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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. 2 contains the presented papers from the
1* International Meeting Agriscience & Practice (ASP 2018).

Editorial Board, Editor in chief,

December, 2018 Prof. Liljana Koleva Gudeva, PhD
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EXAMINATION OF SOME QUALITY FEATURES OF OATS GROWN IN
CONDITIONS OF ORGANIC PRODUCTION

Adrijana Burovska', Dragica Spasova'*, Biljana Atanasova’, Dusan Spasov’, Mite llievski'
'Faculty of Agriculture, Goce Delcev University, Stip, Republic of Macedonia
*Corresponding author: dragica.spasova@ugd.edu.mk

Abstract

The research was conducted in 2015 and 2016, at 11 oats genotypes in terms of organic production.
Three of the populations were domestic: Krivogastani, Trebenista and Kuceviste. The rest were introduced
varieties, including Rajac, Slavuj and Lovcen from Serbia and varieties: Kupa, Baranja, Explorer,Sampionka and

Istra from Croatia.

In the first year of the study, the energy of germination of oats seed ranged from 70% in variety Rajac,
up to 96% for the variety Kupa. In the second year of the study, the energy of germination was 81% for the
variety Kupa, to 96% in variety Istra. While comparing the varieties it is pointed out that there are statistically

significant differences.

The total germination of oat seeds, cultivated under conditions of organic production, is statistically
different between different genotypes, in both years of research. In 2015, the variety Rajac showed minimum
germination (70%), and in 2016, the variety Lovcen (82%). Variety Krivogastani showed the greatest over all
germination in both experimental years (96% in 2015 and 97% in 2016).

Regardless the year and the mode of production, the best genotype of the tested variants for the highest
absolute mass of grain, it proved the variety Istra with 34,6g in 2015 and 29,69 in 2016. The smallest absolute
mass in both experimental years had the Krivogastani population, 12.3g in 2015 and 14.9g in 2016. There is

statistically significant difference between varieties.

Key words: variety, population, energy of germination, germination, absolute mass

INTRODUCTION

Oat (Avena sativa L.) is one of the oldest
cereals, known first as weeds in cereal crops, and
then grown as an independent culture, because
of its high economic qualities - high protein
content with a better balanced amino acid
composition (Moudry,1992; Yeoh & Watson,1981;
Frey,1977), than other cereals, a favourable
relationship between nutritional properties and
high digestibility, which determine oats as an
indispensable concentrated forage in the diet of
domestic animals.

The agricultural significance of the oats
is due precisely to the quality of the grain and
the small requirements about the conditions of
cultivation, so it can succeed in the areas where
other cereals produce low yields (Spasojevi¢ et
al., 1984). With the development of the food

industry and the growing need for healthy
and dietary food, the significance of the oat for
balanced nutrition of people has increased. Oat
breeding aims at producing as high yielding
varieties as possible, but some irreplaceable
properties of the grain are also required in
connection with the production of valuable
food and nutritional products (CaBosa, 2007;
leoprues et al., 2003).

Oat is a cereal crop that prefers moist and
cold climates, but due to the constant increase
in air temperature and uneven precipitation
in the last ten years, efforts are being made
to create new varieties adapted to the new
modified conditions (Kyamosa K., 2009). Oat is
very sensitive to drought and low temperatures
(Bozi¢ et al.,, 2013). Insufficient and irregular
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precipitation in spring also negatively affects
the yield of oats (Barut, 2003).

Genotypes with a high percentage of total
germination and development have a high
selectivity value and if involved in the selection
process can lead to improved crop growth, its
competitiveness and productivity (Llesenyxa,
1992; CraHkos et al., 2010; CraHkos et al., 2008;
Bbnues et al., 2010). The energy of germination
and germination rate of the seeds describe
their physiological characteristics that enable
them to quickly grow in the soil and be tolerant
towards the various negative environmental
factors (Leki¢, 2001; MiloSevi¢ et al., 2010).

Oat is one of the most suitable cereals for
organic production (Lockeretz, 1981). This is in

accordance with the studies and other authors
(Galie et al., 2004), who examined varieties
of oats in organic production conditions,
established that oats are a very suitable cereal
organoleptic crop, bearing in mind the high
yields they received which ranged from 4 to 5
t/ha.

The purpose of the study was to analyse
some biological and physical properties such
as the energy of germination, total germination
and the absolute mass of oat grains in conditions
of organic production, which will determine
which variety or population is most suitable for
growing in the climatic conditions, which are
characteristic for Strumica region.

MATERIAL AND METHODS

The tests were carried out in 2015 and
2016, in field and laboratory conditions. Field
experiments were placed on the experimental
field at the Faculty of Agriculture, “Goce Delcev”
University - Stip in Strumica, and the laboratory
analysis were carried out at the Faculty of
Agriculture laboratories.

11 oats genotypes have been analysed,
three of which are domestic populations
(Krivogastani, Trebenishta and Kuceviste), three
Serbian genotypes (Rajac, Slavui, Lovken) and
five genotypes are of Croatian origin (Kupa,
Baranja, Explorer, Championka and Istra).

The trials were set in three repetitions,
distributed by the random block system
method, with a dimension of the basic parcel of
5ma2.

The distance between the variants was
0.50 m, and between the repetitions 1 m. The

distance between rows was 20 cm. The seed
rate of 550 grains per Tm2 was used. The basic
soil treatment was performed at a depth of 35
cm. Prior to sowing, additional processing and
fertilization with 30 t/ha biological fertilizers
were carried out, according to the regulations
for organic production.

Before the harvest, material from plot of
1m2 for laboratory analysis was taken (30 plants
of each parcel were used, i.e. 90 plants of each
variant)

The biological and physical properties
of the grains (energy of germination, total
germination and absolute mass) were examined
according to international methods of ISTA.

The obtained results were processed
statistically according to the method analysis
of variance, and the differences were tested
according to the LSD test.

CLIMATE CONDITIONS

In the period of two-year trials, the
meteorological indicators for average monthly
air temperatures in Celsius were monitored and
monthly sums of precipitation in millimetres.

For the period of ten years, 2004/2014, the
average annual temperature in Strumica valley
(Table 1) was 13.5°C, and an average fall of 663.9
mm precipitation (Table 2).

The schedule of precipitation (Table 2) by
months and by seasons is quite unbalanced.
The most robust mass of rain, for a period of ten
years, is in October with an average of 80.1mm.
The driest month, with the lowest average

amount of precipitation is August 39.9mm.

The analysis of the temperatures in the
period of research 2015-2016 (Table 1) showed
a high similarity with the average annual
temperatures in the Strumica valley at the ten-
year average. The mean annual temperature in
2015 is 0.3°C higher than the multiyear average,
and in 2016 is 0.4°C higher than the average.

It must be noted that the amount of
precipitation and temperature smaller or larger
than average amount is sufficiently reliable
factor for the successful completion of the
vegetation, i.e. good yield.
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According to the data in Table 1, it can
be concluded that the average monthly air
temperatures during the spring oats (March
- July) vegetation, in the two years of testing,
are the lowest in the first month of the oat
vegetation, i.e. in March (from 7.2 - 9.5 °C), and
the highest in July (25.5 - 26.7°C). These mid-
month temperatures, which prevailed in the
two years of testing, are considered good for
growing oats.

Spring oat is known as low temperature

Table 1. Average monthly temperatures in Celsius

sensitive culture and should not be grown in
areas where temperatures fall from -10 to -14°C,
before forming a snow cover. But the degree of
resistance depends on the large extent on the
stage development, the stages of organogenesis,
the sowing time, the species, the variety, the
availability of soil with nutrients, the duration of
the low temperatures, the humidity of the soil,
etc. The temperature is considered one of the
key factors in the germination process (Forcella,
1998).

Month Ann. | Average
Year amount of| ann.
I I1 III v A% VI VII | VIIT | IX X XI | XII temp. temp
2015 28153 7,2 12,4 | 19,8 | 214 | 26,7 | 24,9 | 20,1 | 13.8 | 8,8 | 3,0 5052,2 13,8
2016 14 | 94 9,5 1555 | 16,9 | 23,5 | 255242 (191|134 | 7,2 | 1,3 5073,5 13,9
ig(l): T 24 41 8,8 13,5 | 18,2 | 224 | 25,1 1249|194 | 126 | 7,8 | 3,4 4927,5 13,5
Table 2. Amount of monthly precipitation in mm
Month s & &
EE5S
Year <S35
I II III v A% VI VII VIII | IX X XI | XII g =
2015 50,4 | 81,4 83,0 | 16,6 | 16,1 | 40,1 6,6 65,6 | 95,0 |1 102,9 | 54,4 | 0,0 612,1
2016 61,3 | 23,5 | 1355 | 52,5 | 96,2 | 38,3 18,7 18,7 | 31,4 | 64,3 | 53,3 | 0,0 593,7
ig(l): " | 43,5 | 51,5 50,5 | 44,0 | 66,3 | 60,1 52,0 39,9 | 61,0 | 80,1 | 48,3 | 66,9 663,9

For successful vegetation, oats require a lot
of water and are therefore considered as cereal
that has the greatest need of it.

Critical water periods are the stages of the
formation of generative organs (about 15 days
before tasselling) and the time of intense growth
(until the tasselling) (Vasilevski, 2004).

In Table 2, it can be noted that during the
vegetation period of the oats, the precipitation

scales are relatively good and correspond to the
needs of the oats.

Oats have the greatest need for water in
relation to other cereals, due to the large leaf
mass that it forms during vegetation. The oats
transpiration coefficient ranges from 400 to
570, but it largely depends on the variety, agro-
technical measures, the type of soil, relative
humidity of the air, etc.

RESULTS AND DISCUSSION

Energy of germination

Energy of germination defines as the
percentage of normally germinated seeds
in relation to the number of seeds set for
germination, determined after the expiration of
the time provided for the first assessment, i.e. for
determining the energy of germination.

The energy of germination of the seeds
reflects the seed’s vitality, so that after the sowing,
it yields uniform, healthy and strong holes in
a relatively short time and in relatively good

11

skinning conditions. The energy of germination
may vary depending on the action of the seed
and the ecological factors (Rajnpreht, 1990).

In the first year of the study, the germination
energy of oat grown in organic production
(Table 3) ranged from 70% in the Rajac variety
to 96% in the variety of Cupa. In the second year
of the study, the germination energy was 81%
in the varieties of Cupa, up to 96% in the variety
of Istra. Compared between varieties, there are
statistically significant differences.
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Germination

Determining the seeds germination is one
of the most important ways of assessing seed
material,and’ spinningis the ability of the seed to
sprout when it comes in favourable conditions.
Germinated seed is the one that in a certain
time develops a root and a stem not less than
the length of the seed that is considered proper.
The term total germination of seeds means the
percentage of normally developed germinant
in relation to the total number of seeds placed
on germination, determined after the expiry
of the time provided for the final evaluation.
Water, temperature, light, oxygen together with
soil characteristics are the factors that have the
greatest impact on the germination of seeds
(Gorai & Neffati, 2007).

The total germination of the seeds is the
most important biological parameter for the
quality of the seeds, on which its longevity
depends.

This important biological parameter for
seed quality (Table 3), in both years of research,
is statistically different in different genotypes and
ranges from 70% to 96%. In 2015, the variety Rajac
showed the lowest percentage of germination
(70%), and in 2016 it was the Lovken variety
(82%), while the Krivogastani variety showed the
highest total germination in both experimental
years (96% in 2015 and 97 % in 2016).

The germination of the seeds in the studies
of some authors (Cnacosa, 2008), were slightly
higher, ranging from 80% to 99%, and the lowest
seeds of the Rajac variety (87%) were observed
in the first year of the trials.

Absolute mass of the grain

The absolute mass of the seed is a mass of
1000 air-dry grains and is expressed in grams. It
tells us about the nature of the endosperm of
the grain or the internal structure of the grain.

Better laxity gives a higher absolute mass,
and is important when determining the amount
of sowing rate in cereals.

Absolute mass is a feature of the species
and variety, but in the same variety, it may
be different, depending on the conditions
of production (Peki¢ et al. 2010). In our
investigations, the conclusion was confirmed.

Regardless the year and the way of
production, the best genotype of the examined
variants with the highest absolute mass of grain
was the variety Istra (34.6 g in 2015 and 29.6 g
in 2016). The lowest absolute mass in both years
had the Krivogastani population, 12.3 g in 2015
and 14.9 g in 2016, as well as the Kuceviste variety
(14.9 g in 2016). Among the varieties, there is a
very significant statistical difference.

Table 3. Quality properties of oats grown in organic production in 2015 and 2016

Variety / Energy of germination Germination Absolute mass of grain
population (%) (%) (9)

2015
Krivogashtani 94 96 12,3
Trebenishta 86 86 247
Kuchevishte 80 88 20,1
Rajac 70 70 17,8
Slavuj 83 84 20,5
Lovken 91 91 25,6
Cupa 96 95 26,4
Baranja 90 90 24,3
Explorer 80 80 27,7
Shampionka 91 91 22,0
Istra 92 92 34,6
LSD 0,05 5.9 4.23 2,77

0,01 8.4 6.0 5,50
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Variety / Energy of germination Germination Absolute mass of grain
population (%) (%) (9)

2016
Krivogashtani 95 97 14,9
Trebenishta 89 92 19,9
Kuchevishte 90 91 14,9
Rajac 84 85 23,3
Slavuj 86 88 18,5
Lovken 90 82 19,3
Cupa 81 92 22,9
Baranja 92 93 16,0
Explorer 82 89 19,3
Shampionka 91 92 17,6
Istra 96 96 29,6
LSD 0,05 2.88 2.62 2,65

0,01 4.38 3.82 3,78

CONCLUDING REMARKS

Based on the two-year trials and the
obtained results for the quality properties of oats
grown in organic production, we can conclude
that:

« The lowest energy of germination of the
seeds had variety Rajac (70%) in 2015 and
variety Kupa (81%) in 2016, and the highest,
variety Kupa (2015) and the variety Istra
(2016) with 96%.

«  The Krivogastani  varieties showed
the highest total germination in both
experimental years (96% in 2015 and 97%
in 2016), and opposite, the lowest total
germination had the variety Rajac (70%) in

2015, and the variety Lovken (82%) in 2016.

The best genotype of the examined

variants with the highest absolute mass

of grain was the variety Istra (34.6 g in

2015 and 29.6 g in 2016), and the most

unfavourable for growing in our conditions

are Krivogastani population, 12.3 g in 2015

and 14.9 g in 2016, as well as the Kuceviste

with 14.9g in 2016.

Accordingly, the variety Istra is the most
suitable genotype of the examined 11 varieties
for breeding in organic production in the
conditions of Strumica region.
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EXAMINATION OF SOME QUALITY FEATURES OF OATS GROWN IN CONDITIONS OF ORGANIC PRODUCTION

NCNUTYBAHE HA HEKOU KBAJIUTETHU CBOJCTBA HA OBEC OAIMIEAYBAH BO YCJIOBU HA
OPrAHCKO NPOM3BOACTBO

AppwvjaHa bypoBcka', iparuuya CnacoBa', bunjana AtaHacoBa', lywaH Cnacos,
MuTe Ununesckn'
'3emjodencku pakynmem, YHusepzumem ,lfoye [lendeg” LLimun
*KoHmakm asmop: dragica.spasova@ugd.edu.mk

Pesnme

NcnntyBarbata ce BpweHn Bo 2015 v Bo 2016 rogmHa, Ha 11 reHOTUNOBK OBEC NPU YCNOBK Ha OPraHcKo
NpPOV3BOACTBO, Of Koy 3 6ea foMalLHY MONYynaLumn: Kpugo2awmaxu, mpebeHuWIMa v Kyyesuwime, a ocTaHaTUTe ce
WHTPOAYUpaHu COpTU 1 Toa: pajay, ciasyj n nosker op Cpbuja, n copTute: Kynd, 6apared, ekcniopep, WamnuoHKa
1 ucmpa og XpBatcka.

Bo npBaTta roguHa of MCNUTYBameTO, eHeprujata Ha ‘pTere Ha CceMeTo of oBecC ce Auxelle of 70%
Kaj copTaTa pajay, 8o 96% Kaj copTaTa Kynd. Bo BTopaTta roguHa of UCNUTYBaHETO, eHeprujata Ha ‘prereTo
n3HecyBalle of 81% Kaj coptata Kyna, o 96% Kaj coptata ucmpa. CnopefeHo nomery coptute, ykaxyBa Ha
KOHCTaTauujaTa feKa NocTojaT CTaTUCTUYKI MHOTY 3HaYajHN PasfivKku.

BkynHaTa ‘pTIMBOCT Ha CEMETO Of OBEC, OArIedyBaHO NpW YCNOBM Ha OPraHCKO NPOW3BOACTBO, U BO ABETe
roavHM Ha UCNUTYBake e CTaTUCTUYKM pa3fivyHa Kaj pas3nuyHm reHotmnosu. Bo 2015 rogmHa copTaTta pajay
nokaa Hajmana ‘ptnmsocT (70%), a Bo 2016 rognHa copTaTa JI08KeH NnoKaka Hajmana ‘pTnmBocT (82%), Aopeka
nonynaumjata KpugoeawimaHu NoKaa Hajronema BKyrnHa ‘pTIMBOCT 1 BO ABeTe onuTHW rognHu (96% so 2015 un
97% B0 2016 roanHa).

bes ornepn Ha roguHaTa U HAYMHOT Ha NMPOW3BOACTBO KaKo Hajaobap reHoTVN of UCMUTYBaHUTE BapujaHTM
3a fobumBame Ha BMCOKa ancoslyTHa Maca Ha 3pHO ce NoKa)a copTaTta ucmpa co 34,6 g Bo 2015 roguHa 1 29,6 g
BO 2016 roguHa. Hajmana anconyTHa maca 1 BO iBeTe roAnHn nmalle nonynaumjata kpusocawmanu n toa 12,3 g
B0 2015 r. n 14,9 g Bo 2016 rogunHa 3aefHo co Kyyesuwme. [lomery copTuTe MOCTOM MHOTY 3HavajHa CTaTUCTMYKA
pasnuka.

KnyuHn 360poBu: copma, nonysiayujd, eHepauja Ha ‘pmerbe, ‘pmsugocm, ancoaymHa maca
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Abstract

Flax (Linum usitatissimum L.) is an industrial crop and has great importance for humans and economy.

Analysis of five different flax genotypes, produced in the Strumica region, Republic of Macedonia, in
2014 and 2015 is made, with regard to the content of protein in the flaxseed. The experiment consisted of
five variants in three repetitions, divided by the method of randomized block system. During the vegetation,
standard farming practices for field flax production were used. Analysis of the protein content in flaxseed was
made in the Laboratory for plant and environmental protection, at the Faculty of Agriculture, “Goce Delcev”
University — Stip (Standard: ISO 20483:2006). The content of protein in flaxseed was analysed by Kjeldahl
method. The results were statistically processed by the method of analysis of variance, and the differences
were tested by LSD - test.

The content of protein in flaxseed of the tested genotypes ranged from 26.9% to 29.4%. All flax genotypes
had higher percentage of proteins in the seed. But, the genotypes Belinka (29.3%) and Velusina (28.5%) are
characterized by the highest average content of protein in the seed, regardless the year of production. Belinka
and Velusina are perspective genotypes for the food industry, as they have higher content of protein in the

seed than the other analysed genotypes.

Key words: flaxseed, content, variety, percent, year

INTRODUCTION

Flax or linseed is among of the oldest
crop plant cultivated for the purpose of oil and
fiber (Jhala et al., 2010). From the large number
of species (200) of flax, the most important
for production has one species - Linum
usitatissimum L. (Jevtic, 1992). The flax is an
industrial crop and it is grown for fibre, seed and
combined fiber and seed (Egumenovski P. et al.,
2003). Almost every part of the flaxseed plant
is utilized commercially, either directly or after
processing (Singh et al., 2011). Seeds from flax are
crushed to produce linseed oil and linseed meal.
Flaxseed is emerging as one of the key sources
of phytochemicals in the functional food arena.
In addition to being one of the richest sources
of a-linolenic acid oil and lignans, flaxseed is
an essential source of high-quality protein and

soluble fibre and has considerable potential as
a source of phenolic compounds (Oomah, 2001).
In many countries around the world, flax is one
of the most important crops in healthy human
consumption, due to the high content of dietary
fibre, omega - 3 fatty acids and anticancer lignin
(Pospisil et al., 2011).

The production of flax in the Republic of
Macedonia it is grown on small surfaces for it
seed (as bird food) and in 2005-2006 is grown
on the Faculty of Agricultural Sciences and
Food in Skopje as a research project (Dimov,
2006). Interest for flax in recent years has
increased as a result of the increased capacity
of oil and protein production. Starting from
that point, reintroducing of the flax surfaces in
Republic of Macedonia imposed the need for
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an investigation of the characteristics of certain
varieties of flax, their acclimatization, production
and quality characteristics.

Main aim of this examination is to
determine the content of protein in the seeds
of different genotypes of flax, produced in agro-
ecological conditions of the Strumica region of
Macedonia and to offer better information to
manufacturers and industry who genotype of

flax to be used if the same time protein content
in the seed is a priority factor.

On the size of content of protein in the
flaxseeds, largely influence had a specificity
variety, soil and climate conditions, the applied
agro-technical measures, method of storage
and more. General average protein content in
the seeds of the flax, was 28.3%.

