ISSN 1313 - 8820 (print)
ISSN 1314 - 412X (online)
Volume 10, Number 2
June 2018

AGRICULTURAL
SCIENCE AND TECHNOLOGY

\ Y
Vil M. A

AN

| , AN\ D
2018
An International Journal Published by Faculty of Agriculture,
Trakia University, Stara Zagora, Bulgaria



Editor-in-Chief

Georgi Petkov

Faculty of Agriculture

Trakia University, Stara Zagora
Bulgaria

E-mail: gpetkov@af.uni.sz.bg

Co-Editor-in-Chief

Dimitar Panayotov

Faculty of Agriculture

Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breeding

Atanas Atanasov (Bulgaria)
Svetlana Georgieva (Bulgaria)
Nikolay Tsenov (Bulgaria)
Max Rothschild (USA)

Ihsan Soysal (Turkey)

Horia Grosu (Romania)
Stoicho Metodiev (Bulgaria)
Bojin Bojinov (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)

Ivan Varlyakov (Bulgaria)
George Zervas (Greece)
Vasil Pirgozliev (UK)

Production Systems

Radoslav Slavov (Bulgaria)
Dimitar Pavlov (Bulgaria)
Jean-Francgois Hocquette
(France)

Bogdan Szostak (Poland)

Agriculture and Environment
Martin Banov (Bulgaria)

Peter Cornish (Australia)
Viadislav Popov (Bulgaria)
Tarek Moussa (Egypt)

Product Quality and Safety
Stefan Denev (Bulgaria)

Vasil Atanasov (Bulgaria)
Roumiana Tsenkova (Japan)

English Editor

Yanka Ivanova (Bulgaria)

Scope and policy of the journal
Agricultural Science and Technology /AST/
— an International Scientific Journal of
Agricultural and Technology Sciences is
published in English in one volume of 4
issues per year, as a printed journal and in
electronic form. The policy of the journal is
to publish original papers, reviews and
short communications covering the
aspects of agriculture related with life
sciences and modern technologies. It will
offer opportunities to address the global
needs relating to food and environment,
health, exploit the technology to provide
innovative products and sustainable
development. Papers will be considered in
aspects of both fundamental and applied
science in the areas of Genetics and
Breeding, Nutrition and Physiology,
Production Systems, Agriculture and
Environment and Product Quality and
Safety. Other categories closely related to
the above topics could be considered by
the editors. The detailed information of the
journal is available at the website.
Proceedings of scientific meetings and
conference reports will be considered for
special issues.

Submission of Manuscripts

There are no submission / handling /
publication charges.

All manuscripts written in English should
be submitted as MS-Word file attachments
via e-mail to editoffice@agriscitech.eu.
Manuscripts must be prepared strictly in
accordance with the detailed instructions
forauthors at the website
www.agriscitech.eu and the instructions
on the last page of the journal. For each
manuscript the signatures of all authors
are needed confirming their consent to
publish it and to nominate on author for
correspondence.

They have to be presented by a
submission letter signed by all authors.
The form of the submission letter is
available upon from request from the
Technical Assistance or could be
downloaded from the website of the
journal. Manuscripts submitted to this
journal are considered if they have
submitted only to it, they have not been
published already, nor are they under
consideration for publication in press
elsewhere. All manuscripts are subject to

editorial review and the editors reserve the
right to improve style and return the paper
for rewriting to the authors, if necessary.
The editorial board reserves rights to reject
manuscripts based on priorities and space
availability inthe journal.

The journal is committed to respect high
standards of ethics in the editing and
reviewing process and malpractice
statement. Commitments of authors
related to authorship are also very
important for a high standard of ethics and
publishing. We follow closely the
Committee on Publication Ethics (COPE),
http://publicationethics.org/resources/guid
elines

The articles appearing in this journal are
indexed and abstracted in: AGRIS (FAO),
CABI, EBSCO-host, ROAD and DOAJ.
DOI system is used for article indenti-
fication

The journal is freely available without
charge to the user or his/her institution.
Users can read, download, copy,
distribute, print, search, or link to the full
texts of the articles, or use them for any
other lawful purpose, without asking prior
permission from the publisher or the
author.

This issue is printed with the financial
support by Contract No. DNP 06-
41/20.12.2017, financed from Fund
'Scientific Research' grant Bulgarian
scientific periodicals.

