewska-Kapitula and Cierach, 2009).

pH value

The pH of the samples was measured
electropotentiometrically by the Korceala et al.
(1986).

The meat colour characteristics

The colour characteristics of the
horse meat samples were determined
spectrophotometrically with the CIELab system
(Brewer and Wu, 1993).

Statistical analysis

The statistical analysis was made using the
method of Draper and Smith (1998). Differences
between values below p < 0.05 were considered
statistically significant. All statistical procedures
were performed using software Microsoft Excel
5.0.
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RESULTS AND DISCUSSION

Morphological changes

-

. b, 3 e 40 - 3 1 L . .. N
10 d post mortem at 0 - 4°C 11 d post mortem at 0 -4°C 12 d post mortem at 0 - 4°C

Figure1. Morphological changes of horse m. Longissimus dorsi during a period of 12 days of storage at 0 - 4°C.
Horse fillets longitudinal cut contrasted with hematoxylin, 1000x.
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In Figure 1 are presented changes of the
morphology in horse muscle tissue samples
during a period of 12 days of storage at 0 - 4°C.
Up to the 3 days of cold storage in muscle and
connective tissues there were not detected
any significant destructive changes. Muscle
fibres had a loose structure and preserved
their integrity. They were tightly attached to
one another. With the onset of rigor mortis the
muscle fibres were contrasted. Exudate was
excreted in the intercellular spaces. In the initial
stages of autolysis (4 days) the muscle fibres

recover their loose structure. Some unique
cracks and strains appear. This is an indication
of the ongoing autolysis changes up to 5 days of
refrigeration. Some single cracks and feathering
were found. These changes are an indication of
ongoing autolytic changes till the 5 days of cold
storage. From 6 days to 12 days of the horse
meat refrigeration at 0 - 4°C the destructive
changes in muscle tissue were getting worse.
Larger cross cracks were observed. There was
also observed a partial decomposition of
protofibrils (Fig. 1).

Changes of electron microscopic determined muscle structure

Figure 2 shows the changes in the microstructure of horse meat samples (m., Longissimus dorsi)

for a period of 12 days of refrigerated storage a
[ D T

T T

4 h post mortem
(arm meat)

128

7 d post mortem
at0-4°C

t0-4°C.

3 d post mortem
at0-4°C

9 d post mortem
at0-4°C

(1 5 N .: L

5 d post mortem
~at0-4°C

12d pos mortm
at0-4°C

Figure 2. Electron microscopic preparations from longitudinal cuts of horse m. Longissimus dorsi, 12000x.
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After 4 h post mortem individual sarcomers
were clearly identifiable and could retain
integrity. A- and I-zones were distinguishable.
H-zones and M-lines were clearly visible, no
Z-lines were observed. After 3 days post mortem
storage A- and I-zones were distinguished with
more difficulty. There was established some
shortening of the sarcometers. After rigor mortis
(6 days) a loosening of myofibrils and a partial
recovery of their natural structure was observed.

The A- and I-disks were still clearly visible, the
Z-lines were preserved. Some changes typical of
the meat maturation were noticed. Cross-cracks
in the Z-lines and the myofibrils were spotted.
After 9 days post mortem the destructive
changes in the myofibrils were getting worse.
The Z-lines were heavily torn; the A- and I-discs
were very hard to distinguish. The myofibrils
were highly fragmented, and the |-zones were
virtually indistinguishable.

Results from SDS-Page gel electrophoresis

SDS-PAGE electrophoresis during aging
of horse meat (0-4 °C) showed that the heavy
meromymisin chains(200 KDa) were identified
up to 48 hours post mortem. At the 4-day of
storage (0-4 °C), the a-actinin content (95 KDa)
was minimal. With increasing the aging time
(after 5 days of storage at 0-4 °C) due to ongoing

proteolytic changes, the protein fractions with
a molecular weight of 28-23 KDa, considered
as an indicator of tenderness (Huff-Lonergan,
1999) increase. After the 5 day of refrigerated
storage at 0 - 4 °C to the end of studied period
(12 days) an increase in the a-actinin fraction,
desmine and light meromyosin was observed!

250 KDa
P 200 KDa — myosin heavy
150 KDa F H chain (MHC) isoforms SM1
! (204 kDa) and SM2 (200 kDa)
100 KDa % - P d 95 KDa - a-actinin
75 KDa '
3
50 KDa ! . 55KDa-desmin
43 KDa - actin
37KDa
- 30KDa-T1
20 KDa -
10 KDa G- M 25-14 KDa - MLC
Protein0 1 2 3 4 5 6 7 8 9 10 11 12
standard Aging time

Figure 3. SDS-Page gel electrophoresis of horse m. Longissimus dorsi during 12 days of aging at 0 — 4°C
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Free amino nitrogen
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Figure 4. Changes of free amino nitrogen in horse m. Longissimus dorsi during 12 days of aging at 0 - 4°C.

During the first 5 days of the horse
meat storage at 0 - 4°C (Fig. 4) there were no
statistically significant (p > 0.05) changes in the
content of free amine nitrogen (FAN). From 6 day
to 8 day of the experiment due to proteolysis
processes (Geay et al., 2001) the amount of free
amine nitrogen in the meat increased by 46.7%
(p <0.05).

Soluble proteins

Immediately after obtaining (4 h post
mortem) horse meat was characterized by a
relatively high pH (pH = 6.75, Tab. 1) and water
holding capacity (WHC) (Fig. 6). For the next 3 d
(0-4°C) the solubility of the protein fraction was
decreased by 5.7% (p < 0.05, Fig. 5). The results
obtained correspond to the pH and WHC data
(Tab. 1 and Fig. 6) and are indirect evidence of a

2.500

2.000

mg/ml
=
wn

1.000

Soluble protein fraction,

500

0

From 8 day to the end of the study period
- 12 days (0 - 4°C) a reverse trend was found,
namely: the FAN content of the horse meat was
reduced by 35% (Fig. 4, p < 0.05). The decrease
in FAN in the final stages of sample storage (0
- 4°C) corresponds well with the reduction of
the solubility of proteins during the same study
period (Fig. 4).

rigor mortis. After 3 days autolysis was detected
under the effect of endogenous tissue enzymes
and a number of biochemical transformations
(Hultin, 1984). As a result, after 6 days the
solubility of the meat proteins increased
significantly (p < 0.05). From 6 day to the end of
the study period (12 d, 0 - 4°C) a reverse trend
was established.

0 1 2 3 < 5 6 7 8 9 10 11 12

Time of aging, d

Figure 5. Changes of the soluble protein fraction extracted from horse m. Longissimus dorsi for a period of 12

days of aging at 0 — 4°C.
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Water holding capacity

25.000
20.000
15.000
10.000

5.000

Water holding capacity, %

D

0 1 2 3 < 5 6 7 8 9 10 11 12

Time of aging, d

Figure 6. Changes of water holding capacity of horse m. Longissimus dorsi during 12 days of aging at 0 — 4°C.

The identified changes in water holding
capacity (WHC) of the horsemeat samples (Fig.
6) correspond to the data obtained for the pH
(Tab. 1). From 1 day to 6 day of the experiment,

pH value

Immediately after slaughter (4h post
mortem) the horse meat was characterized
by a normal pH of the order of 6.75 (Tab. 1). A
statistically significant decrease of pH of 14.07%
(p < 0.05) was found on the 4 day of the horse
meat storage at 0 - 4°C. These results are indirect
evidence of a rigor mortis stage. Similar results
for the pH at 45 min, 24 and 48 h post mortem in
thelumbarsegmentof Longissimus dorsimuscle
(Longissimus dorsi) and m. Semitendinosus are
found by Litwinczuk et al. (2008). Unlike our
study Lourdes Perez et al. (1998) and Litwinczuk
et al. (2008) found a 8.39% lower pH at 24 h post
mortem. This is probably due to the fact that the
samples in the studies were taken from horses
considerably older and probably in purer health.

the WHC decreased by 45.8% (Fig. 6, p < 0.05).
From 6 day to 12 day of the storage of samples
of horse meat (0 - 4°C) the WHC increased by
7.5% (p <0.05) (Fig. 6).

From 4 days to 8 days of the refrigeration
storage the rigor mortis progressively passed
and the pH of the horse meat increased by
8.62% (p < 0.05) (Tab. 1).

From 8 daysto 12 days at the end of the cold
storage period of the horse meat at 0 - 4°C the
pH again decreases and reaches acidic values
commensurate with those in the post-mortem
state (Tab. 1). The resulting decrease in pH at
the end of meat storage (0 - 4°C) is probably due
to the development of lactic acid microflora.
Contrary to our data Seong et al. (2014) found
a constant increase in the pH of vacuum packed
and 30 days aged at 4°C m. Longissimus dorsi.
Similar as our results were found in thawed
horse meat after 30 days storage at -20°C.
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Colour determination

Table 1. Changes of pH and colour characteristics of horse m. Longissimus dorsi for a period of 12 days of

aging at 0 - 4°C.

Time for post The color The color The color

mortem aging pH brightness redness yellowness
d L* a* b*
0 6.75¢+ 0.05 30.01°+ 0.26 16.91¢+0.10 3.45°+0.38
1 6.20°<+ 0.05 30.35°+0.14 17.01¢+0.37 3.58°+0.17
2 6.15°<+ 0.05 30.82°+0.79 17.86+ 0.21 3.61°+0.35
3 6.10° £ 0.05 31.71°£0.13 19.939+ 0.43 4.89¢+0.28
4 5.80°+ 0.08 31.34°+0.52 19.679 £ 0.32 4,62¢+0.17
5 6.16°<+ 0.05 30.42°+0.34 15.55+ 0.36 4.21°+£0.23
6 6.20°< + 0.05 30.29°+0.72 14.62°+0.73 3.78°+0.27
7 6.25 <+ 0.05 30.30°+ 0.56 14.42°+ 0.41 3.75°+0.21
8 6.30<4 + 0.02 30.36°+ 0.44 12.62°+ 0.20 3.212+0.07
9 6.12<+0.07 30.522+0.27 12.17°+0.23 3.08*0 +0.23
10 6.00° + 0.06 30.42°+ 0.68 12.14°+ 0.28 2.99°0 +0.23
11 5.85*+0.08 30.50°+ 0.45 11.98°+ 0.58 2.71°+£0.20
12 5.80°+0.10 30.78°+ 0.56 11.84°+0.15 2.70°+0.23

Means within each column having different letters were significantly different according to Duncan’s test at p < 0,05.

No statistically significant differences (p
> 0.05, Tab. 1) were observed when the colour
brightness (L*) measured at the beginning
(4 h, 0 - 4°C) and at the end of the experiment
(12 days, 0 - 4°C) of horse m. Longissimus dorsi
were compared. Statistically significant increase
of the colour brightness (L*) by about 5.66%
(p < 0.05) was found on the 3 and 4 day of the
storage of the horse meat at 0 - 4°C (Tab. 1).
From the 4 d (Tab. 1) until the end of the study
period the colour brightness decreases with no
statistically significant difference (p > 0.05) of
the originally determined value on the 12days.
These conclusions are consistent with the results
reported by Seong et al. (2014) for vacuum-
packed and 30 days aged at 4°C d horse m.
Longissimus dorsi but differ significantly from
the results reported by Ruiz et al. (2018) for 9 d
aged at 4°C foals m. Longissimus dorsi.

After the 4 days of horse meat storage
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(Tab. 1) the color redness (a*) increases by
approximately 17.86% (p < 0.05). After the 4
days of the meat refrigeration a reverse trend
was established and by the end of the study the
colour redness was reduced by 7.83 (p < 0.05).
A statistically significant increase in the
colour, with an approximately 41.74% (p < 0.05)
increase in the yellowness (b*), was found on the
3 day of the horse meat storage at 0 - 4°C (Tab.
1). From the 4 day to the 12 day of the storage
at 0-4°Careverse trend was established as well.
On the 12 day of the experiment the colour
yellowness (b*) decreased with 1.92 units (p <
0.05) from the baseline. These results are not
in agreement with those reported by Seong
et al. (2014) who found that the yellowness
of the vacuum packaged and 30 days aged at
4°C d horse m. Longissimus dorsi significantly
increases and those of Ruiz et al. (2018) for 9
days aged at 4°C d foals m. Longissimus dorsi.

to use the premises of their slaughterhouse for
the industrial part of the experiments.
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OCOBEHOCTU HA CTAPEEHETO HA KOHBCKOTO MECO
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Pesume

Bo TekoT Ha nocnefHaTa fieLieHrja Ko CKOTO Meco oTuze Noaiaboko BO BUAHOTO MoJie Ha MOTPOoLLyBauuTe
1 HayyHuumTe. Llenta Ha oBaa cTyauja e fa ce ngeHTndrKyBaat cneundryHUTE KapakTePUCTUKN 3a Bpeme Ha
CTapeereTo Ha KO CKOTO Meco. [poMeHnTe BO MUKPOCTPYKTYpaTa, MopdonorunjaTta, NpoTeMHCKaTa aBTonmnsa,
pacTBOpnMBMTE NpoOTenHK, pH, KanauuteT 3a 3afpXXyBatbe Ha Boda (K3B), 3arybata Ha Bopa u 6ojaTa 6ea
ncnuTyBaHu Kaj m. Longissimusdorsi of Kot 3a Bpeme Ha 12 feHa Ha Ha Temnepatypa op 0 po 4°C. Ha 3 geH
postmortem A v [-30H1 NoTeLwKO ce pa3nrKyBaa. belle 3abenexaHo ckpaTyBatbe Ha capkomeparta. lMepuogot
Ha NOCTMOpTasiHaTa BKOYAHETOCT (rigormortis) BO KOHCKOTO Meco ce jaByBa nomery 3 n 5 aeH. Bo oBoj nepurog
MYCKYJTHUTE BflaKHa Ce KOHTpaxupaHu, KOMMNOHeHTaTa Ha LpBeHaTa 60ja e HamaneHa 3a 2-3 eguHuun, pH
n K3B ce mrHumanHm - 5,80 n 13-14%, coonBeTHO, 1 3arybute Ha Bofa 6ea HajmHory okony 20%. Mo 5 geH
postmortem 6ea 3abenexaHn NoeAUHEYHM MYKHATVMHMW - MOKa3aTesl 3a TEKOBHUTE aBTONUTMYKM MPOLIECH.
PactBopnvBocTa Ha npotenHuTe ce cTabunuamupa Ha okony 1750 mg/ml. 3ronemeH gen on dpakummte Ha
NpoTenHNTE CO MoNeKynapHa TexunHa o 28 fo 23 KDa, cMeTaHO Kako MHAMKATOP 3a 3rofieMeHa KpLUMBOCT Ha
MecoTo belle npoHajaeHa no 5 geHa. Of 5 fo 12 AeH ce OTKPMEHW NMOBUCOKM HMBOA HA O-aKTUHWH, Ae3MVH 1
neceH MepomMunosuH. Mo 7 geH postmortem gecTpyKTUBHUTE NPOMeEHU ce npoanabouysat. Z-nMH1UM 6ea MHory
NCKNHaTU. A- 1 |-gruckoBmMTe TeWKo ce pas3nmKyBaa. Mnodubpunnute, ncto Taka, 6ea MHory GparmeHTUpaHu 1
|-30HMTe He MOXea NleCcHO Aa ce pa3fnnKyBaar.

