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Review paper

Abstract: The farm animal welfare science has undergone a thorny path of
development, often disputed because of its lack of measurability and the purpose of
existence. At the very beginning, primarily based on moral and ethical attitudes,
over time it pointed to the importance of meeting the needs of animals and the
consequences of their neglect and exhaustion in the conditions of intensive
livestock production. An important segment of its development was the definition
and development of methodologies for the assessment of welfare indicators, which
made it measurable and accepted as a scientific discipline with the knowledge
applicable and useful in modern production systems. This paper is a concise review
of the evolution of the animal welfare science, but also an indication of its future in
the context of the development of "symbiotic" connections with the concepts of
sustainable agriculture and food safety as integral parts of the modern ecological
movement arose from a unified concern for the welfare of people and animals, a
care for planetary welfare in general.

Key words: farm animal welfare, development, importance, legislation,
production systems, achievements

Introduction

Moral origin and subject of animal welfare

Providing animal welfare has always been important, but people's
knowledge of it has changed over time, especially since recently. The attitude of
people about what is and what is not moral probable has changed to a lesser degree
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during the millennium (Broom, 2011). According to utilitarianism, it is morally
acceptable for humans to use animals for the production of food, work,
entertainment and company, for the production of natural fibres and clothing and
footwear materials and for scientific purposes in a way that does not cause animal
suffering. This view is contrary to the attitudes of the advocates for animal rights,
who consider it ethically unacceptable for humans to exploit animals as their
property (Vucini¢, 2006). Many animal welfare discussions are based on what
people do or should do about it. Also, philosophers and the public are often
concerned with the issue of Killing animals for human consumption and clothing as
well as for research purposes (Fraser, 2008). These are important ethical issues,
but according to Broom (2011), not the essential issues of animal welfare. The
subject of welfare is what happens to animals before they die, including their
treatment just before death, often before the slaughter itself or the way they are
killed. However, as Haynes (2008) points out, with this view there is a danger of
neglecting or inadequately considering the ethical question: is it or is it not
acceptable to kill animals? Therefore, scientific research on the welfare of animals
should not be based solely on ethics, however scientific knowledge cannot be
gained without understanding ethical attitudes.

The significance of welfare

Caring for the welfare of farm animals contributes not only to animals, but
also to people while at the same time generating benefits for the environmental
protection. Improving the welfare of farm animals increases their productivity
(Mclnerney, 1998). This is to a lesser extent applicable in developed countries
where land prices and labour costs are high, so the food production in conditions of
welfare consideration is also expensive. However, many developing countries have
extensive agriculture and low labour costs that give them an edge in the
agricultural market, especially if they are oriented towards highly valued organic
foods and the market for products deriving from production based on respect of
basic welfare principles, the so called animal-welfare market. This is of particular
importance given that in the developed countries, the demand for these types of
products is growing, along with the development of consumer awareness of the
welfare of farm animals, as well as the concern about the quality of food consumed
on a daily basis (Wandel and Bugge, 1997; Blokhuis et al., 2003; Ostoji¢ Andric et
al., 2012). A modern consumer defines the notion of food quality not only through
its edible quality and hygienic correctness, but also through the state of welfare of
the animal from which it was derived. In this way, animal welfare has become an
important part of the general concept of food quality (Blokhuis, 2007). Numerous
studies (Gregory, 1993; Scanga et al., 1998; Lindenlauf et al., 2010) have shown
that the animal farming in inadequate conditions undoubtedly negatively affects the
quality of the obtained foods and on human health. Animal products can have
reduced nutritional and edible quality due to neuro-hormonal reactions resulting
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from exposure of animals to acute or chronic stress (Moberg and Mench, 2000).
The health status of animals as an important indicator of their well-being is also
influencing the food quality (Ostoji¢ Andri¢ et al., 2015, 2016). Studies of the
relationship of well-being and quality of milk (Bergamo et al., 2003; Butler et al.,
2011) show that milk of cows reared on pasture contains a higher share of omega-3
fatty acids, as well as a more favourable omega-6 and omega-3 fatty acids ratio,
higher vitamin E and beta-carotene content.

The history and definitions of welfare

From the 19th century to the sixties of the 20th century, knowledge of the
biological functions of animals increased significantly. At the end of this period,
scientific discipline such as ethology and neurobiology became accepted in the
scientific community. Ruth Harrison's book ,, Animal Machines*, published in
1964, indicated that the animal production industry very often treats animals as
machines rather than living beings. That is why the British government in 1965 set
up a Brambell committee to report on this phenomenon. The famous ethologist
Thorp (1965), a member of the committee, emphasized then that understanding
animal biology is important as well as that they have their own biological needs,
including the need to display appropriate behaviours, and that in case of their
denial, frustrations and problems occur in animals. This view of Brambell's report
became known as the concept of "five freedoms" - the basis on which all the
following welfare concepts were developed.

In the 1960s of the 20th century, the focus of the discussion on this topic
was more based on what people should do to protect animals, and much less on the
welfare itself. In the seventies and early eighties, the term animal welfare was used,
although not defined, and most researchers did not consider it scientific. Significant
progress in the development of the concept of animal welfare was done by
ethologist and psychologist research on motivational systems (Miller, 1959; Hinde,
1970; McFarland and Sibly, 1975). In the book "Biology of Behavior" by Broom
(1981), the animals described in it represent as sophisticated decision makers in
almost all aspects of their action. This was completely contradictory to the
previously very widespread, and later rejected, notion that the animals in their
actions were driven exclusively by instincts.

Progress in understanding animal motivations, cognitive abilities and the
complexity of social behaviour over the past 30 years has led to an accelerated
development of animal welfare studies. A key point of consensus among scientists
in this field that animal welfare is measurable and therefore has a scientific
character, was achieved in the nineties. However, opinions on what was most
important for the welfare were still divided. Veterinarians considered that welfare
was adequate if the animal was healthy and, contrary to the ethologists, did not deal
with animal feelings. Then, the ethologist Marion Dawkins pointed out that
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‘welfare’ does not mean ‘just health’ and that an animal with poor welfare may be
physically healthy and productive but still suffer from a wide range of negative
psychological states like fear, frustration, which was a crucial starting point for this
emergent discipline (Dawkins, 1998).

Early attempts to define the welfare of animals represented it as a state of
harmony of animals with nature or the environment (Hughes, 1982). This is a
biologically correct fact and the forerunner of later definitions, but it is not
measurable and therefore scientifically useless. As the term welfare was used more
and more in science, legislation and discussions, there was a clear need for a more
precise definition. Finally, Broom (1986) presents the definition that is today most
widely accepted: welfare represents the state of the animal created in response to
its attempts to struggle with environmental impacts. In doing so, to ,struggle®
means to establish control over mental and physical stability. The welfare can be
scientifically measured and varies from very bad to very good. The welfare will be
poor if the ,,struggle is difficult, or even impossible. There are different strategies
starting from behavioural, physiological, immunological, and others managed by
the brain. Feelings, such as pain, fear and various forms of satisfaction, can be part
of a combat strategy where feelings are a key factor of welfare. The system can
function in a satisfactory way when the struggle is successfully completed or
unsuccessful - when the animal suffers. Since one or more strategies can be used as
a response to a particular environmental challenge, there is also a wide range of
welfare indicators that can be assessed.