Address of Editorial office:
Agricultural Science and Technology
Faculty of Agriculture, Trakia University
Student's campus, 6000 Stara Zagora
Bulgaria
Telephone:  +35942699330

+35942 699446

www.agriscitech.eu

Technical Assistance:

Nely Tsvetanova

Telephone: +35942 699446
E-mail: editoffice@agriscitech.eu




ISSN 1313 - 8820 (print) Volume 10, Number 2
ISSN 1314 - 412X (online) June 2018

AGRICULTURAL
SCIENCE AND TECHNOLOGY

2018

An International Journal Published by Faculty of Agriculture,
Trakia University, Stara Zagora, Bulgaria



AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 2, pp 85 - 89, 2018
DOI: 10.15547/ast.2018.02.019

Genetics and Breeding
Exterior traits of a male parental form for production of autosexing Easter eggers

H. Lukanov*, A. Genchey, E. Halil
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(Manuscript received 13 March 2018; accepted for publication 2 May 2018)

Abstract. The aim of the present study was to perform exterior evaluation of a newly created male parental form for production of autosexing Easter egger
crosses. The main exterior traits and measurements were conducted along with phenotype evaluation of hens and roosters of the XL male parental form at 6
and 12 months of age. The average live weight of 6-month-old roosters and hens was 2.62+0.03 kg and 1.77+0.028 kg, respectively. One-year-old roosters
and hens weighed 2.8+0.027 kg and 2.03+0.04 kg, respectively, on average. The ratio between the main exterior measurements of males and females was
preserved for both age groups. Hens exhibited lower massiveness index than roosters. The compactness index in hens at 6 and 12 months of age was higher
than that of roosters. Six-month-old roosters demonstrated higher long-leggedness index values as compared to year-old males and hens of both studied

ages. Phenotypically, birds resembled productive type Rhode Island Red chickens except for the presence of pea combs and small wattles.

Keywords: Easter eggers, exterior indices, exterior measurements, phenotype, blue-green eggshell

Introduction

During the last two decades, poultry farming became the most
intensively developing branch of animal husbandry. Along with
increasing production of poultry eggs and meat, a process of
assortment diversification is also observed. The latter became
possible by virtue of important and substantial changes in the
selection work. The interest to the production of cheap, dietetic and
valuable protein foods for human diets resulted in serious progress
in poultry industry. The productive performance of different fow!
species of economic importance and lower production cost was
considerably improved.

Chicken eggs with blue-green shells have been known for
centuries. Their pigmentation is due to accumulation of biliverdin IX
and biliverdin zinc chelate on the eggshell and eggshell membranes
during their formation (Poole, 1963; Kennedy and Vevers, 1973).
The pigments are deposited mostly in superficial eggshell layers
(Zhao et al., 2006; Wang et al., 2007). Pigment depositions in
eggshells are a result of heme oxidation products (Wang et al.,
2011). This mutation is determined by an autosomal dominant gene
located in chromosome | of the poultry genome (Hutt, 1949;
Crawford, 1990). According to most recent research, the gene
responsible for this mutationis SLCO1B3 (Wang etal., 2013).

The global egg produce is dominated by two main layer breeds:
White Leghorn and Rhode Island Red. That is why the major part of
eggs produced worldwide have homogenous eggshell colour.
During the last two decades, consumers from West Europe, North
America and Japan have exhibited an increased interestin eggs with
exotic colour. Consequently, several layer hybrids laying down blue-
green eggs also known as Easter eggers, have been created
(Lukanov, 2016). This new trend in the consumers' attitudes could
be attributed to the conservatism in the world egg production, on the
one hand, and to the good financial status of the average consumer

* e-mail: dr_lukanov@abv.bg

inthese parts of the world, on the other.

Modern egg-laying hybrids are perfectly fit to high-technology
production systems. Yet, they could not provide interesting non-
traditional eggs for the increasingly demanding retail market.
Furthermore, breeds possessing some attractive traits, including
eggshell colour, do not possess the necessary traits ensuring cheap
produce. Therefore, the new market niches require investigation of
the possibilities for combination of highly-producing egg-laying
strains with breeds contributing to attractive retail products. The
possibility for autosexing in such crosses is also economically
important. It would result in broadening the current knowledge in the
field and offering new competitive egg layer strains.

The aim of the present study was to perform exterior evaluation
of a newly created male parental form for production of autosexing
Easteregger crosses.

