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Abstract. The aim of the study was to establish the levels of the main selection traits which determine the technological wool production in the rams from the
breed of Caucasian merino sheep. The study included a total of 126 rams at 18 months of age from Caucasian merino breed. To determine the fibre diameter, a
total of 252 wool samples from two parts of the body (side and leg) were analyzed. For laboratory examination of staple length and crimp of wool, a total 36 wool
samples (from the side and the leg) were studied. The rams from Caucasian breed had a very good topographic equality of fiber thickness and staple length.
The average fiber diameter of the side was 21.98um (with variation from 21.71um to 22.30 um) and the leg was 23.05um (with variation from 22.76um to
23.34um). The wool's fineness in the fleece was 64's quality in 76.98% of the samples, which characterized it as a fine merino wool. The number of crimps per
1cminthe rams was an average of .07 nrs. on the side and 4.46 nrs. on the leg and in the rams at 18 months of age - 5.26 nrs. and 4.82 nrs., respectively.

Keywords: Caucasian breed, merino wool, fibre diameter, staple length, crimp of wool

Introduction

The annual production of merino wool depends on the current
market situation. The factors influencing demand are competition
from other textile fibres (cotton and synthetic fibres), purchasing
power of households, wool production efficiency, changes in
consumer demands. Since 1990 that marked the peak in global
grease wool produce (3 350 508t), its production in 2010 declined to
2020 033t, e.g. by 39.71% (FAO). This has resulted in lower number
of sheep, especially from merino breeds. The global trends, along
the political and economic changes in the country had a negative
impact on Bulgarian sheep farming. The number of sheep sharply
decreased, leading to change in breeds and populations. The
processes affected seriously merino breeds whose small population
classified them as “endangered” (Aboneev et al., 2015). They are
prerequisite for uniting the national merino breeds along with
preservation of the breed type (Panayotov and Dimitrov, 2000) and
implementation of a new model of selection combining good maturity
and meat traits, optimum wool production, high yield and good wool
technological properties (Slavov and Dimitrov, 2001). In 2011, a
General breeding programme of merino sheep in Bulgaria for 2011-
2020 of Association for breeding of fine-fleece sheep in Bulgaria
(ABFFSB) was adopted (Boykovski et al., 2011), and in 2013 they
are declared endangered from extinction and receive subsidy for
conservation and maintenance.

The selection of merino sheep is aimed at increasing the
productivity, in particular wool production and improvement of
physico-mechanical properties of wool, e.g. technological properties
(Slavova et al., 2016). As breed is a dynamical structure that is
variable, the level of traits should be registered and analysed with
respect to their maintenance orimprovement.

Technological traits of wool from Bulgarian merino sheep
breeds have been performed by Stankov (1985), Dimitrov (1994-
1995), Tsenkova et al. (1995), Mihaylova et al. (1996), Slavova

* e-mail: dpamukova@uni-sz.bg

(2000), Chincheva (2000), lliev (2002), Stefanova et al. (2005),
Staikova and Stancheva (2009, 2010, 2013), Stancheva et al.
(2015), etc.

The selection of rams, being carriers of genetic progress, is
essential for modern programmes of selection (Tsenkova et al.,
1995). One of sources providing information for evaluation of
breeders is their own productivity. The aim of the study was to
determine the levels of main selection traits determining
technological properties of Caucasian ramwool.

Material and methods

The study was performed with rams from the Caucasian breed
— a valuable part of the National gene pool and one of primary
improving breeds for national merino sheep farming. It was
conducted in 2009-2011 on 144 Caucasian rams owned by Kabiuk
state enterprise — Shumen, reared and fed uniformly.

For determination of wool fineness, 252 wool samples from 126
animals were analysed. The samples were collected during the
appraisal from two topographic areas: side and leg, in line with the
instruction for control of production traits and appraisal of sheep
(2003). The thickness of fibres was measured with Dorner's
lanameter at the wool laboratory of the Selection Center of Animal
Breeding in Shumen. Two hundred fibres were examined from all
samples. Laboratory analysis of the wool natural length and crimp
was done on 36 samples (from side and leg) of 18 rams (11 male
lambs and 7 rams at 2.5 years of age). Samples were obtained at the
time of appraisal; wool had grown for 10 months in male lambs
(sheared as yearling rams) and for 11 month in rams. Wool length
was measured with precision of 0.5cm. Wool crimp was determined
in 10 areas through the number of crimps along 1cm.

Statistical analysis of data was done with Statistica 06 software.
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Results and discussion

One of the most important features of wool from the point of
view of its price and use as textile is the fineness (Hunter, 1993). For
merino wool with average fibre thickness of 19.5-25.0um, 70% of
the price is formed by fineness (AWEX). Average fibre diameter is
the main factor determining spinning traits, yarn and textile
properties (Hunter, 1993; Khan et al., 2012). It varies both between
breeds of a given productive type, as well as within the breed
(Shotaev, 1978). Wool fineness is also influenced by some
environmental factors as feeding and physiological condition (Brawn
and Crook, 2005). The average fibre diameter has a substantial
effect on the thickness and length of yarn. According to Dzhaparidze
(1983) about 80% of variation of yarn thickness depends on
ununiformity of fibres' thickness and only 15-20% depends on
ununiformity of length.