KnyuHu 360poBu: m. Longissimus dorsi, Mukpocmpykmypa, mopghosioeuja, npomeuHcKa asmosusa,
pacmeopausu npomeuHu, 3a2yba Ha 8o0a, 60ja.
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Abstract

The article is devoted to the issue of food safety as an important indicator of consumer properties and a
decisive criterion of their quality. It describes that various alternative toxicological methods of research using
the biological test-objects, the so-called bioassay methods are used along with the traditional toxicological
control methods for safety assessment of food products. Safety of new grain crisp bread on the basis of spelt
using bioassay methods were evaluated in experimental studies. The first method is based on determining the
toxicity of crisp bread using test-object of Colpoda steiniiinfusoria, the second - on testing for a mortality rate of
Daphnia Magna Straus crustaceans, the third - by method of determining the toxicity of objects using bioassay
methods on the test-object Drosophila melanogaster fruit flies. On the basis of the performed bioassay the
safety of new grain crisp bread was determined based on spelt. Ecotoxicological studies allowed assessing the
safety of products being developed, as well as the prospect of introduction of new grain crisp bread into the
market as a safe food product will be described in future.

Key words: grain crisp bread, product safety, toxicity, ashberry, brier

INTRODUCTION

Over the last decade the number of
toxicants that affect the safety of raw materials
and foodstuffs has increased, moreover,
methods of their determination are quite
complicated. In 2016 the Act On the Basic
Principles and Requirements for Food Safety
and Quality was adopted in Ukraine. One of the
main priority lines is to prevent losses, preserve
quality and guarantee food safety at all stages
of production and storage [3]. Pursuant to Act
a safe foodstuff is a foodstuff which has no
harmful effects on human health and is fit for
use.

Contaminants may occur in our food
from various sources. They typically pose a
health concern, resulting in strict regulations
of their levels by national governments and
internationally by the Codex Alimentarius
Commission. Therefore, analysis of relevant
chemical contaminants is an essential part

of food safety testing programmes to ensure
consumer safety and compliance with
regulatory limits. Modern analytical techniques
can determine known chemical contaminants
in complex food matrices at very low
concentration levels. Moreover, they can also
help discover and identify new or unexpected
chemical contaminants [4].

Many strategies to detect biological and
chemical contaminants in foodstuffs have been
developed to solve food safety problems [5].
Bioassay is one of the methods of study which is
used todeterminethe degree of negativeimpact
of chemicals being potentially dangerous to
living organisms through recording of changes
of biologically significant parameters (test
functions) of the experimental test-objects with
a subsequent assessment of their condition in
accordance with the chosen toxicity criterion
[6].
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Foodstuff bioassay means toxicity studies
of aqueous extracts from the product using live
test-objects. Test-objects (test organisms) are
experimental biological objects (organisms) that
are used in determining toxicity. The discovered
toxic effect is registered and evaluated in
the experiment. Test-objects allow replacing
complex chemical analyses and quickly identify
the toxicity of the product [6, 7]. The method of
determining the toxicity with the test-objects
is fast enough; it does not require the use of
experimental animals or expensive equipment
and has prospects for accelerating safety
control of raw materials and foodstuffs [4].

Infusoria, hydras, planarians, leeches, molluscs,
crustaceans, representatives of different groups
of plants and algae, insects etc. are used as test
objects [13]. The choice of the test object for
each caseis determined by standards, sensitivity
level to toxic substances and environment
you want to study [6]. In the study we used
test objects from different systematic groups:
Colpoda steinii infusoria, Daphnia Magna Straus
crustaceans and Drosophila melanogaster fruit-
flies. The specific properties of these life forms
allow obtaining detailed information on the
likely negative impact or food stuff safety.

MATERIAL AND METHODS

Bioassay in evaluation of grain crisp bread safety

The objective of the study was to determine
the safety of consumption of new grain crisp
bread with ashberry and brier using bioassay
methods on aquatic organisms and insects.

New types of grain crisp bread made with
spelt including enriching additives. Spelt is
specie of soft wheat, which is in contrast to the
traditional wheat has a high content of proteins,
nutrient rich fibres, mineral substances and
vitamins [15]. Dry powders of ashberry and
brier were used as nutrient additives. Their
inclusion into the composition of the crisp bread
contributes to giving curative and preventive
effect, improving the organoleptic properties
to the finished products.

The following samples were the test
objects:

« sample 1 - grain crisp bread without
additives (control);

« sample 2 - grain crisp bread with ashberry;

« sample 3 — grain crisp bread with brier.

When conducting ecotoxicological control
of grain crisp bread bioassay methods with test
organisms from different taxonomic groups
were used. The first stage of the study was to
determine the toxicity of grain crisp bread by

bioassay method on the death of Daphnia
Magna Straus crustaceans.These test-organisms
are widely used in determining the toxicity of
soils, waste water, feed and food products [12].
Studies were conducted on a synchronized
Daphnia culture. A synchronized culture is one
age culture obtained from one female by using
acyclic parthenogenesis in the third generation.
Such a culture is genetically homogeneous
[8]. The technique is based on identifying
the differences between the number of dead
Daphniae in the test sample (experience) and
that which is cultivated in water. Bioassay is the
criterion of the acute lethal toxicity.

10 cm?® of dechlorinated drinking water
was poured into each test tube where Daphniae
are cultured, 1 cm?® of water extract of the test
sample and 10 Daphniae into each tube. The
bioassay was performed in diffused light at a
water temperature of (20+2) °C for 96 hours.

According to GOST 32536 - 2013 [9] live
Daphniae are the one which move freely in
the water column or emerge from the bottom
of the vessel after its slight shaking. The rest of
Daphniae are considered dead.

RESULTS AND DISCUSSION

Daphniae were not fed during bioassay
of samples, at the end of the experience the
number of live test-objects was counted at the
end of the experiment (Fig. 1).

The toxicity level of the experimental
product during testing of aqueous solution
of test samples was determined by % of
maxillopods that survived in accordance with
table 1.
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Figure 1. (a) Daphnia magna Straus culture in water; (b) Daphnia magna Straus culture in medium of the tested
samples: 1 - grain crisp bread without additives; 2 — grain crisp bread with ashberry; 3 - grain crisp bread with

brier

Table 1. The scale of toxicity level of grain crisp bread when testing an aqueous solution

Toxicity level of the experimental product

Survival rate of Daphnia magna Straus
maxillopods, %

Non-toxic 93-100
With low toxicity 62-92
Toxic 0-61

The results of study were as follows: in
sample N2 1 —grain crisp bread without additives
(control) the number of dead Daphniae was 1 %,
sample N2 2 and N 3 — grain bread with ashberry
and brier — 3 % on each, that the evidence of
new product safety.

The second method is based on
determining the toxicity of grain crisp bread
using the test-object Colpoda steinii infusoria

(Fig. 2).

Figure 2. Colpoda steinii culture

The method is based on extraction of
different fractions from the experimental
products — polar and non-polar toxic substances
respectively with water and with hexane and the
subsequent impact of these extracts (hexane
was previously evaporated) on Colpoda steinii

culture. Dry culture Colpoda stenii represents o
colpoda cysts and Bac. Subtilis spores attached
to the wall of the vial and visible on increase of
80 - 150 min. Developed standardized rating
scale of toxicity is given in table 2 [10]. The
specimen used in study is manufactured in a
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certified laboratory (Vidrodzhennya m LLC,
Odessa), in accordance with TU U 46.15.243-
97 requirements and [14]. Colpoda culture is
harmless to humans and animals; it was stored
dry up to 6 months at a temperature of 10 -
25 °C. Vials with Colpoda culture and nutrient
medium were opened for studies not earlier
than 12 — 24 hours before use. 2 cm? of nutrient
medium were poured into each vial with
Colpoda culture. One made certain of relevance
of Colpoda culture immediately before the
use. This culture was studied by pendent drop
method under the microscope. Colpodae in
maximum number of 6 cells per high power
field should actively move. Weighing of 20 g was
added to a flask with a capacity of 250 cm?® and
poured 100 cm?of distilled water. The flasks with
the content have been shaken for 20 min, and
then the mixture was filtered. 2 cm? of extract
were added to the tube containing the active
culture of Colpoda and stirred. 2 cm? of nutrient
medium were brought to the control sample

with the active culture of Colpoda. In 10 min
and then in 3 hours one drop of the mixture was
selected from the experimental and control test
tubes and reviewed them under the microscope
using pendent drop method. Available live and
dead infusoriae were considered in the test
samples. The criterion of toxicity is the time
from beginning of exposure of the experimental
extract till death of the majority (90 %) of
Colpodae. The fact of death of Colpodae was
stated on the basis of a complete termination of
their movement and the presence of decay. In
the control sample all Colpodae should remain
movable in a control sample [10].

The product under study is considered
toxic, if death of Coolpodae occurs within
10 min after introduction of extract in a live
culture of Colpodae. The product under study is
slight toxic, if death of Colpodae occurs within
theinterval up to 3 hours of studies. The product
under study is non-toxic, if all Colpodae remain
movable in 3 hours of studies.

Table 2. Toxicity assessment scale of finished product [10]

Toxicity Criteria
Very toxic Death of the most Colpodae occurs within 3 minutes
Toxic Death of the most Colpodae occurs within 10 minutes
Slight toxic Death of the most Colpodae occurs in 3 hours
Non-toxic Most Colpodae remain movable within 3 hours

Fig. 3 shows the obtained results of determination of ecological and toxicological parameters of
grain crisp bread safety by bioassay method using Colpoda Steinii.
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Figure 3. Grain crisp bread toxicity by bioassay method using Colpoda Steinii
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On the basis of the performed studies
it is established that the sample N2 1 — grain
crisp bread without additives (control) and
samples N2 2 and N? 3, namely grain crisp bread
with ashberry and brier do not contain toxic
substances, because most Colpodae remained
alive in all the experimental samples within
three hours. The results correlate with the
studies performed by bioassay method using
Daphnia magna Straus.
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The third method is based on bioassay
of grain crisp bread samples by determining
the availability or absence of acute toxic
action on the test-objects. Chronic toxicity
was determined in toxicological analysis of
grain crisp bread quality. Biological tests on
Drosophila melanogaster Meig flies were used
during bioassay [11] shown in Fig. 4.

4

o

Figure 4. Drosophila melanogaster Meig in medium of the experimental samples; 1 — grain crisp bread without
additives; 2 — grain crisp bread with ashberry; 3 — grain crisp bread with brier

The toxicity criterion in bioassay method
on fruit flies is a probable deviation from
frequency control of occurrence of dominant
lethal mutations

Determination of toxicity of objects using
bioassay method on Drosophila melanogaster
fruitflieshasascomparedtoothertestorganisms
(bacteria, plants, tissue culture) a number of
advantages due to the fact that it is possible
to find all types of mutations in Drosophila. It
has a small number of chromosomes, short life
cycle and great fertility; metabolic activation of
substances proceed the organism which is the
same as in humans. Data obtained using this

test organism can be extrapolated to highly
organized animals including mammals and
used as forecast of risk to human health [11].

Grain crisp bread was tested with the aim
of establishing the use of bioassay method on
D. melanogaster to determine the genotoxicity.
The presence or absence of genotoxic and
mutagenic actions to D. melanogaster during
bioassay was determined in samples. According
to the results of testing of samples of grain crisp
bread genotoxic and mutagenic actions were
not found in either of the samples that the
evidence of the safety of the product.

CONCLUDING REMARKS

Based on ecotoxicological control of
grain crisp bread with the test-organisms
from different taxonomic groups, namely
Colpoda steinii infusoria, Daphnia Magna Straus
crustaceans, Drosophila melanogaster fruit flies
it was established that the consumption of new
cereal products is safe.

Biological analysis ofall test objects showed
that the samples under study of the crisp bread
do not have a negative impact on living form
and can be recommended for consumption by a
human. The conducted studies are the evidence
of expediency of the further work and industrial
production of new types of grain crisp bread
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based on spelt with ashberry and brier that will
allow expanding the assortment and fills the
market with safe food stuffs.

The lack of significant material costs, high
sensitivity of methods and the obtained results

with a high degree of reproduction demonstrate
the feasibility to recommend the conduction
of bioassay for all new types of food stuffs,
particularly on introduction of non-traditional
raw materials and additives.
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Pesnme

TpynoT e NoCBEeTEH Ha NpallakbeTo 3a 6e36eHOCTa Ha XPaHaTa KaKo BaXKeH NoKa3aTes 3a MOTPOLLYBAUYKAT
€CBOjCTBa M OZ1yuyBaUKM KPUTEPUYM 3a HUBHMOT KBAJIUTET. BO TPYAOT Ce onuLuyBa ieKa ce KOprCTaT PasfinyHu
anTepHaTVBHY TOKCUKOMOLKY METOAM 33 UCTPaXKyBatbe CO KOPUCTEHE Ha BUOMOLLKU TECTOBU, TaKaHapeyeHu
OGUONOLWKN MeToaN, 3aefHO CO TPAAWLIMOHANIHWTE TOKCMKOJIOWKY METOAM 3a KOHTPOSa 3a MpoLeHKa Ha
6e36eHOCTa Ha NpexpaHbeHnTe npounssogmn. be3begHoCTa Ha HOBMOT [iBOjHOMeueH Neb 6a3unpaH Ha XKMUTHATa
KyNTypa crefiTa co Metoau 3a broaHanu3a 6ea eBanympaHu BO eKCriepuMeHTanHu cTyguu. NpeBroT meTop ce
6a3mpa Ha yTBpAyBare Ha TOKCMYHOCTA Ha CBexX 1eb, kopurcTejkun bronolkn Tect og Colpoda steinii infusoria,
BTOPMOT — 3a TECTMPAtbEe Ha CTarKaTa Ha CMPTHOCT Ha pak of Daphnia magna Straus, TpeTaTa — cO MeTof Ha
ofdpenyBate Ha TOKCMYHOCTA Ha NPeaMeTOT Ha NPOoyUyBatbe, KOV KOPUCTAT MeToam 3a OrnoaHanmsa Ha TecT-
06jekToT Drosophila melanogaster. Bp3 ocHoBa Ha 13BpLUEHMOT 6UoTeCT, 6e36eHOCTa HA HOBMOT ABOjHOMEYEH
neb Gelle onpepgeneHa BpP3 OCHOBA Ha crenlata. EKOTOKCMKOMOLWKNTE CTYAUM OBO3MOXMja MPOLIEHKa Ha
6e36e1HOCTA Ha NPOU3BOAMTE LUTO CE Pa3BMBAAT, KaKo 11 MOXHOCTA 3a BOBeflyBatbe Ha HOB AiBOjHOMEYEH /€6
Ha Ma3apoT Kako Npour3Bog 3a 6e36eaHa XpaHa, Kov Ke 6maaT onuiaHn BO AHMHA.