MATERIAL AND METHODS

The research was conducted in the field
and laboratory conditions. Field examinations
were set up at the experimental field in
Strumica at Uniservice - Agro D.O.O.E.L., Faculty
of Agriculture, Goce Delchev University - Stip.
The research was conducted in the period of
two years (2014 and 2015).

As a work material were used five flax

genotypes:
1. Velusina
2. Duferin
3. Bellan
4. Viking
5. Belinka

Four of which are domestic intermediate
flax genotypes (Velusina, Duferin, Bellan and
Belinka) and one is a French introduced fiber
flax variety (Viking).

The experiment consisted five variants
in three repetitions, divided by the method of
random block system with the basic dimension
of the parcel of 10m> The distance between
the variants was 50cm and 100cm between
repetitions. The distance between rows was
30cm.

The seeding rate was 50kg/ha or 50g per
parcel. In two years of testing, a pre-culture of
flax was wheat. The soil was prepared in the
same way. Primary tillage was ploughing at a
depth of 35cm and the surface was fertilized with
granulated NPK 15:15:15 fertilizer in an amount
of 300kg/ha and also a pre-sowing tillage was
performed with a tiller. Sowing was performed
manually in rows at a depth of 2-3cm.

After sowing and before germination, the
parcels was treating with herbicide DUAL GOLD
960 EC, against certain annual and perennial
broadleaf weeds in an amount of 3l/ha.

During the vegetation, standard farming
practices for field production of flax were used.

Analysis of the protein content in flaxseed

was made in the Laboratory for plant and
environmental protection, at the Faculty of
Agriculture, “Goce Delcev” University - Stip
(Standard: ISO 20483:2006). The protein content
of the flaxseed was analysed by Kjeldahl
method. The results were statistically processed
by the method of analysis of variance, and the
differences were tested by LSD-test.

Climatic conditions

The valley of Strumica is characterized by
sub-mediterranean influences from the Aegean
Sea to the south, which influence is partially
stopped by mountain massif Belasica, Ograzden
and Plackovica and northwest of continental
climate of Ovche Pole. Compared to other
valleys of this area in Strumica the influence of
the Mediterranean climate it is enhanced. It is
settled on 200-300m above the sea level and it is
in the group of Continental-Sub-Mediterranean
regions. It is a typically transitive area with
combined influences of Mediterranean and
East-Continental climate (Filipovski et al., 1996).

During the two-year trials, meteorological
indicators for medium temperatures in degrees
Celsius and monthly sums of precipitation in mm
were monitored. The mean annual temperature
in Strumica valley for a period of ten years
during the vegetation period of flax, amounted
to 18.9 °C (Table 1). For a period 2003/2013 in the
valley of Strumica, fall 324.7 mm average rainfall
(Table 2).

Schedule of rainfall by months and seasons
is quite unbalanced (Table 2). The largest
average amounts of rainfall (2003/2013) are
registered in May, of 68.1 mm. and the lowest
average amount of rainfall in June, with 22.3
mm. The analysis of the temperature in the
research period 2014 -2015, showed difference
with the average temperatures, in the ten-year
average (Table 1).
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Table 1. Average monthly air temperatures during the testing period in degrees Celsius

Months Total Average
Year (1 -1x) (1 -1x)
1] v Vv Vi Vil viil IX (°Q) (°C)
2014 10.2 12.8 174 | 21.7 | 241 240 | 182 3916.2 18.3
2015 7.2 124 198 | 214 | 267 | 249 | 209 4066 19.0
2003/2013 8.5 13.3 184 | 225 | 252 | 250 | 194 4044.6 18.9
Table 2. Amount of monthly rainfall during the testing period in mm
Months (I.:-Iofa;)l()
Year in
1] v \' Vi Vil viii IX (mm)
2014 71.0 125.5 78.7 56.3 34.4 56.9 100.7 523.5
2015 83.0 16.6 16.1 40.1 6.6 65.6 95.0 323
2003/2013 443 354 68.1 62.2 223 39.3 53.1 324.7

The average temperature in 2014 was
about 0.6 °C lower, and in 2015 is 0.1 °C higher
than the average. According to the data in Table
1, it can be concluded that the monthly average
air temperatures during the vegetation of flax in
the period of testing, in both years of testing, are
the lowest in the final month and the first month
of each year, i.e. March (from 7.2 °Cin 2014 to 10.2
°C in 2015) and highest in July (24.1 °C to 26.7
°C). From germination to blooming flax requires
temperature in the range of 16 °C to 18 °C. The

average monthly temperatures prevailing in
the vegetation period are considered as good
for growing flax. In Table 2 we can see that the
annual amounts of rainfall in the Strumica region,
during the test period, is within the optimal
needs of flax. In 2015 in the month of July the
highest deficit of rainfall is registered (only 6.6
mm), (Table 2). The other months and years, the
distribution of rainfall is relatively good to meet
the needs of water for growing flax.

RESULTS AND DISCUSSION

In Table 3 and Figure 1 the results of
content of flaxseed protein are shown. The
ranges of content of proteins was from 26.9 to
29.4%. The general average content of protein
in the seeds of the flax, was 28.3%. The size of
this parameter largely influence have specificity
variety, soil and climate conditions, the applied
agro-technical measures, method of storage
and more.

In our tests, the genotype for fibre - Viking,
had lower content of protein in the seeds of the
remaining intermediate genotypes, other than
Duferin and Bellan.

In study on Saastamoinen at al. (2013), oil
and protein content and their variation on 8
oil and 2 fibre linseed varieties were examined.
Fibre varieties ‘Belinka’ and ‘Martta’ had higher
protein and lower oil contents than oil linseed
varieties.
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Table 3. Content of proteins in flaxseed (percentage of proteins from a dry sample)

Year
Genotype 2014
Velusina 28,5+
Duferin 27,8
Bellan 27,8
Viking 27,9
Belinka 29,3
Average on year 28,3
LSD 0,05 n.s.
0,01 n.s.

In both years of the examination (2014
and 2015), the protein content in the seeds,
independent of genotype was 28.3%. The
highest protein content in 2014 year of testing
had genotype Belinka (29.3%) and the lowest
content have Duferin and Bellan (27.8%).
Comparing the average protein content in
the seeds of flax in 2014 (28.3%) with protein
content separately in tested genotypes may be
said that Belinka and Velusina have a greater,
while Viking, Bellan and Duferin a lower content.
In the second year (2015) of the examination, the
highest protein content had genotype Belinka
(29.4%) and lowest (26.9%), genotype Duferin.
The other genotypes (Duferin, Bellan and
Viking) had better protein content in the seeds
in 2015 (28.6%, 28.2% and 28.4%). All genotypes
tested in 2015 had a higher percentage of
protein content in the seeds. Comparing the
average content of protein in the flaxseeds in
2015 (28.3%) with protein content separately
in tested genotypes, can be concluded that
Belinka, Velusina and Viking have a greater
percentage of protein in the seed in this year,
while Bellan and Duferin smaller.

In the general average of genotypes of the
two years of testing may be noted that Belinka
(29.3%) and Velusina genotype (28.5%) are
characterized by the highest average protein
content in the seeds.

In the general average of genotypes of
the two years of testing may be noted that the
lowest protein content in the seeds (27.3%)
had genotype Duferin. Regardless of the year
of examination, only Belinka (29,3%) had a
higher percentage of protein content in the

2015 Average on genotype
28,6 28,5
26,9 27,3
28,2 28,0
28,4 28,1
29,4 29,3
28,3 28,3

General average

seeds compared to standard Velusina (28.5%).
So, Duferin genotype (27.3%) was 1,2% smaller
protein content compared to standard Velusina
(28.5%), Bellan (28.0%) 0.5% and Viking (28.1%)
0.4%. These obtained differences in percentages
of protein in flaxseed in tested genotypes is due
to the variety specificity.

In examination on Colovic et al. (2016), the
examined linseed cultivars statistically differed
(p < 0.05) in the content of protein (from 18.9%
to 27.0%) and fat (from 34.1% to 40.7%).

Comparing the average protein content
in the flaxseeds from both years (28.3%) with a
two-year average protein content separately in
tested genotypes, may be said that Belinka and
Velusina have a greater percentage of protein
in the seeds, while Duferin, Bellan and Viking
smaller.

From the received information can be
concluded that the greatest percentage of
protein in flaxseed had genotype Belinka
(29.4%) in 2015 year.

Statistically significant difference on the
level of probability of 0.05 and 0.01 does not
exist between examined genotypes.

The food industry should be processed
and used flaxseed from genotypes Belinka
and Velusina, who have more protein content,
regardless of the year of manufacture, and which
is produced in climate conditions like Strumica
region in Republic of Macedonia.

Depending on the years of production,
varieties and soil and climatic characteristics of
the region, the protein content in the seeds of
the flax is 28.3%.
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Content of protein in flaxseeds in percent on examinated genotypes
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Figure 1. Content of protein in seeds (%) of examination genotypes of flax

CONCLUDING REMARKS

Based on results of the content of protein
in the seeds of the five examined genotypes
of flax, produced in 2014 and 2015 in the
Strumica region, Republic of Macedonia, may
be concluded the following:

The content of protein in the seeds of flax
ranges is from 26.9% to 29.4%. On the size of this
parameter largely influence had a specificity
variety, soil and climate conditions, the applied
agro-technical measures, method of storage
and more.

The genotypes Belinka (29.3%) and
Velusina (28.5%) are characterized by the
highest average content of protein in the seeds,
regardless of the year of production.

The lowest content of proteins in
the seeds had genotype Duferin (27.3%).

Independently of the year of examination,
all genotypes have a greater percentage of
protein content in the seeds. The differences in
the percentages of protein in flaxseed in tested
genotypes is due to the variety specificity.

The food industry should be processed
and used flaxseed from genotypes Belinka and
Velusina, who have more content of proteins,
regardless of the year of manufacture, and
which is produced in climate conditions like
Strumica region in Republic of Macedonia.

The examinations on this field should
continue with another genotypes and should
give a recommendation for genotypes with
better properties for yield and content of
proteins for growing in Republic of Macedonia.
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NPOTEMHCKU NPOO®NT HA HEKOU FTEHOTUNOBW HA JIEH (Linum usitatissimum L.)
BO CTPYMUYKUNOT PETMOH, PEMYBJINKA MAKEAOHWJA
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Pesnme

JleHoT (Linum usitatissimum L.) e nHRYCTpMUCKa KyNnTypa 1 Ma rofemo 3Hauere 3a YOBEKOT U MHAYCTpujaTa.

Bo nepuopot 2014 1 2015 rognHa 6ea M3BPLUEHW UCNUTYBakba Ha MET COPTU Ha JieH, NPOV3BEefEeHM
BO CTPYMWUYKMOT pernoH, Penybnuka MakeloHMja BO OJHOC Ha COAp)KMHATa Ha NPOTEVMHU BO CEMETO.
EkcnepumeHTOT ce cocToelle of NeT BapujaHTX BO TpX MOBTOPYBakba, MOCTaBEHU MO paHAOMU3UPaH 61oK-
cuctem. Bo TekoT Ha BereTauumjaTa Gelle ynotpebyBaHa CTaHAapAHa arpoTexHVKa 3a NPOM3BOACTBO Ha JIeH.
AHanusata 3a copXMHaTa Ha NPOTEVHUN BO CEMETO off NieH e n3BpLUeHa Bo JlabopaTopujaTa 3a 3allTWTa Ha
pacTeHujaTa 1 XKMBOTHaTa cpefiMHa Ha 3emjogenckmnoT dakyntet npu YHusep3utetoT loue Jenues” — LLtun
(Standard: 1SO 20483:2006). CoppMHaTa Ha NPOTEUHN BO CEMETO Of JieH e BplueHa co Kengan metopaTa.
Pe3yntatute ce ctaTncTnuku ob6paboTeHr no MetofoT AHanm3a Ha BapujaHca, a pasnukute Tectmpanm no JICQ
TeCcToT.

Copp»rHaTa Ha NPOoTeNHM BO CEMETO Kaj MCMUTYBaHUTE COPTU Ce ABUXKM 0f, 26.9% Ao 29.4%. Cute copTn
Ha NleH MMaa BUCOKa COAPXKMHa Ha NpoTenHn Bo cemeTo. Ho, coptute benuHka (29.3%) n genywuHa (28.5%)
Ce KapaKTepu3mnpaar CO HajBMCOKa NpOoCeYHa CoapKMHa Ha MPOTENHN BO CEMETO, HE3aBMCHO Of roanHaTta Ha
ncnuTyBame. Bo ofHOC Ha ocTaHaTuTe, cCOpTUTe 6esIUHKA U 8esTylUHA ce npernopaYvyBaaT Kako nepcrnekTUBHN
CopTU 3a NpexpaHbeHaTa NHAYCTPUja, braejkn ce Co HajBMCOKa COLAPXKMHa Ha MPOTENHM BO CEMETO.

KnyuHun 360poBu: sieH, cemMe, COOpKUHA, copmd, NpoueHm, NpomeuHu
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Abstract

Wheat production has become a global problem due to the climate change impact on wheat farming
systems, pest management and control. Yield loss predictions are usually made by using regression models
with either biotic or abiotic factors as predictor variables, but only a few of them have considered the
combined effects of multiple diseases and climatic conditions. Moreover, efficacy of fungicides in pest control
and their effect on yield increase is usually analysed in respect to the level of disease index and yield achieved
in untreated plots, without taking into consideration the influence of other environmental elements. This study
was conducted in order to determine the combined effects of biotic factors (disease indices) and abiotic factors
(climatic elements and efficacy of fungicides) on yield achievements of winter wheat varieties. Field trials
were set up under naturally occurring inoculum of the prevalent economic pathogens of wheat in the period
2006-2017. Model varieties Barbee and Durumko, known to have various degrees of susceptibility to wheat
pathogens, were used in the study. General linear model function of Minitab 17 (trial version) was used for all
the analyses. It was determined that yield loss in untreated plots was significantly influenced by the combined
effects of multiple diseases and climatic elements. Moreover, it was determined that the relationship between
fungicide efficacy and yield achievements was not straightforward and that it should be analysed in respect to
the combined effects of biotic and abiotic factors.

Key words: wheat, fungicide efficacy, yield gain, rusts of wheat, abiotic factors

INTRODUCTION

Wheat production has become a global
problem due to the climate change impact
on wheat farming systems, pest management
and control. Analysis of the most influencing
factors on yield losses is in the focus of scientific
community, knowing that yield is a complex
trait. Moreover, agro-ecological conditions,
resistant varieties and applied pesticides
influence changes in population structure of
wheat pathogens making wheat breeding for
resistance to economically important diseases
very challenging.

The occurrence of obligate parasites
(Blumeria graminis f. sp. tritici, Puccinia triticina,

Puccina striiformis f. sp. tritici) and crop residue-
borne necrotrophic pathogens (Zymoseptoria
tritici) in Serbia has been monitored through
the decades in experiments related to
fungicide efficacy and resistance testing of
wheat varieties (Jevtic et al., 2017). Many efforts
have been directed to determining the most
influencing factors on damage thresholds
caused by pathogenic infection and their
impact on yield and yield components losses.
Although chemical treatments were proven to
be a powerful disease-control tool, followed
by increases in yield, the question regarding
how climate change would influence efficacy of
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fungicide applications still remains unanswered
(Magan et al., 2011).

Knowing that the relationship between
disease rating scale and yield loss is not
straightforward (Duveiller et al., 2007; Jevti¢ et
al., 2017), and that fungicide treatment could
exhibit negative effect on plant growth when
applied under unfavourable environmental

conditions (Ferree etal., 1999), the main objective
of this study was to evaluate the combined
effects of biotic factors (disease indices) and
abiotic factors (climatic elements and efficacy
of fungicides) on yield achievements of winter
wheat varieties. The data related to the period
2006 - 2017 were analysed and characterized in
terms of agro-ecological conditions of Serbia.

MATERIAL AND METHODS

The fungicide efficacy trials were
conducted in the locality Rimski Sancevi
(Vojvodina, northern province of Serbia) over
the period 2006-2017 using soft wheat variety
Barbee (Triticum aestivum ssp. compactum),
and hard wheat variety Durumko (Triticum
turgidum subsp. durum). Variety Barbee is known
forits increased susceptibility to wheat rusts and
powdery mildew, while Durumko is usually used
as a susceptible check for leaf blotch diseases.

Field trial and disease assessment

Field trials were set up in a randomized
block design in four replicates with plot size
of 10 m? under naturally occurring inoculum.
Fungicides were applied at two growth stages:
BBCH 36-37 (flag leaf just visible, rolled) and
BBCH 51-59 (inflorescence emergence, heading)
(Witzenbergeretal., 1989; Lancashire et al., 1991).
Usually, ten fungicide-sprayed and non-sprayed
check treatments were included in field trial per
year. Different types of active ingredients, such
as amides, aromatics, azoles, benzimidazoles,
morpholines, oxazoles, strobilurins, pyrazoles

Y(%)=((Y,~ Y,)/Y,) x 100

Y, - grain yield of fungicide treated plot

and pyridines, were applied in recommended
dosage rates.

Assessments of leaf disease severity
were made at the growth stage 71-73 BBCH
(kernel watery; early milk) (Witzenberger et
al., 1989; Lancashire et al., 1991), known to be
highly related to yield (Wegulo et al., 2009).
Assessments of powdery mildew, leaf rust, and
yellow rust disease severity were made at the
growth stage 71-73 BBCH (kernel watery; early
milk) (Witzenberger et al., 1989; Lancashire et
al., 1991) using modified Cobb’s scale (Peterson
et al., 1948). Disease severity of Septoria tritici
blotch was assessed using the disease rating
keys devised by James (1971). The disease
indices of obligate and leaf blotch pathogens
were calculated by taking into consideration
incidence and severity (Cao et al., 2014).

Yield gain and fungicide efficacy

Yield was measured for each plot at 15 %
water content. Theyield gain (%) was determined
as yield gain in treated plots compared with
yield of untreated plots (Eq.1).

Y, - grain yield of the non-sprayed check treatment

Fungicide efficacy was calculated using Abbott's formula (Eq. 2)

Efficacy (%)=((X-Y)/X) x 100

X — disease severity in the non-sprayed check treatment;

Y — disease severity in the treated plot

Yield loss (%) was calculated as yield loss in untreated plots compared with the highest yield

response of treated plots.

Y(%)=((Y,~ Y,)/Y,) x 100
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Statistical methods

General linear model was used to estimate
the relationship between disease indices, abiotic
factors and yield gain on fungicide treated plots
in the period 2006-2017. Disease indices were
considered biotic predictive variables, while
monthly averages of temperatures, relative

humidity, and total rainfall (http://www.hidmet.
gov.rs/) together with fungicide efficacy were
considered abiotic predictorvariablesin building
regression models. General linear model was
performed using Minitab 17 Statistical Software
(2010) (trial version).

RESULTS AND DISCUSSION

Average yield of variety Barbee was 5.4
t/ha on treated and 4.4 t/ha on untreated
plots resulting in average vyield loss of 18.5
%. Yield of variety Barbee did not change
linearly over the period 2006-2017 (Fig.1). The
influence of the year (P <0.000) and treatments
(P <0.000) on vyield of variety Barbee was
determined to be significant. Yield losses
caused by obligate parasites varied considerably
during 2006-2017 and were in range from
2.7 % in 2012 when average yield on un-treated
plots was 7.2 t/ha to 44.2 % in 2009 when average
yield on untreated plots was 2.5 t/ha. Jevti¢ et al.
(2017) reported that the most influencing factors
on yield loss of Barbee variety in 2006-2013 were
disease index of leaf rust and temperature in
April. In 2014, yellow rust predominated over leaf
rust causing yield loss of 43.4 % on Barbee variety.

Durumko variety is known to have higher
yield potential than Barbee variety. Average

Barbee variety

Yield t/ha

Variable
—e— Yield treated
—m- - Yield untreated

yield of Durumko variety on treated plots was
7.1 t/ha in 2006-2017. In untreated plots it was
6.8 t/ha, resulting in average yield loss of 4.2 %.
Since difference between yield of treated and
untreated plots was not as prominent as it was
for variety Barbee, the influence of treatment
(treated and untreated) was not recognized as
significant, and variations in yield throughout
the period were attributed to significant
influence of the year (P <0.000).

Fungicide efficacy and yield loss of
Barbee variety

Chemical treatments were proven to be a
powerful tool for disease-control, followed by
yield increase, however it was also evident that
relationship between yield gain and fungicide
efficacy is not always straightforward (Fig.1)
and that is related to many factors including
difference in disease pressure (Fig.2).