The results of wool fineness analysis are presented in Table 1.

The average fibre diameter on the side was 21.98um, and varied
between 21.71um in 2010 to 22.30um in 2009. The differences
between the years are minimum (from 0.26 to 0.59um) and
statistically insignificant except that between 2009 and 2010
(p<0.01). The leg wool fineness was similar to that of the side.
Average fibre diameter was 23.05um with max-min range of
23.34um - 22.76um. The differences in this trait's values over the
years varied from 0.28 to 0.58um but again, only the difference
between 2009 and 2010 was significant (p<0.01). Coefficients of
variation (CV) were 12.3-14.00%, indicating good staple uniformity
of the wool of both topographic areas. According to the year of study,
the differences between the leg and the side were minor - from 1.04
to 1.09um, e.g. <2um, indicating food topographic uniformity.
Therefore, as wool fineness was regarded, studied male lambs
exhibited a good staple and topographic uniformity of wool fibres, a
prerequisite for production of fine and quality merino yarn.

Table 1. Wool fineness on the side and the leg at 18 months of age, pm

Side Leg
Year
n Mean + SEM CV, % n Mean + SEM CV, %
2009 31 22.30 +0.183* 12.30 31 23.34 £ 0.187" 13.47
2010 35 21.71+£0.215" 12.74 35 22.76 +0.201% 14.00
2011 60 21.97 +0.100° 13.20 60 23.06 +0.100° 13.93
Total 126 21.98 £ 0.090 12.85 126 23.05 £ 0.087 13.84

* vertically: a, b - p<0.01; horizontally: c, d, e - p<0.001

Somewhat lower fineness values were established by
Boykovski et al. (2003) - 21.28um on the side and 22.66jum on the
leg and Stefanova (2005) - 21.36 um and 22.55um, respectively in
the Caucasian sheep breed. Inthe same breed, the authors reported
a range of variation of the trait between 18.10um and 25.20um
(Boykovski et al., 2009). The results of Slavov (2007) in male North-
East Bulgarian Finewool sheep and its crosses with Australian
merino sheep were comparable. The average fibre diameter in
purebred animal was 22.13um (side) and 23.05um (leg), and in %2
and % blood crosses: 21.62-21.80um and 22.59-22.79um. In
imported Australian merino rams, average fibre thickness was
23.91um (range 18.88umto 25.80um) (Todorovaetal., 1994).
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Figure 1. Distribution of animals by side wool quality
in accordance with Bradford system
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Results obtained show that wool fineness corresponded to
grade 60s to 70s by the Bradford system (Figure 1). According to the
year of study, animals with grade 64s of side wool prevailed with a
trend towards increase in its relative proportion from 64.52% in 2009
to 90% in 2011. According to the Trade classification, wool with
fineness grade 64s and 70s is classified and purchased as fine
merino. On the leg, wool was mainly from grades 64s and 60s
(Figure 2).

The selection in merino sheep breeds should be directed to
typisation of the wool and improvement of topographic uniformity of
the fleece (Panayotov, 1987). In this connection, Muhamegdaliev et
al. (1984) claim that wool is considered uniform if the fleece contains
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Figure 2. Distribution of animals by leg wool quality in
accordance with Bradford system



no more than 2-3 grades. The average relative proportion of male
lambs with the same quality of side and leg wool was 76.98% (Table
2). From a total of 126 studied male lambs, in 29 (23.02%), wool
fineness in both areas was from two adjacent grades. According to
the results, the studied sample was characterised with good
topographic uniformity of wool fineness.

Table 2. Distribution of animals according to the number of
quality grades of the fleece

with 1 grade with 2 grade
Year n

n % n %
2009 3 27 87.10 4 12.90
2010 35 30 85.71 5 14.29
201 60 40 66.67 20 33.33
Total 126 97 76.98 29 23.02

The second important trait influencing the price, processing
type of wool in textile industry and yarn properties is the natural
length of wool (Hunter, 1993). This trait depends on a number of
factors: age, feeding, physiological state, season, shearing, etc. The
selection of wool-type sheep breeding is aimed at a good staple and
topographic uniformity of fibres along their length which is essential
during wool processing.

Data from laboratory analysis showed that the natural wool
length of rams is average 7.57cm on the side and 7.14cm on the leg
(for 11 month growth) and in male lambs — 6.86¢cm and 6.05¢m (for
10 month growth), respectively (Table 3). In male lambs, leg wool
was statistically significantly shorter (P<0.05) that of the side.