KnyuHu 36opoBu: 08ojHoneyeH 1e6, 6e36e30HOCM Ha NPouU3800, MOKCUYHOCM, NPUPOOHU KOH3epB8aHCU
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Abstract

This work is focused on the determination of potential of moisture retaining in perlite and fluvial soil.
For assessing this parameter, the method of bar extractors and Porous plate extractors has been explored. The
method is applied on 7 different regimes of pressure, (0.1;0.33; 1; 3;6.25; 11; 15 bars) in samples composed of
perlite and fluvial soil present in different ratios of 20/80, 30/70, 50/50. The major goal of this study is to explore
the experimental results of moisture content and to show the effectiveness of the water retention properties of
perlite. Water retention curve is the relationship between the water content, and the soil and substrate water
potential. This curve is characteristic for different types of soil and substrate, and is also called the soil moisture
characteristic. The retention curve reflects the moisture content during different tension. The data determined
in this work are useful to assess the effective zone of the root system. We show that perlite exhibits specific
features in respect to the water retention in several types of soils. Because of the good physical properties
and the high porosity, the expanded perlite has a significant role in maintaining and improving the water-air
regime in the fluvial soils. In addition, it gives better accessibility of air and moisture for the plants, having a
very positive influence on the soil features.

Key words: Water retention, root system, physical properties.

INTRODUCTION

Perlite is a glass volcanic rock of rhyolitic
composition containing 2-5 % of combined
water (Roulia et al. 2006). Technically, the term
perlite is used for glassy volcanic rock which
can be thermally expanded (Koukouzaset
al.1994). The commercial product, commonly
designated as expanded perlite, is produced by
heating the material at 760-1100 °C, there by
converting its indigenous water to vapour and

causing the material to expand to 4 to 20 times
its original volume while forming lightweight
high-porosity aggregates, snow-white granules
are composed of many tiny closed air cells or
bubbles. They are very light in density, they
have excellent thermal insulation properties,
and they are fully inert and neutral (Dogan and
Alkan, 2004; Harben, 1990).
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Figure 1. a) Expanded perlite b) Raw perlite
Photo: (Markoska, 2018)

Expanded perlite has several attractive
physical properties for commercial applications
including low bulk density, low thermal
conductivity, high heat resistance, low sound
transmission, high surface area, and chemical
inertness Ennis (2011). Precisely, because
of the expansion process and the series of
positive features, the perlite is applied in many
branches, (agriculture, construction, industry,
technology, etc). As far as applications of perlite
are concerned, it is mainly consumed as fillers,
filter aids, in producing building construction
materials (Morsy et al., 2008; Aglan et al.,
2009), adsorptive materials, precursor for geo-
polymer formation (Vance et al., 2009), removal
of heavy metal ions and other pollutants from
atmosphere (Mostaedi et al., 2010), in thermal
insulation (Vaou et al., 2010), removal of dyes
(Vijaykumar et al, 2009), Dogan and Alkan
(2003) in horticulture sorption of oil etc. Perlite
is a naturally occurring waste, estimated with
about 700 million tons worldwide reserves.
We use it in our research in expanded form as
a substrate. The application of substrates to
improve the properties of the soils requires
knowledge of their physical and chemical
properties that are responsible for providing
adequate support and a reservoir for air, water

and nutrients. The use of various organic and
inorganic substrates such as perlite allows for
better nutrient intake, sufficient growth and
development due to optimization of water
and oxygen (Verdonck and Demeyer, 2004).
These media should guarantee better rooting
conditions and provide anchorage for the root
system, supply water and nutrients to plants
and suitable aeration environment to roots
(Gruda et al. 2013, 2006). One of the most
important properties of substrates is by adding
such improvers and substrates in the soil itself;
they improve the soil regardless of what type
of soil it is. The substrates are used to solve
problematic soils such as sandy soils that do not
retain enough water or too clayey soil which, on
the contrary, retains too much moisture and less
oxygen. But also, when soil conditions change,
substrates serve as part of preventive care, even
in the absence of the familiar problems. The
reason why the substrates are to be added to
the soil is to provide a better environment for
the root system and plant growth. This includes
improving the soil structure and water storage
capacity, the availability of nutrients and living
conditions for soil organisms that are important
for plant growth and development.

MATERIAL AND METHODS

The experimental part served to determine
the retention of moisture of perlite and fluvial
soil at different pressures. The experimental
part was divided into two parts: field part and
laboratory part. The field part consisted of
taking soil samples from Strumica and from the
locality of the exploitation of the raw material
perlite “Cera Poliana” in Mariovo, Gradesnica,

Republic of Macedonia. The raw material perlite
in this research will be used in its expanded form
as a substrate. These soils are prevalent in all
valleys of the area. Most of them are in Gevgelija
and Strumica valleys. The hydrological maps
of individual sheets on the area give a precise
idea of their prevalence. During the pedological
mapping of the valleys, it was established
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that the total area of alluvial soils is 8955 ha.
Markoski (2015). The laboratory part consisted
of preparation of the soil / substrate for analyses
and conducting quantitative laboratory
analysis. The soil and perlite were analysed in
all three of their different ratios: 20/80, 30/70,
50/50 with the ultimate goal to determine the
ability to retain water in the soil or substrate,
and the role of perlite in improving the aquatic
regime in examined soil. Soil samples were taken
from the mentioned sites, perlite was used in
expanded form as an expanded perlite or as a
substrate, which further served us as a material
for analysis. The soil samples from Strumica
were taken at depth of 0-30cm. In laboratory
conditions, soil samples were brought to an
airy dry state. Then the soil was finely milled
and sifted through a sieve with 2mm openings,
and an average analytical sample was prepared
in which further soil analysis was carried out.
In laboratory conditions there was determined
retention of perlite moisture and soil at higher

pressures with application of a pressure limiter
with Bar extractor for determination of moisture
retention at 0.1 bar (pF - 2); 0.33 bar (pF - 2.54); 1
bar (pF - 3); To determine soil moisture retention
in higher pressures, the Richard Porous plate
extractor method was applied, 2.00 bar (pF
- 3.3); 6.25 bar (pF - 3.90); 11 bar (pF - 4.04)
and 15 bar (pF - 4.2), described by (Resulovi,
1971; Beli¢ et al,, 2014). The obtained results
for moisture retention in mass percent are
presented in a tabular manner. Keeping water
in the soil or perlite is marked as retention. The
characteristics of moisture retention include
the relations between the matrix potential and
the moisture content and can be represented
by a retention curve. It shows the moisture
content at different tensions. Water retention is
the result of two forces: adhesion (attraction of
water molecules by the particles) and cohesion
(attraction of water molecules to each other).
Adhesion is much stronger than cohesion.

Figure 2. Preparing soil/substrate and placing samples on
Bar extractor and Porous plate extractor

The force with which the water is retained
in the soil, that is, the force it needs to squeeze
out of the soil is denoted as capillary potential
and is closely related to the water content. The
free water in the soil has a capillary potential
equal to zero, a condition in the soil when all
pores, capillary and non-capillary, are filled

with water. Markoski (2013) To obtain a clearer
representation of the intensity of moisture
retention, especially for soil and perlite, the
fluvial soil along with perlite, the humidity
values in mass percent tabular and graphic with
pF values are displayed, the height of the water
columnin cm (1 bar = 1063 cm / cm?).

RESULTS AND DISCUSSION

All examined samples of perlite and fluvial
soil and their respective ratios were placed on
7 different pressure modes (0.33; 1; 3; 6.25; 11;
15 bar) using Bar extractor and Porous plate

extractor, and the obtained results for moisture
retention in mass percent’s are presented in a
tabular manner.



Vesna Markoska, Kiril Lisichkov, Blazo Boev, Rubin Gulaboski

Table 1. Moisture retention in weight % at different tension in substrate perlite and fluvial soil na 0.1 bar; 0.33

bar; and 1bar

Substrate Perlit(P)
Fluvial soil(Aa) and 0.1bar 0.33 bar 1bar
Corelations

n X SD X SD X SD
Aa50/P50 3 27.52 0.02 24.53 0.03 20.51 0.01
Aa70/P30 3 25.05 0.17 23.14 0.15 19.07 0.12
Aa80/P20 3 22.15 0.12 20.72 0.22 15.08 0.23
P-perlite 3 67.88 1.88 58.35 1.59 47.70 1.57
Aa-soil 3 9.28 0.02 7.83 0.01 7.03 0.01

P- Perlite;Aa- Fluvialsoil; Corelations: P20/Aa80, P30/A70, P50/Aa50

Table 2. Moisture retention in weight % at different tension in substrate perlite and fluvial soil na 3 bar; 6.25

bar; 11bar and 15 bar

Substrate Perlite(P)
Fluvial soil(Aa) and 3bar 6.25 bar 11bar 15bar
Corelations
n X SD X SD X SD X SD
Aa50/P50 3 17.06 0.03 15.78 0.02 12.10 0.10 11.92 0.02
Aa70/P30 3 16.10 0.22 13.21 0.27 11.10 0.18 10.07 0.18
Aa80/P20 3 13.84 0.78 10.68 0.80 9.34 0.67 7.92 0.55
P-perlite 3 | 3978 2.58 34.84 2.66 30.10 2.40 26.65 2.75
Aa-soil 3 5.24 0.01 4.39 0.01 3.99 0.01 3.02 0.01
P-Perlite ;Aa- Fluvial soil; Corelations: P20/Aa80, P30/A70, P50/Aa50

To understand more clearly the intensity
of moisture retention in fluvial soil with perlite,
the mean moisture values in mass percentage
are shown. In the data given in Table 1 and 2 is
noted that the P-perlite substrate has the largest
retention capacity in all variants and at all points
of pressure tension such as: At a pressure of 0.1
bar with an obtained result of an average value
of 67.85% at pressure of 0.33 bar with an average
value of 58.35%, at a pressure of 1 bar 47.70%
of 3 bar 39.78% of 6.25 bar 34.84 at a pressure
of 11 bar 30.10%, of 15 bar with average value
of 26.65. The retention capacity of the fluvial
soil is lower than the perlite in all pressures of
different tension: from 0.1 bar=9.28%, from 0.33
bar = 7.83%, from 1 bar = 7.03% , from 3 bars =
5.24%, from 6.25 bars = 3.99%, from 11 bars =
3.99%, from 15 bars = 3.02%.In other analysed
ratios, where the perlite is represented by 20%,
30% and 50% in soil, the soil retention capacity

is increased dramatically, for example in the
ratio P20/80Aa at a pressure starting at 0.1 bar
with an average value of 22.15%, at a pressure
of 0.33 bar, the retention pressure equals an
average value of 20.72%, at a pressure of 1 bar,
the retention pressure equals the mean value of
15.08%, of 3 bar the retention pressure equals
the mean value from 13.84%, from 6.25 bars
with an average value of 10.68% at a pressure
of 11 bars with an average value of 9.34%, a
pressure of 15 bar retention pressure amounts
to an average value of 7.92%. The retention
pressure of other relations, such as P30/Aa70,
and P50 /Aa50, is presented in table 1, with the
addition of a larger percentage of perlite to soil,
the retention pressure will increase. Figure 3 and
4 represent the retention curves of the substrate
perlite and the fluvial soil. From the curves it
can be noted that the percentage of moisture
in the substrate perlite is higher, compared to
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the retention curve in the fluvial soil. The ability
of the substrate to retain and maintain moisture
is crucial for improving the efficiency of water
use for growing crops in closed (greenhouses,
greenhouses, etc) and open conditions.
According to the author Richards (1955)
Retention curves have great practical and
theoretical importance, because they show all
data about the water in the soil and substrates.
Retention curves or moisture retention curves
(MRCs) were first described in Bunt (1961) and
were obtained in a similar manner as in soils.
The equivalent pores ratio can be estimated
according to the retention curve. The tension
occurring in the meniscus of water in one
cylindrical pore depends on the pore diameter.
Therefore, it can be concluded that the amount
of water that soil releases in a certain dimension
corresponds to this interval of tension. Moisture
retention curves provide us data about soil
and substrate capacity for available moisture,
with the upper limit of field water capacity
and the lower limit of the coefficient of the set.
For estimating soil moisture, using capillary
potential quantified Vuci¢ (1987)pF values were
determined, whereby the water force in the
soil was expressed through the height of the
water column in cm (1 bar = 1063 cm/cm?2).
pF values affect the change in the mechanical
composition of the soil. The higher fraction
of small fractions results in higher pF values,
especially at a pressure of 0.33 bar. Markoski
(2013) Apart from the mechanical composition
of the soil, water - physical relations affect the

80,00
70,00
60,00
50,00
40,00

30,00

Moisturein%

20,00
10,00

0,00

0,1 0,33 1

mineral composition, the content of organic
matter and others. This influence was studied
Hillel (1980) and (Maclean and Yager, 1972)
in many soils in America, Europe and Asia.
In their research the soil moisture retention
in West Midland mostly depends on organic
matter, mechanical composition and mineral
composition of soil. Filipovski (1996) also
explains that retention of moisture in various
tensions is closely related to the content of
humus, clay, dust and mineral clay composition.
According to the author Kutilek M. and Novak
V., 1998 the hydrological characteristics of soils,
such as water retention and the rate of water
movement, depend on a large degree on the
total porosity and pore-size distribution of the
material while the moisture contentin the perlite
substrate depends on a higher percentage
of the porous material. For our exploration of
fluvial soil, the samples were taken at a depth
of 0-30 cm. Fluvial soils are young roots of river
that contain regulates and soil material from the
obtained areas. These soils have good physical
properties: they have good water resistance,
and are well aerated. (Markoski et al., 2015) With
the appearance of a sandy layer or gravel on
the surface of the soil, the physiologically active
layer of low humus content decreases. These
types of soils are characterized by high water
tolerance. Sometimes such negative examples
of deterioration of the physical properties
of the soil, using substrates or enhancers as
perlite in our research can positively affect the
improvement of these properties.

3 6,25 11 15

— Perlite

Figure 3. Moisture retention in substrate perlite
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Figure 4. Moisture retention in fluvial soil type

Figure 5 shows the values of the retention
curves of relations Aa80 / P20, also fluvial soil
and pure perlite substrate. It can be noticed
that the highest curve shows pure perlite,
and the lowest shows fluvial soil. In the Aa80/
P20 ratio, moisture retention increases by 10
to 22%, where retention curves increases in
parallel. Because of the addition of 20% perlite
to 80% of soil, where perlite with high porosity
capacity can retain water with its particles,
the percentage of moisture increases. Figure
6 shows the retention curves of three ratios,
perlite as a pure substrate, fluvial soil and perlite
ratio of 30/70 to fluvial soil. The largest retention
ratio is the ratio of pure perlite substrate. It can
also be noted on the curve that higher retention
moisture occurs at 0.1 bar and 0.33 bar where
all the pores are filled with water. The lowest
retention occurs in the fluvial type of soil. In the
ratio of Aa30/P70 where 30% of perlite and 70%

80,00
70,00
60,00
50,00

40,00

Moisturein %

30,00
20,00
10,00

0,00

e 8(0/2() == Peerlite

of soil is fluid, the retention curve is growing
from 10% to 28% of available moisture.