The concept and methods of welfare assessment

In the formation of a general concept of welfare, adaptation, stress, needs
(freedom) of animals and their rights are key issues. The most important issue in
terms of providing welfare is certainly a question of animal needs. According to
Broom and Johnson (1993), this need is that part of the animal's biological basis to
provide the appropriate resource or response to certain stimuli from the
surrounding environment or its body. The idea of providing five basic needs to
animals proposed for the first time in the Brambell report (Brambell, 1965) has
been developed into the generally accepted concept of animal welfare, the so called
"Five Great Freedoms" (freedom from discomfort, hunger and thirst, fear and
distress, pain, injury and disease, and freedom to express natural behaviour)
(FAWC, 1979). This concept applies to all animals whose survival depends on
man, and the degree of provision of each of these freedoms can be determined by
numerous physical, anatomical, physiological, pathological and ethological
indicators (Ostoji¢ Andri¢ et al., 2013). Based on this concept, important methods
for the assessment of welfare, including the Animal needs index (Bartussek, H.,
1985), Welfare Quality Assessment Protocol (WQAP, 2009), EFSA Risk
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Assessment Method (EFSA, 2012) and the ‘Life worth living’ approach (Mellor,
D.J., 2016) have been constructed.

The legislation, integration and the future of animal welfare

The legislations in the field of the protection of farm animal welfare are
largely present and applied in a large number of countries, enabling a broad ethical
and moral framework for public and private action. Within the European Union, a
significant number of directives, regulations and strategies for the protection of the
welfare of farm animals resulted from the recognition that they have feelings
(European Parliament, 2017). Through collaboration with science, these national
and supranational regulations and strategies aim to propagate and encourage
modern production systems to function according to the principles of protection of
welfare. Unfortunately, in some of the largest producing countries, such as China,
India and Brazil, legislation in this area is very poor or even absent. In our country,
a major shift in this area was made by the adoption of the first Law on Animal
Welfare in 2009, which drew public attention, but also enabled better supervision
and control of the protection of animal welfare in production.

On a global scale, it is essential that the United Nations (UN) with the
document from 2016 (FAO, 2016) have recognized the welfare of farm animals as
one of the key factors necessary for securing the concept of sustainable agriculture
that is essential for the survival of humanity. In addition, there is an increasing
tendency to scientifically analyse, research and present the interconnected animal
and human health interactions (Gibbs, 2014; Pinillos et al., 2016). Also, the
modern concept of food safety is an integral part of the global ecological
modernization of society (CIWF, 2012) and is unambiguously related to the
protection of the welfare of farm animals.

Priority, but not an easy task in the coming period, will be the design of
production systems that will have to ensure an adequate level of animal welfare,
the production of quality and safe food according to environmental principles,
while at the same time increasing yields and profitability. As part of this
"symbiosis," the science of welfare will have to deal with its biggest enemies:
intensifying of the production, inadequate farm conditions as well as farm
management, intensive selection, climate change and health and animal behaviour
disorders that result from it (Oltenacu and Broom, 2010; Ostoji¢ Andri¢ et al.,
2011, 2016, 2017; Rojas-Downing et al., 2017).
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Conclusion

The animal welfare science over a long period of its constitution succeeded
in drawing public attention to the problems of modern animal breeding.
Incorporation of the basic principles of welfare, as a result of public and scientific
support, is now more and more present in farm animal production. It can be said
that the welfare finally found its very important place and justification of existence
not only in the ethical and moral sense, but also in the context of an important ally
of other sciences in dealing with problems in the sphere of climate change, food
safety and human health.

KONCEPT DOBROBITI FARMSKIH ZIVOTINJA: OD
ZACETAKA DO INTEGRACIJE U SAVREMENE
SISTEME PROIZVODNJE

Dusica Ostoji¢ Andri¢, Slavéa Hristov, Radica Pedovi¢, Viada Panteli¢, Dragan
Niksi¢, Blagoje Dimitrijevié, Natasa Tolimir

Rezime

Nauka o dobrobiti farmskih Zivotinja pro$la je trnovit put razvoja, ¢esto
osporavana zbog svoje nemerljivosti i svrsishodnosti postojanja. U samom zacetku
prvenstveno zasnovana na moralnim i etickim stavovima, tokom vremena ukazala
je na znacaj zadovoljenja potreba Zivotinja i posledice njihovog zanemarivanja i
iscrpljivanja u uslovima intenzivne stocarske proizvodnje. Vazan segment njenog
razvoja bili su definisanje i razvoj metodologija za ocenu indikatora dobrobiti,
¢ime je ona postala merljiva i prihvacena kao naucna disciplina sa saznanjima
primenljivim i korisnim u savremenim sistemima proizvodnje. Ovaj rad predstavlja
sazet prikaz evolucije nauke o dobrobiti, ali i nagovestaj njene buduc¢nosti u smislu
razvoja ,,simbiotickih* veza sa konceptima odrzive poljoprivrede i bezbednosti
hrane kao integralnih delova savremenog ekoloskog pokreta proisteklog iz
objedinjene brige o dobrobiti ljudi i Zivotinja, brige o dobrobiti planete generalno.

Klju¢ne reéi: dobrobit farmskih zivotinja, razvoj, znacaj, zakonska
regulativa, sistemi proizvodnje, dostignuca
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Review paper

Abstract: BRDC causes pneumonia of cattle, due to which high morbidity
and mortality, decreasing food intake and daily growth, and quality of carcasses is
significantly reduced. Preventive application of cattle vaccination and treatment of
diseased animals with therapeutic agents, with the aforementioned losses, leads to
the fact that BRDC is the most expensive cattle disease worldwide. Given the
complex etiology (the influence of more viral and bacterial agents), it is
characteristic that if viral agents cause disease, the morbidity level is high and the
mortality rate is lower. Cattle affected by bacterial infections have a sporadic
morbidity and a higher mortality rate. There are a number of predisposing factors
originating from the environment or hosts that have a negative impact on the health
status of cattle. So, there are a number of challenges that must be solved in the
future, with the aim of developing new technologies that would contribute to
increasing animal resistance, eliminating risk factors and reducing exposure to
pathogens.

Key words: Bovine respiratory disease complex (BRDC), viruses,
bacteria, vaccination, medication

Introduction

Bovine respiratory disease complex (BRDC) continues to be one of the
most expensive syndromes in fattening and dairy cattle throughout the world.
BRDC leads to huge economic losses due to high morbidity and mortality, weight
loss, reduced food utilization, reduced quality of carcasses and extensive measures
of prophylaxis and therapy (Edwards, 2010). In the European Union, production
losses (excluding livestock deaths) are about 576 million euros annually (Barrett,
2000). The losses on the cattle industry in the US are calculated on US $1 billion,
while prevention and treatment costs amounted to over 3 billion US dollars
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annually (Griffin, 2006; Snowder et al., 2007). The losses in beef production in the
US in 2010 (1,055,000 cattle) were estimated at $643 million (NASS, 2011). An
estimated 1.9 million animals (Nicholas, 2011) are affected by BRDC each year in
the UK cattle industry with costs estimated at around £60 million annually (NADIS,
2007).