Durumko variety

Yield t/ha

Variable
—e— Yield treated

‘ — B - Yield untreated

Figure 1. Yield of Barbee and Durumko varieties on treated and untreated plots

In the years when disease pressure of
obligate parasites on Barbee variety was below
20%, yield gainintreated plots wasnot correlated
with fungicide efficacy. In 2007 and 2008 when
disease index of leaf rust and powdery mildew
was below 20 % no evinced difference in yield
gain in treated plots (27 % in 2007) and (26 %

in 2008) was observed, although fungicide
efficacy in controlling powdery mildew varied
from 60 % (2007) to 90 % (2008) (Fig. 2). Average
fungicide efficacy in controlling leaf rust in
both years was nearly 100 %. Contrary to that,
in 2010 disease index of leaf rust in untreated
plots was also 20 % and fungicide efficacy was
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nearly 100 % as it was is in previous years, but
yield gain was more than double higher and
reached 63 %. In that year disease pressure of
powdery mildew reached 35 % and fungicide
efficacy of 70 % brought to yield gain on treated
plots of 63 %.These results pointed out that the
relation between fungicide efficacy against
certain pathogen and yield gain in treated plots
is influenced by many abiotic and biotic factors
and should be analysed in respect to combined
effects of them all. In addition, variability in yield
gain in treated plots in the years when disease
pressure does not exceed certain limits can be
explained by the ability of plants to compensate
negative effects of flag leaf infection. El Wazziki
et al. (2015) reported that defoliation of flag
leaves could improve the photosynthetic
activity of the other leaves and that disease
severity is not equivalent to the loss of the same
percentage of green photosynthetic leaf area.
The fungicidal effect on Barbee yield gain
was more prominent in the years when disease
pressure took the range between 20-80 % for
wheat rusts and 20-44 % for powdery mildew.
Leaf and yellow rust with disease indices of 37—

68 % were successfully controlled with fungicide
efficacy of 66-79 % resulting in yield gain of
47-54 %. In the years when powdery mildew
indices were between 30-35 % (2009-2011), yield
gain in treated plots took the range of 47-64 %
with evinced correlation with fungicide efficacy.
However, it should be pointed out that fungicide
efficacy in controlling powdery mildew varied
from 7 % in 2011 to 70 % in 2010.

Under high disease pressure, which was on
average 80 % for yellow rust in 2015, fungicide
efficacy of 47 % resulted in Barbee yield gain of
only 7 %. In that year, average powdery mildew
disease index also reached the highest value (60
%) comparing with those in twelve-year period
and was controlled with fungicide efficacy of 23
%. In 2016, average disease index of powdery
mildew was 50 %, which was still higher than
twelve-year average, and fungicide efficacy of
29 % resulted in yield gain of 19 %. Those results
indicated that under severe disease pressure
fungicidal effect could decrease disease index
up to 50 %, but it would not be enough to
achieve yield gain as in the years when no
epidemic invasion occurs.
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Figure 2. Relationship between disease index of obligate parasites, fungicide efficacy and yield gain of

Barbee variety



In order to determine the most influencing
factors on Barbee yield general linear model of
Minitab 17 (trial version) was applied on data
originating from both treated and untreated
plots. Analysis of variance showed significant
influence of the year (P<0.001), treatment
(P=0.094), and fungicide efficacy against
leaf rust (P=0.006) for the period 2006-2017
with the exception of 2014 and 2015 when
yellow rust predominated over leaf rust. The
regression model accounted for 88.5 % of
variation in Barbee yield which is expressed in
the term of coefficient of determination (R?).
In 2014 and 2015, disease index of yellow rust
(P=0.016), average temperature in January
(P=0.001), fungicide efficacy against yellow
rust (P=0.015), and treatment (P=0.001) had
significant influence on Barbee yield with R? of
67.8 %. Temperature in January was proven to
be highly influencing on yellow rust epidemics
(Sharma-Poudyal and Chen, 2011). In 2014,
winter temperature in Serbia exceeded the ten-
year average causing outbreak of Warrior race of

yellow rust (Jevti¢ et al.,, 2017), causing Barbee
yield loss of up to 43.4 %. The P-value (<0.001)
for both regression models in the analysis of
variance showed that the models are significant
at an a-level of 0.05. An analysis of residuals
showed the normal probability plot which
evinced an approximately linear pattern that is
consistent with a normal distribution.

Fungicide efficacy and yield loss of
Durumko variety

Non-correlated dependence between
fungicide efficacy and yield gain of Durumko
variety was observed as it was when disease
indices of obligate parasites on Barbee variety
did not exceed 20 %. In twelve-year period,
average disease index of Septoria tritici blotch
on Durumko did not exceed 24.5 %, fungicide
efficacy was higher than 58 %, except in 2016
when it was 2%, however yield gain in treated
plots varied from 1 % to 22.5 % and was not
correlated with fungicide efficacy (Fig. 3).
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Figure 3. Relationship between disease index of Septoria tritici blotch, fungicide efficacy, and yield gain

of Durumko variety

Durumko is known to be less susceptible
to obligate parasites than Barbee so the leaf
rust and powdery mildew were not considered
as additional influencing factors on variation
in yield achievements of Durumko. Jevtic et al.
(2017) reported that in the period 2006-2013
yield loss of Durumko on untreated plots was
10 % and mostly influenced by disease index of
Septoria tritici blotch and temperature in June,
if agro-ecological conditions of Serbia were
taken in consideration. In this study, influencing

factors on yield achievements were analysed
in respect to both untreated and treated plots,
and it was determined that the difference
between yield of treated and untreated plots
was not as prominent as it was for Barbee.
Moreover, in 2012 and 2015 average yield of
untreated plots was higher than in treated
plots. The possibility of overcoming the yield
in treated plots by yield on untreated plots was
also reported by Rodrigo et al. (2015). Rodrigo et
al. (2015) pointed out that under Mediterranean
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conditions fungicide application might not be
recommended in years drier than average, as
severity of Septoria tritici blotch would be low
and the fungicide application itself could reduce
grain yield resulting in lower yield in treated
than in untreated plots. In addition, Jevti¢ et
al. (2017) reported that Septoria tritici blotch
accounted for 37.2 % of variation in Durumko
yield loss, which was in accordance with results
reported by Berraies et al. (2014). Berraies et
al. (2014) noted coefficients of determination
of 39% and 44% in two sowing seasons while
estimated grain yield losses caused by Septoria

tritici blotch using 400 lines of durum wheat.
Those results indicated that great variation in
yield losses can be expected when Septoria
tritici blotch index does not exceed 25 % and
that environmental factors greatly contributed
to the final yield achievements. In this study,
the factors contributing to yield variation in
both treated and untreated plots with R? of
71.6 % were: disease index of Septoria tritici
blotch (P=0.005), fungicide efficacy (P=0.137), all
climatic elements in March (P<0.001), and total
rainfall in May (P<0.001).

CONCLUDING REMARKS

The results of this study indicated that the
relationship between fungicide efficacy and
yield achievements is not straightforward and is
highly influenced by disease pressure.

The combined effects of biotic and abiotic
factors influenced yield achievements in the
treated plots and should be considered when
fungicidal effects are estimated.

Further investigations of potential adverse
effects of different types of active ingredients on
crop physiology, especially on photosynthesis
in changing climate conditions, will provide
more information on quality and predictability
of fungicidal effects on yield achievements in
the future.
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Pesnme

Mpon3BOACTBOTO Ha NYeHMLa cTaHa rnobaneH Npobnem Nopaan BANjaHNETO Ha KIIMMATCKUTE MPOMEHU
BP3 cucTeMuTe 3a OArNefyBare Ha MUYeHNLa, ynpaByBarbeTo CO WTETHULUM U KOHTponarTa. [peasugyBarbata
3a rybuyTOK Ha MPMHOCOT O6MYHO Ce MPaBaT CO KOPUCTEHE Ha PErPECUBHI MOAENN CO BUOTCKMU U aBNOTCKN
baKkTOpM Kako MPOMEHNVBY Bapunjabnn, HO CaMO HEKOJKY ' 3emane npeasus KOMOnHMpaHuTe edekTn Ha
roBeKe 60necTn 1 KNMMaTcky ycnosu. Mokpaj Toa, edmkacHoCTa Ha GYHIMUMANTE BO KOHTPONA Ha WTETHULN
N HUBHWOT edeKT BP3 3rofieMyBareTo Ha MPUHOCOT 0OMYHO ce aHanmM3mpa BO OQHOC Ha HBOTO Ha MHAEKCOT
Ha 6onecTta 1 MPMHOCOT NOCTUFHAT BO HETPETUPAHM eKCrnepumeTasHu NoBpLUNHY, 6e3 Aa ce 3eme npensua
B/IVjaHMETO Ha OPYruTe efieMeHTV Ha »KMBOTHaTa cpeamHa. OBaa cTygmja Gelle cnpoBefeHa co Len Aa ce
ofapenat KombuHupaHute edektn Ha broTckuTe dakTopu (MHAOEKCM Ha 6onecta) 1 abuoTckuTte dakTopU
(KNMMaTcky eneMeHTU 1 ePUKACHOCT Ha GYHILMAN) BP3 MOCTUTAHNOT MPUHOC Kaj COPTY 3MMCKM NueHunLa. bea
MoCTaBEHM eCKMneprMeTaHM NOBPLUUHM MOA UHOKYTYM Ha NMpeoBafyBayuky NPUPOLHO NPUCYTHU €KOHOMCKI
raToreHu Ha nyeHuuaTta Bo nepuogot 2006-2017 roavHa. Bo cTygujata 6ea kopucteHn Mmofenm - coptu Barbee
1 Durumko 3a Kowu ce 3Hae feKa MMaaT pas3NnUYHM CTENEHN Ha MOANOXKHOCT Ha MaToreHn of nueHuua. Onwra
NUHeapHa mogen ¢pyHKuUuja Ha Minitab 17 (npobHa Bep3uja) 6elle kopucTeHa 3a cuTe aHanusw. belle yTBpaeHo
[eKa 3arybata Ha pofoT BO HeTpeTMpaHu eKCreprMeHTasHM napuenu belle 3HaYMTENHO NOA BivjaHKe Ha
KOMOVIHUpaHUTe epeKTI Ha MOBeKe 60ONeCTU 1 KNMMATCKM enieMeHTU. [oKpaj Toa, belue yTBpAeHO ieKa OAHOCOT
nomery epukacHocta Ha GyHrMUMAOT U MOCTUFAHATMOT MPUHOC He € jaceH 1 Aeka Tpeba Aa ce aHanu3mpa BO
O[HOC Ha KOMOVHUpaHuTe epeKTn Ha BUOTCKKTE 1 abroTcknTe pakTopwm.

KnyuyHn 360poBu: nuyeHuuyd, eUHAKCHO HA (yH2UYud, NPUHOC HA 3PHO, XUMHU ‘péu, nenesHuyd,
Septoriatriticiblotch, abuomcku ¢pakmopu
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Abstract

Ten genotypes of oriental tobacco (three varieties and seven newly created lines) were investigated for
some major morphological and agronomic traits: height of the plant without inflorescence, leaf number per
plant, length/width of the middle belt leaves and dry mass yield/plant. The trial was set up in the Experimental
field of Tobacco Institute—Prilep in 2016 and 2017, in randomized block design with four replications,
using traditional agricultural practices. Measurements of the first three traits were made in the stage of
butonization and beginning of flowering, while the dry mass yield was recorded during the treatment of cured
tobacco. The results were statistically processed.

The aim of the research is to study the quantitative traits of Oriental genotypes, to determine the stability
of the population through their variability and to emphasize the best among the selected assortment.

From the set of genotypes we selected three superior lines with a high degree of homogeneity. The
coefficient of variation of quantitative traits in these lines was lower than 10%, which is a sign of their stability.
After their acceptance by the Commission for recognition and approval of varieties within the Ministry of
Agriculture, Forestry and Water Economy of R. Macedonia, these genotypes will be placed on the market.

Key words: tobacco, oriental genotypes, quantitative traits, variability
INTRODUCTION

Plant breeding is a creative activity in which The breeders from the Institute have

the breeder follows his eternal desire to create
new varieties more superior than the existing
ones. At the Scientific Tobacco Institute - Prilep
there is a centuries-old tradition of continuous
successive selection work of tobacco varieties
of different types, but generally of types Prilep,
Yaka, Dzebel and Basmak - more recently. By
2014, the institute owns 10 varieties of Prilep
type, 4 varieties of Yaka type, 4 varieties of
Dzebel, 3 varieties of the type Otlya, 1 of the
type Virginia and 3 of the type Burley (Kotubin
- Aleksoska, 2004). Today, the variety fund is
drastically increased and exceeds the number
of about 60 varieties.

published a number of papers on the topic of
tobacco breeding, as for example Aleksoski
and Korubin-Aleksoska (2011), studied the
mode and level of inheritance of green and dry
mass yield per stalk in four parental genotypes
(Burley - B 2/93, Suchum - S1, Suchum - S2 and
Prilep - P-84) and in their six diallel F1 hybrids,
and found positive and negative heterosis.
The higher heritability index of both types was
recorded for dry mass yield. Mitreski (2012),
studied height of the stalk with inflorescence
in six oriental tobacco varieties of the type
Prilep: P-23, P 12-2/1, NS-72, P 66-9 /7, P-79-94
and Prilep Basma 82. The average values for the
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trait ranged from 59,3 cm in Prilep P 12-2/1 to
148,1 cm in Prilep Basma 82. The same author
in co-authorship with Korubin-Aleksoska (2014),
made tasting of the cigarettes composed from
the same varieties and informed that they have
good degustation properties that are typical
for oriental tobaccos. The authors (2015) of the
same varieties examined some morphological
traits and announce that Prilep Basma 82 had
the highest average leaf number, and the
lowest length and width of the middle belt
leaves. Korubin-Aleksoska and Aleksoski (2013),
presented investigations on the inheritance of
length, width and area of middle belt leaves
in oriental tobacco varieties Prilep (PO 10-3/2),
Djebel (Pobeda P-2) and Yaka (YK 48), and the
semi-oriental Forchheimer Ogrodowny - FO,
including their six F1 and six F2 hybrids. The
regression graphs reveal partially dominant type
of inheritance of the characters and absence of
interallelic interaction. Dimitrieski and Miceska
(2015), offer information about new prospective
variety of the oriental Yaka tobacco, and as the
most perspective point out Yaka b 65 - 82/1.
Korubin — Aleksoska (2016), explores heredity
of the more important quantitative traits of
four parental genotypes (Prilep P 10-3/2, Djebel
A 42/3, Yaka YV 125/3, Floria FL-1) and their
dialectic F1, F2 and BC1 generations, through
genetic components of variance. The heritability
is very high, indicating that the studied traits
are highly heritable. Korubin - Aleksoska and
Ayaz (2016), investigated height of the stalk with
inflorescence, leaf number, length of the middle
belt leaves and dry mass yield per stalk in five
autochthonous tobacco varieties of types: Prilep
(P 10-3/2 and P 12-2/1), Djebel (Dj No 1) and Yaka
tobaccos (YK 7-4/2 and KY), and five commercial
oriental varieties of Prilep tobacco (P-23, P-84,
NS-72, P-66-9/7 and P-79-94). Differences
between the genotypes in the investigation
period were highly significant, which is a sign

of their mutual genotypic and phenotypic
diversity. The same authors (2016), studied ten
oriental tobaccos of the types: Basmak (MK-1,
MK-2, MB-2, MB-3, MS-8/1, MS-9/3 and YZ-7),
Prilep (Prilep Basma-82), Djebel (Xanthi Djebel-1)
and Yaka (YV 125/3), for some more important
quantitative traits, and gave precise knowledge
of the new type Basmak in Macedonia and
the Balkans from genetic, morphological and
agronomic aspects. All Basmak varieties are
characterized by stability and uniformity as
a result of their homozygotness. Dimitrieski,
Gveroska (2017), studied some morphological
traits, length of the growing season and
resistance to powdery mildew disease in
some oriental tobacco varieties and lines of
the type Prilep. Miceska (2017), investigated
some morphological, production and quality
characteristics in four new lines of the type
Prilep obtained by generative hybridization (P
J. 14-65/1,P1.14-66/7, PIl. 123-82/2,P.l. 14-67/7 )
and the variety P12-2/1 as a standard. Regarding
the morphological properties (plant height,
leaf number, largest leaf size), all lines showed
very low variability, which is an indication of
morphological uniformity and stability. Korubin
— Aleksoska (2017), studied the oriental varieties
in order to obtain data on their tolerance to
drought. The highest degree of tolerance to
drought was observed in genotypes P - 84
(type Prilep) and P - 2 (type Dzebel). These
genotypes can be included in the programmes
for improvement of the investigated trait.

The aim of this paper is to show the way of
assessment the stability of newly created lines
of the Prilep and Yaka types, and then selecting
the best for placing them in a comparative trial
for varietal confirmation by the Commission
for recognition and approval of varieties at
the Ministry of Agriculture Forestry and Water
Economy of R. Macedonia. The recognized
varieties can be put into circulation.

MATERIAL AND METHODS

As a material for work, three oriental
varieties were taken from which two of the type
Prilep (P-66-9/7 - Fig. 1 and P-84 - Fig. 2) and
one of the type Yaka (YV 125/3 - Fig. 3), as well
as 7 newly created genotypes, of which four are
of the type Yaka (L1 - YK23-09/07 - Fig.4,L2 - YK
8-07 / 11 - Fig. 5, L3 - YK 23-12/85 - Fig. 6 and
L4 - YK 9-08/80 - Fig. 7) and three of the type

Prilep (L5 — P 6-03/59 - Fig. 8, L6 — P 16-03/63
- Fig. 9 and L7 — P 10-07/57 - Fig. 10). The variety
P-66-9/7 due to its mass application in tobacco
production in Macedonia is taken to control the
comparison with line of the type Prilep. P-84 was
taken as a second control because it showed
great resistance to drought. YV 125/3 is a control
for lines of the type Yaka.
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The experiment was set up in 2016 and
2017 on the Experimental Field of the Scientific
Tobacco Institute - Prilep after a random block
system in four repetitions. From the complete
measurements, for this paper are separated:
the height of plants without inflorescence, the

Figure 3. Yaka, YV 125/3

number of leaves per plant, the length and width
of the middle-belt leaves, and dry mass yield
per plant. The obtained data are statistically
processed through parameters of variability of
traits and variance analysis (Najceska, 2002).

SN

Figure 4. L1 - YK 23-09/07
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RESULTS AND DISCUSSION

In order to get acquainted with the
genetic stability of the newly created lines,
measurements of the quantitative traits were
made in 2016 and 2017 and on the basis of the
obtained values an analysis and their ranking
was performed.

From the results shown in Table 1, the
highest height of the plant without inflorescence
was observed at the orienteal line of the type
Yaka L3 (131 cm - 2016; 128 cm - 2017). This line
is higher than the control variety YV 125/3 (118
cm - 2016; 116 cm - 2017), and the difference
between them is highly significant. Also, the L4
line is significantly higher than YV 125/3, while
L1 and L2 are significantly lower. The smallest
height is distinguished in oriental variety of the
type Prilep P-84 (62 cm - 2016; 60 cm - 2017),
which is significantly lower than the standard
variety P-66-9/7 (70 cm - 2016; 62 cm - 2017)
taken for control line of the type Prilep. The
newly created genotypes L5 and L7 are higher,
while L6 is lower than the control variety, and
the differences are highly significant. All average
values in 2017 are lower compared to those in
2016, due to the fact that 2017 was extremely
dry during the vegetation.

The investigations on the variability of the
trait in varieties and lines showed low values.
The coefficient of variability (CV) ranges from
2.49% (2017) in L3 to 10.82% (2017) in L4. The
higher values of lines L4 and L5 point to the fact
that they need additional successive selection
which will enable their homogenization and
stabilization. Lower values in 2017 are a sign of

Table 1. Height of the plant without inflorescence (cm)

proper selection, directed to the stabilization
of new genotypes. There is an exception in the
populations of L4 and L7, but the difference is
minimal and due to undefined environmental
factors.

The highest number of leaves per plant
has P-66-9/7 and L3 (57 - 2016), which can be
seen from Table 2. The least leaves have the
standard variety YV 125/3 (41 - 2017). The higher
number of leaves in the lines from the Yaka type
is highly significant (with the exception of L2,
where the significance is 5%). From the analysis
of the number of leaves per plant in the two
years of investigation, small differences can be
observed, which points to the fact that it is a
high-hereditary trait. The greatest difference
occurs in P-66-9/7, from which can be conclude
that this variety is sensitive to drought stress,
and for its successful cultivation is necessary
timely watering.

The values of the variability of the traits
in the investigated genotypes are very low.
The highest coefficient of variability has line
LT (9.79% - 2016; 7.82% - 2017), and the lowest
varieties P-84 (3.02% - 2016) and YV 125/3 (2.18%
- 2017). From the newly created Yaka genotypes,
the L1 (5.41% - 2016; 3.36% - 2017) has the lowest
coefficient of variability, while from Prilep
genotypes L6 (4.99% - 2016; 4.59 - 2017). In all
newly created variants, the variability in the
number of leaves per plant in 2017 is lower than
in 2016, which is another confirmation of the
proper selection aimed at stabilizing them.