Figure 7 presents the retention curves of
the relations between perlite and fluvial soil,
and the ratio between perlite and fluvial soil
is 50/50. Moisture retention in pure substrate
perlite is represented by the highest retention
curve due to its effective porous space to retain
and maintain water in its pores, to create a
relatively high content of available moisture.
The retention curve of the soil shows lower
retention of the perlite substrate; a significant
difference between the soil type and the perlite
substrate can be observed here. Whereas in
the proportion of the mixture of 50% perlite
and 50% fluvial soil, we have higher retention
compared to the retention of pure fluvial soil, or
amoderate increase in retention, the perliteas a
substrate keeps the water in its pores, which can
increase the retention of soil moisture

Soil

Figure 5. Moisture retention in perlite P20/80 Aa-fluvial
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Figure 6. Moisture retention in perlite P30/70 Aa-fluvial
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Figure 7. Moisture retention in perlite P50/50 Aa-fluvial

Table 3. Correlation coefficients between the tension points of 0.33; 1; 3; 6.25; 11; 15 bars

Correla?tlon 0,1bar 0,33 bar 1bar 3bar 6.25bar 11bar 15bar
coefficients
0,1 bar 1 0.998™ 0.982" 0.972" 0.978" 0.958" 0.951"
0,33 bar 1 0.985" 0.977" 0.982" 0.962™ 0.957"
1 bar 1 0.987" 0.991™ 0.991™ 0.979"
3 bar 1 993" 0.978” 0.989"
6.25 bar 1 0.975” 0.991"
11 bar 1 0.972"
15 bar 1
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In table 3 the coefficients of correlation of the
researched properties in different ratios of the
perlite substrate and the fluvial soil are given.
On the basis of the correlation analysis, it can be
noted that there is a high positive correlation
between all points of tension within the mutual
relations. The authors of the paper Jeb S, Fields,
William C, Fonteno, and Brian E, Jackson, (2014),

have examined the physical properties of
the perlite and tested the moisture retention
by methods from the manual (Fonteno and
Harden, 2010), with Volumetric Pressure Plate
Extractors with (-Kra), which vyielded similar
results with ours, the percentage of moisture in
the perlite substrate was 66% per 0.1 bar, 43%
per 1 bar and 31% of moisture per 10 bar.

CONCLUDING REMARKS

Based on the results obtained in the
laboratory analysis of the perlite as a substrate
and the fluvial soil, we can conclude the
following: The analysis of moisture retention
in the perlite shows high moisture retention
at all points of tension (0.1; 0.33; 1; 3; 6.25; 11;
15 bar). The analysis of the retention capacity
of the analysed fluvial soil shows a lower
retention capacity compared to the perlite’s
retention capacity at all points of tension. In
other proportions of Aa80/P20 or the addition
of 20% perlite in river soil, the value increases
several times, which again confirms that the
addition of perlite in the fluvial soil samples
causes an increase in retention capacity at
all points of tension such as 0.1; 0.33; 1; 3;
6.25; 11; 15 bar, starting from 0.1 bar with an
average value of 22.15% to 15 bar of retention
soil, which amounts to 7.92% moisture. The
Aa70/P30 ratio also shows a slight increase in
retention capacity of fluvial soil at all points of
tension such as 0.1; 0.33; 1; 3; 6.25; 11; 15 bar.
With a further 50% perlite increase in soil at the
Aa50/P50 ratio, retention capacity increases
with an average value of 27.52%, starting from
0.1 bar to 15 bar with a moisture content of
11.92%.A high retention curve which reflects
the characteristics of moisture retention in
pure perlite substrate shows that this results in

the fact that it's effective porous space keeps
and maintains water in its pores. It is noted
that the addition of substrate perlite in the soil
also increases the values for retention capacity.
Perlite due to its high porosity, which keeps
water in its pores, influence the improvement
of the water regime of the examined fluvial
soil by retaining and maintaining moisture
and providing adequate support and a water
reservoir that is needed for proper growth of
the plants and more healthier soil. Retention
curves have great practical and theoretical
significance, because through them almost all
data about water in the soil and substrate can
be obtained, these curves give the opportunity
to determinate when and what content of
water the plant’s needs. In this way we can see
the relations among the water, soil, and plants.
The strength of water persistence in the soil or
substrate can be determined for all content of
water. Humidity retention curves provide us
with data about the capacity of the humidity
available within the soil and substrates, whose
upper limit defines the water capacity of the
ground and lower limit the coefficient of fading.
These data, particularly for the effective area of
the root system, become applicable when water
is exploited in the soil.
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Pesume

Bo 0BOj TpyA Ke 61aaT NprKa)kaH NofaToLmUTe 3a NOTEHLMjANoT Ha 3ap»KyBake Ha BnaraTta Kaj nepnimToT
n dnyBmjaTunHaTa NoYBa Co MeTofOT Ha Barextractor u Porous plate extractor Ha 7 pa3nuuHu pexummn Ha
NPUTUCOK, NpK pa3nuyHa TeHsunja og (0,1; 0,33; 1; 3; 6,25; 11; 15 6apw), Kaj nepnutoT 1 bnyBujaT1IHa NOYBa CO
HUBHW pa3nnyHy coogHocm o 20/80,30/70,50/50. PeayntaTuTe ofi KpMBUTE Ha peTeHLMja Ke buaat npuKaxaHu
rpaduukn. Victo Taka, NnpukaxkaHn Ke 6upaT v pesyntati of PerpecrckroT MyNnTMBapUjaHTeH CTaTUCTUYKN
MOfAenN 3a B/IMjaHNETO Ha PasNnUYHMTE BapmjaHTU, Pa3fNNYHNOT COOAHOC BO BapujaHTMTE 1 HMBHATa MHTepaKLumja
BP3 pa3fnYHM PeXMMM Ha NPUTUCOK. Llenta Ha oBaa cTyamja e Aa ce npeseHTMpaaTt 1 Aa ce AUCKyTupaar
eKcrneprMeHTanHUTe pesynTaTi Ha CoApXKMHaTa Ha Bnara 1 CBOjcTBaTa Ha edeKTUBHO 3afjpXKyBakbe Ha BoAa
Kaj nouyBaTta 1 cyncTpatoT nepnut. MNoj KapakTepucTUKM Ha peTeHLMjaTa Ha Bnara ce nogpasbupa ogHocoT
nomery COApXKMHa Ha BOAa M NOTEHUMjanoT Ha BOAA BO MoyBaTa /CyncTpaToT M MOXe fJa ce MpeTCTaBu Co
peTeHLMOHa KPMBa, Taa ja MOKaXyBa COAP»KMHaTa Ha Bnara npuv pasnuyHa teH3nja. OBre nogaToLm ce KOpUCHU
0cobeHo 3a edpeKTMBHaTa 30Ha Ha KOPEHOBMOT CUCTEM 1 Haofa NpUMeHa BO ynoTpeba Ha Bofa BO noysaTa uiu
cynctpatute. [Mopaau gobpurTe GU3NUYKM CBOjCTBA U BUCOK NMOPO3UTET, EKCNaHAMPAHNOT NepanT Uma yrnora ga
ro ofjpKyBa 1 Nofo6pyBa BOAHO-BO3AYLLIHNOT peXxnmM Bo GnyBurjaTMIHATA NOYBA, MPY LWITO Barata U BO34yxoT
r1 NpaBuv NOAOCTANHM 3a pacTeHnjaTa 1 Co Toa BAMjae NO3UTMBHO BP3 NoyBaTta.

KnyuHun 360poBu: pemeHyuja Ha 8/1a2a, KOpeHo8 cuCMeM, PU3UYKU Kapakmepucmuku

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 16, No. 1, pp. 73 -82 82



JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS,Vol 16, No. 1, 2018
In print: ISSN 2545-4447
On line: ISSN 2545-4455
UDC: 633.71-152.61(497.775)"2016"
Original scientific paper

Manuscript received: 30.04.2018
Accepted: 16.06.2018

VARIATION OF MORPHOLOGICAL PROPERTIES IN VIRGINIA TOBACCO TYPES

Milan Mitreski', Jane Aleksoski?, Ana Korubin - Aleksoska’,
Marjan Trajkoski3, Jordan Trajkoski’

'Scientific Tobacco Institute - Prilep, "Kicevska” bb. Prilep, Republic of Macedonia
2Bis Promet Agrocentar - Bitola, "Kravarski pat” bb. Bitola, Republic of Macedonia
3SEKE DOOEL Prilep, “Mosa Pijade” 319. Prilep, Republic of Macedonia
*Corresponding author: anakorubin@yahoo.com

Abstract

The properties that identify the type of tobacco, or the variety in one type, are divided into two groups:
qualitative and quantitative. Morphological properties belong to the group of quantitative (metric) and are
conditioned by a large number of genes with additive effect (minor genes or polygenes). These properties
are to a largely dependent on the conditions of the external environment and applied agrotechnology
during tobacco screening. Tests were performed in 2016 at the Scientific Tobacco Institute - Prilep, on a field
experiment in four repetitions with the following varieties: Virginia MV-1 CMS - Control, Virginia McNair-944,
Virginia K-394 and a newly prospective line MV-1/ 14 CMS.

The results of the test are processed variationally-statistically through the parameters: mean value x),
mean error (Sx), standard deviation (S), variation coefficient (CV%), and variation width (WV). The aim of this
paper is to present the variation of the more important morphological properties: the height of the plant with
the inflorescence, the number of leaves per plant, and the length and width of the largest plant leaf in the
varieties concerned. From the studies, we found that the tested varieties are very stable, and they have very
little scattering of the morphological properties, since the variation coefficient everywhere showed a value less
than 10%. We note that the newly created line MV-1/14 CMS has the slightest variation, while at the same time

it has the largest leaves, which is a positive feature in large-scale tobacco of the Virginia type.

Key words: tobacco, Virginia type, morphological properties, variability

INTRODUCTION

In the agricultural economy of the Republic
of Macedonia, tobacco belongs to the group of
strategic cultures. Tobacco cultivation ranges
between 12,000 and 15,000 hectares with an
annual output of 20 to 25 million kilograms of
quality tobacco raw material. From the aspect
of the type of representation, over 95% of these
areas belong to the oriental types of Prilep and
Jaka (type Prilep is most present in our country),
while the large (Virginia and Burley), in recent
years, are almost encountered in the fields.
By the end of the nineties of the last century,
although to a lesser extent, they were growing
in our country (an average of 1500 tons per
year by the Virginia type only), which reduced
the import of these tobacco raw materials - the
main components in the harmanes for making

the more popular “American bland” cigarettes.
The type of Virginia in the composition of these
cigarettes accounts for 45 to 65% (Mickovski,
2004). According to the author, the largest
producers of tobacco of this type in the world
are: China, USA, Brazil, Argentina, Italy, Spain,
Zimbabwe and Oceania. It is important to point
out that in the Republic of Macedonia there are
regions with excellent conditions for growing
quality tobacco of the type Virginia which is a
challenge for its return to production. Having
in mind the aforementioned, recent scientists
from the Scientific Tobacco Institute - Prilep,
create and select varieties that will meet the
requirements and needs of the cigarette
factories. Therefore, the object and purpose of
this study is the variation of the most important
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morphological properties of Virgina tobacco
type varieties that have good combination
skills, which is a condition for creating new,
more productive and better quality than
existing ones. This would bring back the interest
of the producers for this large type of tobacco,

which is constantly requested in the world
market, after which the financial effects would
be positive and guaranteed to the satisfaction
of everyone in the tobacco industry of the
Republic of Macedonia.

MATERIAL AND METHODS

The tests were conducted on three varieties
and a one newly created Virginia-type line:
MV-1 CMS as a control variety (&), McNair-944,
K-394 and the newly created MV-1/14 CMS line.
The control variety MV-1 CMS (male-sterile)
was created at the Tobacco Institute - Prilep.
The Federal Classification Committee of the
former Yugoslavia was recognized in 1987.
Since then, by the end of the nineties of the last
century, it was the only variety of Virginia-type
tobacco that was produced in Macedoniaandin
certain regions in Serbia and Montenegro. The
McNair-944 and K-394 varieties are fertile and
originate in the United States. In the past, they
were fairly represented in Virginia production
around the world, and to a lesser extent they
are now produced in the home country and
some countries in South America. These
varieties as well as the control MV-1 CMS are still
relevant due to their quality and other positive
properties, and are used in the selection for the
outward processing of tobacco of this type.
The new line MV-1-14 CMS was created at the
Scientific Tobacco Institute - Prilep by crossing
and selecting Virginia tobacco varieties. The
experiment was set in the experimental field of
the Scientific Tobacco Institute- Prilep in 2016
on diluvial-colluvial soil in four repetitions.

The tobacco is seeded manually at 80x50
cm. For basic fertilization, NPK fertilizer with
combination 8:22:20 is used in quantity of 350
kg/ha. During the vegetation, the necessary
agrotechnical operations are performed for
ensuring normal growthand developmentofthe
plants (feeding with nitrogen fertilizer, trapping
and treating tobacco according to the program
of the Scientific Tobacco Institute - Prilep for
protection from diseases, pests and weeds). The
tobacco in the experiment is sprinkled 3 times
with an average level of 400 m3 / ha water. We
note that the 2016 production was assessed as
a good year for tobacco production. The studies
on morphological properties (height of the plant
with inflorescence, number of leaves and length
and width of the largest leaf from the middle
belt of the plant) were carried out in the field
in the “full blossoming” phase of the tobacco by
standard methods in the selection, is the mean
value (x), for each property is determined based
on 15 randomly selected plants of each variety
in the experiment. The obtained data from
the measurements are statistically processed
through parameters of property variability
(Najcevska, 2002), and the results are shown in
tables.

RESULTS AND DISCUSSION

The examined morphological features of
the Virginia-type tobacco varieties belong to
the group of quantitative properties. They are of
great importance in the genetics and selection
of tobacco because they determine (identify),
the type and the varieties they belong to. In
addition, the number and size of the leaves
determine the yield and quality of tobacco. They
are dictated by their own genotype but are also
dependent on soil-climatic conditions in the
region where it is grown, as well as from applied
agrotechnical operation during vegetation. We

have mentioned above that we present the
results of the researches in tables, especially for
each property for better visibility, comparison
between the investigated varieties and the new
line and drawing appropriate conclusions.
Height of the plant with its inflorescence
The height of tobacco plants is a great
feature. Uzunoski (1985), according to this
characteristic, divides the tobacco varieties
into three groups: 1. Varieties with low growth,
the height of which is up to 70 cm (Prilep, low
spot); 2. Medium growth varieties with height
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of plants with inflorescence, which varies from
70 to 130 cm (Jaka, Dzebel); 3. Varieties of high
growth, with a height above 130 cm (Virginia
and Burley). Risteski and Kochoska (2004), in
their research on 6 varieties of tobacco of the
Virginia type, point out that the height of the

Table 1. Height of the plant with its inflorescence (cm)

plant with the inflorescence ranged from 159
c¢m in the variety V-27/01 to 192 cm in the MV-1
CMS, which was and the highest. The results
of our trials for this morphological feature are
shown in Table 1.