The major viral and bacterial pathogens that they presume are the causes of
BRDC have been identified with largely clarified etio-pathogenesis. Numerous
predisposing factors bear a high risk of development of BRDC, including
environmental (weather and ambient temperature, humidity and dust), host factors
(age, sex, race, genetics, immune status) and stressful management practices
(transportation, changes in diet, high density of animals, handling and surgeries), as
described by Taylor et al. (2010). The most common viruses that causes BRDC are
bovine respiratory syncytial virus (BRSV), parainfluenza virus type 3 (PI3V),
bovine herpes virus type 1 (BHV1) and bovine viral diarrhea virus (BVDV)
(Bednarek et al., 2012). Bacterial infections causes by Mannheimia haemolytica,
Pasteurella multocida, Histophilus somni, Arcanobacterium  pyogenes,
Streptococcus  pneumonie,  Staphylococcus aureus, Chlamydiales  spp.,
Fusobacterium necrophorum, Corynebacterium bovis, Streptococcus spp. and
Micrococcus spp. (Taylor et al., 2010). A larger number of preventative tools
(vaccines) and effective medicines (anti-microbial and anti-inflammatory products)
have been developed with the potential to enable BRDC control. BRDC is
complex, multi-factorial and despite the contemporary tools continues to endanger
cattle health, welfare and farm profitability (Caldow, 2011).

Vaccination

One of the main ways to combat the emergence of BRDC is the
vaccination of cattle against the most common viral and bacterial agents (Urban-
Chmiel and Grooms, 2012). In the US, are currently available different
combinations of vaccines against the viral agents BHV1, BVD, PI3, BRSV and the
bacterial pathogens Mannheimia haemolytica, Pasteurella multocida and
Histophilus somnus. BVDV is unique because intrauterine infection can result in
persistently infection (PI) of cattle. Cattle that were PI are with the symptoms of
chronic illness or dying in feedlots (Loneragan et al., 2005). In Serbia,
determination of the presence of Pl in cattle of various ages from a herd with a
different purpose (fattening/milk) explored by Kuréubié et al. (2010). BVDV Ag
was not confirmed in either of the cases, probably that the prevalence of PI cattle
was extremely low (0.75-2%), and not examined sera of all animals from the farms
on presence of BVDV Ag, whose age allowed this examine. Due to the specificity
of viral agents, the attenuated live and killed vaccines can be found on the market.
Depending on the type of vaccine, the development of immunity requires a period
of one to three weeks, and it may be necessary to apply multiple doses of vaccines
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(“booster” immunization) to achieve the protective level of the immune response.
The time that the initial vaccination will be carried out is variable. If the time of the
transport of the cattle to the feedlot is longer than 12 hours, it is recommended that
the animals rested a certain time before they are vaccinated. The safest preventive
approach is if the calves are vaccinated before they are transported to the feedlots,
especially if the vaccination is part of a pre-conditioning program (management
strategies which allow creating an immune response at a time when the stress and
the presence of infectious agents are minimal). Richeson et al. (2008) compared the
results of the use of a polyvalent vaccine prepared from modified live viruses
(MLV), which was administered upon arrival at the site or postponed after 14 days.
They revealed improvement in daily body weight gain at day 0 to 14 and day 0 to
42 in the postponed procedure.

A very illustrative and interesting review of the study of bovine respiratory
illness for 26 years (1983-2009) was announced by Fulton (2009). The list of
vaccines and therapeutic agents in the Veterinary Pharmaceuticals and Biologicals
(1982/1983) showed several MLV vaccines containing BHV1, BVDV with no
genotype noted, and PI3V for parenteral use. Data for intranasal use were very
small for MLV BHV1 vaccines. Only two vaccines from killed viruses (KV) were
available: one KV vaccine with BHV1, PI3V and BVDV, and a second KV
vaccine with BHV1 and PI3V. In that time, no licensed vaccines against BRSV.
During 2009 (26 years later) in the Compendium of Veterinary Products, 11th
edition (2008), lists a much larger number of vaccines. The contemporary vaccines
listed in above mentioned Compendium reflect the innovation in the identification
and the addition of selected strains of viruses. Such representatives are MLV
vaccines for injection or intranasal use for BHV1, BVDV1a and BVDV23, PI3V,
and BRSV as well as KV vaccines for these same viruses for injection. Certain
vaccine strains from 1983 are now described much more precisely, such as the
BVDV1a and BVDV2a identified in many current vaccines, which was simply
listed as BVDV in 1983. Although many changes have occurred in the period of 26
years and progress has been made in the research and formulation of vaccines,
most vaccine strains of BHV1, BVDV, PI3V are isolates from 35 to over 50 years
ago.

In Serbia, the immunogenicity of two (mono and polyvalent)
experimentally prepared inactivated vaccines containing BVDV reference and field
strains evaluated by Kurcéubié et al. (2011a). They formed 3 experimental groups:
Group I - 10 calves vaccinated twice (days 1 and 28) s/c with 2 mL of inactivated
polyvalent vaccine per animal; Group Il - 10 calves vaccinated in same manner
with inactivated monovalent vaccine; Control group (C) consisted of 9
unvaccinated calves. Blood serums are taken from experimental animals on days O,
14, 28, 42 and 56 post vaccinations, and examined by VNT. The immune response
developed more rapidly and values of geometric mean titer (GMT) for BVDV
neutralizing Ab were strongly higher in blood sera of calves from Group Il. Second
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part of the study (Kuréubié et al., 2011b) included evaluation of the immune
response to same BVDV vaccine by the iELISA method. The occurrence of a
specific Ab against BVDV was first detected on day 42 post immunization in both
experimental groups of beef calves and remained steady until day 56. The
statistically very significant differences observed between the experimental animals
of groups | and Il on days 42 and 56 after vaccination suggest considerably higher
immunogenicity of the monovalent vaccine.

Bednarek et al. (2012) described the market situation when it comes to
different types of vaccines against the infective agents which cause of BRDC.
Inactivated vaccines for immunization of cattle against P. multocida and
septicemic and pneumonic strains of M. haemolytica and H. somni are available
under various commercial names: Hiprabovis pneumos, Pastobov, Bovilis
Bovipast. Inactivated or modified live polyvalent vaccines that are used in a
number of countries contain antigens such as BRSV, PI3 (Rispoval, Bovilis
Bovipast), BVDV (Mucosiffa, Bovilis BVD) and BHV1. Recent research is an
antigen of the IBR virus used in the formulation of marker vaccines, whether live
vaccines (Rispoval-IBR marker vivum, Hiprabovis-IBR marker live) or inactivated
(eg, Ibraxion, Rispoval-IBR-marker inactivatum, Bovilis IBR - marker
inactivatum) applied in IBR eradication. The most common is the parenteral
vaccine application, but it usually has to be twice as stimulating a quality protective
response. Recent vaccine produced (Rispoval 3) have combined live and dead viral
components of the four main antigens and is administered intramuscularly. They
are also available MLV are administered intranasally (Rispoval RS+PI3
IntraNasal). More research has revealed that the intranasal immunization of calves
gives active immunity in very young animals despite the presence of maternal
antibodies and generates a significant systemic response and interferon induction
(Stokes, 2006).