2016 2017

Genotypes n %+ SX (cm) | CV(%) %+ S % (cm) o | v
1.P-66-9/7 @ 20 7049+ 0.53 237 | 341 6225+037 | 166 | 269
2.P-84 20 61941063 282 | 456 50654041 | 185 | 311
3.V 125/3 0 20 | 11787+182 | 814 | 69 115.8 £ 0.67 3 259
4.1 20 | 11567128 | 571 | 493 | 11239:118* | 528 | 472
5.L2 20 113.12 + 1.18%* 5.27 4.69 108.77 £ 0.77** 3.44 3.14
6.13 20 | 13062:097% | 432 | 333 | 12812072 | 320 | 249
714 20 | 12612+281% | 1255 | 1004 | 12075+2.92* | 1306 | 1082
8.15 20 | 8855+216™ | 965 | 1081 | 8484ax175* |7.83 9.12
9.16 20 | 65424067 3 459 | 5737+056" | 25 | 435
10.L7 20 | 92.87+1.20% 576 | 618 | 8987+125% | 558 | 622

LsD,,, =173 LsD,,, =234
0o =312 oo =421
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Table 2. Number of leaves per stalk

2016 2017
Genotypes n X + SX (cm) o | V(%) X + SX (cm) o Vv (%)
1.P-66-9/7 @ 20 57.25 + 0.40 178 | 3.2 54+ 0.56 251 4.65
2.P-84 20 42.45 + 0.29 128 | 3.02 422+03 133 3.14
3.V125/30 20 4165 +0.28 128 | 3.06 413402 0.9 2.18
4.1 20 | 4525+055% | 245 | 541 4535+034** | 153 336
5.12 20 | 4295+083* | 372 | 866 436+ 0.4* 18 413
6.13 20 57+ 1.14% 508 | 891 502+077% | 3.43 579
7.14 20 535+ 1.17%* 524 | 979 5425+095% | 424 7.82
8.15 20 49.8 + 0.65% 291 | 584 504+053* | 237 471
9.16 20 | 48.05+054** | 240 | 499 4735+049% | 217 459
10.L7 20 463 +0.73%* 326 | 7.04 461 +052% | 232 5.04
LSD,,, =1.03 LSD,,, =1.52
0.01 =1.85 on1::274

With the longest length of middle-belt
leaves, in both years of investigation, the line L7
is characterized (Table 3). The average value of
the trait in 2016 is 31.7 cm, and in 2017 it is 31.65
c¢m, and the difference in comparison with the
controlvariety P-66-9/7 is highly significant. Also,
L5 and L6 lines have significantly longer leaves.
The difference between the genotypes from
type Yaka is very small, in L1 it is insignificant,
and in L2, L3 and L4 the significance is 5%. From
the results in the two years of investigations it
can be seen that the differences are minimal,

Table 3. Length of the leaves from the middle belt (cm)

which is a sign of the high inheritance of the
trait.

Low variability of the length of middle-belt
leaves is an indicator of the stability of the trait,
i.e. the low impact of environmental factors
on its magnitude. The highest coefficient of
variability has the line L3 (9.85% - 2016; 9.47%
- 2017), and the lowest L1 (4.99% - 2017). Newly
created lines in 2017 have lower variability than
those in 2016, which is an indicator of improving
their stability.

2016 2017
Genot
enotypes n X + SX (cm) o CV (%) X + SX (cm) G | CV(%)
1.P-66-9/7 @ 20 204 + 0.44 1.96 961 20+ 032 141 | 707
2.P-84 20 206 +0.35 156 7.58 205 +0.39 173 | 845
3.V125/30 20 21.82+046 2.06 9.46 2155+024 109 | 508
4.1 20 2168 +0.42 187 8.64 215+024 107 | 499
5.12 20 2065 + 0.3* 135 6.55 203 +0.27* 121 | 595
6.13 20 204 + 0.45* 201 9.85 202 + 0.43* 191 | 947
7.14 20 | 2068 +036 159 7.7 2058 + 0.34* 153 | 742
8.15 20 | 22.25+0.38* 17 7.64 22 +0.3% 134 | 6.1
9.6 20 | 22,05+ 0.54** 194 8.78 210+ 0.32% 145 6.6
10.L7 20 31.7 £0.5%* 224 7.06 31.65 + 0.48* 215 6.8
LSD,,, =0.85 LSD,,,, =0.91
oo =1.53 oo =163

The results in the width of the leaves
from the middle-belt, shown in Table 4, inform
about the similarity of the variants in relation
to this trait. The broadest leaves have YV 125/3
(11.78 cm - 2016; 11.67 cm - 2017) and the newly
created L1 line (11.48 cm - 2016; 11.15 cm - 2017).
The smallest width has the leaves on the L7

(8.3 cm - 2016; 8.25 cm - 2017). The differences
between the years of investigation are minimal,
thus confirming the high inheritance of this trait.

The variability of the width of the leaves
from the middle belt is very small, and a
confirmation of this is the low value of the
coefficient of variability. He ranges from 1.93%
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(2016) in YV 125/3 to 13.77% (2016) in L6. The
low variability values for trait are the indicator
for high inheritance and stability. The newly

Table 4. Width of the leaves from the middle belt (cm)

established lines in 2017 have a lower variability
than that in 2016, which is still one indicator for
balancing the trait.

G 2016 2017
enotypes n X+ S X (cm) o | oV (%) X+ S (cm) o | oV

1.P-66-9/7 & 20 102+ 0.09 041 | 398 9.96 + 0.08 034 | 345
2.P-84 20 10£0.13 057 | 567 9.8+ 009 041 | 414
3.V 125/3 0 20 | 11.78+005 023 | 193 1167+006 | 026 | 221
4.1 20 | 11482027 123 | 1072 1115£019 | 085 | 7.65
5.12 20 108+014 064 | 593 1068+012 | 053 | 497
6.13 20 | 1035£021* | 095 | 9.18 1024016 | 073 | 747
7.4 20 | 9.95%0.23 101 | 1016 | 972+019% | 084 | 868
8.L5 20 | 9.15+015" 067 | 735 892+012* | 053 | 595
9.16 20 9.77+023 134 | 1377 9.55+ 0.25 113 | 1181
10.L7 20 | 83+022% 098 | 118 8.25+ 0.18" 08 | 968

LSD,,, =101 LSD,,, =1.04

o182 187

The highest yield on the dry mass per plant
among the parental genotypes has P-66-9/7
(20.15 g - 2016; 19.07 g - 2017), while between
the newly created genotypes L7 (22.53 g - 2016;
21.37 g - 2017). The difference in values between
the control of Prilep type and the line L7 is
significant in 2016 and high-significant in 2017.

Dry mass yield per plant (g)

Between the lines of Yaka type, significantly
higher yield have L1, L3 and L4. The yield of the
whole genotype set in 2017 is lower than that in
2016 (with the exception of L3), but the minimum
differences do not have any significance. The
data of the dry mass yield in the two years of
investigations are shown in Table 5.

Years Genotypes
P1 P2 P3 L1 L2 L3 L4 L5 L6 L7
2016  20.15 17.89* 17.52 20.28**  17.74  21.12** 19.7%  19.21  19.05 22.53*
2017  19.07 17.83* 1724 19.87** 17,56  21.15** 1891* 19.12 1893 21.37**
2016:LSD ., =1.40
001 =253
2017:LSD . =1.19
001 =2-15

CONCLUDING REMARKS

The highest average height in the two
years of investigation has the newly created line
L3 (131 cm - 2016; 128 cm - 2017). In comparison
with YV 125/3, the lines L1 and L2 are significantly
lower, and L3 and L4 are significantly higher.
The minimum average height has P-84 (62 cm -
2016; 60 cm - 2017), and from the lines of Prilep
type has L6. The variability YV 125/3 and lines
from Yaka type have higher height of varieties
and lines from Prilep type. Differences in values
between the two years in variants are minimal,
which is a sign of a high degree of ecological
stability.

Highest number on the leaves has P-66-
9/7 (57 - 2016; 54 - 2017) and L3 (57 - 2016; 59 -
2017). All lines from Yaka type have significantly
higher number of leaves than the standard
variety YV 125/3. The lines from Prilep type have
significantly lower number of leaves than the
control P-66-9/7.

The highest length of leaves from the
middle belt, in the control variants has YV
125/3 (22.82 cm - 2016; 21.55 cm - 2017), and
in the lines has L7 (31.7 cm - 2016; 31.65 cm -
2017). Dimensions for the length of the leaves
in the control and the lines of Yaka type are
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very similar, so the difference are minimal or
significant for 5%. The newly created variants of
the Prilep type have significantly longer leaves
than the two control varieties.

The largest width of the leaves from the
middle belt has YV 125/3 (11.78 cm - 2016; 11.67
cm - 2017). L1 has the widest leaves between
the lines (11.48 cm - 2016; 11.15 cm - 2017). The
tightest leaves has L7 (8.3 cm - 2016; 8.25 cm -
2017).

With highest yield on dry mass per plant
among the standard varieties is P-66-9/7 (20.15
g - 2016; 19.07 g - 2017), while among the lines
L7 (20.53 g - 2016; 21.37 g - 2017). Genotypes L1,
L3 and L4 have a significantly higher yield than
YV 125/3.

Two-year investigations for variability of
the traits in varieties and lines shows low values.
The coefficient of variability (SV) for the height
of the plant without inflorescence ranges from

2.59% (YV 125/3 - 2017) to 12.55% (L4 - 2016),
for the number of leaves per plant from 2.18%
(YV 125/3 - 2017 ) to 9.79% (L4 - 2016), for the
length of the leaves from the middle-belt from
4.99% (L1 - 2017) to 9.85% (L3 - 2016), and for the
width of the leaves from the middle-belt from
1.93% (YV 125/3 - 2016) to 13.77% (L6 - 2016).
The results indicate high genetic homogeneity,
i.e. stability and uniformity of the newly created
lines.

The highest yielding among the variants
from the type Prilep is line L7 (22.53 g / plant
- 2016; 21.37 g / plant - 2017), while between
variants from the type Yaka is L1 (20.28 g/ plant -
2016;19.87 g/ plant-2017) and L3 (21.12 g / plant
- 2016; 21.15 g / plant - 2017). These lines can be
entered in the comparative labours for varietal
recognition by the Ministry of Agriculture,
Forestry and Water Economy of R. Macedonia.
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Pesnme

NcnnTtyBaHu 6ea geceT reHOTUMOBY HAa OPUEHTANICKU TYTYHU, OfL KOV TPU COPTY 1 cegym VcnnTyBaHm 6ea
[leceT reHOTUMOBW Ha OPUEHTASNICKM TYTYHW, Of KOV TPU COPTU 1 CeAYM HOBOCO34aAEeHM NIMHUY, 33 MOBAaXHUTE
MOPQOOLIKA 1 arPOHOMCKU CBOjCTBA: BUCUHA HA PacTeHUeTo 6e3 couBeTne, 6poj Ha IMCTOBY MO pacTeEHME,
LOJPKMHA U WMPUHA Ha NTMCTOBUTE O CPEAHMOT MNojac U NPUHOC Ha CyBa Maca no pacTeHue. VicTpakyBahaTta
6ea HaMpaBeHU Ha ONUT MO C/TyYaeH 6JI0K-CMCTEM BO YETMPM MOBTOPYBaHba, MOCTABEH HA OMUTHOTO MoJie Npu
HayuHnOoT MHCTUTYT 3a TyTYH — lNpunen Bo TekoT Ha 2016 1 2017 roguHa. OnutoT Gelle ogrnefyBaH co NpYMeHa
Ha BOOOMYaeHU arpoTexHUYKM MepKy. MepetbaTa Ha NpBrTe YeTUPU CBOjCTBa Oea HanpaBeH BO NepPUOAOT Ha
OyTOHM3aLMja 1 MOYETOK Ha LiBeTarbe, a MPUHOCOT Ha CyBa Maca bOelle eBUAEHTUPaH NpY MaHunynauvjaTa Ha
CYBUOT TYTYH. PesyntatnTte 6ea cTaTUcTUUKM 06paboTeHw.

Llenta Ha 0BOj TpyA € Aia ce NpoyyaT KBaHTUTAaTUBHUTE CBOjCTBA Kaj OPUEHTAICKUTE FTeHOTUMOBM, MPEKY
HMBHaTa BapuWjabUNIHOCT fa ce ofapean CTabunHOCTa Ha nonynauujata U Aa ce UCTakHe HajoobpoTto mery
N36PaHNOT COPTUMEHT.

Op noctaBeHUTE reHOTUMOBU U3ABOUBME TPY MOCYMNEPUOPHM JIMHUN KOU MOKaXkaa BMCOK CTeneH Ha
XxomoreHocT. KoepuupreHTOT Ha BaprjabrHOCT Ha KBAHTUTAaTUBHUTE CBOjCTBA M € MOHU30K of] 10%, LUTO e 3HaK
3a HMBHaTa CTabunHocT. Mo HMBHOTO NpU3HaBakbe Of CTpaHa Ha KomucujaTa 3a Npu3HaBarbe 1 0fo6pyBabe
Ha copTu Npy MMHWCTEPCTBOTO 3a 3aMjOLENCTBO, LYMApPCTBO U BOGOCTOMAHCTBO Ha Penybnnka MakefoHuja,
OBVe reHOTUMNOBY Ke MOXe [ia Ce NyLuTaT BO NPOMET.
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Abstract

The paper examines the influence of ordinary and cold pressed olive oil on the fatty acid composition
of coarse chopped boiled sausages. For this purpose, cold pressed olive oil was added in the production of
the Folk sausages and in the production of Kranj sausages was added ordinary olive oil. In both production
batches, olive oil is added in the amount of 3,4 and 5 g/kg. In the examined production batches of Folk sausage,
the content of palmitic and stearic fatty acids (C16: 0 and C18: 0) is within the limits of other meat products. A
smaller percentage representation is observed in the content of C16: 0, and greater in the content of (C18: 0) in
the production batches of Kranj sausages. The ratio of PUFA / SFA in bought production batches of sausages is
up to 0.4%, which means that the sausages full field the quality requirements of the product according to the

lipid content that means that the addition of olive oil in this type of batches is appropriate.

Key words: Folk sausage, Kranj sausage, monounsaturated fatty acids, polyunsaturated fatty acids, saturated

fatty acids, quality

INTRODUCTION

Meat and meat products are considered
essential in the diet of the population. The main
ingredients of the meat, among the water are:
proteins, fats, vitamins and minerals, which
give the meat a high degree of biological and
nutritional value. In the context of the above-
mentioned, particularly important sources,
types of meat are fatty acids (especially fish
meat), B-vitamins and iron content.

Besides the nutritional value, meat and meat
products have an important social role in modern
society. The increase in population, urbanization,
economic growth and the development of
markets have led to an increase in demand for
meat and products of animal origin (Costales et
al., 2006; Steinfeld et al., 2006 a, b).

Food from animal origin, including meat, is
required to act favourably for the preservation
of human health. To achieve this goal, different
additives of plant origin and vegetable oils are
added to the meat and meat products. Some

of them have an influence on the oxidative
processes, some effect on the microbiological
quality of products and some of them can
be used as a partial replacement of the fatty
tissue that is added to the production of meat
products.

Lately, more research has been carried out
on the use of different types of vegetable oils
in the production of meat products. Muguerza
et al. (2001) and Jimenez-Colmenero, (2007)
investigated the use of olive oil, Carvalho et al.
(2006) and Rubio et al. (2007) investigated the
used of sunflower oil in the production process
of sausages, Muguerza et al., (2003; 2004) and
Rubio et al. (2007) investigated the used soybean
oil, Valencia et al. (2006; 2007) fish oil and algae
oil, Vasilev et al. (2011) investigated the use of
palm oil in the production of different types of
meat products.

Hyun-Jen Lee et. al., (2015) investigated the
effect of lard substitution with vegetable oils on
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the quality properties of sausages. The authors
concluded that with the replacement of lard
with mixed vegetable oils there were no adverse
effects on the quality of sausages. The reduced
composition of saturated fatty acids, authors
said that made the quality product.
Luruena-Martinez et al. (2004) and
Muguerza et al., (2002) state that the addition of
olive oil does not cause significant differences in
the shrinkage of heat treatment but gives them

more yellow colour.

Bloukas et al. (1997) found that greater olive
oil content causes greater weight loss, probably
due to higher amounts of added water.

The aim of our research was to investigate
the influence of different quantities of cold
pressed and ordinary olive oil on the fatty
acid composition of semi-permanent, coarse
chopped boiled sausages.

MATERIAL AND METHODS
Production of Coarse Chopped Boiled sausages

The Kranj and Folk sausage served as a
material for examination. According to the
Rulebook for demands regarding quality of
minced meat, meat preparations and meat
products (Official Gazette of Republic of
Macedonia No. 63 from 29.04.2013), these
sausages belongs to the group of semi-
permanent, coarse chopped boiled sausages.
The production of the sausages was in
compliance with all sanitary and veterinary
regulations applicable in Macedonia.

The cold press olive oil (Santorina extra
virgin, Nutria C.A, Greece), was added during
preparation of the mix for Folk sausages and
ordinary olive oil (Olio Di Sansa Di Oliva) was
added during preparation of the mix for Kranj
sausages. The mix is stuffed in pork small
intestines. Four groups of bacon - Folk and Kranj
sausages were prepared for the experiment:

| group - without addition of cold press olive
oil (control group)

Il group - with addition of 3gr/kg cold press
olive oil

lll group - with addition of 4gr/kg cold press
olive oil

IV group - with addition of 5gr/kg cold press
olive oil

Examination of fatty acid composition

Fatty acid composition of groups
of sausages was determined by gas
chromatography. Method of work with the
sample is AOAC 996.06 GC-FID-7890 A with
the device Gas chromatograph with flame
ionization detector. The fats from analysed
samples of sausages have been extracted by
hydrolysis (acid hydrolysis).

The Folk sausages were manufactured
according to the following technological recipe:
chicken MOM 3 kg; chicken mess 12 kg; pork
trimming 35 kg; hard fatty tissue 40 kg; leek 3
kg; nitrite salt 1.7 kg; spice “Koleks” 0.400 kg;
polyphosphate 0.500 kg; emulsifier 2.0 kg; hard
water 20.0 kg; cold pressed olive oil Santorina
(extra virgin).

The recipe used for production of the
sausage is as follows: 0.7 kg emulsifier, 2.0 kg
polyphosphate, 1.8 kg nitrite salt, 0.4 kg spice for
Kranj sausage, ordinary olive oil Olio Di Sansa Di
Oliva 3g/kg; 4g9/kg; 59/ kg.

Olive oil in both groups of sausages was
added during the cure of the mixture. After
preparation and mixing, the mix is stuffed in
natural pork intestines with diameter 32-34mm.
After stuffing and pressing, the sausages were
thermally processed, according to the following
formula: 35 minutes drying at 62°C, 20 minutes
smoking at 62 °C, 35 minutes boiling at 78 °C.
After thermal processing, the sausages were
vacuumed with vacuum machine Vebomak.
After vacuuming, the sausages were stored at
refrigerator at temperature of +4 °C.

Pyrogallic acid is added in order to avoid
fatty acids release. Methylation of fatty acids was
conducted according to AOAC GC - FID - 7890.
The obtained fatty acid methyl esters (FAMES)
were analysed with a gas chromatograph with
flame ionization detector and capillary column
(SP 2560 100 mx 0.25 mm to 0, 25 pm).

Working conditions: injection temperature
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225°C, detector 285°C. The initial temperature at
100°C is maintained 4 minutes, increased by 3°C
each minute, up to final temperature of 240°C,
leave 15 minutes. The carrier gas had helium flow
of 0.75 ml/min. Certain FAMES from the analysed
groups of sausages are identified partially, on
the basis of comparison between their retention
times (characteristic for their molecular mass as
identification parameter) and FAMES retention
standards (which include cis and trans isomers

of fatty acids). Analysed content of each fatty
acid is expressed in percent (%).

Statistical processing

Each parameter was determined after
three repetitions, and the results are presented
as mean value + Sd. The obtained results are
mathematically and statistically processed in
Microsoft Excel 2003.

RESULTS AND DISCUSSION

Fatty acid composition of production batches of Fok sausages
The results of the studies on the fatty acid composition of the investigated samples of Folk and Kranj

sausages are given in Tables 1,2,3,4.

Table 1. Fatty acid composition of Folk sausages (%)

Fatty acids (%) | batch Il batch Il batch IV batch
C14:0 1.23 1.25 1.20 1.19
C16:0 23.87 23.64 24.05 23.89
C16:1 2.37 2.41 2.14 2.49
C17:.0 0.59 0.54 0.61 0.56
C17:1 0.32 0.28 0.32 0.30
C18:.0 13.10 12.88 13.81 13.06

C18:1n9c 44,09 43.62 44 .35 4335
C18:2n6¢ 12.60 13.48 11.85 13.59
C183n6 0.42 0.44 0.26 0.33
C183n3 1.11 1.15 1.10 0.95

C20:2 0.30 0.31 0.30 0.29

Table 2. Saturated, polyunsaturated, monounsaturated and unsaturated fatty acids in the production series of

Folk Sausage (%)

Fatty acids (%) | batch Il batch Il batch IV batch
Saturated 38.79 38.31 39.67 38.70
Polyunsaturated 14.13 15.07 13.21 14.87
Monounsaturated 47.09 46.62 47.12 46.43
Unsaturated 61.22 61.69 60.33 61.30

According to Table 1 and 2, it is seen that
the content of C16:0 ranges from an average of
23.64% to 24.05% in batches with added olive oil
compared to 23.87% in the control. The content
of C18: 0 ranges from 12.88% to 13.81% for
batches with added olive oil in relation to 13.10%
in the control group sausages. The content of
these saturated fatty acids is within the limits of
other meat products. During production of Folk
sausages the content of C16:0 has decreased,
while C18:0 is increased compared to the results
for Kranj sausages, which is consequence of the
different types of meat for sausage production
and fat content.