Varieties n X SX S CV% WV

MV-1CMS @ 15 190 1.76 6.81 3.59 180 -200
McNair-944 15 158 1.18 4,55 2.88 150- 165
K-394 15 147 1.27 4,93 3.35 140 - 155
MV-1/14 CMS 15 180 1.24 4.81 2.66 170-185

The table shows that the average height
of 190 cm is the highest control class MV-1
CMS, and with 147 cm the lowest is the K-394.
In terms of variation, it can be noted that the
varieties tested are stable in this capacity, since
the value of the variation coefficient (CV%) is
low (everywhere is below 10%) and ranges from
2.66% to the new line MV-1/14 CMS up to 3.59%
in control.

Number of leaves on the plant

The number of leaves of the plant depends
on the genetic structure of the variety and the
conditions of cultivation. It is thought that the
number of tobacco leaves is one of the most
stable quantitative properties. The number of
leaves is a variegated feature and represents a
high-yielding quantitative property (Atanasov,
1972). In their research on the number of

Table 2. Number of leaves

leaves of 7 Virginia tobacco varieties Risteski
and Kochoska (2014), found that the highest
number of leaves of one plant is distinguished
by the variety V-88/09 CMS, which on average
for the two years of examination had 33.3
leaves, while the least leaves has the K-326
variety (28.8 leaves). Since the multi-year
research of 5 Virginia tobacco varieties in the
Republic of Croatia, it has been determined that
the average number of leaves in the three newly
created varieties is as follows: Kutjevo (H 30), 23
leaves, Drava (H 31), 22 leaves and Bilogora (H
32), has 22 leaves (Devcic and Triplat, 1982). In
our research with the highest number of leaves
(Table 2), is the variety MV-1 CMS, where on
average we counted 28 leaves of the plant and
with at least McNair-944 with 24 leaves.

Varieties n X Sx S CV% WA

MV-1CMS @ 15 28 0.32 1.25 448 26 -30
McNair-944 15 24 0.37 1.44 5.97 22-27
K-394 15 27 0.30 1.16 4.30 25-29
MV-1/14 CMS 15 27 0.23 0.88 3.26 25-28

Regarding the variability of this feature,
the statistical parameters have shown that it is
very small. The coefficient of variation is from
3.26% on the line MV-1/14 CMS to 5.97% in the
McNair-944 variety. The standard deviation (S) is
also small and ranges from 0.88 to 1.44 leaves.

Length of the biggest leaf of the plant

The length of the leaves in all types of
tobacco is an important feature because it is
closely related to the quality of the tobacco
raw material. In the type Virginia, the larger the

leaves the higher the yield and the better the
quality is. Boceski (2003), points out that the
length and width, and therefore the surface of
the leaves during curing, are reduced by 20 to
30%, which is very important in the technology
of processing and processing of tobacco. Risteski
and Kochoska (2014), examining the length of
the leaves in 7 domestic and foreign varieties of
the Virginia type, state that with the largest 10
leaves (the 10th leaf is the largest of the plant)
is the variety V-79/09 CMS, with the length of
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the leaf of 62.4 cm, and with the smallest leaves,
with a length of 44.3 cm is the Delcrist variety.
The K-394 variety is on the fifth place with an

Table 3. Length of the biggest leaf (cm)

average length of the 10th leaf of 52.5 cm. The
results of our measurements and the variability
of this property are shown in Table 3.

Varieties n X SX S CV% WV

MV-1CMS @ 15 60 0.32 1.22 2.04 58-62
McNair-944 15 57 0.34 1.33 2.34 55-59
K-394 15 56 0.34 1.31 2.34 54 -58
MV-1/14 CMS 15 62 0.25 0.96 1.55 60-63

The subject varieties have long leaves
which are characteristic for large-scale tobacco,
including the type Virginia. The longest leaves of
the plant have the new line MV-1/14 CMS (x=62
cm), with the smallest is K-394 (x=56 cm). The
standard deviation is from 0.96 in the new line
to 1.33 in McNair-944, with a CV% within 1.55
to 2.34%, so it can be said that the variability is
meaningless.

Width of the largest leaf of the plant
The width of the leaves and the length
depends on the soil and climate conditions

Table 4. Width of the biggest leaf (cm)

and technical measures during the cultivation
of tobacco. Drazic et al. (2012), examining the
morphological properties and yield of 12 newly
created genotypes (7 in the Republic of Serbia
and 5 in Republic of Macedonia), concluded
that with the widest leaves the variety Hevesi
9 (x=36 cm) was standard in the experiment.
Of the new genotypes, with an average width
of the largest leaf of 34 cm, the V-814 took the
second place, while with a width of 24 cm, the
genotype V-30/09 was in the last place. From
our examinations we obtained the results we
present in Table 4.

Varieties n X Sx S CV% WV

MV-1CMS @ 15 31 0.31 1.19 3.81 30-34
McNair-944 15 27 0.30 1.16 4.30 25-29
K-394 15 29 0.30 1.16 4.00 27 - 31
MV-1/14 CMS 15 32 0.33 1.28 3.99 30-34

The table shows that on the average with
the widest leaves is the line MV-1/14 CMS (x=32
c¢m) and it is followed by the control with 31
cm, K-394 with 29 cm, while with the narrowest

leaves is McNair-944 with width of the largest
leaf of 27 cm. The standard deviation ranges
from 1.16 to 1.28, while CV% of 3.81 in control
to 4.30 at McNair-944.

CONCLUDING REMARKS

The highest altitude is the control type
MV-1 CMS (x=190 cm), and the lowest is K-394
(x=147 cm). The variation coefficient showed
that with the slightest variation in this property
is the line MV-1/14 CMS (CV=2.66%).

At least leaves has McNair-944 (an average
of 24), while with 28 leaves the control is in
the first place. The newly created line and
variety K-394 have on average 27 leaves each.
The variation coefficient yielded values that
show the stability of this feature in the tobacco
varieties concerned.

Variation of the length of the largest plant
leaf is the lowest in the line MV-1/14 CMS

(CV=1.55%).

From the measurements we found that
with the widest leaves is the new line (x=32 cm),
and with the narrowest is McNair-944 (x=27 cm).

The tested Virginia type tobacco types
are genetically stable, and the variation of the
morphological properties is insignificant (CV
is everywhere below 10%), which means they
are a good material for the improvement and
creation of new varieties. The new line MV-1/14
CMS is stable, with more positive properties,
so it is expected to be included in the National
Variety List of the Republic of Macedonia.
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Pesume

CBojcTBaTa WTO ro maeHTUGUKYBaaT TUMOT Ha TYTYHOT, OQHOCHO copTaTa BO efeH Tun, ce
nofeneHy BO [Be TPynu: KBanuTaTUBHW W KBaHTUTaTMBHWU. Mopdonowkute cBojcTBa cnaraat
BO rpynaTa Ha KBaHTUTaTMBHUTE (METPUUKM) U Ce YCSIOBEHU of norosiem 6poj reHn co aguTuBeH
edekT (MUHOpP reHn unu nonureHn). OBne ocobMHK BO rofiemMa MepKa ce 3aBUCHW Of YCJIOBUTE Ha
HafBoOpellHaTa cpefuHa 1 NpUMeHeTaTa arpoTeXHMKa 3a Bpeme Ha OfrnefyBareTo Ha TYTYHOT.
NcnuTtyBarbata ce n3BplueHu Bo 2016 roamHa BO HayYHNOT MHCTUTYT 3a TYTYH — [punen, Ha Noncku
OnuT BO YeTUpPK MOBTOPYBaHa, CO CrnefHmnBe coptu: supuuHuja MB-1 (UMC) — koHTpona, Virginia
McNair-944, Virginia K-394 v enHa HOBOCO3aafeHa nepcneKkTneHa NuHnja MB-1/14 - UMC. PeayntatuTte
Of ICNUTYBaheTO ce 06paboTeH BapujaLMOHO-CTaTUCTMYKN MPEKY NapameTpuTe: cpefHa BpeaHOCT
(X), rpelwKa Ha cpefHaTa BpegHoCT (SX), cTaHdapaHa aeBujauuja (S), BapmjaumoHeH koeduumeHT (CV
- %) BapujaumoHa wupuHa (WV).

Llenta Ha 0BOj TpyZ € Aa ro NpuKaxeme BapMpareTo Ha NoBa)KHUTe MOPQONOLIKN CBOjCTBA:
BMCOYMHA Ha pPacTEHNETO CO coLBeTMe, 6POj Ha NNCTOBU Ha eHO pacTeHMe 1 [OSKMHA U LUMPOUMHA
Ha HajroNemMmnoT JIUCT Ha pPacTeHMETO Kaj MpeaMeTHUTE COPTH.

Of wncTpakyBarbaTa MOTBPAMBME AeKa UCMUTYBaHWUTE COPTU Ce MHOry CTabuiHW, OfHOCHO
BapupareTo Ha MOPPONOLLKMTE CBOjCTBA MM € MHOTY Mano, buaejkn BapujaunoHnoT KoedbuumeHT
ceKafe nokaka BpegHocT nomana og 10%. VictakHyBame feka HOBOco3fafeHaTa nuHuja MB-1/14 -
LUMC nma Hajmano Bapupame, UICTOBPEMEHO MIMa W HajrofieMu INCTOBY, LUTO € MO3UTUBHO CBOjCTBO
Kaj KpYNHOMMCHNOT TYTYH Of TUMOT BUPLIMHWja.

KnyuHu 360poBu: mymyH, mun 8upyuHuja, MopghosowKu c8ojcmad, 8apujabusiHocm

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 16, No. 1, pp. 83 -88



JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS, Vol 16, No. 1,2018
In print: ISSN 2545-4447
On line: ISSN 2545-4455
UDC: 634.86-154.23(497.714)"2014/2016"
Original scientific paper

Manuscript received: 19.06.2018
Accepted: 24.06.2018

THE EFFECT OF PRUNING ON FRIUTING CAPACITY OF MICHELE PALIERI
TABLE GRAPE VARIETY GROWING IN TIKVES VINEYARD

Efremco Nikolov', Violeta Dimovska?, Fidanka llieva2

" School of agriculture and forestry “Gorce Petrov’, Siska 23, 1430 Kavadarci, Republic of Macedonia
2 Faculty of agriculture, University Goce Delcev, Krste Misirkov bb, 2000 Stip, Republic of Macedonia
*Corresponding author: nefremco@yahoo.com

Abstract

The subject of research was the fruiting capacity measured by the table grape variety Michel Palieri,
grown in the Tikves vineyards. The aim of this paper was to determine the effect of various types of pruning on
fruiting capacity of Michel Palieri variety, and no research have been done for this variety so far. The research
lasted three years (2014, 2015 and 2016), and three pruning variants were used (16, 20 and 24 buds/vine).

Different values were obtained for the examined elements primarily as a result of the varietal specificity
and the extent of the load of the vines with the native buds. In the years of examination, the percentage of
fruiting buds in all variants is quite stable, with insignificant variations.

The coefficient of variation ranges from 2.74 (variant Il) t010.24 (variant lll). The average number of
bunches per fruiting canes (absolute coefficient) is in the range of 1.3 to 1.4 and with high stability both in
variants and in the years of examination.

The average mass of bunches ranges from 401 g (variant Il) to 492 g (variant lll). After years, significant

variation in variants | (28.84) and Ill (20.25) was observed in the mass of bunches.

Key words: table grape, pruning, fertility, mass of bunches

INTRODUCTION

The grapevine is a perennial plant, which
remains on the projected vineyard plantation or
in one place for almost 25-30 years depending
on the correct application and utilization of
numerous  agrotechnical, ampelotechnical,
agrobiological and agro-ecological measures.
The grape is one of the most important
agricultural crops in the world and special
attention is paid to improving the yield and
quality of the grapes (Bruhn et al., 1991). In the
recent years, the Tikvesh wine-growing region
in Macedonia has been introducing a large
number of newly created varieties with different
agrochemical and technological features. So far,
these varieties have not been studied from the
aspect of their adaptation to the conditions in
this region in Macedonia. Therefore, the subject
of this paper was to study in details the effect of
the pruning and fruiting capacities of Palieri, one
of the large number of newly introduced table
grape varieties in the Republic of Macedonia.

The Pallieri table grape variety was
discovered by Michel Palieri in Velette, a famous
area around Rome, Italy, obtained by crossing
Alfonso Labale and Red Malaga. In the grape,
there are an average of 2 seeds.

The yield moves in the interval between 15-
20 tons / ha. The period of awakening is the third
decade of March, and the period of maturation is
early September, which classifies it as a late grape
variety. The vine is very lush with big, large leaves.
The grapes are large, cylindrical - pyramidal,
winged, very loose with a mean weight of 450-
500 grams. The grain is quite large with a weight
of 7 - 8 grams, oval or slice. It is medium resistant
variety with large ash powder crop with dark
- purple colour. Mesothelium is juicy, sweet in
taste, neutral, with sugar content of 14 - 15%. Up
to - 15°C the buds do not freeze. Recommended
grafting pads for Palieri are: Kober 5 bb, SO4, 5C,
Telescope - 8B, Shasla x Berlandieri 41 b. Palieriis a
variety with a high-transportability (Z.Bozhinovic
2010).
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MATERIAL AND METHODS

Field studies were carried out in the locality
“Gornicki”-CA Marenaforthe table variety Palieri
with: Spalding, construction and placement of
the rows in the east-west direction, with length
of the rows 120 m.

In the studied vineyard plant, the
experiment was aimed at determining the
influence of the two-fold Gyiv system of pruning
with different lengths of the fruiting canes and
the impact of the load on the native buds on the
yield and the fertility of the buds (V. Dimovska
2011). The vineyard was planted in 2007, with a
distance between the vines of 2.30 m and vines
in the row of 1 m, with the use of the two-fold
Gyiv system of pruning. Palieriwas grafted on the
Kober 5 BB vineyard, the soil type is a degraded
deluvium. In the vineyard there is drip irrigation
system, regular feeding and regular use of these
agro-technical measures: pruning of mature or
cutting out of the variety, download and export
of the cut out, fruiting canes, tying, protection
from diseases and pests, fertilization, irrigation,
etc.

In terms of the experimental location,
this variety is in intensive production with
regular application of agricultural practices. The
necessary green ampelotechnical operations
that are carried out during the vegetation are:
green pruning, defoliation, punching, barking,
and secretion of the canes. Defoliation of this
variety is very characteristic by the fact that
moderate removal of the leaves at the base of the
fruiting canes is carried out, better ventilation
and creating a favourable microclimate around
the bunches, which enables improvement of
the nutritious organic assimilates of the grain
and better maturing of the grapes.