In Serbia, according to the National Veterinary Medicines Register (2017),
there are no registered and available vaccinations of domestic producers for the
immunization of healthy cattle and calves against respiratory diseases, although
they were available in the previous period (Kuréubié et al., 2014). The six available
registered import vaccines are: Bovilis® IBR marker inac (Intervet International
B.V., ATCvet QI02AA03), which contains inactivated BHV1, modified (gE-)
strain GK/D; BOVILIS BVD (Intervet International B.V., ATCvet QI01AAQ1),
vaccine which contains inactivated BVDV, strain C 86; BIOBOS RESPI 4
(BIOVETA, A.S., Czech Republic, ATCvet QI02AL**), which contains
inactivated BRSV (strain BIO-24), inactivated PI3V (strain BIO-23), inactivated
BVDV (strain BIO-25) and inactivated Mannheimia (Pasteurella) haemolytica
(strain DSM 5283) serovar 1A; RISPOVAL 3-BRSV-PI3-BVD (ZOETIS
BELGIUM S.A., Belgium, ATCvet QI02AH**), vaccine which contains modified
live PI3V, strain RLB103, live BRSV, strain 375 and inactivated BVDV type 1,
strains 5960 (cp) i 6309 (ncp); RISPOVAL IBR-MARKER VIVUM (ZOETIS



Vaccination and medication against bovine... 283

BELGIUM S.A., Belgium, ATCvet QI02ADO01), vaccine which contains live
BHV1, modified (gE-) strain Difivac; RISPOVAL RS+PI3 INTRANASAL
(ZOETIS BELGIUM S.A., Belgium, ATCvet QI02AD07), vaccine which contains
live modified PI3V, strain RLB103 and live modified BRSV, strain 375.

Therapeutic agents

The rapid destruction of the pathogenic bacteria of the BRDC, especially
the Pasteurellaceae family, is the first step in the treatment of this complex
syndrome, and prevents the formation of more serious lesions on the lungs. The use
of antibiotics must be at an earlier stage after an infection (usually accompanied by
fever, loss of appetite and nasal discharge), and certainly before irreversible
changes (oral breathing, orthopnea, cyanosis). The most commonly used are
antibiotics that have prolonged action and the spread of the antibacterial spectrum:
tetracyclines  (oxytetracycline),  macrolides  (florfenicol,  tulathromycin,
gamythromycin)  and  fluoroquinolones  (enrofloxacin,  marbofloxacin,
danofloxacin). At the first European Buiatrics Forum in Marseille (2009), three
new concepts of antibiotic application in the treatment of cattle affected by BRDC
were presented. Single Injection Shot Acting AntiBiotic (SISAAB) primarily
represents new formulations of fluoroquinolones (Marbocyl S - marbofloxacin),
Baytril One or Enroxil Max (enrofloxacin). In this concept, tetracyclines (Tetradur)
with long acting can be used here like single intramuscular injections. Single
Injection Long Acting AntiBiotic (SILAAB) implies application of new
generations of macrolides: tulathromycin (Draxxin) and gamythromycin (Zactran).
Multiple Injection Long Acting AntiBiotic (MILAAB) is a risky concept due to
increased potential for resistance to antibiotics.

Mannheimia haemolytica (formerly Pasteurella haemolytica) and
Pasteurella multocida bacterins were available, but they were probably replaced by
more modern products in the meantime. The most commonly used antibiotics for
BRDC therapy in the period 1982-1983 (Fulton, 2009) were erythromycin,
penicillin-dihydrostreptomycin, tylosin injectable and oral oxytetracycline and
injectable sulfamethazine, while today they are almost forgotten. In the
Compendium of Veterinary Products, 11th edition (2008) is displayed almost
completely new list of drugs available in 2009. Modern antibiotics that are used
today include the principal marketed injectable: ceftiofur, oxytetracycline,
enrofloxicin, florfenicol, danofloxacin, tilmicosin and tulathromycin. Also listed in
the 2008 Compendium are injectable tylosin, erythromycin and penicillin. A new
drug available in 2009 is the non-steroidal anti-inflammatory product flunixin
meglumine. They are also used oral medications such as sulfas, tetracyclines and
tylosin.

Kuréubié et al. (2013) revealed that the most common bacteria in fattening
cattle sick of BRDC were P. multocida, Aeromonas viridans and Corynebacterium
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bovis, pointing to their greater importance in BRDC in Serbian beef cattle in regard
to Mannheimia haemolytica, predominantly represented worldwide. Sensitivity
testing showed that the most efficient antibiotics against P. multocida were
enrofloxacin and florfenicol (100% of tested P. multocida isolates sensitive on both
antibiotics). Jezdimirovi¢ et al. (2011) tested the clinical efficacy of tulathromycin
(TU) and florfenicol (FL) in the treatment of bronchopneumonia (BP) caused by
Pasteurella multocida isolated from diseased six months old Holstein calves. TU
proved to be a drug of first choice in the treatment of BP.

In the study researcher found that the percent of morbidity was decreased
about two-fold in the case of tulathromycin injection and the percent of occurrence
of mortality was reduced to 3.6% and 13.5% for tulathromycin and tilmicosin
respectively (Nickell et al., 2008). Administration of florfenicol (40mg/kg) in
calves after transportation, especially in “high-risk” groups, significantly reduced
(more than 35%) BRDC incidences during the first 3 week of feeding (Booker et
al., 2007).

Anti-inflammatory agents of steroidal and non-steroidal origin are used to
control the inflammatory reaction in the lungs of cattle (Lekeux, 2006). In BRDC
supportive  therapies were applied different Kkinds of corticosteroids:
betamethasone, dexamethasone, prednisolone, cortisone, hydrocortisone,
flumethasone and trimcinolone. Because of their strong immunosuppressive
character were usually use only in a single administration. Nonsteroidal anti-
inflammatory drugs are, with some exceptions, analgesic and antipyretic. The drugs
most commonly used in BRD therapy in Europe are flunixin meglumine,
carprofen, ketoprofen, meloxicam, tolfenamic acid and metamisole.

Conclusions

BRDC is still the most serious health problem in cattle breeding, especially
in fattening animals. In order to reduce the economic losses to an acceptable level,
it is necessary to reduce stress (caused by various predisposing factors), improve
the quality of vaccines and design the most optimal programs for vaccination and
application of therapeutic agents (metaphylaxis strategy), as well as to better
understand the impact of genetics on resistance against BRDC.