Material and methods

The study was conducted in 2016 in a small semi-intensive
poultry farm located in the Central Fore-Balkan, Northern Bulgaria.
To this end, measurements of exterior traits and calculation of
exterior indices were done in birds from the newly created male
parental form named XL, along with phenotype evaluation. Twenty
hens and twenty roosters at 6 months of age and the same number
of birds at 12 months of age were used.

During the period 2011-2016, selection for obtaining a male
parental form suitable for using in crossbreeding schedules for
production of autosexing Easter eggers was conducted. The birds
combine expression of gene for biliverdin pigmentation of the
eggshell, very good egg-laying features and red-brown feathering.
Absorption crossbreeding schedule was employed (Figure 1) with
participation of White Schijndelaar and Rhode Island Red breeds.
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From 2015 onward, internal breeding with selection and
subselection for exterior and homozygocity testing of roosters for the
Ogenewas carried out.

Female S RIR Male
Female F1 RIR Male
Female F2 RIR Male
Female F3 RIR Male
Female F4 RIR Male

Internal breeding ——— F5

Figure 1. Breeding schedule for creation of the XL male
parental form (orig.)

The following exterior traits were controlled:

Live weight (kg). Male and female birds at 6 and 12
months of age were individually weighed on a technical balance EU-
6000CE with a precisionof 0.1g.

Exterior measurements and indices. They were done
once, atthe time of live weight determination in the following order:

o diagonalbody length (cm) - with tape measure;
straight body length (cm) - with compasses;
breast circumference (cm) - with tape measure;
breastwidth (cm) - with compasses;
breast depth (cm) - with compasses;
sternum length (cm) - with tape measure;
pelvic width (cm) - with compasses;
crus length (cm) - with tape measure;
tarsometatarsus length (cm) - with tape measure;
o tarsometatarsus circumference (cm) - with tape measure.
On the basis of these exterior measurements, the following
exterior indices were calculated:
Massivenessindex (MI)
MI = (live body weight to body length) x 100 )

O O O 0O O 0 0 ©

Stockiness index (SI)

SI= (breast circumference to body length) x 100 (2)
Long-leggedness index (L)

LI= (leg lengthto body length) x 100 (3)

At 6 and 12 months of age, detailed phenotypic evaluation of all
birds from both genders was performed. Against this background,
phenotype traits of the male parental form for production of
autosexing Easter eggers were described.

All data were analysed by Statistica 13.0 software (Statistica for
Windows; Stat — Soft, 2015). Mean (x), standard error of mean
(SEM) and Coefficient of variation (CV, %) values were calculated.
The differences were considered statistically significant at p <0.05,
using Student's t-test, if the data were normally distributed.

Results and discussion

The live weight of roosters and hens of both studied ages is
presented in Table 1. The weight of 6- and 12-month-old roosters
was 2.6240.03 kg and 2.840.027 kg, respectively (p<0.001). The
trait varied insignificantly in both age groups, particularly in 1-year-
old birds (2.92%). This could be attributed to the lack of stress and
aggression in individually reared mature roosters as compared to
the rearing in groups during the adolescent period. In hens, variation
was greater at both ages: 6.95% in 6-month-old and 8.61% in 12-
month-old birds. Average live weights were comparable to those of
parental forms used for production of modern classic brown egg-
laying hybrids (Anonymous, 2012a; 2012b). After comparison of our
data with data available for line B of Rhode Island Red it could be
summarised that the weight of female XL chickens was comparable
to that outlined by Lalev et al. (2011, 2012). Higher body weight of
line B used in production of earlier XL crosses was reported in
previous studies (Lukanov, 2016). The average body weight of XL
birds exceeded that of the parental breed Schijndelaar (Lukanov,
2016).

Tables 2 and 3 present the exterior measurements and
calculated exterior indices of the studied chickens. In general, the
values in roosters were superior to those in hens due to the sexual
dimorphism in chickens. Comparing the present data with those
from an earlier study of ours with line B of Rhode Island Red
chickens (Lukanov, 2016), it could be stated that line B was superior
to XL with respect to most exterior traits. This was due to the higher
live weight. Some exterior traits (breast depth, leg length and
tarsometatarsal width) were comparable to the data reported by

Table 1. Live body weight of XL roosters and hens at 6 and 12 months of age (kg)

Live weight, kg

Group 6-month-old hens 6-month-old roosters 12-month-old hens 12-month-old roosters
n 20 20 20 10