In the vineyard, the experiment was set by
the selection case method, and the health status
and uniformity of the vegetative potential of the
vine was good. The three variants of the pruning
during the trials were studied on M. Palieri table
grape variety (16,20 and 24 buds per vine (Table
1)). The experiment was set to 30 vines in three
iterations for each variant (10 iteration vines), or
a total of 90 vines for all variants.

Table 1. The experiment covers the following variants of pruning:

. . Number of short | Number of long | Number of buds
Variants Pruning -
canes canes per vine
Variant | Short 2x2 2x6 16
Variant Il Control 2x2 2x8 20
Variant Il Long 2x2 2x10 24

The fruiting capacity of the tested varieties was determined and expressed per vine, variant and

repetition,
e Untreated buds (%);
e Buds developed in canes (%);
¢ Native buds (%);

e Fruiting Capacity Coefficient: Potential, Relative and Absolute;
¢ Productivity of buds (grape weight per vine (g) and

e Average mass of a bunch (g).

The obtained results were statistically processed and represented by a coefficient of variation

and standard deviation.

RESULTS AND DISCUSSION

The fruiting capacity of the varieties is an
important economic feature and is determined
by the fruiting capacity of the buds and the
yield. In a large number of table grape varieties,
the first 2 to 3 buds per fruiting cane are very

small or not treated at all. Therefore, the fruiting
capacity of the buds or canes in vegetation
begins to manifest itself in the second or third
and even in some varieties the fourth bud, so it
is the basic and only reason why mixed or long
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pruning is applied to table grape varieties (M.
Delic at. al 2017). The obtained results for the
fruiting capacity elements of the M.Palieri variety
are given in Table 2. Per variants, for all elements
of fruiting capacity (untreated, non-native
and native eyes), have statistically significant
variation in variant Ill (2x10 + 2x2). Individually,
in all variants, statistically significant variation
is found in % of untreated buds ranging from
20.6% (variant 1) to 25% (variant Il) with a
variation coefficient of 10.20 (variant Il) to 28.12
(variant Ill). This is the result of the variety and
variant, i.e., the number of buds per vine. While
in % of native buds, as per variants and so for
years, high stability with insignificant variation
has been established.

Table 2. Elements of buds fruiting capacity per variants

The results obtained for the fruiting
capacity coefficients: the potential (number
of canes per bud), the relative (the number of
bunches per developed bud in the cane) and
the absolute coefficient (number of bunches
by the native bud) are presented graphically
(Graph 1). For a better comparison, the graph
gives the average values of the coefficients of
fruiting capacity per varieties. The values for all
three fruiting capacity coefficients, by variants
and years of testing are quite stable, and the
differences are statistically insignificant, i.e. with
asmall coefficient of variation. This suggests that
the variety and the way of pruning (the different
load on the vine with the native buds), have no
effect on the fruiting capacity coefficients of the
Palieri variety.

Variant Vear Untreated buds | Non-native buds | Native buds

(%) (%) (%)

2014 25.0 13.8 60.0

I 2015 22.5 16.3 61.3
(2x6+2x2) 2016 14.4 16.3 69.4
2015/2016 20.6 15.5 63.6

CV% 26.8 9.33 8.01

SD 5.54 1.44 5.09

2014 245 21.5 54.0

Il 2015 23.0 20.0 57.0
(2x8+2x2) 2016 28.0 16.0 56.0
2015/2016 25.2 19.2 55.7

CV% 10.20 14.83 2.74

SD 2.57 2.84 1.53

2014 28.3 12.5 59.2

] 2015 25.0 21.7 53.3
(2x10+2x2) 2016 15.8 18.8 654
2015/2016 23.0 17.7 59.3
CV% 28.12 26.62 10.24

SD 6.48 4.70 6.05
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Graph 1. Fruiting capacity coefficient
Table 3. Productivity of the buds in kg: Variant 1 (2x6 + 2x2)
Bud
vear | I i IV v Vi
2014 0.574 0.738 0.902 0.779 0.902 0.328
2015 0.354 0.561 0.590 0.561 0.502 0.266
2016 0.746 0.533 1.013 0.853 1.013 0.959
2015/2016 0.558 0.610 0.835 0.731 0.810 0.520
CV% 35.21 18.20 26.27 20.77 33.36 74.07
SD 0.20 0.11 0.22 0.15 0.27 0.38
Table 4. Productivity of the buds in kg: Variant 2 (2x8 + 2x2)
Year Bud
| Il Il \Y Vv VI VI VI
2014 0.830 0.568 0.656 0.612 0.787 0.656 0.743 0.524
2015 0.356 0.570 0.570 0.570 0.392 0.712 0.427 0.178
2016 0.410 0.656 0.697 0.533 0.574 0.615 0.738 0.492
2014/2016 0.532 0.598 0.641 0.572 0.584 0.661 0.636 0.398
CV% 48.78 8.40 10.11 6.91 33.83 7.37 28.46 48.04
SD 0.26 0.05 0.06 0.04 0.20 0.05 0.18 0.19
Table 5. Productivity of the bud in kg: Variant 3 (2x10 + 2x2)
Bud
Year
| Il Il \Y \' VI VII VI IX X
2014 0.561 0.673 1.009| 0.842| 0.785| 0.449| 1.066| 0.842| 1.122| 0.617
2015 1.130| 0.699| 0.861 0.699| 0.807| 0.699| 0.753| 0.807| 0.646| 0.484
2016 0.680| 0.643| 0.529| 0.454| 0.529| 0.605| 0.756| 0.567| 0.794| 0.529
5812/ 0.790| 0.672| 0.780| 0.665| 0.707| 0.584| 0.858| 0.739| 0.854| 0.543
CV% 37.97 417| 30.74| 29.51 21.86| 21.61 20.95| 20.27| 28.53| 1245
SD 0.30 0.03 0.25 0.20 0.15 0.13 0.18 0.15 0.24 0.07
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Fruiting capacity of the buds represents
a mass of grapes per bud along the length of
the fruiting cane. An important element on the
basis of which we can determine the length
of the fruiting cane during the pruning and
the number of the native eyes (Tadijanovi¢, b.,
1993).The obtained results for the productivity
of the buds are given by variants:

eTable 3 - Variant | (2x6 + 2x2),

eTable 4 — Variant Il (2x8 + 2x2),

eTable 5 - Variant Il (2x10 + 2x2).

Based on the results obtained in Table 3,
in variant | (2x6 + 2x2) we concluded that the
productivity of the buds increases from the first
(0.558 kg) to the fifth eye (0.810 kg). Per years,
statistically significant variation occursin thefirst
and sixth bud, where the coefficient of variation
ranges from 35.21 (first eye) to 74.04 (sixth
eye). This is due to the varietal characteristic i.e.
the first eye with the lowest fruiting capacity
(number and mass of bunches).

The results for the productivity of the bud
in variant Il (2x8 + 2x2) are given in Table 4. In
this variant, the productivity of the eyelids along
the length of the fruiting cane is quite stable
from first to the seventh bud, and significantly
decreases to the last, the eighth bud. It ranges

from 0.532 kg (first bud) to 0.636 kg (seventh
bud) average for the study period (2014/2016).
In terms of years of testing, the largest variation
is observed in the first bud where the coefficient
of variation is 48.78. This is due to the varietal
characteristic i.e. the first bud with the lowest
fruiting capacity (number and mass of bunches).

InTable 5, the results for the productivity of
the bud in variant 3 (2x10 + 2x2) are presented.
The productivity of the buds along the length of
the fruiting cane to the ninth bud is quite stable,
and it is significantly decreasing in the tenth
bud. After years of testing, in this variant as well,
the largest variation was found at the first bud,
where the coefficient of variation is 37.97.

The average mass of the bunchranges from
413 g (variant 1) to 492 g (variant lll), and after
years of testing, a minimum mass of 295 g was
obtained in variant | in 2015 and a maximum
of 561 g in variant Ill. The results obtained for
the mass of the bunches in our research are
significantly higher than the results of Palieri
grown in Podgorica-Montenegro (Pejoviclj.,
Vesna Maras, 1998), where the mass of the
bunch ranges from 226 g to 374 g. According
to the average mass, bunches of all varieties
fall into the group of varieties with very large
bunches (> 400 g, Bozhinovic, 2010).

Table 6. Mass of bunches (g) by variants and sub-variants

Variant Year Mass of a bunch (g)

2014 410

2015 295

2016 533

I 2014/2016 413
(2x6+2x2) CV% 28.84
2014 437

2015 356

2016 410

Il 2014/2016 401
(2x8+2x2) CV% 10.29
2014 561

2015 538

Il 2016 378
(2x10+2x2) 2014/2016 492
CV% 20.25

min 295

max 561
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CONCLUSION

The biological potential, that is, the varietal
characteristics and the degree of the load of the
vines with native buds (16, 20 and 24 buds per
vine), affect the fruiting capacity of the buds in
the variety Michel Palieri.

From the examined elements of fruiting
capacity, % of native buds, both by variants
and after years of examination, there was a
high stability, i.e. no statistically significant
difference was noted.

The fruiting capacity coefficients: the
potential (number of bunches per bud), the
relative (the number of bunches per developed
bud in the cane) and the absolute coefficient

(number of bunches per native bud), by variants
and years of examination are quite stable. The
variety and method of pruning (the different
load of the vine with the native buds) have no
effect on the coefficients of fruiting capacity of
the variety Palieri.

The variety has an impact on the first
bud productivity of all variants after years of
investigation where high variability or high
values for the coefficient of variation are noted.
Bunches of all varieties, according to the average
mass, fall into the group of varieties with very
large bunches (> 400 g) which meets the quality
criteria for table grapes of this group.
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BJINJAHUE HA PE3UOBATA BP3 POAHOCTA HA TPMNE3HATA COPTA MULLEN NAJIUEPK,
OAMEAYBAHA BO TUKBELLKOTO BUHOIOPJE
Edpemuo Hukonos',Buonera fiumoBcka?, Pugavka Unneea’

'CpedHo 3emjodesncko-wymapcko yqunuwme ,lopye Mempos’, LLuwka 23, 1430 Kasadapyu, PMakedoHuja
23emjooesncku chakynmem, YHusepaumem ,loue [lenyes’; Kpcme Mucupkog 66, 2000 LLImun, PMakedoHuja
*KoHmakm asmop: nefremco@yahoo.com

Pesume

MpeameT Ha CTpaXKyBaheTo 6eLle copTaTa Ha TPMNEe3HO Fpo3je Mulles nasauepu, ogrnefyBaHa
BO TMKBELLKOTO BMHOropje.

LlenTta 6ewe fa ce yTBpAM BNMjaHMETO Ha HAYMHOT Ha pe3naba Bp3 efleMeHTUTe Ha POAHOCT
Kaj copTaTta Muwesn haauepu, CO Ornef Ha Toa WTOo [0 Ccera He ce HamnpaBeHW NCTPaXyBatba 3a OBaa
copTa Kaj Hac. MictpaxyBaheTo Tpaelue Tpu roanHu (2014, 2015 n 2016 rogrHa), a 6ea KOpUCTeHN
TpW BapujaHTK Ha pe3naba (16, 20 n 24 okua/nosa).

[obueHn ce pa3nnyHu BpegHOCTU 3a UCMUTYBAHWTE eNeMEHTU, Npes C&, Kako pe3ynTaT Ha
copTHaTa cneundUYHOCT U CTeNeHOT Ha OMNTOBApPYBaHe Ha NO3NTE CO POAHM OKLa.

Bo rognHmTe Ha NcNTyBake NPOLIEHTOT Ha POAHNY OKLA Kaj CUTe BapujaHTy e gocTtacTabuneH
N CO He3HaunTeNnHW Bapuparba. KoedburumeHToT Ha Bapuparbe ce aBuxuK of 2.74 (BapwjaHTta 2) go
10.24 (BapwujaHTa 3). lpoceyHnoT 6poj Ha rPO3"OBM NO POAEH nacTap (anconyteH KoebuUUeHT) e
BO rpaHuumute o 1.3 go 1.4 1 co BMCOKa CTaBUIIHOCT, Kako MO BapujaHTX Taka U BO roguvHUTE Ha
ncnutysarbe. lNpoceyHaTta maca Ha rpo3goBuTe ce asmxKn og 401 g (BapujaHTa ll) o 492 g (BapujaHTa
[11). Mo roanHu, Kaj MacaTa Ha rPO3[0BU € KOHCTAaTUPAHO 3HAUUTESTHO Bapuparbe Kaj BapujaHTute 1
(28.84) n 3 (20.25).

KnyuHun 360poBu: mpnesHo 2po3je, pe3udba, poOHocm, Maca Ha 2po30

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 16, No. 1, pp. 89 -95
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Abstract

The aim of this paper was to evaluate the genetic and environmental effect on the grain yield of spring
barley varieties cultivated in the Republic of Macedonia.

Five spring barley varieties (Makedo, Xanadu, Josefin, Gladys and Scarlet) were used as an experimental
material. Makedo is Macedonian variety and the other barley cultivars are imported. The field experiments
were carried out during 2013 and 2014 on the field areas in Probistip, Republic of Macedonia. The experiment
design was randomized complete block with three replications. The results were analyzed to synthesize the
relative proportion of the influence factor (n %) such as variety or year, as well as the interaction between
variety and year on the grain yield. Besides the year conditions, the impact of variety contributed significantly
to the overall variability of yield (over 98 %), compared to the influence of year and the interaction between
variety and year. Makedo variety showed the highest value for grain yield (6 844 kg/ha), followed by Xanadu (6
638 kg/ha). The average grain yield for all tested varieties for both years of examination was 6 544 kg/ha. Also,

Makedo variety has the highest values for number of spikes per m? and the number of grain per spike.

Key words: grain yield, barley, variety, yield components

INTRODUCTION

After wheat, rice and maize, barley is the
fourth most significant crop (Abebe, 2010).
Barley is used as a livestock feed, for malt and for
preparing foods. Among the cereal crops, barley
is a species with the greatest adaptability to a
wide range of environments. Barley is cultivated
from arctic latitudes to tropical areas, grown at
the highest altitudes and adapted to specific
sets of agro-ecological areas (Alemayehu and
Parlevliet, 1997).

In Republic of Macedonia barley and
wheat are the principal cereal crops. In 2016,
barley production was 144 832 t with average
grain yield of 3 507 kg/ha (FAOSTAT, 2016).
On the National variety list in the Republic of
Macedonia, besides autumn forms of barley,
only one variety (Makedo) is registered as a
spring domestic variety (MAFWE, 2008).

Successful growing of spring barley
depends on many factors. Productivity is the
final result of the effect and interactions of
several yield-related traits, which are basically
polygenic, (Madi¢ et al., 2014). The grain yield
and quality traits of barley are determined by its
genetic makeup and environment conditions
during growth, harvest and storage. Variation of
yield and major chemical components of barley
grain is genetically controlled (Eagles et al,
1995), but it is also influenced by environmental
factors (Helm, 1992; Paynter and Young, 2004).