Vakcinacija i terapija protiv kompleksa respiratornog
oboljenja goveda (BRDC)

Viadimir Kurcubié, Zoran 1li¢, Radojica Pokovi¢, Milan P. Petrovié, Violeta Caro-
Petrovic
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Rezime

BRDC uzrokuje upalu plu¢a goveda, usled cega je visok morbiditet i
mortalitet, i dolazi do smanjenog unosa hrane i dnevnog prirasta, kao i kvaliteta
govedih trupova. Preventivna primena vakcinacije goveda i leCenje terapeutskim
agensima obolelih goveda, uz prethodno navedene gubitke, dovode do ¢injenice da
je BRDC najskuplje oboljenje goveda Sirom sveta. Obzirom na kompleksnu
etiologiju (uticaj veceg broja virusnih i bakterijskih uzro¢nika), karakteristicno je
da ukoliko virusni uzrocnici izazivaju oboljenje, nivo morbiditeta je visok a stopa
mortaliteta niza. Goveda zahvacena bakterijskim infekcijama imaju sporadi¢an
morbiditet i viSu stopu mortaliteta. Postoji niz predisponirajucih faktora poreklom
iz okoline ili domacina koji imaju negativan uticaj na zdravstveni status goveda.
Dakle, postoji niz izazova koji u buducnosti moraju biti reSeni, sa ciljem da se
razviju nove tehnologije koje bi doprinele povecanju otpornosti Zivotinja,
otklanjanju faktora rizika i smanjenju izlozenosti patogenima.

Kljuéne reci: kompleks respiratornog oboljenja goveda (BRDC), virusi,
bakterije, vakcinacija, leCenje
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Abstract: The purpose of the present study was estimation of genetic
parameters and genetic trends of early growth traits using Bayesian approach by
Gibbs3fa0 software in Iranian Afshari sheep. The data set [birth weight (BW),
weaning weight (WW) and pre-weaning daily weight gain (PWDG)] were
collected during the period 1999 to 2010 from Agriculture Jahad of Zanjan
province, Iran. The fitted fixed effects were herd—year—season as interactions, sex
(male, female), birth type (single, multiple) and age of dam. Based on Derivative
Information Criteria (DIC), for studied traits the most appropriate model was
determined. Therefore, based on the most appropriate fitted model, the direct
additive heritabilities estimate for BW, WW and PWDG were 0.32+0.02,
0.05+0.01 and 0.24+0.02, respectively. The estimates of maternal heritabilities
were 0.17£0.04, 0.07+0.02 and 0.12+0.05 and total heritabilities 0.11+0.05,
0.08+0.02 and 0.08+0.03 for BW, WW and PWDG, respectively. Direct genetic
trends were positive for all traits but only significant for BW 0.75+0.31 g/year (P
<0.05). Also, maternal genetic trends were for all traits negative and was
significant for BW -0.63+£0.27 g/year (P <0.05). The moderate estimates of
heritabilities for early growth traits indicate that in Afshari sheep faster genetic
improvement through selection is possible for these traits. Furthermore, the results
genetic trends in this current study indicated that genetic improvement through
selection is suitable only for BW in Afshari sheep.

Keywords: Afshari sheep, early growth, heritability, genetic trend
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Introduction

An advantage of a breeding program can be assessed by change in breeding
value expressed as a proportion of expected theoretical change of the mean
breeding value for the trait under selection (Mokhtari and Rashidi, 2010).

Sheep meat production is one of the most important parts of Iranian
livestock industry. However, improving growth performance by selection programs
is an important method to increase meat production in lamb breeding herds
(Gholizadeh and Ghafouri-Kesbi, 2015). In this regard, one of the heavy, fat-tail,
meat and high lamb growth rate breeds in Iran is Afshari sheep. This sheep has
high potentials of growth and reproduction and adapt to cold climate and must be
considered in breeding program (Ghavi Hossein-Zadeh, 2012; Mohammadi et al.,
2009). Afshari breed is distributed in the origins of harsh environmental condition
Zanjan province and in some parts of Eastern and Western Azarbayjan and
Kordistan of Iran. The purpose of Afshari sheep breeding were selection for
increasing body weight and phenotypic characteristics. However, in Afshari sheep
faster genetic improvement through selection is possible for body weight
(Eskandarinasab et al., 2010).

Body size varies between 45 and 57 kg in adult ewes and frequency of ewes
lambing is 65 to 75 percent (Mohammadi et al., 2009). The birth weight (BW) of
Afshari sheep breed were reported 4.3 and 4 kg, weaning weight (WW) 29.6 and
26.5 kg for male and female lambs, respectively (Monem et al., 2005). Estimates of
genetic parameters of various traits of Iranian Afshari sheep have been reported in
different studies, such as: Litter size (Mohammadi et al., 2011), direct heritability
of BW, and post average daily gain 0.231 and 0.07, respectively (Khorsand et al.,
2014). Also, direct heritability of Kkleiber ratio at weaning and kleiber ratio at
6 months of age 0.13 and 0.06, respectively reported by Eskandarinasab et al.
(2010). Moreover, in literature several were used for growth traits in others Iranian
breeds of sheep. Such as; Mehraban sheep (Zahamin and Mohammadi, 2008);
Makuei sheep (Ghafouri-Kesbi and Baneh, 2012); Baluchi sheep (Gholizadeh and
Ghafouri-Kesbi, 2015); Kermani sheep (Bahreini Behzadi et al., 2005).

The main objective of the current study was to estimate the genetic
parameters and genetic trends for early growth traits in Afshari sheep, by fitting
different six models, including direct and maternal additive genetics and maternal
permanent environmental effects.

Materials and methods

Data recording and management
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The Afshari sheep is mostly local breed and kept on extensive production.
The Jahad of Agriculture in Iran put in place a breeding program to enhance the
efficiency of output by improving growth traits, wool production and milk yield
that are economically important (Mokhtari and Rashidi, 2010). The data set include
birth weight (BW), weaning weight (WW) and pre-weaning daily weight gain
(PWDG) records available of Afshari sheep. The records were retrieved of 6912
lambs that descended from 3116 dams and 201 sires were collected between 1999
and 2010 from Agriculture Jahad of Zanjan province, Iran. The descriptive
statistics of the data structure are summarized in Table 1.

Table 1. The characteristics of the data structure for early growth traits of Afshari sheep

Item Traits

BW (9) WW (g) PWDG (g)
No. of records 6912 4511 4511
Average weight 3.81 25.15 213.80
No. of sires with record 201 159 159
No. of dams with record 3116 2555 2555
Standard deviation (SD) 0.90 4.63 59.39
Coefficient of variation, % 23.75 18.42 27.78
(CV)

BW: birth weight; WW: weaning weight; PWDG: pre-weaning daily weight gain.

Statistical analysis

The GLM procedure of SAS software was applied to identify the fixed
effects have significant influences on traits (SAS, 2004). The fitted fixed effects
were herd-year—season as interactions, sex (male, female), birth type (single,
multiple) and age of dam (2-7 years old). The variance components were estimated
with six different univariate animal models as follows: (1)

Modell: vy = Xb + Z,a + €
Model2: v = Xb + Z,ja+ Wc + e

Model3: vy = Xb +Z,a+ Z,m +e Coviam) =0
Model4:y = Xb + Zya +Z-m+ e Cov{am) = Aeg,,,
Model5:y = Xb +Z,a +Z-m + Wc+e Coviam) = 0

Model6:y = Xb + Zya+ Z;m + We+ e Cov(am) = Ao,y

Where y; is the vector of observations; b, is vector of fixed effects; a and m
are vectors of random direct and maternal additive genetic effects; c, is the vector
of random maternal permanent environmental effects; e is vector of residual effects
and X, Zi, Z, and W are incidence matrices for b, a, m and c, respectively.
Cov {a,m); indicates whether covariance between direct and maternal additive
genetic effects was considered. Generally, the (co)variance structure for studied
traits will be as follows:
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Where, A is the additive numerator relationship matrix coefficients among
animals; o2, 67, a2, and o2 are direct additive genetic, maternal additive genetic,
maternal permanent environmental and residual variances, respectively, .., is the
covariance between direct and maternal effects and 1 is the identity matrix. The
(co)variance components were estimated using Gibbs sampling methodology using
Bayesian approach by Gibbs3f90 software (Mistzal 2002). The number of samples,
length of burn-in and sampling interval were 300000, 30000 and 100, respectively.