X 1.77 2.62 2.03 2.80

SEM 0.028 0.030 0.040 0.027

VC, % 6.95 5.01 8.61 2.92

min 1.60 2.35 1.75 2.65

max 2.05 2.85 2.30 2.95
Significance 1:2,3,4%; 2:3,4***; 3:.4***

**%% p< 0.001
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Table 2. Exterior trait measurements of XL roosters and hens at 6 and 12 months of age

Exterior trait measurements

Group 6-month-old 6-month-old 12-month-old 12-month-old
hens (n=20) roosters (n=20) hens (n=20) roosters (n=10)
X 16.78 18.85 17.95 20.74
. SEM 0.126 0.445 0.268 0.414
Straight body length, cm VC.% 327 10.30 6.51 5.99
Significance 1:2,3,4%%%: 2:4**, 34
X 19.38 21.70 20.17 23.90
Diagonal body length, cm SEM 0.182 0.519 0.272 0.528
VC,% 4,09 10.42 5.87 6.62
Significance 1:2,4%%%:1:3% 2:3,4**; 3:4**
X 7.26 8.67 7.63 9.86
Breast width. cm SEM 0.085 0.189 0.087 0.344
’ VC,% 5.09 9.53 4.96 10.47
Significance 1:2,4%%%:1:3%; 2:3%%; 2:4*; 3.4***
X 13.35 13.85 13.54 14.18
Breast depth, cm SEM 0.121 0.106 0.094 0.038
VC,% 3.94 3.33 3.02 0.80
Significance 1.2 1:.4%*; 2:3%, 2:4**; 3:4***
X 36.04 38.13 36.81 39.12
Breast circumference, cm SEM 0.202 0.240 0.215 0.435
VC,% 244 2.74 2.55 3.33
Significance 1:2,47%%%: 1:3%%%: 2:3%*%: Qu4*; 3:4***
X 11.80 13.70 11.99 14.20
Sternum length, cm SEM 0.259 0.146 0.313 0.211
VC,% 9.56 4.65 11.37 4.45
Significance 1:2,4%%%; 2.3, 3:.4***
X 9.55 1.41 10.10 11.62
Pelvic width. cm SEM 0.108 0.186 0.159 0.267
’ VC,% 4.94 7.10 6.87 6.89
Significance 1:2,4%%; 1.3, 2.3, 3:4**
X 13.25 16.88 13.66 16.90
Crus length, om SEM 0.126 0.226 0.16 0.205
VC,% 415 5.84 5.09 3.64
Significance 1:2,4%; 1:3%; 2:3"*%; 3:.4***
X 7.83 10.20 7.89 9.30
Tarsometatarsus length, cm SEM 0.119 0239 0.147 0.211
VC,% 6.65 10.23 8.13 6.80
Significance 1:2,4%%%; 2:35%%,2:4%%; 3:.4***
X 3.90 5.19 417 5.48
Tarsometatarsus circumference, cm SEM 0.073 0.044 0.07 0.058
’ VC,% 8.19 3.69 7.11 3.20
Significance 1:2,4%%%:1:3%, 2:3 4, 3:4***

* p< 0.05 ** p< 0.01; *** p< 0.001

Lukanov (2016). Only breast circumference and the crus length
were higher than those of Rhode Island Red line B. The exterior data
of Schijndelaar chickens were closer to those measured in XL
population (Lukanov, 2016). A serious advantage of XL chickens vs

the ornamental breed - Schijndelaar was established for breast
circumference, breast depth and crus length.

The calculation of exterior indices demonstrated that 6-month-
old roosters had higher body than 12-month-old roosters (NS) and
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Table 3. Exterior indices of XL roosters and hens at 6 and 12 months of age

Exterior indices

Group 6-month-old 6-month-old 12-month-old 12-month-old
hens (n=20) roosters(n=20) hens (n=20) roosters (n=10)
X 9.13 12.19 10.03 11.75
Massiveness index SEM 0.16 0.295 0.08 0.20
VC,% 7.66 10.56 3.65 5.22
Significance 1:2,3,4%%%; 2:3%%%: 3:.4***
X 186.27 177.68 182.96 164.07
Compactness index SEM 1.95 4.86 2.08 2.29
VC,% 457 11.92 4.97 4.18
Significance 1:47%%, 2:4%; 3.4** 39.07
X 40.43 47.74 39.19 39.07
Long-leggedness index SEM 0.66 2.00 0.85 1.22
VC,% 7.11 18.29 9.46 9.40
Significance 1:2%*%; 2:3 4"