Pork meat normally contains a greater
amount of palmitic and oleic acid due to the
type of meat and its structure of lipids and
poultry meat is significantly comes with lower
content of stearic acid. Although in the recipe of
the Folk sausage, MOM chicken is involved and
digested, yet the percentage of pork trimming
content and fatty tissue provide most of the
content of steric acid.

The ratio of PUFA /SFA to these series of
sausages is 0.4%, which indicates that this group
satisfies the quality requirements of the product
according to the lipid content. The greater
difference in the ratio of PUFA / SFA between
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this type of sausages and the previous (Kranj)
is due to the higher percentage of fatty tissue
(40%: 20%).

From 7-13 g olive oil can be added to
100 g sausages as a substitute for animal fats.
However, the purpose of replacing animal fat
with olive oil is to produce products with low fat
content (Jiménez-Colmenero et al., 2007). One
of the basic strategies for developing a healthy
lipid formula is to concentrate active ingredients
in food products to allow consumption at the
recommended levels of intake with normal
sizes of portions. Recommendations for the diet
by the World Health Organization (2003) were
that, MUFA should be the main dietary fatty
acids. If MUFAs are the predominant fatty acids
in the products, the total fat intake will not be
significant (Pérez-Jiménez et al., 2007).

Ansorena and Astiasaran, (2004), in their
research studied Dry fermented sausages
produced by a partial substitution of pork back
fat with pre-emulsified olive oil. The authors
established that After 5 months of storage at
4 °C, the combination of the increase in oleic
acid and the preservation of PUFA by the
antioxidant activity of the olive oil emulsion
and antioxidants (when added), lead to better
MUFA+PUFA/SFA ratios in olive oil containing
sausages (1.90-1.98 g/100 g fatty acids) and
particularly in antioxidants containing sausages
(2.02-2.16 g/100 g) than in control ones (1.72
g/100 g). Vacuum packaging of the piece was
the best method to minimize formation of lipid
oxidation volatile compounds.

Six treatments of Chorizo de Pamplona,
traditional ~ Spanish  fermented  sausage,
were manufactured under usual commercial
conditions by replacing 0, 10, 15, 20, 25 and
30% of pork back fat by pre-emulsified olive
oil with soy protein isolate. Sausages with 20-
30% replacing level had higher (p<0.05) protein

Table 3. Fatty acid composition of Kranj sausages (%)

content than control as a result of the addition
of soy protein isolate. The oleic acid increased
(p<0.05) in sausages with 15-30% replacing level,
and linoleic acid increased in sausages with 10-
25%. Sausages with 10-25% of substitution had
lower total SFA-stearic and higher (p<0.05) total
MUFA, total PUFA, (MUFA+PUFA)/ (SFA-stearic),
and PUFA/(SFA-stearic), reported (Muguerza et
al,, 2001).

Backesetal,, (2017) in Italian type of sausages
with addition of vegetable oils, found lower
levels of saturated fatty acids (SAFAs), higher
levels of monounsaturated fatty acids (MUFAs)
and polyunsaturated fatty acids (PUFAs). The
results showed that the replacement of pork with
emulsified vegetable oil improved the nutritional
values of salami of the Italian type.

Kaayardi et al. (2003) examined the
effect of olive oil on the chemical and sensory
characteristics of the Cabanosi sausage made
from soy sauce, cottonseed oil, in which three
samples were made 0.1%, 1.0% and 2 %.
They found that as the percentage of olive
oil increased, the total saturated fatty acids
increased as the total polyunsaturated fatty
acids decreased.

The content of fatty acids, the structural
and percentage distribution of sausages in
both types (Kranj and Folk), using olive oll,
showed that olive oil has an influence on the
PUFA / SFA ratio, and so on the quality of the
produced sausages in the ratio of the lipid
content. The produced sausages have a quality
fatty acid profile, primarily because of the lower
percentage of saturated fatty acids compared to
non-saturated fatty acids.

Comparatively, our results with the literary
results showed similarity and appropriate
correlation with regard to the structure of
the fatty acid composition and the manner of
storage.

Fatty acids (%) | batch Il batch Il batch IV batch
C14:.0 1.43 1.41 1.40 1.39
C16:0 25.72 25.26 25.97 25.19
c16:1 3.03 3.10 2.91 3.00
C17:0 0.49 0.52 0.47 0.51
C17:1 0.52 0.55 0.47 0.53
C18:0 12.57 12.47 13.30 13.17
C18:1n9¢ 44.57 4427 43.02 43.70
C18:2n6¢ 10.54 10.87 11.02 11.17
C18:3n6 0.40 0.68 0.69 0.56
C:183n3 0.73 0.85 0.75 0.78

46
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Table 4. Saturated, polyunsaturated, monounsaturated and unsaturated fatty acids in the production series

of Kranj Sausage (%)

Fatty acids (%) | batch Il batch Il batch IV batch
Saturated 40.21 36.66 41.14 40.26
Polyunsaturated 11.67 12.40 12.46 12.51
Monounsaturated 48.12 46.40 47.92 47.27
Unsaturated 59.79 60.32 58.86 59.74

From the table of contents for the fatty
acid composition of the Kranj sausage, it can be
determinedthatthe content of palmiticacid (C16:
0) ranges from 25.19% to 25.26% in the batches
with added olive oil in relation to 25.72% in the
control, respectively 12.47% to 13.30% stearic
(C18: 0) for the batches with added olive oil in
relation to 12.57% in the control. The content of
these saturated fatty acids is within the limits
of other meat products. Oleic acid accounts for
92% of MUFA in food, and 60-80% of oleic acid
comes from olive oil (Pérez-Jiménez et al., 2007),
as confirmed by our research.

Olive oil is a vegetable oil with the highest
level of monounsaturated fatty acids (MUFA)
and has attracted attention as a replacer for
animal fat in processed meat products. Olive oil
has a high biological value due to a favourable
mix of predominantly MUFA and naturally
occurring antioxidants including vitamin E,
vitamin K, carotenoids and polyphenols such as
hydroxytyrosol, tyrosol and oleuropein, (Moon
etal., 2009).

Since 3, 4 and 5 gr / kg of olive oil were
added in the produced sausages, the content
of monounsaturated fatty acids increased
adequately with the addition: 46.40% for added
3 gr/kg olive oil, 47.92% for added 4 gr / kg olive
oil and 47.27% for added 5 gr / kg olive oil.

Therefore, the replacement of animal fat
with olive oil or its addition to a greater quantity
of 4 or 5 gr/ kg (as in our research) can produce
the products with a healthier composition of
lipids (higher MUFAs, predominantly oleic acid)
without greater deterioration of the diet quality.

According to Ansorena and Astiasaran
(2004), the PUFA / SFA ratio is one of the
parameters currently used to assess the quality
of foods in terms of lipid content. According to
the same authors, this ratio should not exceed
0.4%, in order to reduce the negative effects of
saturated fatty acids. In our research in all three
groups, the ratio of polysaturated to saturated
fatty acids is 0.3%, and in the control is 0.2%,
which means that the addition of olive oil in this
type of batches is appropriate.

CONCLUCIONS

Adding of olive oil more than 4 or 5g/
kg (according to our research), allows greater
production of products containing healthy
amount of lipids (higher MUFA, mainly oleic acid
) without any significant deterioration of food
quality.

The content of fatty acids, the structural
and percentage distribution of sausages in
both types (Kranj and Folk), using olive oil,
showed that olive oil has an influence on the

PUFA / SFA ratio, and so on the quality of the
produced sausages in the ratio of the lipid
content. The produced sausages have a quality
fatty acid profile, primarily because of the lower
percentage of saturated fatty acids compared
to non-saturated fatty acids. Comparatively, our
results with the literary results showed similarity
and appropriate correlation with regard to the
structure of the fatty acid composition and the
manner of storage.
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BJINJAHUE HA MACJIMHOBOTO MACJ10 BP3 MACHO KUCEJTMHCKMNOT COCTAB HA
rPYBO NCUTHETU BAPEHU KOJIBACU

Bnagumup KysmaHosckn', Auo Kysenos' EneHa JoweBcKa?
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Pesnme

Bo TpymoT e wucnuTyBaHO BAMjaHMETO Ha OOGUYHO W NAafHO LeAeHO Mac/IMHOBO Mac/io Bp3
MaCHOKMCENUHCKMOT COCTaB Ha rpy6o ncutHetn 6apeHn Konbacw. 3a Taa Lien BoO Npor3BOACTBOTO Ha HapopeH
Konbac e gofafeHo naHo LieleHo Mac/IMHOBO MacoBO, a BO MPOK3BOACTBOTO Ha Kparbckin Konbac e fogaieHo
06M1YHO MacnMHOBO Macs1o. V Bo ABeTe Npor3BOAHM Cepum JoAaAeHO € Mac/IMHOBO Macsio BO KONMYMHa of 3, 4
n 5 g/kg. Kaj ucnutysaHute ceprmv Ha HapopaeH konbac cogpmHaTta Ha NaiMUTUHCKaTa U cTeapmrHCKaTa MacHa
kucenuHa (C16:0 n C18:0) e BO rpaHMLMTE KaKo U Kaj OCTaHaTMTe MecHU npepaboTku. Nomana npoueHTyanHa
3acCTaneHocT e 3abenexaH Bo coaprknHaTa Ha C16:0, a noronema Bo cofpxmHaTta Ha (C18:0), Kaj KparbCKuTe
cepum konbacu. OgHocoT Ha PUFA / SFA , Kaj ABeTe npon3BoaHu cepun Konbacu nsHecysa fo 0.4%, LWTo 3Hauu
[eKa KonbacuTe rv 3afoBOJyBaaT YCJIOBUTE 3a KBaNWTeT Ha NMPOM3BOAOT Copes COoApPXMHaTa Ha NUNUAN,
O[HOCHO [leKa MOTMNOJIHO e OnpaBAaHo foaBaHbeTo Ha MaCIMHOBOTO Macs10 Kaj OBOj TUM Ha 6apeHu konbacu.

Kﬂy‘lHlll 360pOBVI: HapanH konéac, KparoCKU Konbac, MOHOHe3dCUMeHU MAcHU KUCe/IUHU,
noJsiuHesacumeHu MmacHU KucesiuHu, 3acumeHu MmacHU KucesuHu, keasiumem
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Abstract

The objective of this research is to determine the effect of the seed size and variety on the germinability
of the wheat (Triticum aestivum L.). Three fractions of seed size (>3 mm, 2-3 mm and <2 mm) and three varieties
of soft wheat (radika, amazon 150 and pobeda) were included as experimental factors. The seed was produced
for commercial purposes from the category first generation certified seed (C1) in 2018. The laboratory
examinations are conducted in the “Unilab” laboratory at the Faculty of Agriculture in Shtip. The laboratory is
accredited pursuant to the MKC EN ISO/IEC 17025:2006 standard for several methods among which the method
for examining the quality of the seed of agricultural crops. The amazon 150 variety had the lowest seedling
vigour (87,75%), but the highest total germinability (94,33%). Contrary to amazon 150, the pobeda variety had
the biggest seedling vigour (92,08%), but the lowest level of total germinability (93,25%). The differences of the
seedling vigour and the germinability between the varieties did not show any statistical justifiability. The middle
fraction (2-3 mm) had significantly higher seedling vigour than the other two fractions. The first and the middle
fraction (>3 mm and 2-3 mm) had a significantly higher total germinability compared to the third fraction (<2
mm). The seed sized proved to have the biggest and most important effect on the total germinability (49,32%).

The variety did not prove to be a significant factor that influences the total germinability.

Key words: total germination, seedling vigour, variety, fraction, seed

INTRODUCTION

The success of the production is under
the influence of the genotypes, localities
and cultivating technology, as well as of the
environmental conditions (Deki¢ et al., 2014).
Today’s varieties of wheat are genetically
highly selected and advanced biotechnical
materials present in the mercantile production
in terms of all the bases and all the requests
(Sabovljevi¢ et al., 2010). It is generally known
that the seed is the main factor for the transfer
of the genetic characteristics of the variety and
the improvement of the quality and the yield.
A high quality and measured seed is a basic
prerequisite for a successful production. The
seed quality depends on the variety, i.e. it is
genetically determined and, to a great extent,
it is also defined by the cultivation conditions

and the physiological processes. The research
on different types of plants show that even
though the seed quality is mainly hereditary, the
agricultural and environmental conditions, the
agriculture technology that has been applied,
the quality of the seed material approbation,
the further processing of the seed, storage,
keeping, etc. may have great influence on the
seed quality.

The genetic variability is the cause for the
variability of the seed size among the varieties.
However, the differences of the seed between
one variety and another regarding the size
and the weight are a result of the conditions of
the external environment and the agriculture
technology that has been applied. The variability
of the seed size is under a huge influence of the
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conditions of the external environment because
in unfavourable cultivation conditions the
participation of the lower fractions of the seed is
significantly increased (Jevtic et al., 1985).

Seed size is an important physical indicator
of seed quality that affects vegetative growth
and is frequently related to yield, market grade
factors and harvest efficiency (Rukavina et
al., 2002). Most investigators have reported
a positive relationship between seedling
vigour, improved stand establishment and
higher productivity of cereal crops with plants
originating from large seed compared to
those grown from smaller seed (Mohsen et
al., 2011). Smaller seeds generally germinate
faster providing greater competitive advantage
especially in early successional stages (Baskin
& Baskin, 1998). Nevertheless, larger seeds,
although germinating slowly, often have higher
percentage of germination than small seeds
(Harper, 1977).

The seed with high seedling vigour and
high germinability determines the potential for
fast and equal germination and growth. These
are the basic prerequisites that provide crops
with good structure and strong growth and
enable having a high yield.

The germinability of the seed is one of
the most significant indicators for the seed
quality, i.e. the living ability on which its used
value depends on (Posti¢ et al., 2010). The
germinability is ability of the seed, in favourable
conditions, to provide a normal growth and
development of sprouts from which the future
plants will be developed.

However, apart from the high overall
germinability, it is very important for the seed
to have a high seedling vigour that, also, is a
significant indicator for the living ability of the
seed. Inthe production of every crop the fastand
equal germination has a huge importance that
depends directly on the seedling vigour of the
seed (Posti¢ et al., 2010). The faster germination

of the seed in minor conditions will provide
better and more equal germination of the
seeds, stronger development, better resistance
to the conditions of the external environment,
illnesses and pests since more developed plants
have better resistance.

The seedling vigour represents the number
of normal sprouts compared to the number of
the seeds planted to germinate determined by
the time foreseen for the first assessment, i.e.
for the determination of the seedling vigour.
The germinability of the seed represents the
number of normal sprouts compared to the
total number of seeds planted to germinate
determined by the time foreseen for the final
assessment has passed (Official Gazette of the
Republic of Macedonia, No.61.2007).

Numerous researches show that the size or
the weight of the seed and the contents of the
nutritious elements in it have a great influence
on the seedling vigour, the germinability and
the growth potential in the germination stage.
The results of the researches vary to a great
extent from one type to another, even among
varieties from the same type. According to this,
the knowledge about which fraction of seed
within a party of the seed has a better and
which one has worse seedling energy and total
germinability is of important practical value.
By further procession of the seed the seedling
energy and the total germinability of the seed
can be improved.

The basic objective of this research is to
determine the influence of the seed size on the
seedling vigour and on the total germinability
in laboratory conditions in three varieties of soft
wheat. The varieties subject to research play
an important role in the wheat production in
our country. Hence, the knowledge about the
influence of the variety on the seedling vigour
and on the total germinability would have
practical bearing.

MATERIAL AND METHODS

The research encompasses three varieties
of wheat: radika, amazon 150 and pobeda. All
three varieties are widely present in the wheat
production in the Republic of Macedonia. The
examinations have been conducted on average
samples of parties of further processed seed
from the category of first regeneration certified

seed (C1) for each of the above stated varieties.
The laboratory analyses have been conducted
in the “Unilab” laboratory within the Plant and
Environment Protection Department of the
Faculty of Agriculture in Shtip. The laboratory is
accredited in accordance with the MKC EN SO/
IEC 17025:2006 standards for several methods
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among which the methods for examining the
seed quality of agricultural crops.

The division of the seed into different
fractions according to the size is performed with
laboratory sieves with rectangular openings the
size of which is 3mm and 2 mm. Three fractions
have been set apart from the seed of each
variety, seed larger than mm (>3 mm), seed with
a size between 2 and 3 mm (2-3 mm) and a seed
smaller than 2 mm (<2 mm).

A hundred seeds have been set apart
four times from each variety and fraction to
determine the seedling energy and the total
germinability of the seed, i.e. a total number of
nine variations with four repetitions have been
created. In order to eliminate the influence of
any potential seed infections it has been treated
with 1% solution of Na hypochlorite.

Standard methods prescribed by the ISTA
Rulebook (2010) and by the Rulebook on the
mode of work, the equipment of the room and
the technology of the authorized laboratories
and methods for examining the seed material
quality of agricultural crops (Official Gazette of
the Republic of Macedonia No0.61.2007) have
been applied in order for the seedling vigour
and the total germinability to be determined.

On the basis of the examined samples, the
average values for each variety and fraction
have been calculated. The mean values are
statistically processed by using the basic
parameters of the descriptive statistics. For
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

Seedling vigour

The seedling vigour, after the sowing
determines the living ability of the seed, i.e. the
uniform growth of healthy and strong sprouts.
The seed size of the wheat is positively related
to the living ability of the seed, which means

Table 1. Seedling vigour (%)

that a larger seed has a tendency to produce
more vital sprouts (Ries & Everson, 1973).

InTable 1the average values of the seedling
vigour of the examined varieties and fractions of
wheat seed are presented.

Variety Parameter Seed fraction Average variety
>3 2-3 <2
X 88,75 91 89 89.58
min 85 88 87
Radika max 92 93 91
LV. 7 5 4
CV (%) 0,04 0,03 0,02
X 83 94,75 85,5 87.75
min 75 93 83
Amazon 150 max 94 97 89
LV. 19 4 6
CV (%) 0,12 0,02 0,04
X 92,25 | 92,75 | 91,25 92.08
min 87 89 89
Pobeda max 95 95 95
LV. 8 6 6
CV (%) 0,04 0,03 0,03
Average fraction 88 92.83 | 88.58
LD Variety=4.03
. Fraction=3.88

x — arithmetic mean; min - minimum; max-maximum; LV. — interval of variation; CV - coefficient of variation.
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The lowest seedling vigour (83%) is shown
tohave the varietyamazon 150forthefraction >3
mm, while the highest seedling vigour (94,75%)
of the same variety is found in the fraction 2-3
mm. Regardless of the fraction, the variety
pobeda has shown to have the highest seedling
vigour (92,08%), while the variety amazon 150
has the lowest seedling vigour (87,75%). The
difference of the seedling vigour between these
two varieties is statistically important.

Regardless of the variety, the highest
seedling vigour (92,83%) is found in the middle
fraction (2-3 mm) the value of which s significantly
different compared to the one of the two other
fractions. The other two fractions have almost
the same seedling energy (88% of the fraction >3
and 88,85% of the fraction 2-3 mm).

The variation coefficient is more or less
equal in all the varieties and fractions and
varies from 0,02 to 0,04%, with the exception

Table 2. Total germination (%)

of the variety amazon 150 for the fraction >3
mm, where it is 0,12%. The same variety has
the highest variation interval (19). All the other
varieties have relatively equal seedling vigour.

The results that have been obtained show
that the smaller seed has a greater seedling
vigour, i.e. it germinates faster than the larger
seed.

Total germination

In orderto provide larger wheat production
and to achieve stable yield, first and foremost
it is necessary for high quality seed to be used
in the sowing process, which is the primary
task of the distribution and sale of seeds. The
declared seed has high variety purity and a high
percentage of germination (Savi¢ et al., 2000).

The average values of the total germination
of the examined varieties and fractions of wheat
seed are given in Table 2.

. 1. Seed fraction Average
Variety Parameter >3 >3 < variety
X 96,5 92,5 92,5 93.83
min 94 90 91
Radika max 98 95 95
AYA 4 5 4
CV (%) 2 2,25 2,07
X 95,5 97,75 89,75 94.33
min 94 96 87
A”;‘gg"" max 98 100 92
ILV. 4 4 5
CV (%) 2,01 1,75 2,3
X 94,5 93 92,5 93.25
min 91 90 90
Pobeda max 97 95 97
L.V. 6 5 7
CV (%) 2,65 2,32 3,36
Average fraction 95.42 94.42 91.58
Variety=5.55
LSDOAOS
Fraction=2.16

X — arithmetic mean; min - minimum; max - maximum; L.V. - interval of variation; CV - coefficient of variation.
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The lowest total germination (89,75%) is
determined with the variety amazon 150 for the
fraction <2 mm, while the highest (97,75%) of
the same variety is found to be with the fraction
2-3 mm. Regardless of the fraction, the highest
total germination (94,33%) is obtained with the
variety amazon 150, while the lowest (93,25%)
has been obtained with the pobeda variety. The
differences in the total germination between all
three varieties that have been examined do not
have the statistical justifiability.

Regardless of the variety, the fraction >3
mm (2-3 mm) has the highest total germination
(95,42), while the fraction <2 mm has the
lowest one (91,58%). The values that have been
obtained are statistically different. The middle
fraction (2-3 mm) has a total germination of
94,42% and it is not significantly different from
the fraction >3 mm, while compared to the
fraction <2 mm it is significantly higher.

In this case as well, the coefficients and the

variation intervals of the varieties and fractions
of wheat seed subject to examination were
minor and relatively equal (Tab. 2).