Estimates of total heritability (hﬁ) are of value to predict phenotypic
response to selection. Total heritability estimates were calculated according to
Willham, (1972) as: (3)

2 ol + 0507 + 150, .,
t G_pz
1. Model comparison criteria
Goodness of fit for the models was examined using Deviance Information
Criterion (DIC), as follows: (4)

DIC = 2 x D(B) — D(8)

Where D(8) is the posterior expectation of Log-likelihood and D{8) is Log-
likelihood evaluated at the posterior mean of the parameters.

Results and Discussion

Among traits studied, PWDG (27.78) had the maximum coefficient of
variation (CV %). Standard deviation (SD) for BW, WW and PWDG in this
current study, were observed 0.90, 4.63 and 59.39, respectively (Table 1).
Maximum growth rate observed in the PWDG, Similarly, Prince et al. (2010) in
Avikalin sheep and Ghafouri-Kesbi et al. (2011) in Zandi sheep. The reason of less
CV % for WW and BW may be due to effect of outside environmental in these
traits. Also, due to that during the final months of the maintenance and in the
winter, the ewes are fed inside. These results are in agreement with those reported
by Miraei Ashtiani et al. (2007); Boujenane; Diallo (2017).

The least square means and standard errors for fixed effect of studied traits
are presented in Table 2. Herd-year-season as interactions significantly affected all
studied traits (P <0.001). Gender and birth type had a significant effect on BW,



Analysis of genetic parameters and genetic... 293

WW and PWDG traits (P <0.001). All traits were significantly influenced by age
of dam (P <0.001). These fixed effects also were shown to be significant in
previous studies, such as: Abbasi et al. (2012), in Baluchi sheep; Boujenane; Diallo
(2017), Sardi sheep; Eskandarinasab et al. (2010), Afshari sheep; Jafari and
Razzagzadeh (2016), Makuie sheep. In this research, six model different were
compared for better fitting performance of WW, BW and PWDG traits in Afshari
sheep. These results comparison of the models are in agreement with those

reported by Khorsand et al. (2014); Ghafouri-Kesbi and Baneh (2012).

Table 2. Number of observations and least square means +SE of early growth traits

. Traits
Fixed effects BW WW PWDG
Herd*Year*season *x *x *x
Gender ** ** **
Male 3.61+0.022 25.31+0.112 211.57+ 1.482
Female 3.43+0.02° 24.73+0.09° 207.25+ 1.42°
Birth type *x *x *x
single 3.87+0.012 25.62+0.102 214.26+1.212
twin 3.174+0.02° 24.4240.16° 204.54+1.86°
Age of dam (Year) ** ** *x
2 3.44+0.022 24.62+0.16° 204.22+1.88°
3 3.51+£0.022 25.14+0.162 209.21+1.85%
4 3.54+0.012 25.40+0.152 211.28+1.832
5 3.57+0.032 25.3340.172 212.03£1.902
6 3.56+0.022 25.01+0.182%¢ 210.6442.15%
7 3.52+0.022 24.64+0.22b¢ 209.04+2.66%

*: Significant at P < 0.05.
**: Significant at P < 0.001.

A same letter in each column means not-significant differences of least square means in letters are not

significant at
P < 0.05.

Selection of a best model depends partly on the DIC that fitted on the data.
For analyze BW, WW and PWDG, 4" 3 and 6™ models had the lowest DIC
values and were selected the most appropriate model (Table 3).

Table 3. Deviance information criteria (DIC) values for early growth traits under six models
(The most appropriate model in bold)

Traits
Model BW WW PWDG
1 11225.26 2464054 46927.05
2 11222.84 2449191 46635.49
3 10401.10 2436613 46924.60
4 9416 53 24676.14 46266.31
5 11378.09 24401.93 46534.08
6 10217.70 24492.76 41249.34
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Estimates of (co)variance components, based on the most appropriate model
for each trait are shown in Table 4. The direct additive genetic variance was
highest at PWDG (534.10) and lowest in BW (0.11). The direct additive
heritabilities (hZ) estimate for BW, WW and PWDG were 0.32+0.02, 0.05+0.01
and 0.24+0.02, respectively. An estimate of direct additive heritability for BW was
in agreement with reported by Boujenane and Diallo (2017) in Sardi sheep; Abbasi
et al. (2012) in Baluchi sheep and Eskandarinasab et al. (2010), in Afshari sheep;
Jafaroghli et al. (2010) in Moghani sheep. Whereas, finding by Gizaw et al.
(2007), in Menz sheep (0.46) for direct additive heritability were higher than this
results present study in the case BW trait. Various estimates of the WW trait have
been reported at other Iranian sheep’s, such as: Mehraban sheep 0.22 (Zamani and
Mohammadi, 2008); Makooei sheep 0.28 (Ghafouri-Keshi and Baneh. 2012);
Kermani sheep 0.19 (Bahreini Behzadi et al., 2005); Moghani sheep 0.07
(Jafaroghli et al., 2010). Different values reported by this study can be due to
different breeds, fitted statistical models, data structure and different environmental
conditions. The estimates of direct additive heritability for PWDG were also
similar to range of published estimates, as Zamani and Mohammadi (2008) and
Khorsand et al. (2014).

Furthermore, the estimates of maternal heritabilities of BW, WW and
PWDG were 0.17+0.04, 0.07+0.02 and 0.12+0.05, respectively. Based on obtained
results, magnitude of maternal heritabilities declined from birth to weaning. The
regarding to results available in this study, maternal heritabilities were in
accordance with other reports (Jafaroghli et al., 2010; Mohammadi et al., 2015; for
BW and WW 0.18 and 0.06; 0.11 and 0.03, respectively). Estimated maternal
permanent environmental effect (c?) were 0.08+0.02 for PWDG by best model for
this trait. Maternal permanent environmental effect was estimated to be lower than
direct and maternal heritabilities for PWDG trait by best model. The maternal
permanent environmental effect estimates for PWDG agreeing with the finding
presented by Zamani and Mohammadi (2008) and Zamani and Almasi (2017) in
Mehraban sheep, Gholizadeh and Ghafouri-Kesbi (2015) in Baluchi sheep.