* p< 0.05 ** p< 0.01; *** p< 0.001

hens of both age groups (p<0.001). Long-leggedness index values
of young roosters were higher (47.74£2.00) than the values
obtained in the other 3 groups, which were similar (Table 3). Young
roosters were outlined also with the highest massiveness index
values (12.1940.3) as compared to the other 3 groups (p<0.001).
Unlike them, 6-month-old hens had lower massiveness index values
than 12-month-old females - 9.13+£0.16 and 10.03+0.08,
respectively (p<0.001). Compactness index values of 12-month-old
roosters were significantly lower than those of hens of the same age
group: 164.07+2.29 and 182.96+2.08, respectively (p<0.001).

In scientific literature, only few data about exterior indices and
measurements of Rhode Island Red and Schijndelaar chickens are
available for comparative purposes. Lukanov (2016) reported
massiveness, compactness and long-leggedness values in line B of
Rhode Island Red and Schijndelaar. The massiveness index values
of XL birds were comparable to those of line B. With respect to
compactness and long-leggedness indices, XL parental form was
superior to line B. Schijndelaar chickens exhibited lower average
values of the three exterior indices in hens vs XL. This could be

explained by the minor influence of the decorative breed in the
schedule for obtaining the male parental form used in crossbreeding
for production of autosexing Easter egger hybrids (Figure 1).

The selection of chickens after F2 showed that all layer hens
with pea combs produced green eggs, while all hens with single
comb — brown eggs. On the basis of studies of some authors
(Bruckner and Hutt, 1939; Bitgood et al., 1983; Bartlett et al., 1996)
onthe close location of O and P lociin chromosome | and our results,
it could be concluded that both genes were linked. This could be
used for faster indirect evaluation in testing male and female
breeders for carriership of both alleles of the gene determining the
expression of blue-green eggshell colour.

XL roosters and hens (Figure 2) had the following phenotype
characteristics performed according to the Standard of Domestic
fowl breeds of the European Association of Poultry, Pigeon, Cage
bird, Rabbitand Cavy Breeders (Anonymous, 2008):

Roosters had a strong, medium-size well-muscled body. It was
of medium height, slightly erected. The neck was of medium length,
well feathered and elegantly curved. The back was of medium

Figure 2. Rooster (a) and hen (b), 5-month-old (orig.)
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length, wide, slightly tilted to the tail. The saddle was moderately
wide and well feathered. The tail was of medium length, moderately
to highly set and moderately wide. Sickle feathers were of medium
length and width and curved. Shoulders were wide, rounded and
partly hidden by neck feathers. Wings were of medium length,
closely fit to the body. The breast was slightly elevated, relatively
wide and rounded. The abdomen was wide and tight, well feathered.
The head was of medium size, elongated and of medium width. The
face was red, smooth, covered with fine feathers. The comb was of
average size, pea-shaped, could be unilaterally floppy. Wattles were
poorly developed and red. Ear lobes were of medium size, elongated
and red. Eyes were orange-red and expressive. Thighs were of
medium length, well-feathered, visible and muscled. Shanks were of
medium length, non-feathered, pale yellow to yellow with four toes.
The feathering was rich, closely fit to the body and not voluminous.

The exterior features of females were similar to those of
roosters except for sex-linked differences. The posterior body part of
hens was better developed. The abdomen was soft and large.
Fleshy growths on the head (comb, wattles and earlobes) were
feebly developed. Feathering colour was red-brown, and the tail
feathers were blackin both genders.

Conclusion

It was found that: a) the live weight and main exterior indices of
sexually mature XL chickens were comparable to those of the
parental forms for production of classic brown autosexing hybrids; b)
hens had lower massiveness index values than roosters; c)
compactness index values of 6- and 12-month-old hens were higher
than the respective values in roosters; d) 6-month-old roosters had
higher long-leggedness index values than 12-month-old roosters
and vs hens of both age groups; e) the inheritance of the gene
determining the appearance of pea comb was linked to the gene
coding for blue-green colour of eggshells. An investigation of
productive traits of the XL male parental form and the extent of
homozygocity with regard to the gene determining the presence of
blue-green eggshells is recommended. Also, evaluation of the
potential for combination of this male parental form with high-
producing maternal forms carrying sex-linked S, B and K genes
deserves to be studied.
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