Also, numerous tests have been performed
which confirmed that proper and balanced
cereals diet is essential to improve the yield and
quality and can directly or indirectly affect the
efficiency of the other agro-technical measures
(Popescu et al., 1997). Basic nutrients, such as
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nitrogen, potassium, sulphur and magnesium
are crucial elements in many processes in the
development of the plant and the formation
of the yield (Randahwa and Arora, 2000), but
besides this elements, microelements play a
large role in the quality of final product as well.
Awasti and Brahm (1994) reported that barley
yield was increased by increasing the dose of
nitrogen.

The yield formation can be defined as
the interaction effect of soil and climatic
conditions, genotype, fertilization and growing
technology (Barczak and Majcherczak, 2008).

Grain yield is made up of three main different
yield components, the number of spikes, the
number of grains per spike and the thousand-
kernel weight. According to Kavitha et al,
(2009), Sukram et al., (2010) productive tiller
per plant, number of grains per spike and 1 000
grains weight would be more useful criteria for
selecting high yield barley varieties.

The objective of this study was to determine
the genetic potential and the influence of
variety, environment and their interaction on
grain yield in spring barley varieties, grown in
Macedonia.

MATERIAL AND METHODS

Plant material and experimental design

The experiment was carried out on the
field areas in Probistip, Republic of Macedonia.
Probistip is an urban municipality in eastern
part of the Republic of Macedonia, located at
42°00'11" N and 22°10'42" E, with an elevation
above sea level of 589 m. The annual mean
temperature of this city is 10°C with relative
humidity around 70 % and average annual
rainfall of 450 - 500 mm.

Field trials were conducted during two
years (2013 and 2014). Five spring barley
varieties (Makedo, Xanadu, Josefin Variety, Gladys
and Scarlet) were used as an experimental
material for this study. Only Makedo variety
is Macedonian and the other barley cultivars
are imported. The experimental material was
placed by using randomized block design in
three replications. The size of experimental
plots was 5m?,

In 2013 the sowing was done on 19 March
and in second testing year on 17 March. The
sowing was made by hand with 20 cm space

within rows. The standard growing measures
were applied during the vegetation. The harvest
was done by hand also.

Data collection

To quantify the yield, we measured its
three most important components, respectively
the number of spike per m? the number of grain
per spike and 1 000 grain weight.

Ten randomly selected plants from each
repetition have been analyzed for the plant
height (cm) and number of grains per spike.
The number of spike per m? was determined by
counting the plants from m? of each repetition.
1 000 grains weight, has been determined to
measure 1 000 grains of each repetition. Grain
yield obtained from the 5 m? was calculated in
kg/ha.

Statistical analysis

For the analysis of variance (ANOVA) the
statistical package SPSS (2010) was used. Least
significant difference (LSD) was calculated using
Statistical analysis system software JMP (2002).

RESULTS AND DISCUSSION

Due to short vegetation period extending
for about 100 days and poorly developed root
system, spring barley is very sensitive to drought
stresses, even if they are temporary (Pecio and
Wach, 2015). Increasing temperature, even
without significant changes in precipitation may
cause the deepening of the already negative
water balance (Kozyra et al., 2009).

In our study, meteorological data do not
differ for both years of testing. The average air
temperature during the first year of study was
29,6° C, while for the second testing year was

29,2° C. This means that the temperature values
were favourable for optimal plant development
and high yield.

Figure 1 illustrates the average, lowest
and the highest values of grain yield of the
tested barley varieties in the period of study.
Furthermore, Figure 1 presents that Makedo
variety has the highest average value for grain
yield and in the same time had the lowest rang
of variation, followed by Xanadu and Gladys. The
lowest grain yield was record by Scarlet variety.
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Makedo Xanadu

Gladys

Scarlet Josefin

Figure 1. Average values and rang of variation for grain yield (kg/ha)
at barley varieties during the period of study

Barley varieties are known to have different
yield potentials which depend on many factors
(Fettel, 1999; Mackenzie, 2005).

In Table 1 are given the average values

for grain yield and some yield-related traits of
barley varieties during the study period. LSD
test showed significant difference between
tested varieties and traits.

Table 1. Average values for grain yield and some yield-related traits during the period of study

Variety Plant height Number of | Number of grain | 1000 grain Grain yield
(cm) spike per m? per spike weight (g) (kg/ha)
Makedo 64,8c 672a 22a 49,4a 6 844a
Xanadu 64,Ac 617c 20b 43,5¢ 6 638a
Gladys 68,8b 576d 20b 50,1a 5841a
Scarlet 69,8b 638b 20b 46,3b 4 949b
Josefin 76,3a 517e 20b 45,8b 5279ab
Mean 68,8 604 21 47,1 6 544
LSD, . 1,32 20,32 1,05 1,81 1922,3
CV (%) 1,05 1,85 2,80 2,12 18,72

Our research shows that Josefin variety
has the highest value for plant height (76,3
cm), followed by Scarlet variety (69,8 cm). No
significant differences were found between
Makedo and Xanadu variety. Plant height has
the lowest coefficient of variation (1.05 %).

Number of spike per m? plays important
role in yield formation. LSD test show that all
tested varieties significantly differ and cultivars
belong to different group (Table 1). Makedo
variety had the largest number of spike per
m? (672) and the lowest was notes by Josefin
cultivar. The mean value for this trait during the
period of study was 604.

Number of grain per spike is one of the
main yield-related components. According
to LSD, there were not significant differences
between tested barley varieties except for
Makedo variety. This cultivar has the largest
number of grain per spike (22) and the mean
value for this property was 21 grains per spike
for all analyzed varieties.

1 000 grain weight is a quality trait and it
is indicator for the size and grain thickness. This
property depends on variety genetic, but also of
environmental conditions. On the other hand,
1 000 grain weight is less sensitive to climatic
factors compared to grain yield. In this research
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1 000 grain weight ranges from 43,5 g to 50,1 g,
with average value of 47,1 g. Gladys variety had
the highest average value (50,1 g), followed by
Makedo (49,4 g). Bleidere (2008) also reported
similar values for this trait.

From all tested barley varieties, the
genetic potential of grain yield, mostly come
to expression at Makedo variety. Macedonian
variety showed 6 844 kg/ha average grain yield,
followed by Xanadu (6 638 kg/ha). The average
grain yield for all tested varieties for both years
of examination was 6 544 kg/ha. According to
Andrejcikova et al., (2016) the average value for
grain yield during period of study (2011-2012)
was 7 178 kg/ha.

In order to see how changes of
environmental conditions and variety influence
to the grain yield, it is necessary to assess
the interaction between variety and the
environmental conditions. Today, there are
many papers in which the influence of variety,
year conditions and their interactions on grain
yield is explained (Markova Ruzdik et al., 2015).
According to the results of ANOVA (Table 2),
grain yield was significantly affected by the
variety (98.79 %). The effect of year conditions
and the interaction between variety and year
had lower impact on grain yield (0.08 % and
1,13 %, successively).

Table 2. The influence of variety, year and their interaction on grain yield

Factor Sum of df Mean Squere F n
Squares
Total 17,204 30
Factor (A) - variety 16,363 4 4,091 127,734 98,79*
Factor (B) - year 0,013 1 0,013 0,399 0,08
AxB 0,187 4 0,047 1,462 1,13
Error 0,641 20 0,032

CONCLUDING REMARKS

From the performed research it can be
concluded that Makedo variety had the highest
value for grain yield, followed by Xanadu variety.
Also, Makedo cultivar had the highest number
of spike per m? and the number of grain per
spike.These results showed that Makedo variety
is suitable for cultivation and should be more
present in barley production. The study had
proved that the variety has the strongest impact

over grain yield during the period of research.

Except Makedo variety, also Xanadu and
Gladys cultivars can be introduced in barley
production or to be chosen as the most suitable
varieties for new parents in any future breeding
process, in order to get the new high yielding
varieties suitable for cultivation in Republic of
Macedonia.
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FEHETCKMOT NOTEHUWJAN U BIMJAHUETO HA HAABOPELUHATA CPEAUHA BP3 MPUHOCOT
KAJ NPOJIETHUN ®OPMU HA JAYMEH OAMMEAYBAHU BO PEMYBJINKA MAKEAOHWJA

Henap MeTkoBcku', Jbynuo Muxajnos', Hatanuja MapkoBa Pyxguk'’

YHnusepsumem ,loye [lenues’; 3emjodesncku ¢pakynmem, ,Kpcme Mucupkog” 66, 2000 LLmun,
Peny6nuka MakedoHuja
*KoHTaKT aBTOp: nenad petkovskil3@yahoo.com

Pesnme

Llenta Ha 0BOj TPy € Aia ce oapeaaT reHeTCKMOT NOTeHUMjan v BAMjaHUETOo Ha HaABopeLUHaTa CpefnHa Bp3
NPUHOCOT Kaj NponeTHy Gopmu Ha jaumeH ofrnegyBaHu Bo Penybnvka MakenoHuja. Kako ekcneprmeHTaneH
MaTepujan ce KOpUCTeHW neT nponeTH GopMm Ha jaumeH (Makedo, xaHaoy, jozeguH, 2nadyc n ckapriem). Makedo
€ MaKe[JoHCKa CopTa, a OCTaHATUTe COPTU Ha jauMeH MMaaT CTPaHCKO NoTekno. Moncknte ekcnepumeHTn bea
peanusnpaHn Bo TekoT Ha 2013 1 2014 rogmHa Ha nospLunHuTe Bo Mpobuwtnn, Penybnrka MakegoHuja. OnuToTt
Gelle NocTaBeH BO paHAOMUM3MpPaH 6110K-C1CcTeM BO TPU MOBTOPYBakba. MicTpaxkyBamaTta 6ea HanpaseHM co Len
[la ce yTBPAY Aanuv copTaTta, HaABOPELLIHUTE YCIIOBY UM HUBHATa MHTepaKLmja e rnaBHUOT GpakTop Ha BNvjaHune
(n) BP3 NprHOCOT Ha 3pHo. / noKpaj 3HayajHOCTa Ha KNUMaTCKUTe dpakTopu BP3 NMPUHOCOT Ha 3pHO, BO OBME
NCTpaXyBatba Ce MoKaxa AieKa rnaeseH GakTop Koj MMa CUHO BAMjaHMe BP3 NPUHOCOT e copTaTa. BnujaHneto
Ha copTaTa Bp3 GopMUpareTo Ha NPUHOCOT e Hag 98%. HajBncok npuHoc belle fobreH of copTaTa Makeoo
(6844 kg/ha), a BegHal no Hea cneflyBalle xaHagy co 6638 kg/ha. [poceyHnOT NpUHOC Ha 3pHO of fABeTe
rofHN Ha ncnutysarbe belle 6544 kg/ha. CopTata Makedo, UCTO TaKa, MMallle 1 Hajronem 6poj Ha KNacoBM Ha
m?2 1 Hajronem 6poj Ha 3pHa BO Knac.

KnyuHun 360poBu: NpUHOC HA 3pHO, jaumMeH, Copmd, KOMNOHEHMU HA NPUHOC

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 16, No. 1, pp. 97 -102



JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS, Vol 16, No. 1,2018
In print: ISSN 2545-4447
On line: ISSN 2545-4455
UDC: 637.5'652/'658.043:641.522.2
Original scientific paper

Manuscript received: 28.05.2018
Accepted: 21.06.2018

CHANGES IN FATTY ACID COMPOSITION OF POULTRY MEAT AFTER
HEAT TREATMENT

Mitre Stojanovski™, Anita Cakarova?, Aco Kuzelov?, Elena Joshevska', Gordana Dimitrovska’,
Dzulijana Tomovska', Katerina Bojkovska'
'Faculty of Biotechnical sciences, St. “Kliment Ohridski’, University Bitola, R. Macedonia
2Food Industry “Blagoj Gorev’, Veles, R.Macedona
3Faculty of Agriculture, Goce Delcev University, Stip, R.Macedonia
*Corresponding author: mitre.stojanovski@yahoo.com

Abstract

The purpose of the paper is to determine the changes in the fatty acid composition of fat in poultry meat
after the heat treatment, after frying in different types and combinations of fats. Lard, sunflower oil, palm oil
and a combinations of three parts of lard and one part of sunflower oil, three parts of lard and one part of palm
oil and three parts of palm oil and one part of sunflower oil were used for the examination. After frying with lard
in the meat, there is a greater change in the fatty acid composition, where the fatty acid C18:1n9cof 45.84%,
which it had it before frying, increased to 49.05%, C18:0 decreased from 10.18% to 7.45% and decreased C16:0
from 29.55 % to 27.45%. After frying in sunflower oil and palm oil, there has a formation of new fatty acids in
insignificant amounts. In combination of three parts of lard and one part of sunflower oil, minimal changes
in the fatty acid composition of less than 1% have been observed. In frying with three parts of lard and one
part of palm oil fatty acid C14:0 from 0.88% to 23.81%, fatty acids C16:0 decreased from 27.24% to1.72%,
C18:1n9c from 48.05 % to 15.16% and C18:2n6c¢ from 12.44% to 0.20%. After the heat treatment of the meat
in three parts of palm oil and one part of sunflower oil, there is an increase in the content of fatty acid from
C18:2n6cfrom 8.42% to 11.62 %.

Key words: quality, frying, lard, palm oil, sunflower oil

INTRODUCTION

Thermal processing of meat is regular
action in cuisine and in the meat industry. The

surface, while golden yellow to chestnut colour
is formed on the surface of the fat tissue. The

objective of thermal processing of meat is to
prepare the meat for consuming and to increase
its sustainability. One of the most applied and
fastest ways of thermal processing of meat
for consuming in households is frying. Soft,
boneless pieces of meat from the shoulder part,
the thigh, the loin and the neck, and from which
the visible fat tissue was removed, are usually
used for frying. Sunflower oil and lard are used in
the households to fry meat, and lately the palm
oil became very popular. During frying with
less or more oil, sensory characteristics which
are very alike to those formed during grilling or
roasting, are formed in the meat. During frying
of the meat with less or more oil, attractive
chestnut brown colour is being formed on its

chestnut brown colour of the meat surface is
consequence of Maillard reaction, which occurs
during thermal processing.

During thermal processing - frying of meat,
the temperature on the meat surface reaches
180-150°C (Raheli¢ et al., 1980) and numerous
physical and chemical reaction happen within
the meat. As a result of the heat, the water
evaporates from the meat, the fats are extruded
and they leak into the frying pan.

Changes which occur in the oils in which
the meat is fried are primarily result of heat
denaturation of fats, as well as a result of
reaction between fats in the meat and soluble
proteins.
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MATERIAL AND METHODS

Material samples

The poultry that were used for
examination are purchased from trade network
usually from freshly slaughtered broilers (meat
from the chest). The meat was cut down to size
and shape as for frying, 80-100 g.