Table 3. Natural wool length according to the category and
topographic areas, cm

Side Leg
Category
n Mean+SEM CV,% n Mean+SEM CV, %
Rams 7 75710561 1960 7 7.14+0.404 1497

Male lambs 11 6.86+0.145" 12.80 11 6.05+0.196" 10.76

* horizontally: b - p<0.01

According to the Trade classification (Bulgarian State
Standard-BSS 507-88), the wool of rams and male lambs fulfilled
the minimum requirements for first-class.

In Thracian finewool rams, the natural wool length varied within
9.59-9.90cm (Boykovski et al. 2009), and in imported Australian
merino rams — 10.48cm (Todorova et al., 1994). In North-East
Bulgarian Finewool sires, natural wool length was on the average
10.93cminrams and 10.61cmin male lambs (Slavov, 2007).

The crimp of wool contributes to preservation of its physico-
mechanical properties and influenced its technological processing.
It is important for wool softness and volume, and is also among the
traits characterising wool type (Slavov, 2007).

In the present study, the average number of crimps per 1 linear
cminrams was 5.07 (side) and 4.46 (leg), while in male lambs: 5.26
and 4.82 respectively (Table 4). The differences between groups —
0.19 and 0.36 were not statistically significant. With regard to the
category, the differences between the areas were small (0.61 in
rams and 0.44 in male lambs) and insignificant.

Our results were higher that values reported by Todorova et al.
(1994) in Australian merino rams (3.32 crimps per 1 ¢cm) but lower

Table 4. Wool crimp number on the side and leg at 18
months and 2.5 years of age

Side Leg
Category
n Mean+SEM CV,% n Mean=SEM CV, %
Rams 70 507 +£0.444 2315 70 4.46+0259 15.37

Male lambs 110 5.26 + 0.096
* horizontally: b - p<0.01

11.06 110 4.82+£0.204 14.04

than crimps established by Slavov (2007) in North-East Bulgarian
Finewool rams and male lambs (5.72 and 5.56 for the side and 5.48
and 5.30 for the leg) and in rams with 2 and "4 Australian merino
blood (5.88 and 5.78: side; 5.87 and 5.72: leg).

Conclusion

Caucasian rams exhibited a very good topographic uniformity
of wool with respect to wool fibre diameter and natural length. The
fineness of wool in the fleece was mainly from grade 64s by the
Bradford system, which characterised it as a fine merino wool.
According to the year of study, animals with grade 64s of side wool
increase in its relative proportion from 64.52% in 2009 to 90% in
2011. On the leg, wool was mainly from grades 64s (51.61-51.57%)
and 60s (48.39-48.33%). Studied animals were outlined with good
topographic uniformity with regard to wool crimp. The average crimp
number per 1 cm in rams was 5.07 on the side and 4.46 on the leg,
while respective values in male lambs were 5.26 and 4.82.
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Preparation of papers

Papers shall be submitted at the editorial
office typed on standard typing pages (A4,
30 lines per page, 62 characters per line).
The editors recommend up to 15 pages for
full research paper ( including abstract
references, tables, figures and other
appendices)

The manuscript should be structured as
follows: Title, Names of authors and
affiliation address, Abstract, List of
keywords, Introduction, Material and
methods,Results, Discussion, Conclusion,
Acknowledgements (if any), References,
Tables, Figures.

The title needs to be as concise and
informative about the nature of research. It
should be written with small letter /bold, 14/
without any abbreviations.

Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
authoris indicated with *,

Abstract should be not more than 350
words. It should be clearly stated what new
findings have been made in the course of
research. Abbreviations and references to
authors are inadmissible in the summary. It
should be understandable without having
read the paper and should be in one
paragraph.

Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
but giving the essence of study.

The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?

Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
Acriterion of sufficientinformation is to be
possible for others to repeat the experi-
mentin order to verify results.

Results are presented in understandable

tables and figures, accompanied by the
statistical parameters needed for the
evaluation. Data from tables and figures
should not be repeated in the text.
Tables should be as simple and as few as
possible. Each table should have its own
explanatory title and to be typed on a
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.

Figures should be sharp with good
contrast and rendition. Graphic materials
should be preferred. Photographs to be
appropriate for printing. lllustrations are
supplied in colour as an exception after
special agreement with the editorial board
and possible payment of extra costs. The
figures are to be each in a single file and
their location should be given within the
text.

Discussion: The objective of this section
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important conse-
quences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:

In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors: Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be translated into English.
The original language of articles and books
translated into Englishisindicated in
parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, ifinthe Cyrillic, Mongolian =

Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
etc.)

The following order in the reference list is
recommended:

Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:

Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74, 39-50

Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.

Book chapter or conference proceedings:
Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:

Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.

Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive perfor-
mance in dairy cows,IX" International
Conference on Production Diseases in
Farm Animals, September 11-14, Berlin,
Germany.

Thesis:

Hristova D, 2013. Investigation on genetic
diversity in local sheep breeds using DNA
markers. Thesis for PhD, Trakia University,
StaraZagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.

Animal welfare

Studies performed on experimental
animals should be carried out according to
internationally recognized guidelines for
animal welfare. That should be clearly
described in the respective section
“Material and methods”.
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