Table 4. Estimates of (co)variance components and genetic parameter estimates for early
growth traits

Trait | o5 | om | 05 | o: 05 | O |Ba%SE [hm+ SE[ ¢ Tam | R+ SE
BW 0.11 | 0.06 - 0.18 0.36 | -0.07 |0.32+0.02|0.17+0.04 -0.76 {0.11£0.05
WW 059 | 0.94 - 11.65 | 13.18 - 0.05+0.01|0.07+0.02 - - 10.08+0.02
PWDG |534.10|252.23|165.34 | 1235.20 ( 2186.87 | 319.40 | 0.240.02 | 0.12+0.05 | 0.08+0.02 | -0.77 | 0.08+0.03

ci: additive genetic variance, Ugj: maternal additive genetic variance, UEei maternal permanent
environmental variance, csé: _residual variance, UE: phenotypic"variance, Cam: direct-materpal genetic
covariance, respectively; hz: direct additive heritability, hg: maternal heritability, c=: maternal
permanent environmental effect, r,y,: correlation between direct and maternal genetic effects and hi:
total heritability


http://www.sciencedirect.com/science/article/pii/S0921448810000854#!
http://www.sciencedirect.com/science/article/pii/S0921448810000854#!
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The fitting the direct and maternal genetic covariance resulted to estimates of
correlation between direct and maternal genetic effects (ram) of -0.76 and -0.77 for
WW and PWDG, respectively. Boujenane and Diallo (2017) in Sardi sheep
reported that correlation between direct and maternal genetic effects -0.67 and -0.1
for BW and WW, respectively. That is close to our results in this regard, which
estimates may be attributed to the data structure and due to natural selection for an
intermediate optimum (Tosh and Kemp, 1994).

The estimates of total heritabilities for BW, WW and PWDG were obtained
0.11+0.05, 0.08+0.02 and 0.08+0.03, respectively. The estimates of direct and
maternal annual genetic trends for early growth traits (g/year) in this current study
were given in Table 5. Estimates of total heritability for all traits are low,
suggesting that mass selection would not be very effective in improving these
traits. With regard to published estimates, the total heritability obtained in this
current study was comparable with the results of several studies (e.g. Boujenane
and Diallo (2017) in Sardi sheep; Zamani and Almasi (2017) in Mehraban sheep;
Rashidi et al. (2008) in Kermani sheep). However, these results were inconsistent
with the results of some studies (Ekiz et al., 2004; Mandal et al., 2006) in different
breeds of sheep.

Table 5. Estimates of genetic trends (g/year) for early growth traits of Afshari lambs from 1999
- 2010

Trait DGT+SE R MGT<SE R

BW 0.75'+ 0.31 36.36 -0.63°+ 0.27 34.87
WwW 0.717+ 0.41 23.42 -1.87™+ 0.94 28.43
PWDG 1.82™+ 17.96 0.01 _5.90™+ 13.35 0.02

DGT, MGT and R*: Direct genetic trend, Maternal genetic trend and regression fit for genetic trend,
respectively.

*: Significant at P < 0.05.

Ns: Not significant.

Positive genetic trend was observed for BW 0.75+0.31 and significant (P
<0.05), and for WW and PWDG not significant. Generally, plots of the mean
predicted breeding values on year of birth (1999-2010) of studied traits for direct
and maternal are given in Figure 1. As indicated in Figure 1. for BW-Maternal
mean breeding value since the beginning of study period positive were observed
(from 1999 year of birth) then sudden drop in 2003 year of birth and again trend
increase showed the end (close to zero). BW-Direct mean breeding value at early
of period was negative genetic trend and then trend increased. For WW-Direct and
maternal mean breeding values at early of period were positive and high and at the
end of the period it was low and close to zero. In addition to, for PWDG-Direct and
maternal mean breeding value it has been various slopes over the years. Estimate of
direct genetic trend for BW obtained in the present research (0.75 g/year) was low
and generally agrees with that reported by Mokhtari and Rashidi (2010) in
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Kermani sheep (2 g/year); Hanford et al. (2005) in Rambouillet sheep (0.4 g/year).
However, higher estimates for genetic trends of BW in other sheep breeds were
reported by several authors (0.23, 20, 25 and 128 g/year were reported by Shrestha
et al. (1996) in Suffolk, and Finn sheep; Shaat et al. (2004) in Ossimi breed,
Rashidi and Akhshi, (2007) in kurdi sheep, respectively). The direct genetic trends
for WW and PWDG were not significant similar to the Boujenane and Diallo
(2017) in Sardi sheep. Further, maternal genetic trend was negative for all traits
this percent study, and only significant for BW (P <0.05). Our results of maternal
genetic trend for BW were close to Boujenane and Diallo (2017); in Sardi sheep. A
higher value for maternal genetic trend (3 g/year) was reported in Iranian Kermani
sheep (Mokhtari and Rashidi, 2010). Also, the estimated maternal genetic trend for
WW was consistent with estimates of Boujenane and Diallo (2017) in Sardi sheep
(-0.26 glyear). The low annual genetic trends for studied traits in this study could
be attributed mainly to the low heritability estimates that it depends mostly on
phenotypic characteristics instead of additive genetic values. Also, due to the low
nutritional level and harsh climate condition of Afshari sheep that is not very
favorable for the expression of sheep’s genetic potential. These results were similar
to those reported by Boujenane and Diallo (2017), Mokhtari and Rashidi (2010).
The obtained results of the mean breeding values during the year of birth (Maternal
and direct) of BW, WW and PWDG were consistent with the results by Boujenane
and Diallo (2017), Mokhtari and Rashidi (2010).
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Figure 1. Means of predicts of breeding values BW, WW and PWDG at year of birth.
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Conclusion

The low heritability estimates obtained for investigated traits in this research
suggest that mass selection based on these traits may result in slow genetic
progress for growth traits. Also, only BW was affected by genetic and maternal
trends. Generally the low annual genetic trends for studied traits were observed.
Eventually, recommended to improve the management of flock and also to select
males based on their genetic merit.

Analiza genetskih parametara i trendova za osobine ranog
porasta iranske afshari ovce

Meysam Latifi, Ali Mohammadi

Rezime

Svrha ove studije bila je procena genetickih parametara i genetskih trendova
osobina ranog porasta koriS¢enjem Baiesov-0g pristupa sa softverom Gibbs3f90
kod iranske afshari ovce. Skup podataka (tezina na rodenju (BW), teZina na
odbijanja (WW) i dnevni prirast telesne tezine pre odbijanja (PWDG)) su
sakupljeni u periodu od 1999. do 2010. godine od strane poljoprivrednog jahada
pokrajine Zanjan, Iran. Prilagodeni fiksni efekti bili su zapat-godina-sezona kao
interakcije, pol (muski, zenski), vrsta rodenja (jedinac, blizanci) i starost majke. Na
osnovu Kiriterija izvedenih informacija (Derivative Information Criteria - DIC), za
ispitivane osobine odreden je najprikladniji model. Prema tome, na osnovu
najprikladnijeg prilagodenog modela, procena neposrednih aditivnih heritabilita za
BW, WW i PWDG bila je 0,32+0,02; 0,05+0,01 i 0,24+0,02; respektivno. Procene
heritabiliteta sa majcinske strane su 0,17+0,04; 0,07+0,02 i 0,12+0,05 i ukupnog
heritabiliteta 0,11+0,05; 0,08+0,02 i 0,084+0,03 za BW, WW i PWDG, respektivno.
Direktni genetski trendovi bili su pozitivni za sve osobine, ali samo za BW
0,75+0,31 g/godisnje (P<0,05). Takode, genetski trendovi sa majcinske strane bili
su negativni za sve osobine i znacajan za BW -0,63 + 0,27 g/godisnje (P<0,05).
Umerene procene heritabiliteta za osobine ranog porasta pokazuju da je kod afshari
ovaca brze genetsko poboljsanje kroz selekciju moguée za ove osobine. Osim toga,
genetski trendovi u ovoj studiji ukazali su na to da je genetsko poboljSanje kroz
selekciju pogodno samo za BW kod afshari ovaca.