The results show that the larger seed has
a higher total germination. These results are
in accordance with the research conducted by
Stevanovi¢ et al., 2018, Farahani et al. 2011, and
many more authors.

With the objective to see the influence
of the variety and of the fraction on the seed
and their interaction on the germinability of
the seed of the varieties of wheat subject to
examination, a two-way analysis of the variance
has been conducted (Tab. 3). From the Table 3 it
can be seen that the seed size has the biggest
influence, i.e. the fraction of the seed (49,92%),
while the share of the interaction between the
variety and fraction of the seed is 47,01%. In this
research it was shown that the variety, as a factor,
is the least influential when the germinability of
the seed is concerned (3.67%).

Table 3. Effect of variety and seed size on total germination

Factor SS df MS F n
Total 192.389 8 24.049 5.103
A 7.056 2 3.528 0.749 3.67
B 94.889 2 47.444 10.067 49.32*
AxB 90.444 4 22.611 4.798 47.01
Error 12.250 27 4.713

A - factor variety; B - factor seed fraction; A X B - interaction between variety and seed fraction; SS - sum of square; df -
degrees of freedom; MS - mean square; F - F test; n - effect of factor; * - level of significant p< 0.05.

Farahanietal. (2011), found that the effect of
seed size significantly affected the germination
of wheat. In the researches of Zareian et al.

(2013), the seed size did not have a significant
influence on the germinability percentage.

CONCLUDING REMARKS

On the basis of the results that have
been obtained from the examinations, it can
be concluded that the seed size has a direct
influence on the seedling vigour and on the
total germination of the seed. The variety, as
a factor, has not shown to have a significant
influence on the seedling vigour and on the
total germinability. The smaller seed had higher
values of seedling vigour, while the larger
seed had larger values of total germination.
According to this, the smaller seed germinates

faster compared to the larger seed, while the
larger seed produces higher number of sprouts.
All the varieties and fractions of the seed that
were subject to examination showed high
values of seedling vigour and total germination,
which means that the seed with a size within the
examined fractions can give good results in the
production. With the aim for the seed quality to
be further improved, the equipment for further
processing of the seed should be adjusted so
that the smaller seeds can be divided.
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BJINJAHUETO HA FrOJIEMUHATA HA CEMETO U COPTATA BP3 EHEPTUJATA HA ‘PTEHE U
‘PTHOCTA KAJ TP COPTU MEKA NMYEHULA

UBo MuTpywes', Bepuua Unuesa', Hatanuja MapkoBa Pyxauk’
'YHusepsumem ,loye [lenqes”, 3emjodencku pakynmem,
Kpcme Mucupkos 10-A, 2000 LLImun, Peny6iuka MakedoHuja
*KoHmakm asmop: ivo.mitrusev@yahoo.com

Pesnme

Llenta Ha oBa ncTpaxyBare 6ewe fa ce yTBpAM ePeKTOT Ha rofiemriHaTa Ha CEMETO U copTata Bp3

‘pTHOCTa Kaj nueHuuarta (Triticum aestivum L.). Kako ekcnepumeHTanHu ¢akTopu 6ea BKIyUYeHn Tpu dpakuum
cnopep roneMmHata Ha cemeTo (>3 mm, 2-3 mm 1 <2 mm) 1 TpPU COPTX MeKa NYeHnua (pagmrKka, amasoH 150 n
nob6epa). CemeTo Helle NpousBeseHO 3a KOMepLMjaniHW Lenu, Of Kateropujata ceptudurlmnpaHo ceme of npea
reHepauwja (C1), Bo 2018 rognHa. JlTabopaTopuckmTe UCNUTYBara Ce CpoBeeH Bo labopaTtopujaTa ,YHunab’,
Ha 3emjopenckuot dakynteT Bo LUTtnn. JlabopaTopujata e akpeamTpaHa cornacHo ctaHgapgot MKC EN 1SO/
IEC 17025:2006 3a noBeke MeToaw, Mely KOV 1 METOAMTE 3a UCMUTYBaHE Ha KBAJIUTET Ha CeEMe Of 3eMjOAEeNCKN
pacteHuja. CopTaTta ama3oH 150 nmalle HajMana eHepruja Ha ‘pretbe (87,75%), HO Hajronema BKyMnHa ‘PTHOCT
(94,33%). CnpoTBHO of ama3oH 150, copTaTta nobefa vMmalle HajrofieMa eHepruja Ha ‘prerbe (92,08%), HO
HajMana BKyrnHa ‘pTHOCT (93,25%). Pa3nuknTe 3a eHeprujaTa Ha ‘pTere 1 ‘pTHOCTa MOMEry COPTUTE He NMoKaXaa
CTaTUCTMYKa onpaBfaHocT. CpeaHaTta ¢pakuuja (2-3 mm) Mmalle 3HaYajHO MOrofieMa eHepruja Ha ‘prere of
ocTaHatuTe aBe dpakuuu. MNpeaTa 1 cpegHata Gppakumja (>3 mm 1 2-3 mm) rMaa 3HaYajHO NnorosiemMa BKYyMHa
‘PTHOCT BO ofiHOC Ha TpeTaTa (<2 mm). Hajronem 3HauaeH edeKT BP3 BKyMHaTa ‘pPTHOCT MMalle rofieMrHaTta Ha
cemeTo (49,32%). CopTaTa Kako GaKTop He MOoKaXa 3HauyajHo BivjaHMe BP3 BKYMHaTa ‘PTHOCT.

KnyuHu 360poBu: 8KkynHa pmHocm, eHepauja Ha ‘pmerve, copma, ppakyuja, ceme

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 16, No. 2, pp. 51-56



JOURNAL OF AGRICULTURE AND PLANT SCIENCES, JAPS, Vol 16, No. 2,2018
In print: ISSN 2545-4447
On line: ISSN 2545-4455
UDC: 636.2.09:[618.19-002:618.19-083
Original scientific paper

Manuscript received 29.08.2018
Accepted: 20.09.2018

MONITORING UDDER HEALTH AND MILK HYGIENE ON-FARM
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Abstract

In this paper the use of on-farm screening methods for monitoring udder health and milk quality are
discussed. Special attention was given to the evaluation of the usefulness of California mastitis test (CMT) as
quick field screening test for detection of udder quarters with an intra-mammary infections caused by major
mastitis pathogens. Application of CMT in dairy herd health managementin period of early lactationisillustrated
through the two years cross sectional study that was carried out to screening the quarter milk samples with
abnormal milk secretion (AMS) and using of microbiological culture for detection of inframammary infections
(IMI). The quarter milk samples were obtained in two periods of early lactation: the period from calving until
21st day in lactation and period from 22nd to 42nd day in lactation. The quarter level prevalence of AMS and
IMI in the first 21 days in lactation was 5.33% and 4.03%, and up to the 42 days in lactation the prevalence
of AMS and IMI was 5.45% and 4.38%, respectively. The prevalence of AMS and IMI from udder quarters that
show a positive reaction on CMT in the first 21 days in lactation was 56.96 and 55.42; and 55.42 and 44.58 in
the period from 22nd to 42nd day in lactation, respectively. The results indicated that positive CMT reaction
in early lactation may be a good indicator for IMI; there was a significant association between the frequency
of isolation of major pathogens and the CMT score in milk samples obtained in the period of early lactation
(Pearson’s x2=240.031, df=9, P<0.001).

Key words: California mastitis test, dairy cows, intra-mammary infection
INTRODUCTION

Milk  composition and microbiological
characteristics are important factors for the
dairy farmer (raw milk quality), dairy industry

Control of inflammation of the mammary
gland and the reduction in their appearance in
the herd is based on the number of somatic cells

(technological process and quality of dairy
products), and consumer (nutritional quality and
safety). In most dairy systemes, it is assumed that
farmers, informed by the official organization in
their country or region, have the responsibility to
deliver milk that is of sufficient quality (Hogeveen
et al,, 2010). Although regulations dealing with
milk quality standards differ between dairy-
producing countries, the general agreement is
thatabnormal milk, as the presence of flakes, clots,
or other gross alterations in milk appearance,
or highly elevated Somatic Cell Count (SCC) or
injured udders should be excluded from milk
supplied for human consumption.

in milk and the incidence of clinical mastitis (IDF,
1997). The measurement used most commonly
to detect subclinical mastitis is the SCC of milk.
Thus, in order to minimize the appearance of
mammary inflammation, the main goal should
be the number of somatic cells below 200.000 /
ml of milk, and the incidence of clinical mastitis
below 20% (Pyorala, 2003; Schukken et al.,
2003). According to the National legislation in
the Republic of Macedonia (FVA, 26/2012) milk
from uninfected mammary glands contains
<100.000 somatic cells per millilitre. A milk SCC
from 200.000 - 400.000/ml is a clear indication
that milk has reduced manufacturing properties,
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which means is not for consummation. This, an
increase in the SCC of milk is a reasonably good
indicator of inflammation in the udder.
Identifying cows with clinical mastitis (CM)
involves visual inspection of the udder and
manual check of the foremilk from each quarter
at each milking, and regular implementation of
screening methods for early detection of cows
with elevated SCC, like California Mastitis Test
(CMT), measurements of milk conductivity, and
the presence of chlorides and sodium in milk
as results of udder inflammation (Sharma et al.,
2011). However, increasing herd sizes, reliance on
less-skilled labour, and an increasing emphasis on
lowering bulk milk SCC levels (Lacy-Hulbert et al.,
2010) are all factors contributing to an increased
demand for more consistent and less labour-
intensive methods to help farmers manage
mastitis and bulk milk SCC levels. Comparing to
culturing methods and determination of SCC, the
field screening methods for diagnosis of mastitis
are easy and routine methods that give prior
information for antibiotic treatment of infected
udder quarters and early drying off. Among the
others, CMT is widely used for on-farm detection
of mastitis in dairy herds (Sharma et al., 2011).
Calderon and Rodrigues (2008) reported some
insufficiency of the CMT regarding their sensitivity
and specificity in the determination of IMI. The
main weakness of the CMT is its low specificity for
determination of udder quarters infected with
major or minor mastitis pathogens. The CMT is a
rapid and inexpensive test to determine indirectly
the somatic cell concentration in milk and is a
practical, easy method for demonstrating IMI by
testing milk samples on-farm. In general, there
is no ideal screening test for prompt and quick
diagnosis of IMI. Culturing examination is the
“gold standard” for detection of infected udder
quarters, but very often these methods are very
expensive, time consuming for routine screening
followed by lack for on-farm assessment

(Sargeant et al., 2001). An ideal screening method
would have maximum sensitivity to minimize
the proportion of false-negative results, and a
reasonable degree of specificity to reduce the
number of false positive results (Dingwell et al.,
2003; Midleton et al., 2004). Accurate mastitis
detection and effective mastitis control strategies
have an influent economic impact on dairy farms
followed by sustainable milk production (Wallace
etal, 2002).

The intensive systems for breeding of dairy
cows in the Republic of Macedonia practice a free
posture system, in accordance with the National
legislation for Animal Welfare (FVA, 149/2014).
Such breeding technology requires the existence
of central milking parlour on farms. This segment
of complex objects of farms for milking cows that
is the one of the key control points for reduction
of incidence of mammary gland inflammation.
Trajchev and Nakov (2009) suggested mastitis
control programme that outlines these
procedures: systematic examination of herd
for detection clinical and subclinical forms of
mastitis; laboratory tests for identification of
mastitis causative microorganisms and selection
of most appropriate antimicrobial substance
for cow therapy; application of suitable therapy
and procedures for mastitis cow treatment; and
preventive measures on farms, which is consist
of standard methods and procedures, with main
goals to prevent or reduce the influence of new
intramammary infections in the herds.

The purpose of the study was to determine
whether or not individual cow quarter milk CMT
score, collected in the period of early lactation,
from calving to 42nd day in, could indicate
whether or not these quarters were infected by
pathogens associated with subclinical mastitis.
Testing the cows in one dairy herd, quarter milk
samples were subjected to CMT under field (cow-
side) conditions and the same samples were
examined microbiologically.

MATERIALS AND METHODS

A two year cross sectional survey was
carried out in a commercial dairy farm localized
in the southeaster part of Macedonia. Cows were
kept in a loose housing system and were feeding
with an ordinary diet which differed according
to the stage of pregnancy and lactation period.
The feeds included corn and grass silage, hay,
commercial concentrate (maize, wheat, barley) as

well as vitamin and mineral premixes. Data were
collected from 211 cows that were all starting
their 1*'or a subsequent lactation, and that had
at least 3 functional quarters and a total of 844
quarter CMT and culture results were available
for analysis. Milking of cows was performed
twice daily in milking parlour with exception of
cows in the first 45 days in lactation which were
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milked three times daily. Pre-milking and post-
milking hygiene measurements were practiced
permanently. The udder health status was
followed by calving to 42" day in lactation. This
period of early lactation was subdivided into 2
periods: the period from calving until 21t day
in lactation and period from 22" to 42" day in
lactation. The screening of udder health status
was done on a quarter level using California
Mastitis Test (CMT) as predicted tool for detection
of quarters with abnormal milk secretion (Schalm
n Noorlander, 1957). The test was performed at
cow-side by mixing an equal volume of milk with
a 1:1000 dilution of 3% sodium lauryl sulfate and
bromocresol purple. Each quarter milk sample
from the cow was placed in one clean well of
a white plastic test paddle divided into four
separate wells, one for each quarter sample. As
the plate was rotated gently, any colour changes
or formation of a viscous gel were interpreted by
the authors above: scores were given within the
range 0-4, with 0 for no reaction, 1 for a trace,
2 a weak positive, 3 a distinctly positive and 4 a
strong positive.

Samples for bacteriological culture from each
quarter positive to CMT were collected aseptically

in sterile 10 mL tubes, without additives according
to the National Mastitis Council (NMC, 2001) and
kept at 4°C during transportation. Samples were
analysed within 12 hours of collection. Bacterial
species were identified according to the standard
microbiological procedure using a certificated
methodology based on the National Mastitis
Council standards (NMC, 2001). A minimum of
five colonies of the same type of bacterium was
recorded as bacteriological positive, and growth
of more than two types of bacterial colonies was
categorized as mixed growth. No bacterial growth
was recorded when fewer than five colony-forming
units were detected during 48 h of incubation.

Based on results from screening using
CMT and bacteriological culturing, all cows in
the observed population were allocated into
three groups: healthy cows without udder
health problems, cows with persistent abnormal
milk secretion (AMS) and cows with persistent
intramammary infection (IMI). The difference in
prevalence of udder quarters with AMS and IMI
and their significance was estimated by the Chi-
square test.

RESULTS AND DISCUSSION

The results from a quick screening test and
the prevalence of udder quarter health disorders

in an observed population of dairy cows during
the early lactation are shown in Table 1.

Table 1. The quarter level prevalence of abnormal milk secretion (AMS) and intra-mammary infections (IMI) in

dairy herd during the period of early lactation

Total -
Time of quarters  ‘CMT(-) quarters CMT(+) AMS IMI
. quarters
sampling tested
n n % n % n % n %
“"Day_21 844 765 90.64 79 9.36 45 5.33 34 4.03
““Day_42 844 761 90.17 83 9.83 46 5.45 37 4.38

*negative reaction on California mastitis test (CMT)
** positive reaction on California mastitis test (CMT)
***period in lactation from calving until 21 day in lactation
****pariod in lactation from 22 to 42" day in lactation

Based on the results from the field screening
test (CMT), the total prevalence of udder health
disorders on the quarter level was 9.36% and
9.83%, respectively for the period from calving
until 21°t day in lactation and period from 22" to
42" day in lactation. Overall, the prevalence of

udder quarters with AMS in these data was 5.33%
and 5.45%, while the prevalence of quarters with
IMI was 4.03% and 4.38%, respectively for the
period from calving until 215t day in lactation and
period from 22" to 42" day in lactation.
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In Table 2 are shown the ratios between
udder quarters with AMS and IMI versus udder

quarters that have positive CMT reaction.

Table 2. The ratio of udder quarter with AMS and IMI relating to the udder quarters with positive reaction on

California mastitis test (CMT+)

Time of sampling CMT(+) quarters AMS AMS IMI IMI
n n % n %

Day_21 79 45 56.96 34 43.04

Day 42 83 46 55.42 37 44,58

The prevalence of quarters with IMI from
the screened udder quarters that were showed
a positive reaction on CMT was high, 43.04%
in the period from calving until the 21 day in
lactation and 44.58% in the period from 22
to 42" day in lactation. There was a significant
association between the frequency of isolation
of major pathogens and the CMT score in milk
samples obtained in the period of early lactation
(x2=240.031, df=9, P<0.001).

A major health problem in the dairy
industry in the Republic of Macedonia is mastitis,
either clinical or subclinical. Therefore, one of the
most important objectives of the mastitis control
programme in dairy herds is the control of raw
milk quality and safety. Milk with clinical mastitis
is easy to recognize, but when the milk of cows
with subclinical mastitis without visible changes,
is accidentally mixed into bulk milk, it enters the
food chain and can be hazardous to human'’s
health.

In the recent years, there is an increasing
focus on milk quality and hygiene in the dairy
industry. The main goal of legislation for milk
quality is to stimulate farmers to produce
hygienically proper milk. The basic criteria
for assessing the safety of raw cow’s milk are
lying down in the “legislation on the special
requirements for safety and hygiene and the
manner and procedure for performing official
controls of milk and dairy products” (FVA, 2012).
According to national legislation in the Republic
of Macedonia for the quality of raw milk (FVA,
2012), the milk is classified in terms of the total
number of bacteria and the total number of
somatic cells. According to the total number
of microorganisms, raw milk is classified into
three classes: extra class (<100.000/ml), first
class (100.001/ml - 700.000/ml) and second
class (700.001/ml - 1.500.000/ml). According
to the total number of somatic cells, raw milk
also is classified into three classes: extra class

(<400.000/ml), first class (400.001/ml - 500.000/
ml) and second class (500.001/ml - 600.000/ml).
Increased SCC is associated with reductions in
casein, milk fat, and lactose; increased enzymatic
activity; and reduced quality and yield of dairy
products (Schukken et al, 2003).

Mammary gland infection is the most
important factor affecting SCC in milk in the
subclinical mastitis by increasing the number of
somatic cells in milk (Bachaya et al., 2011). As IMI
is usually followed by an influx of leucocytes and
other macrophages into the milk, an increase
in its SCC has been used widely as indicating
mastitis. Implementing good management
practices at the begging of lactation is essential
for good milk quality in the subsequent period
of lactation and also, for evaluating udder
health before the administration of antibiotic
therapies. Preventing clinical mastitis in early
lactation, decreasing the amount of discarded
milk, and reducing the bulk milk SCC are some
of the potential benefits. However, as there is
growing consumer resistance to using antibiotics
in all food animal production systems, it may
be desirable to reduce the number of cows that
need treatment by identifying and treating only
those with IMI.

An ideal diagnostic tool to select quarters
or heifers for pre-calving treatment should
be quick, easy to perform on-farm, reliable
and inexpensive. Milk bacteriology does not
correspond to those criteria. The CMT is a rapid
and inexpensive test to indirectly determine
the somatic cell concentration in milk (Midleton
et al,, 2004) and is a practical, easy method for
demonstrating IMI by testing milk samples on-
farm (Dingwell et al., 2003). However, differences
in CMT or SCC scores could also be associated
with other factors such as the age of cows and
environmental factors. Previous research had
suggested that SCCis related with parity, a period
of lactation, milking frequency and milk yield
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(Hand et al., 2012). Some other researchers did not
find any relationship between the physiological
status of cow and SCC in milk from healthy cows
(Charffeddine et al., 1997).

Whilst an increase in CMT score corresponds
with an increase in SCC, it is uncertain whether
or not CMT or SCC scores can reflect accurately
IMI due to specific pathogens. If either SCC or
CMT could be used reliably to identify subclinical
mastitis in lactating cows, they might be useful
in identifying such affected quarters that require
antibiotic treatmentand early drying off (Barkema
etal., 1998).

The sensitivity of CMT on the quarter level
in the period of early lactation according to the
results obtained in our research was 43.04% and
44.58%, respectively for the period from calving
until the 215*day in lactation and the period from
22" to 42" day in lactation. The sensitivity and
specificity of CMT reported in the literature is
variable (Pyorala, 2003). For example, at 3 days
in milk (DIM), Sargeant et al. (2001) found that
sensitivity and specificity to identify any IMI at
a quarter level were 57% and 56%, respectively.
On the other hand, Vijaya Reddy et al. (1998)
reported a sensitivity of 71% and a specificity
of 75%. Sensitivity and specificity are improved
when only major pathogens are considered
(Sargeant et al., 2001; Dingwell et al., 2003).

In the present study, we hoped to determine
whether the CMT scores for individual quarter
milk samples could be used as a screening

method to identify mammary glands with
subclinical infections. Our results suggest
that overall there was a significant association
between the frequency of isolation of major
and minor pathogens and the CMT score in milk
samples obtained in the period of early lactation.
The present results also indicated that quarters
infected with a major pathogen were more likely
to have higher CMT scores than those infected
with either minor pathogens or uninfected
(previously published results Trajchev et al., 2017).
These results agree with those reported by Kivaria
et al. (2004), which suggested that CMT scores of
2+ or more were associated with an increased risk
of infection with S. aureus. Sargeant et al. (2001)
reported that the CMT had a useful surveillance
role in dairy herd monitoring programs to detect
cows with IMI caused by major pathogens. The
results obtained by Saidi (2013) showed a good
correlation between the results of CMT and
isolation for the identification of intra-mammary
infections in cows.