Fats used for the heat treatment of
the meat (frying) and for examining their
chemical changes after the heat treatment are
lard, sunflower oil, palm oil and mixture, lard
and sunflower oil in a ratio of 3:1, palm oil and
sunflower oil in a ratio of 3:1, lard and palm oil
in aratio of 3:1. Lard used for the heat treatment
of meat and for the examination of chemical
changes in fat after the heat treatment of the
meat is obtained from the trade network. The
sunflower oil used to test the chemical changes
in fats after the heat treatment of the meat
is commercial oil produced in the oil factory
“Blagoj Gorev” from Veles, R. Macedonia.

Thermal processing of the meat

Thermal processing - frying of the meat
is performed in laboratory. The meat samples
are frying after the melting and reaching
the boiling point. The meat is fried in a large
amount of fat, that is, the level of fat in the
plate in which the meat was fried was enough
to cover them. The determination of fried meat
was subjective, that is, the conclusion that the
meat was sufficiently thermally treated was the
formation of the attractive colour on its surface.
After the heat treatment, the meat is taken out
of the plate in which it is thermally processed
and it is transferred to another plate in which a
kitchen paper for absorption of fat is placed on
the bottom. The changes in meat weight were
monitored by measuring meat before and after
thermal processing with electronic weighing
scale accurate to 0.1 g. Prior to the heat
treatment of the meat, one sample of the fat in
the amount of 25 cm?® was taken or a total of 12
samples of fat were taken for testing the fatty

acid composition before the treatment. Fat-
sampling before heat treatment is done after fat
fading. The fats are placed in glass bottles with
a volume of 30 cm. After the heat treatment of
the meat and the cooling of the fats, four more
samples are taken to examine the changes that
occur in the fatty acid composition of the fats.

Determination of fatty acids content

Examination of changes in fatty acid
composition of the fats is conducted before
and after thermal processing .The fats from
the analyzed samples of the poultry meat were
extracted by the Rose-Gottlieb, (AOAC, 1990)
method (modified method of Secchiari and
Coll. (2003). Butylated hydroxytoluene (BHT) (50
pug BHT/ml in methanol) was added in order to
avoid oxidative degradation of the fatty acids.
Methylation of the fatty acids was done by the
AOAC Official Method 996.06 (2005).

The produced metal esters of the fatty acids
(FAMES) were analyzed with gas chromatograph
Hewlett Packard 5890 series Il with flame
ionization detector and capillary column HP 88
(60m x 0.250mm x 0.20 um). Helium was the gas
carrier, and the total duration of one cycle was
38.50 minutes. The FAMES produced from the
analyzed samples of the fermented sausages
were identified on the basis of the comparison
of their retention time with the retention time
of the standards of FAMES consisted in 37
component mixture (Supelco 37 component
FAME mix). The content of each of the analyzed
fatty acids is shown in percent (%).

Analyses of changes in fatty acid
composition of the fats are examined in the
laboratory of the Food Institute at the Faculty of
Veterinary Medicine in Skopje.

Statistical analysis

All data were presented as mean value
with their standard deviation indicated (mean +
SD).

RESULTS AND DISCUSSION

Significant  physical changes, which
contribute to change of basic characteristics of
meat and forming new sensory characteristics
important to its quality, occur during thermal
processing of meat.

One of the basic changes which occur
during thermal processing is weight loss — meat
shrinkage. The weight loss of the meat which
occurs after thermal processing could be seen
best from data given in Table 1.
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Table1. Weight Loss-meat shrinkage in poultry meat during thermal processing

Parameters
Meat frying Chgnges in meat « S Cv min max
weight
Before t.hermal 84.80 8.060 9.504 70.00 94.00
Lard processing (g)
After thermal 46.80 | 5741 | 12267 | 4200 | 56.00
processing (g)
Shrinkage (%) 44.00 8.367 19.015 34.00 55.00
_ |Before thermal 8560 | 5426 | 6334 | 8200 | 94.00
Sunflower oil processing (g)
After thermal 5520 | 5741 | 10400 | 48.00 | 64.00
processing (g)
Shrinkage (%) 35.66 2.494 6.994 32.00 39.00
_ Before thermal 9240 | 13529 | 14642 | 76.00 | 106.00
Palm oil processing (g)
After thermal 5740 | 10151 | 17.684 | 44.00 | 66.00
processing (g)
Shrinkage (%) 38.20 2.315 6.061 35.00 42.00
Before thermal 8360 | 10072 | 12047 | 70.00 | 100.00
Lard and sunflower |processing (g)
oil After thermal 5160 | 8139 | 15773 | 40.00 | 64.00
processing (g)
Shrinkage (%) 38.60 3.262 8.450 36.00 43.00
_ |Before thermal 10400 | 11.662 | 11.134 | 92.00 | 120.00
Lard and palm oil | processing (g)
After thermal 6560 | 4630 | 7.058 | 60.00 | 72.00
processing (g)
Shrinkage (%) 36.80 3.059 8.314 33.00 42.00
. Before thermal 8680 | 6013 | 6928 | 76.00 | 94.00
Palm oil and processing (g)
sunfloweroil | After thermal 5060 | 9830 | 16494 | 4400 | 68.00
processing (g)
Shrinkage (%) 31.80 9.064 28.504 23.00 49.00

As seen from data presented in Table
2, the average weight loss during thermal
processing of poultry by frying with sunflower
oil is 35.66%, by frying with lard is 44.00 % and
by frying with palm oil is 38.20%. The frying in
a mixture of lard and sunflower oil, lard and
palm oil, palm oil and sunflower oil in 3:1 the
average weight loss is 35.53%.Shrinkage in
poultry meat during thermal processing fried in
palm oil and sunflower oil is the lowest and it
is 31.80%, and the highest in meat that is fried
in combination of lard and sunflower 38.60%.
The obtained results in our examinations are in
relation to the results stated by other authors.
The meat shrinkage during thermal processing
depends on the reached temperature in the
centre of the product. The weight loss of meat

will be as bigger as the temperature of oils in
which the meat is thermally processed gets
higher (Buchar and Frohlich, 1969; Rohman, A.
and Che Man, Y. B. 2009a; Naz Shanina, et al.,
2005; Gunston, F.D. 2004). Significant changes
of fatty acid composition occur after thermal
processing of meat, which is caused by the
temperature during thermal processing, as well
as the interaction of fats and soluble proteins
and the interaction of other meat substances
and oils used for thermal processing - frying of
meat, (Rashood, et al.,1996; Marina, et al.,, 2010;
Marikkar et al., 2011; Indrasti, et al., 2010).

The changes in the fatty acid content that
occur during thermal processing of meat -
frying with lard, sunflower oil and palm oil could
be seen best from Table 2.
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Table 2. Changes in the fatty acid content before and after heat treatment of poultry meat - fried with different

types of fats
Different types of fats
Lard Sunflower oil Palm oil
Fatty acid before after before after frying before after
composition frying frying frying frying frying
C14:0 1.22 1.43 - - 0.65 0.75
C16:0 29.55 2745 10.58 11.57 46.15 44.43
C16:1 2.36 2.79 - - - 0.36
C17:0 0.23 0.28 - - - -
C17:1 0.15 0.23 - - - -
C18:0 10.18 7.45 3.49 3.58 3.21 3.25
C18:1n9c 45.84 49.05 45.42 45.51 44.40 44.77
C18:2n6¢ 9.00 9.31 40.06 38.80 4.06 6.21
C18:3n6 0.39 0.45 - 0.20 - 0.23
C21:0 - 0.45 - - - -
C18:3n3 0.45 0.86 - 0.18 - 0.21
C22:0 - 0.25 - - - -
C20:5n3 - - - 0.15 - -

It is acertained that two fatty acids are
formed in poultry fried with lard, such as C21:0
in an amount of 0.45% and C22:0 in an amount
of 0.25 %. During the thermal processing
of the poultry, the content of C18:1n9c has
increased from 45.84% to 49.05%, while C18:0
has decreased from 10.18% to 7.45%, C16:0 has
also decreased from 29.55% to 27.45%. These
changes are statistically significant at the level
of (p<0.5).During frying of poultry with palm
oil there is minimal decrease of the content
of C16:0 from 46.15 % to 44.43 %,and at the
expense of it new fatty acids appear, such as
C18:3n3 andC18:3n6, which are either result of
denaturation changes which occurred in the
palm oil during thermal processing of the meat,

or extracted from poultry. The changes which
occur in fatty acid composition of fats after
thermal processing of the meat are minimal and
do not show statistical significance.

Most probably, the new fatty acids which
appear in fats after thermal processing (most
noticeable after frying with sunflower oil) of
the meat are either extracted from the meat or
newly created fat acids from the existing ones,
under influence of high temperature during
thermal processing of the meat

The changes in the fatty acid content that
occur during thermal processing of meat -
frying with combinations of fats could be seen
best from Table 3.

Table 3. Changes in the fatty acid content before and after heat treatment of poultry meat - fried with different

mixture of fats

Different mixture of fats
Lard : sunflower oil Lard : palm oil Palm oil : sunflower oil
Fatty acid (3:1) (3:1) (3:1)
composition before after before after frying before after
frying frying frying frying frying
C14:0 0.88 23.81 0.88 23.81 0.59 0.67
C16:0 27.24 1.72 27.24 1.72 42.31 41.99
C16:1 2.23 - 2.23 - - 0.20
C17:0 0.12 - 0.12 - - -
C17:1 - 7.65 0.21 7.65 - -
C18:0 8.15 51.25 8.15 51.25 3.23 3.48
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C18:1n9¢ 48.05 15.16 48.05 15.16 45.24 41.71
C18:2n6c¢ 1244 0.20 12.44 0.20 8.42 11.62
C18:3n6 0.36 0.21 0.36 0.21 0.21 0.23
C18:3n3 0.53 - - - 0.10

Under the influence of high temperature
during the frying of poultry in a mixture of lard
and sunflower oil, one more significant change
is that the content of C14: O increases from
0.88% to 23.81%, and decreases the content of
C16:0 from 27.24% to 1.72%, C18:0 is increased
from 8.16 to 51.25%, which is a consequence
of the transformation of cis oleic fatty acid.
After the heat treatment of poultry meat in the
mixture of lard and sunflower oil, a new fatty
acid C17:1 occurs in an amount of 7.65%, which
we believe has been squeezed out of the meat.
During the frying of poultry in a mixture of lard
and palm 0il,C16: O in the amount of 27.24%
after frying decreased to 1.72%, while in oleic
fatty acid (C18: O) before frying was represented
by 8.15%, and after frying, its presence in fat

was 51.25%. A similar situation exists with the
fatty acid of C18: 2n6¢c where its quantity of
12.44% has decreased to 0.20%. After frying
of the poultry in this combination of fats there
is a new fatty acid C17: 1 which is represented
by 7.65%. Other fatty acids have no significant
changes, they are almost unchanged. In the
third combination of fats pamitic fatty acid
(C16: O), which in fats before frying was 42.31%
after frying fell to 41.99%, then fatty acid C18:
1n9c which in fat before frying was present in
quantity of 45.24% decreased to 41.71%, while
fatty acid C18: 2n6c of 8.42% was increased to
11.62%. For other fatty acids in fat before and
after frying of poultry meat there are no major
changes.

CONCLUSIONS

Based on the investigations carried out on
chemical changes that occur in fats after the
heat treatment, the following conclusions can
be made:

- The average shrinkage during heat
treatment of poultry meat in sunflower oil

is 35.66%, lard 44.00% and palm oil 38.20%;

- After frying of poultry in lard, there

is an occurrence of C18:3n3 with a

representation of 0.45% and C22:0 of

0.25% and after frying in palm fat there is

a new fatty acid C16: 1 where its presence

is 0.36%.

During frying the meat in the mixture
of fats, changes that occur in the fatty acid
composition of fat in which the meat is
processed present the fact that some fatty acids
have decreased, others have increased and
there have been new fatty acids. The emergence
of new fatty acids is considered to be primarily
a consequence of the extraction of fatty acids
from the meat, and others are a result of the
denaturation of fatty acids and the transition
into a cis or trans form of the corresponding
fatty acid.
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CHANGES IN FATTY ACID COMPOSITION OF POULTRY MEAT AFTER HEAT TREATMENT
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Pesnme

Llenta Ha TpyZoT e fa ce yTBPAAT NPOMEHUTE BO MAaCHOKUCENMHCKMOT COCTAaB Ha MAacTUTE Kaj MUELLIKO
6e10 Meco Nno TepMryKaTa 06paboTKa 1 Toa MO MPXKEHE BO PA3/INYHU BUAOBU U KOMOMHaALMM Ha MacTu. 3a
UCMNTYBahe Ce KopurcTelle CBUHCKA MacT, COHYOre0BO Macslo, MasiMMHA MacT U KOMOMHauMja Ha Tpu Jena
CBVIHCKa MAacCT U e[leH [ieN1 Ha COHYOrIeJoBO MacJio, TPU Aerla Ha CBMHCKA MACT M efleH el Ha NajiMUHa MacT U
TPU Oena Ha NasiM1MHa MacT 1 eleH Aefl Ha COHYOre[0BO Macs1o. Mo NPXKeHEeTO CO CBMHCKaTa MACT Kaj MECOTO
MMa norosnemMu NPOMeHN BO MaCHOKUCENIMHCKMOT COCTaB Kade LWTO MacHaTta KucennHa C18:1n9c og 45.84%
KOja ja MMalle npep npxere ce 3ronemm Ha 49.05%, C18:0 ce Hamanu of 10.18% Ha 7.45% 1 HamanyBarbe
Ha C16:0 op 29.55% Ha 27.45%. Mo np»erbe BO COHYOMNELOBOTO MAC/0 M NajIMMHA MAcT MMa dopmuparbe
Ha HOBV MaCHV KUCENIVHU BO HE3HAUMTENTHO KONMYecTBO. Bo KOMOUHaLMja of TpU Aena CBUHCKA MacT U efleH
[en Ha COHYOMNE[OBO MAC/IO KOHCTAaTUPaHN Ce MUHMMANHM MPOMEHM BO MACHOKMCESIMHCKMOT COCTaB KOj
nsHecyBaat nog 1 %. NMpu npxxere co Tpu Aenla CBUHCKA MACT U eieH Aes Ha NaIMUHA MacT MacHaTa KucenmHa
C14:0 op 0.88% ce 3ronemu Ha 23.81%, macHuTe KnucennHu C16:0 ce Hamanuja og 27.24% Ha 1.72 %, C18:1n9¢
opn 48.05% Ha 15.16% un C18:2n6¢ o 12.44% Ha 0.20%. Mo TepmuuKkaTta 06paboTka Ha MeCoTo BO Tpu Jiena Ha
nasiMMHa MacT 1 efieH [N Ha COHYOIeL0BO MAC/IO MMA 3rofleMyBatbe Ha COAPXKMHATa Ha MacHaTa KuCenmnHa
C18:2n6¢ 0p 8.42% Ha 11.62%.

Kﬂyl'IHI/I 360pOBIlI: Keasziumem, np»keke, CBUHCKa macm, naJiMmuHa macm, COHY02/1e0080 MAC/I0
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