Ruegg and Reiman (2002), Kivaria et al.
(2004) and Rasmussen et al. (2005) summarized
that the CMT is still the superior screening
diagnostic aid for subclinical mastitis, while
bacteriological examination is still the most
suitable for identifying mastitis but not feasible
as a routine test to identify subclinical mastitis
because some logistical and financial constraints
limit its use especially in developing countries.

CONCLUDING REMARKS

All farmers in the Republic of Macedonia
should aspire to the legislation for milk quality
control to produce more quality milk. The milk
producer or, where appropriate, the operator
who collects the milk should ensure compliance
with the specific safety requirements for
the production of raw milk: animal health
requirements for the production of raw milk for
human consumption, requirements for premises
and equipment of hygiene of the holdings for

production of raw milk, hygiene requirements
during milking, collection and transport and
requirements for raw milk. Producing high quality
milk requires effective udder health programmes
at a herd level.

The early mastitis detection in the dairy herd
has many potential benefits, out of which it will
allow implementation of proactive management
strategies that will avoid negative effects of
disease and will lead to better milk quality.
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CNEQEHE HA 34PABCTBEHUOT CTATYC U XUTMEHATA HA MJIEMHATA XJ1IE3A CO
KOPUCTEHE HA BP3U CKPUHUHT TECTOBU
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Pesume

Bo 0BOj Tpyp belue AnCKyTMpaHa ynotpebaTa Ha 6p3nTe CKPYHWHT TECTOBY Ha GapMa 3a MJIeUHM KpaBK
KaKo anaTka 3a Cllefietbe Ha 34PaBCTBEHMOT CTaTyC U KBANIMTETOT Ha JOOMEHOTO CypoBO miieko. HanpaseHu
ce [ABeroAuWHN MPOCMNEKTVBHU WCTPaXkyBakba 3a OLEHYyBarbe Ha KapaKTepuctukmTe Ha KanudopHuja
MacTuTnc TectoT (KMT) BO nMepuofoT Ha paHa NakTauuvja Kako 6p3 TepeHCKU CKPUHUT TeCT 3a OTKpuBaHbe
Ha UHPUUMPaHMTE YETBPTUHKM Of MJIeYHaTa »Kfe3fa Co MaToreHW MUKPOOPraHU3MM KOW Npeaun3BuKyBaaT
MacTuT. IcTpaxkyBareTo ondakKallue CKPYHUHT Ha Mpobute MIeKO Of YeTBPTUHKMTE HAa MJIeYHaTa XJe3aa Ha
KpaBuTe CO LieNl OTKPUBakbe Ha YETBPTUHKMTE CO HapyLueHa cekpeuurja Ha mneko (KMT+) u ynotpebata Ha
MUKPOOVONOLLKM METOAM 32 OTKPUBahbe Ha UHPULMPAHWTE YeTBPTUHKM of MiievHaTa xnesaa (MMW). Mpobute
Mrieko 6ea cobrpaHu BO iBA NeproAa O aKkTaumjaTa Ha KpaBuUTE: NepPUOLOT Of NMOYETOKOT Ha flakTalumjaTa 4o
21. geH BO naktaumjata v NepuopoT of 22. fo 42. aeH Bo nakTayujata. [MpesaneHunjata Ha KMT+ n UMW Bo
nepmnofoT o NOYETOKOT Ha NakTauujata 4o 21. aeH BO NakTaumjata nsHecysawe 5,33% u 4,03%, coofBeTHO, a
BO NepUOAOT of 22. A0 42. AeH BO Nnaktaumjata npesaneHuymjata Ha KMT+ n UMW n3Hecysawe 5,45% n 4,38%,
cooggeTHo. [MpeBaneHunjata Ha KMT+ n UMW o yeTBpTMHKNTE Ha MileyHaTa »Kne3fa Kov NoKaxaa no3nTMBHa
peakumja Ha KMT Bo nepmnofdoT of NoYeTOKOT Ha nakTayujaTa 4o 21. 4eH BO fakTaumjata nsHecysawe 56,96 n
55,42; popeka npesaneHumjata Ha KMT+ n UMW Bo neprogot of 22. Ao 42. feH BO Nnaktaumjata n3Hecysalue
55,42 1 44,58; coopseTHo. lobueHUTe pe3ynTaTi yKaxkyBaaT ieKa MO3UTUBHaTa peakuuja Ha KMT Bo nepuogot
Ha paHaTa JlakTaluja Kaj MIeYHnTe KpaBy NPeTcTaByBa fAobap MHAMKATOP 33 OTKpUBatbe Ha UHOULMpaHUTe
YEeTBPTMHKM Ha MieyHaTa »kne3ga. ocToele CTaTMCTUUKM 3HayajHa NOBP3aHOCT NMOMEFy MPUCYCTBOTO Ha
naToreHy MMKPOOPraHU3MK BO NPobuTe MIEKO O YeTBPTUHKIMTE Ha MIeYHaTa »KJie3aa 3eMaHu BO NepuoaoT
Ha paHa nakTauuja 1 No3nTMBHAaTa peakuuja Ha KanupopHuja mactutuc Tectot (x*=240,031; df=9, P<0,001).

KnyuHu 360poBut: KanugpopHuja Macmumuc mecm, Me4dHU Kpasu, UHeKyuja Ha MaeyHama xJe30a
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Abstract

For the period 2014 - 2015, different varieties and hybrids of seasonal flowers were examined in
greenhouses in Strumica. Nine flowering varieties were studied in the 2 year period: Verbena (Verbena officinalis
L.); Salvia (Salvia officinalis L.); Aliciaum (Alyssum martimum Lam. Synonym Lobularia maritima); Petunia (Petunia
sp.); Begonia (Begonia sp.); Tagetes (Tagetes sp.); Portulaca (Portulaca grandiflora); Impatiens (Impatiens sp.) and
Lobelia sp. L. The technology and conditions of production were examined, including the conditions of seed
production, seedling production, and planting and care during the whole vegetative stage, such as spraying,
nutrient supplementation and preventive measures against diseases and pests. All examined variants were
compared with untreated controls to assess for higher yield, quality and an earlier arrival time at market.

Five fungicides were used for preventative care: Ridomil Gold MZ 68 WG, Score 250 EC, Switch 62.5 WG,
Bravo 500 SC and Topas 100 EC. In addition, 5 different insecticides were assessed: Actara 25 WG, Confidor SL
200, Karate Zeon 5 CS, Chess 50 WG and Pirimor 50 WG. Five variant solutions were studied, each consisting of
2 fungicides and 1 insecticide. All examined variants were highly effective. However, the best performance in
2014 was achieved with a variant containing Bravo 500 SC, Topas 100 EC and Chess 50 WG, and 1 containing
Topas 100 EC, Switch 62.5 WG and Pirimor 50 WG. Both of which had a coefficient of efficiency of 99.6%. The
index of disease in 2014 in the control variant was 48.2%. In 2015, the control index variation was 54.1%, and
the highest biological efficiency was achieved with the variant containing Bravo 500 SC, Topas 100 EC and
Chess 50 WG, with a coefficient of efficiency of 98.4%.

In addition to these experiments, our examination was supplemented by surveys. From the polls it
was found that flower growing in greenhouses was at an early stage of development, requiring appropriate
resources, commitment and time, and that it was still a family business. It also required the state to provide a
strategy for the development of floriculture and to invest in it, such that it could contribute to the growth of
the national economy.

Key words: fungicides, insecticides, surveys

INTRODUCTION

Throughout the world, floral species are
studied in order to create new genotypes with

A 2-year trial (2014 - 2015) was conducted
in order to assess relevant indicators in hybrid

higher values. Floriculture in the Republic of
Macedonia also re presents a large part of
the agricultural production, having a significant
role in teconomic development. JTo3aHOBCKM 1
JaHkynoscku (1994) estimated that it occupies
10% of the total cultivation area, about 65,000
ha.

flower production. In particular, characteristics
during cultivation in greenhouses, including
appropriate fungal and insect protection, were
determined.

On the basis of these results recommended
could be made for wider production. Hybrids
that are selected for cultivation should be
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characterized by quality, yield and tolerance
of certain diseases (Evens & Hensley, 2004;
Carvalho et al., 2005).

In addition to analysing the cultivation
and disease and insect protection of flowers in

greenhouses, we also assessed the cultivation of
flowers as a family business, and its contribution
tothe developmentofthe regionand Macedonia
(Caves, 1982).

MATERIAL AND METHODS

Seed materials were hybrids of foreign
origin. The 2 years of research took place in
greenhouses of an individual producer in
Vladevci, Strumica.

For both years of the study, 9 flowering
species were examined:

1. Verbena (Verbena officinalis L.)
Salvia (Salvia officinalis L.)
Alyssum (Alyssum martimum Lam.
Synonym Lobularia maritima)
Petunia (Petunia sp.)

Begonia (Begonia sp.)

Tagetes sp.

Portulaca grandiflora

Impatiens (Impatiens sp.)

Lobelia sp. L.

wnN
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The harvested hybrids were placed in 4
repetitions of 10 plants each.

In order to ensure normal growth and
development of the test hybrids, adequate
production methods were implemented in the
greenhouses. For plant protection, fungicides
and insecticides were used as preventative
care. During 2014 and 2015, 5 fungicides were
examined, Ridomil Gold MZ 68 WG, Score 250
EC, Switch 62.5 WG, Bravo 500 SC and Topas 100
EC.In addition, 5 different insecticides were also
assessed, Actara 25 WG, Confidor SL 200, Karate
Zeon 5 CS, Chess 50 WG and Pirimor 50 WG.

The examined variant mixtures, a combination
of 2 fungicides and 1 insecticide, were used to
treat plants; non-treated plants were used as
controls.

The experiment included a total of 5
variant treatments and an untreated control.
Each variant treatment was performed on 10
plants in 4 repetitions, for a total of 40 plants.
The first treatment was carried out on seedlings
4 days prior to planting. Another 3 treatments
were performed at intervals of 10 days. The
efficacy of the preparations was evaluated 10
days after the last treatment and was calculated
according to the formula of Abbott (1925). The
level of infection was scored on a scale of 0 - 5,
and the disease index was calculated according
to the Townsen-Heuberger formula (1943).

The research was also supplemented by a
survey, which used basic research methods of
comparative analysis. Methods and techniques
for data collection were also used, including
a method for analyzing document content
and a test method for applying a survey to
respondents. The survey was completed by 65
respondents, 15 flower producers, 25 flower
shop workers and 25 flower consumers. As
an instrument for conducting the research,
a questionnaire was used. The respondents
answered the questions with an appropriate
form in which there was a brief explanation on
how the questionnaire should be filled out, as
well as general questions for the respondent.

RESULTS AND DISCUSSION

In this study, the phenophases of growth
and plant development were followed and the
nutrient status and flowering of plants were
assessed.

By phenological observation, the
occurrence  and duration of individual
phenophases were determined. The recording
of the appearance and duration of each
phenophase from sowing seeds to flowering
was done in order to show the seasonal

cultivation of the studied flowering species in
a protected area, greenhouses in the Strumica
region. In addition, comparisons were made
between treated plants and their controls for
each species. This analysis determined how and
to what extent the application of appropriate
production  techniques, including the
protection of plants from fungi and insects, was
a crucial factor in the cultivation of flower crops
in obtaining higher and better quality yields.
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Chronologically ordered phenological
and quantified results are given in Tables 1 - 4.
There were visible differences in the number of
days from planting to 20% flowering, and also
to 70% flowering. This was significant because

Control plants that were not fed and
treated with plant protection products showed
much fewer flowers of poorer quality. In
addition, many of them lagged behind in their
growth and development, with some dying due

when a product arrives at market earlier it can

command a higher

price.

Table 1. Phenological observations during 2014

to diseases and pests.

Date of
Flower culture Variants Sowing date sprouting Date‘of Da.te of
planting flowering 20%
Verbena control, @ 20.11.2014 30.12.2014 15.01.2015 20.02.2015
officinalis treated 20.11.2014 30.12.2014 15.01.2015 10.02.2015
Salvia control, @ 20.11.2014 25.12.2014 25.01.2015 10.03.2015
splendens treated 20.11.2014 25.12.2014 25.01.2015 28.02.2015
Alyssum control, @ 20.11.2014 25.12.2014 30.01.2015 15.02.2015
martimum treated 20.11.2014 25.12.2014 30.01.2015 05.02.2015
Petunia sp. control, @ 25.11.2014 30.12.2014 25.01.2015 10.03.2015
treated 25.11.2014 30.12.2014 25.01.2015 25.02.2015
. control,@ 25.11.2014 10.01.2015 25.02.2015 10.04.2015
Begonia sp.
treated 25.11.2014 10.01.2015 25.02.2015 25.03.2015
Tagetes sp. L. control, 25.11.2014 20.12.2014 15.01.2015 02.03.2015
treated 25.11.2014 20.12.2014 15.01.2015 20.02.2015
Portulaca control, @ 25.11.2014 30.12.2014 25.01.2015 25.03.2015
grandiflora treated 25.11.2014 30.12.2014 25.01.2015 10.03.2015
Impatiens sp. control, @ 25.11.2014 30.12.2014 25.01.2015 15.03.2015
treated 25.11.2014 30.12.2014 25.01.2015 01.03.2015
. control, @ 25.11.2014 30.12.2014 15.02.2015 20.03.2015
Lobelia sp. L.
treated 25.11.2014 30.12.2014 15.02.2015 10.03.2015

Table 2. Phenological observations during 2014

Flower culture Variants Days from s?wing Days from sp.routing Days from pl.anting
to sprouting to planting to flowering

. control, @ 40 16 36
Verbena officinalis treated 20 16 %6
Salvia splendens control, @ 35 31 a4
treated 35 31 34
Alyssum martimum control, @ 3 36 16
treated 35 36 6
Petunia sp. control, @ 35 31 44
treated 35 31 31
Begonia sp. control, @ 46 46 44
treated 46 46 28
Tagetes sp. L. control, @ 25 26 36
treated 25 26 26
. control, @ 35 26 31
Portulaca grandiflora treated 35 %6 16
Impatiens sp. control, @ 35 26 49
treated 35 26 35
. control, @ 35 47 33
Lobeliasp. L. treated 35 47 23
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Table 3. Phenological observations during 2015

Date of
Flower culture Variants Sowing date sprouting Date.of Da.te of
planting flowering 20%
Verbena control, @ 20.11.2014 30.12.2014 15.01.2015 20.02.2016
officinalis treated 20.11.2014 30.12.2014 15.01.2015 10.02.2016
Salvia splendens | control, @ 20.11.2014 25.12.2014 25.01.2015 10.03.2016
treated 20.11.2014 25.12.2014 25.01.2015 28.02.2016
Alyssum control, @ 20.11.2014 25.12.2014 30.01.2015 15.02.2016
martimum treated 20.11.2014 25.12.2014 30.01.2015 05.02.2016
Petunia sp. control, @ 25.11.2014 30.12.2014 25.01.2015 10.03.2016
treated 25.11.2014 30.12.2014 25.01.2015 25.02.2016
Begonia sp. control, @ 25.11.2014 10.01.2015 25.02.2015 10.04.2016
treated 25.11.2014 10.01.2015 25.02.2015 25.03.2016
Tagetes sp. L. control, @ 25.11.2014 20.12.2014 15.01.2015 02.03.2016
treated 25.11.2014 20.12.2014 15.01.2015 20.02.2015
Portulaca control, @ 25.11.2014 30.12.2014 25.01.2015 25.03.2016
grandiflora treated 25.11.2014 30.12.2014 25.01.2015 10.03.2016
Impatiens sp. control, @ 25.11.2014 30.12.2014 25.01.2015 15.03.2016
treated 25.11.2014 30.12.2014 25.01.2015 01.03.2015
Lobelia sp. L. control, @ 25.11.2014 30.12.2014 15.02.2015 20.03.2016
treated 25.11.2014 30.12.2014 15.02.2015 10.03.2016

Table 4. Phenological observations during 2015

Flower culture Variants Days from s?wing Days from sp.routing Days from pl.anting
to sprouting to planting to flowering
Verbena officinalis control, @ 40 16 36
treated 40 16 26
Salvia splendens control, @ 35 31 44
treated 35 31 34
Alyssum martimum control, @ 35 36 16
treated 35 36 6
Petunia sp. control, @ 35 31 44
treated 35 31 31
Begonia sp. control, @ 46 46 44
treated 46 46 28
Tagetes sp. L. control, @ 25 26 36
treated 25 26 26
Portulaca grandiflora control, @ 35 26 31
treated 35 26 16
Impatiens sp. control, @ 35 26 49
treated 35 26 35
Lobelia sp. L. control, @ 35 47 33
treated 35 47 23

The results of the biological investigations
of fungicides and insecticides for greenhouses
production of flowers in Vladevci, Strumica
are shown in Tables 5 and 6. All examined
combinations of fungicides and insecticides
showed high efficacy in protecting the flowering
plants grown in greenhouses in 2014 and 2015.

In 2014, the highest efficacy was achieved for
the combination of Bravo 500 SC, Topas 100
EC and the Chess 50 WG, and for Topas 100 EC,
Switch 62,5 WG and Pirimor 50 WG, with scores
of 99.6%.

It is important to note that other
combinations of fungicides and insecticides also
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showed high efficacy in preventing damage by
fungi and insects. The disease control indexin the
control plants reached an extremely high level of
48.2% of disease and leaf mass loss in 2014.

The results from 2015 indicated a high
percentage of protection against diseases and
pests for the species grown in the greenhouses.
The efficacies of the examined combinations
were 1 - 2% lower compared to 2014. However,

it is important to note that the control plants
had a higher level of infection at 54.1% in 2015
compared with those in 2014 (48.2% index of
disease).

The 2 best treatments with efficacies of >
98% were the second variant of Score 250 EC,
Switch 62.5 WG and Confidor SL 200 and the
fourth variant of Bravo 500 SC, Topas 100 EC and
Chess 50 WG (Table 6).

Table 5. Efficacy of fungicides and insecticides in flower crop species in 2014

Serial Variants Index of disease % | Efficacy %
Number

Ridomil Gold MZ 68 WG

1. Topas 100 EC 2.2 98.4
Actara 25 WG
Score 250 EC

2. Switch 62,5 WG 0.8 99.2
Confidor SL 200
Switch 62,5 WG

3. Bravo 500 SC 0.6 994
Karate Zeon 5 CS
Bravo 500 SC

4, Topas 100 EC 0.2 99.6
Chess 50 WG
Topas 100 EC

5. Switch 62,5 WG 0.2 99.6
Pirimor 50 WG

6. Control (untreated) 48.2 /

Table 6. Efficacy of fungicides and ins

ecticides in flower crop species in 2015

Serial

Number Variants

Index of disease %

Efficacy %

Ridomil Gold MZ 68 WG
1.|Topas 100 EC
Actara 25 WG

34 96.4

Score 250 EC
2.|Switch 62,5 WG
Confidor SL 200

2.2 98.1

Switch 62,5 WG
3.|Bravo 500 SC
Karate Zeon 5 CS

2.6 97.3

Bravo 500 SC
4. | Topas 100 EC
Chess 50 WG

2.2 98.4

Topas 100 EC
5.|Switch 62,5 WG
Pirimor 50 WG

2.8 97.8

6. | Control (untreated)

54.1 /

On the basis of the surveys and statistically
analysed data contained in the questionnaire,
it was found that in the Republic of Macedonia
it is relatively difficult to create a greenhouse
environment for the commercial production of
flowers. The results obtained can be generalized
with 99% reliability. Of consumers, 60% believed

that conditions have not been developed for
flower crop production, while 30% considered
that a large part of the development of a flower
trade had been achieved. Of these, 10% of
consumers considered that conditions for the
development of flower trade were difficult.



lico Ristov, llija Karov

The research found that the development
of flower growing in greenhouses in our area is

in the initial phase, consisting mostly of family
businesses and most of these were self-financed.

CONCLUDING REMARKS

Based on the results obtained from the
2 years of research on the cultivation and
protection of seasonal flowers in greenhouses in
Strumica, the following significant conclusions
could be drawn.

In the species where appropriate
production technniques was applied, with
reqular feeding of the plants and appropriate
and timely application of plant protection
products, the occurrence of flowering was
earlier. In some floral species such management
practices resulted in flowers > 10 days before
control plants. Earlier placing of flowers at the
market brings a higher selling price, which
means greater profit for the producer.

The control variants examined were
characterized by significantly higher vyield
and quality when grown under greenhouse
conditions.

All examined variants of fungicides and
insecticides in 2014 and 2015 yielded a high
percentage of efficacy for plants compared to
no treatment.

It was best to apply preventive protection
of at least 3 - 4 treatments of the fungicide and
insecticide mixes. The first must be mandatory
in the seedling stage, at least 3 - 4 days before
planting, with 3 treatments at intervals of 10
days during the vegetative stage.

The high efficacy of the tested preparations
was confirmed when compared with the
control variant, where no chemical protection
was applied. Control plants showed indexes of
disease of 48.2% in 2014 and 54.1% in 2015.

The results of the study indicate that
flower plants can not be successfully grown
in greenhouses without adequate preventive
chemical protection.

From the survey it was established that the
development of flower growing in greenhouses
in our area is in the initial phase, with self-
financed family businesses.

The state needs to develop a strategy for
the development of floriculture and provide
necessary investment. Such a strategy will
contribute to the development of the national
economy.
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OAINERYBAKE U 3ALUTUTA HA CE3OHCKO LIBEKE
BO OPAH>KEPU BO CTPYMULIA

Unuo PuctoB’, Unuja Kapos'*
'3emjodesncku pakynmem, YHusep3umem ,loye [endes” - LLimun,
Kpcme Mucupkos 10-A, 2000 LLimun, Penybnuka MakedoHuja
*KonHmakm asemop: ilija.karov@ugd.edu.mk

Pesume

Bo nmepuogot 2014 n 2015 roguHa ce UCAMTYBaaT PasfiMUHK COPTU U XMOPWAN CE30HCKO LBEKE BO
opaHxepuun Bo CTpymuua.

Bo ABerofvWHMOT Nepuog Ha UCNUTYBake UMalle 9 UBeTHU copTu: BepbeHa (Verbena officinalis L.);
cansua (Salvia officinalis L.); anvunja (Alyssum martimum Lam. cuHoHum Lobularia maritima); netyHwja (Petunia
sp.); 6eroHuja (Begonia sp.); Tagetes (Tagetes sp.); nopTynaka (Portulaca grandiflora); umnatueHc (Impatien ssp.) n
Lobelias sp. L. TexHMKaTa 1 TeXxHONIOTMjaTa Ha NPOU3BOACTBOTO OuMie MCNUTYBaHW BO YCNOBU Ha NPOU3BOACTBO,
rnoToa bune NCNWUTYBaHW YCNOBKTE 3a MPOU3BOACTBO Ha CEME, NMPOW3BOACTBO HA CAfHULM, CafieHe U Hera BO
TEKOT Ha LienaTa Beretaumja (Mpckare, HeryBame 1 MpeBeHTVBHa 3aLTTa o 60NecT 1 WTETHULN.

NmeHo, cuTe wncnvTaHW BapujaHTU BO crniopefba CO KOHTpONiHAaTa BapWjaHTa (HeTpeTupaHu) ce
KapaKkTepur3npaaTt co NOBMCOK NPUHOC, KBANINTET 1 MOPaHO NPUCTUTHYyBake 3a NiacMpare Ha Na3apor.

3a npeBeHUuja ce KopucTeHn neT eyHruuman: Ridomil Gold MZ 68 WG, Score 250 EC, Switch 62.5 WG,
Bravo 500 SC n Topas 100 EC v net paznuuHu nHcektuyman: Actara 25 WG, Confidor SL 200, Karate Zeon 5 CS,
Chess 50 WG u Pirimor 50 WG. Op, cuTe TecTupaHu GyHrMUMAM U MHCEKTULMAN 3@ UCMUTYBaHE, MOATOTBEHM
(ce KopwcTaT) Ce MeT BapmjaHTX Kou ce cocTojaT of ABa QYHrMumMamn 1 egeH nHcektnuma. Cute NCNUTyBaHm
BapwvjaHTX AaBaaT BUCOK NPOLEHT Ha edukacHocT. HajedpukacHa, Bo 2014 r. ce nokaxkana BapujaHtaTa Bravo
500 SC, Topas 100 EC n Chess 50 WG n Topas 100 EC, Switch 62.5 WG n Pirimor 50 WG, co KoepuumneHT Ha
edpukacHocT o 99.6%.

NHaekcoT Ha 6onecta Bo 2014 BO KOHTpOJHaTa BapujaHTa e 48.2%.

Bo 2015 r. nHAEKCOT Ha boniecTa BO KOHTpOJSIHATa BapujaHTa Gewe 54.1%, a Hajronema GUOMNOLLKa
epunKacHOCT e nocTMrHaTa co BapujaHTata Bravo 500 SC, Topas 100 EC n Chess 50 WG, co koedpuumeHT Ha
edurkacHoCT o 98.4%. Bo npusor Ha HalwyTe eKCNepUMEHTH, HALWETO UCNUTYBabe Gelle JOMONTHETO CO aHKETH.

Op aHKkeTuTe Gelle OTKPMEHO [eKa Pa3BojoT Ha LiBEKApeCcTBOTO BO OPAHXKEPMM BO HaLLUTEe MPOCTOpY e
BO noyeTHa da3a 1 6apa coofBETHU PeCYpCH, MOCBETEHOCT U Bpeme, 1 Aeka cXl ywiTe e Bo cemeeH 6u3HKC. McTo
Taka, Toa 6bapa of ApXaBaTa Aia pa3Bue cTpaTeruja 3a pas3Boj Ha LBEKAPCTBOTO 1 Aa MHBECTMPA GUHAHCKCKM
CpeqacTBa, LWTO UCTO Taka Ke NpuaoHece 3a Pa3BOojoT Ha HaLMOHaTHaTa eKOHOMUja.

KnyuHu 360poBu: ysekurd, puHauyudU, UHCeKMUYUOU, aHKkemu, 3auumuma
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Abstract

A comparative agrobiological evaluation of grapevine varieties for white and red wines from different
ecological-geographic groups have been done through application of mathematical methods - analysis of
variance, cluster and factor analysis using R language for statistical processing. It has been established that
the varieties Feteasca alba, Feteasca regala, Pamid, Dimiat and Mavrud differ materially according to almost
all examined characteristics. The analysed indicators in the structure of the yield in the case of the oriental
varieties are summarized in five factors, in the case of those from the Black Sea - in four, which are enough
to explain more than half of their total variability. The indicators from factor F3are with the biggest essential
direct impact on the yield in the case of all varieties from the first group, and in the case of those from the
second - F1. Other factors, which are not analysed, have also an impact on the formation of their yield.

Key words: analysis of variance, cluster analysis, agrobiological indicators, wine grape varieties

INTRODUCTION

The agrobiological characteristics of
each vine variety contain extremely important
indicators revealing its economic value. The
most popular and most spread local varieties
for white and red wines in Bulgaria are mainly
from the Black Sea ecological-geographic group
(convarietas pontica Negr.), Balkan subgroup
(subconvarietas balcanica Negr.). There are
rarely varieties from the Eastern ecological-
geographic group (convarietas orientalis Negr.)
(Bulgarian  Ampelography, 1990; Roychev
2012). When grown on appropriate terrains and
according to the corresponding technology,
they can produce good and quality produce

(Donchev 1990). The application of factor
analysis in agrobiological studies of wine grape
varieties allows economically most important
indicators for the formation of their yield to be
determined (Simeonov et al,, 2015, Simeonov
et al., 2016, Roychev 2017). Comparison of
different agrobiological factors impact on
the yield of grapes in the case of grapevine
varieties from different ecological-geographic
groups is of interest for ampelography and
applied viticulture. The purpose of this study is
to establish the possibilities for application of
factor analysis in comparative agrobiological
studies of wine grape varieties.

MATERIAL AND METHODS

Two varieties for white wines from the
Eastern ecological-geographic group - Feteasca
alba and Feteasca regala, two varieties for red
wines-Mavrud and Pamidand oneforwhite wines
- Dimiat, which are grown in the ampelographic
assortment of the Department of Viticulture -
Agricultural University-Plovdiv are included in
the study. The ampelographic indicators - shoot
fertility coefficient (C), millerandage berries (%),

average cluster weight (g), cluster length (cm),
cluster width (cm), seeds in 100 berries (number),
weight of seeds in 100 berries (g), grapevine
yield (kg), average weight of 100 berries (g),
berry length (mm), berry width (mm), sugars (%),
acids (g/dm3) of 25 typical grapevines of each
variety in the respective phenophases have been
determined in the course of five consecutive
years.
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Experimental data processing has been
performed with the functional programming
language and environment for statistical data
analysis R. The R open source principles allow
access to software applications for solving
specific statistical tasks. The presence of reliable
variance between the varieties in the analysed
indicators has been determined by single factor
analysis of variance and evaluation of averages
according to the Duncan’s method. In the case

1 ny np

sz(xi’xj) , (1)

nyng -1 j=1

D(4,B) =

of the Black Sea varieties the cluster analysis has
been also applied. The inter-group connection
method has been chosen as an agglomeration
method for clustering, and a similarity measure
is the quadratic Euclidean distance. The distance
between two clusters A and B is defined as the
average value of nA.nB of number of distances
between nA points from A and nB points from B
by the formula:

where the sum changes in all xi and xj from A and B. With

d(xi!xj) = E?n=1

[:xim_x_;l'm): i’jzl’_n ,(2)

we denote the quadratic Euclidean distance between two vectors X; (X;15X,5,--,X;, ) and

X5 (X505 550005 X )

With the use of the R language statistical
techniques a check for presence of the
necessary conditions for application of a factor
analysis has been done. A complex study of
the factors (indicators) impact on the yield

of grapes per grapevine has been carried out
using R.The coefficients of the regression model
are statistically significant at rates of statistical
significance (Sig.) less than 0,05.

RESULTS AND DISCUSSION

Data from the multidimensional compa-
rative analysis shows that the studied varieties
from the Oriental ecological-geographic group
differ materially in almost all biometric indicators,
exceptforthe percentage of millerandage berries,
yield, berry size and acids (Tab. 1). Feteasca alba
differs with greater cluster length and seeds in
100 berries, and Feteasca regald - with higher
values of the indicators fertility coefficient,
average cluster weight, cluster width, weight of
seeds in 100 berries, sugars content. In the case
of the varieties from the Black Sea group, the
variances between the studied agrobiological
indicators have not been proven only for weight
of seeds in 100 berries. Statistical groups two and
three are formed in the case of both varieties.

According to the dendrogram-clustering,
the Pamid and Dimiat varieties form a cluster
of the first level of similarity (Fig. 1). The relative
distance between them is from 0,0 to 0,5. They
are characterized by a high degree of closeness
in the values of the studied indicators. Mavrud
differs with a high degree of remoteness from
the other two varieties in terms of the values of

the studied indicators and is considered different
fromthem.Therelative distance between Mavrud
and the rest of the varieties is in the range from
0,5 to 25,0.

The analysis of the factor distribution of the
obtained agrobiological data shows that on the
formation of the yield per grapevine in the case
of the varieties Feteasca alba and Feteascad regala
impact five summarizing factors (60,7% and
60,7%), as each of them covers more often two
and rarely one indicator (Tab. 2). In F1 in the case
of both varieties are included berry length and
berry width with factor impact of 15,8% -15,8%
and positive impact on the amount of grape
yield. In F2 - in the case of the first variety (12,4%)
are the average cluster weight and acids, and in
the case of the second (15,2%) - cluster length
and cluster width. The third factor - F3 covers the
following indicators: fertility coefficient (with a
negative value), millerandage berries (12,0%)
and seeds in 100 berries, weight of seed in 100
berries (15,0%). In F4 the diversity of the studied
indicators increases but their factor impact on
the formation of the yield decreases - cluster
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length, weight of seeds in 100 berries (with a
negative value) (10,5%) and millerandage berries,
sugars (10,1%). In the case of the first variety in
F5 fall the indicators seeds in 100 berries (with
a negative value) and sugars (10,0%), and in
the case of the second - only average weight of
100 berries (9,9%). The formation of the yield in
the case of the studied varieties from the Black
Sea group is determined by four factors - Pamid
(62,6%), five - Dimiat (61,8%) and seven - Mavrud
(83,4%). The correlation coefficients for all the
factors of Pamid have positive values, as for
Dimiat there is one indicator with a negative
value, and in the case of Mavrud - they are three.
The agrobiological specificity between these
varieties is demonstrated by the fact that the
individual indicators fall into different factors.
The fertility coefficient in the case of the first and
the second varieties is in F4, and in the case of the
third one in F6; millerandage berries - only in F6
of Mavrud; average cluster weight - F3 of Dimiat
and F7 of Mavrud; cluster length and cluster
width - F3 of Pamid and F2 - Dimiat and Mavrud;
number and weight of seeds in 100 berries - F1
of Pamid, F5 - Dimiat and F3 - Mavrud; average
weight of 100 berries - only in F5 of Mavrud;
berry length and berry width - in the case of the
three varieties sequentially in F2, F1 n F1; sugars
- only in F4 of Mavrud and acids - F4 of Pamid, F3
- Dimiat and F4 - Mavrud.

The direct impact of the factors expressed
by the standardized regression coefficient (Beta)
shows that with the highest proven positive
significance for the yield per grapevinein the case
of Feteasca alba is F5 (0,013), Feteasca regala — F4
(0,173), Pamid - F4 (0,213), Dimiat — F2 (0,020),
Mavrud -F7 (0,143) (Tab. 3). The coefficients of
the regression model are statistically significant.
The low coefficients of determination in the case
of all varieties mean that the grape yield is not
determined solely by the studied indicators in
the summarizing factors.

The analysis of the main components in
the varieties from the Oriental group shows that
five of them are sufficient to explain 59,8% of the
total variation of the studied indicators (Tab. 4).

Their relative degree of variation correlates most
strongly with the first major component. With
berry length and berry width is explained 15,4%
of the total variation. The second component
explains 13,0% of the total variation, as with the
highest correlation coefficients are the fertility
coefficient and seeds in 100 berries, which is
with a negative sign. The third major component
explains 11,3% of the total variation, mostly with
cluster length and weight of seed in 100 berries,
as the second indicator has a negative impact
on the total variation. The fourth component
explains 10,1% of the total variation, as with the
highest correlation coefficient are millerandage
berries and sugars. With the highest correlation
coefficients for the fifth major component is the
cluster width, which explains 10,0% of the total
variation. In the case of the varieties from the
Black Sea group, four of the major components
are sufficient to explain 63,8% of the total
variation of the studied indicators. With average
cluster weight, cluster length and cluster width
is explained 21,0% of the total variation of the
characteristics in the first basic component, in
the second - with berry length and berry width
(19,6%), in the third - number and weight of
seeds in 100 berries (12,2%) and in the fourth
- shoot fertility coefficient and millerandage
grains (11,0%).

The coefficients of the regression model of
variation of the studied indicators Beta show that
a negative value and impact in the case of the
oriental varieties is found only in F4 (-0,046) n F5
(-0,094) (Tab. 5). With the biggest direct impact
on yield are the indicators of the summarized
factor F3 (0,179). In the case of the varieties from
the Black Sea group, there are no negative values
for the summarized factors. Biggest direct impact
has F1 - 0,323. The coefficients of the regression
model in the case of both groups of varieties
are statistically significant. The low values of the
coefficient of determination - 4,9% and 15,9%
show that on the formation of the grape yield in
the case of the varieties from both of the groups
impact have indicators other than the studied
ones.

CONCLUDING REMARKS

1. The wine grape varieties Feteasca alba,
Feteasca regala - Oriental ecological-
geographic group and Pamid, Dimiat and
Mavrud - Black Sea ecological-geographic

group differ statistically proven according to
almost all studied agrobiological indicators.
The varieties Pamid and Dimiat form a
cluster of first level of similarity, and Mavrud
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is farthest from them.

Economically most important indicators
having positive impact on the yield of
grape in the case of the studied varieties
are grouped in four to seven summarizing
factors, as with the greatest proven positive
significance are F2, F4, F5, and F7. The yield
in the case of most of the varieties is mainly
determined by the indicators cluster and
berry length and cluster and berry width,
followed by average cluster weight.

3. The importance of the studied indicators

in the structure of the yield in the case of
the oriental varieties is summarized in five
factors, in the case of those from the Black
Sea - in four, which are enough to explain
more than half of their total variability.
With the biggest proved direct impact on
the yield in the case of all varieties from
the first group are the indicators from
the summarized factor F3, and from the
second group - F1. Other factors which are
not analysed have also an impact on the
formation of their yield.
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Table 3. Coefficients of the regression model of the variation of indicators having impact on the yield per
grapevine in the case of the studied varieties

Regression Standardized regression
Variety Factors coefficient coefficient
(B) (Beta)
(Constant) 6,532
F. -0,072 -0,113
. s F, -0,041 -0,064
Feteasca alba 3 0,011 0017
F, -0,083 -0,130
F. 0,008 0,013
Coefficient of determination R?=3,4%
(Constant) 6,285
F, 0,199 0,133
Feteasca regala F, 0,239 0,160
F, -0,018 -0,012
F, 0,258 0,173
F. -0,066 -0,044
Coefficient of determination R*=7,5%
(Constant) 5,363
F. 0,185 0,107
Pamid F -0,160 -0,092
F. 0,106 0,062
F, 0,375 0,213
Coefficient of determination R?=6,7%
(Constant) 7,756
F. -0,046 -0,021
Dimiat F, 0,044 0,020
F, -0,136 -0,062
F, -0,213 -0,096
F. 0,023 0,010
Coefficient of determination R?=1,4%
(Constant) 7,776
F. 0,172 0,086
F. 0,207 0,103
F. 0,246 0,122
Mavrud F 20,398 0,195
F. -0,089 -0,045
F, 0,030 0,015
F, 0,290 0,143
Coefficient of determination R?=8,8%
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Table 4. General factor distribution of the indicators impact on the yield per grapevine in the case of all
studied grapevine varieties

Varieties groups Oriental varieties Black Sea varieties
Indicators

F F F F, | F F F F F

1 2 3 4 5 1 2 3 4

C Shoot fertility coefficient 0,703 0,690

Millerandage berries (%) 0,812 0,625
Average cluster weight (g) 0,713
Cluster length (cm) -0,643 0,838
Cluster width (cm) 0,611 | 0,866
Seeds in 100 berries (number) -0,750 0,784
Weight of seeds in
100 berries (g)

Average weight of
100 berries (g)

Berry length (mm) 0,899 0,902
Berry width (mm) 0,907 0,916
Sugars (%) 0,677
Acids (g / dm?3)
Factor impact (59,8%); (63,8%) | 154 | 13,0 11,3 | 10,1 | 10,0 21,0 19,6 12,2 11,0

0,752 0,891

Table 5. Coefficients of the regression model of the variation of indicators having impact on the yield per
grapevine in the case of all studied grapevine varieties

Regression Direct impact of Regression Direct impact
Factors coefficient the factors coefficient of the factors
(B) (Beta) (B) (Beta)
Oriental varieties Black Sea varieties
. (Constant) 6,411 6,965
Varieties
F, 0,086 0,075 0,729 0,323
F, 0,006 0,005 0,468 0,214
F, 0,207 0,179 0,245 0,114
F, -0,053 -0,046 0,229 0,107
F. -0,108 -0,094 6,965
Coefficient of
determination Ri=4,9% R?=15,9%

Figure 1. Dendrogram-clustering of the studied grapevine varieties from the Black Sea ecologo-geographical
group

Dendrogram using Average Linkage (Between Groups)

Eescaled Distance Cluster Combine
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Hum +-————————— Fom o Fom o +
Pamid 1 J
Dimiat 2
Mavrud 3




Venelin Roychev, Angel Ivanov, Neli Keranova, Nikolay Tsaykin

ATPOBUONOLWUKA EBANTYALIUJA HA COPTU TPO3JE 3A NMPOU3BOACTBO HA
BEJIN N UPBEH/ BUHA

BeHenuH PojueB’*, AHren BaHoB', Henu KepaHoBa', Hukonaj LlajkuH
AepapeH YHusepsumem - [1nosous, P. byzapuja
*Konmakm asmop: roytchev@yahoo.com

Pesnme

KomnapaTvBHa arpobuonoluka eBanyauuja Ha COpPTM 3a MPOM3BOACTBO Ha Oenu u UpBEHM BMHa
ofl pasfMyHu ekosnolKko-reorpadckn rpynu 6Gele m3paboteHa CO MpMMeEHa Ha MaTeMaTUUKW MeToau ”
TOa: aHanM3a Ha BapujaHCa, Knactep aHanmsa 1 GakTop aHanM3a co KopucTerbe Ha P ja3uk 3a cTaTMCTMYKa
obpaboTka. YTBpAeHO e fieka copTuTe Feteasca alba, Feteascd regala, Pamid, Dimiat u Mavrud ce pa3nukysaat
cnopep peyuncum cuTe UCNUTYBaHW KapaKTepuUCTUKN. AHanM3npaHuTe MHAMKATOPY BO CTPYKTypaTa Ha NPMHOCOT
BO C/lyyYaj Ha OpUEeHTaNHNTe COPTY Ce CyMupaHu Bo neT daktopu, oHne of LipHoTto Mope - Bo ueTupu, kou ce
[OBOJSIHM fia 06jacHaT noBeKe of NOSIOBMHa Of HUBHAaTa BKyMHa BapujabunHocT. Co HajroneMoTo CyLUTECTBEHO
LOVPEKTHO BNMjaHKe BP3 NPUHOCOT BO CJlyYaj Ha CTe COPTY Off NpBaTa rpyna ce uHgmkatopute of Gaktopot
F3, a Bo cniyyaj Ha oHure of BTopuroOT - F1. [lpyru GpakTopm Kom He ce aHanmsmpaart, UCTO Taka, MMaaT BiunjaHue
Bp3 dopmMmparbeTo Ha HUBHNOT NPUHOC.

KnyuHun 360poBu: aHa1u3a Ha 8apujaHca, kiacmep aHaau3a, azpobuosIowKu NoKkasamesiu, BUHCKU cOpmu
2posje
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