Kljuéne reéi: afshari ovce, rani porast, heritabilitet, genetski trend
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Abstract: The investigation was conducted in population of Mis breed of
sheep, divided into three groups. For reproduction had use rams of lle de France
breed. Induction and synchronization of oestrus was done off-season in October.
The percentage of lambing sheep, sheep fertility, and number of lambs acquired per
father, sex and birth type of lambs were observed. Ram 1 had a highest number of
ewes lambed with an excellent percentage of mating success and highest fertility
rate of ewes with differences on fertility rate of 17% (between group of ewes in
ram 1 and ram 2), 36% (group of ewes in ram 1 and ram 3) and 19% (group of
ewes in ram 2 and ram 3).The highest birth weight were on lambs born single from
ram 3, born twins from raml, triplets of ram 3. For the lambs born quadruplets
(unfortunately only in rams 1 and 2 with one lamb of each was alive) the lamb of
ram 2 was higher in birth weight. The male and female lambs of ram 3 got the
highest birth weight while the female lambs of ram 1 acquired the lowest birth
weight. The highest average birth weight of lambs was born single, male; born
triplets’ male from lambs of ram 3 having an average birth weight of 6.36kg and
4.0 kg but got the lowest for lambs born twins on female lambs 3.66 kg. The male
lambs of ram 1 got the highest average birth weight on lambs born twins with an
average birth weight of 4.38 kg but the lowest on triplets born 3.3kg. Unfortunately
only one each of the two ram with lambs born quadruplets alive both male and the
higher was that lamb of ram 2 with a birth weight of 3.3 kg. Result showed the
influence of ram on number of lambs born and lambs’ birth weight. Between
subject effects Father* birth type showed a significant effect on birth weight of
lambs.

Key words: ram, reproductive performances, lambs, birth weight
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Introduction

The most important factor determining the success of sheep production is
reproductive efficiency which includes successful lambing (Kutluca Korkmaz and
Emsen, 2016). The type and continuation of production and the majority of the
sheep breeds differ in reproductive behavior depending on the changes in season
latitude/longitude, the length of the photoperiod and other factors (Dogan and Nur,
2006; Abu Gazal, 2010, Laleva et al., 2014). Most of the characteristics of
domestic animals are quantitative-measurable. The animal's production properties
are controlled by hundreds, perhaps a thousand genes (Falconer and MacKay,
1996). The main criteria used to evaluate, and thus the selection of the individuals
to be used for breeding, is their breeding value for properties of interest (Petrovic
etal., 2011).

In order for genetic progress to be more effective for features that are
difficult to measure or have low heritability, a more complex and expensive
process is needed which is not desirable from the point of production economics at
the farm. The success of genetic improvement is based on expectations that the
descendants by their phenotypic values will be above the average values of parents.
Expected genetic progress - selection success, it is valued depending on the value
of heritability for the given property and the selection differential. Since the degree
of inheritance that we call heritability is the ratio of genetic and total phenotypic
variance, which means that it is not a biological constant, its value can be different
in populations, (Hill, 2014; Petrovi¢ and Panteli¢, 2015).

Bearing in mind that in sheep production, the number and quality of
offspring in a much larger extent depends on the genetic potential of ram, it is of
particular scientific and practical importance to test the fathers. Mis breed of sheep
is a new Serbian population and widely experimental research are very important
for its future use in farms.

The aim of this paper was to determine the impact of ram on some
reproductive performances, body weight of lambs at birth and test the interaction
between subject effects.

Material and Methods

The research was carried out at the experimental farm of the Institute for
Animal Husbandry, Belgrade. The material for testing was 142 Mis breed of sheep,
divided into three groups. Each group is assigned a ram of lle de France for
insemination. Induction and synchronization of oestrus was done off-season in
October. Vaginal sponges with flugestone acetate (Syncro-Part 30mg) are used to
induce estrus and stays in place for 14 days. To achieve optimal synchronization of
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ovulation, after the removal of vaginal sponge, injection of PMSG with a dosage of
600 IU is administered intramuscularly for each sheep. The resulting lambs of the
F1 generation are recorded and measured at birth. It has observed the percentage of
lambing sheep, sheep fertility, and number of lambs acquired per father, sex and
litter size (birth type) of lambs. The statistical processing of data was performed
using the SPSS software version 20.

Results and Discussion

The ewes mated with the assigned ram and the percentages of mating
success are shown in table 1. It indicated that ram 1 had a highest number of ewes
lambed with an excellent percentage of mating success while the ram 3 got the
lowest number of ewes lambed and the poorest percentage of mating success.

Table 1. Rams with their corresponding number of ewes
Ram Number of ewes Number of ewes Percentage of mating
mated lambed success, %
1 48 45 93.75
2 47 30 63.83
3 47 22 46.81

As seen in table 2, the highest fertility rate of ewes was on the group of
ram 1 with differences on fertility rate of 17% (between group of ewes in ram 1
and ram 2), 36% (group of ewes in ram 1 and ram 3) and 19% (group of ewes in

ram 2 and ram 3).

Table 2. Number of lambs acquired by ram with the designated ewes lambed

Ram Number of lambs born Fertility, %
1 80 177
2 48 160
3 31 141

Table 3. Average Body weight of lambs at birth (kg.), according to ram

Ram Mean N Std. Minimum Maximum Std. Error
Deviation of Mean
1 4.12 80 .84 2.60 6.70 .09
2 4.33 48 .88 3.00 6.70 13
3 4.92 31 1.27 2.10 6.70 .23
Total 4.34 159 .99 2.10 6.70 .08
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The lambs of ram 3 got the highest average birth weight while the lowest
average birth weight was in lambs of ram 1 (Table 3). The analysis of variance
showed significant effect of father on lambs’ birth weight (P<0.05).

The lambs’ average body weight at birth according to birth type per ram in
table 4, it represented that the highest weight were on lambs born single from ram
3, born twins from raml, triplets of ram 3. For the lambs born quadruplets
(acquired both in rams 1 and 2 but only 1 lamb of each was alive) higher lamb
birth weight from lamb of ram 2.

The test of between subject effects Father* birth type showed significant
effect on birth weight of lambs (P<0.05).

Table 4. Average birth weight of lambs (kg.), according to ram and litter size

Ram BT Number Mean Std.
of lambs Deviation

1 single 8 531 .78

twins 48 4.30 .66

triplets 23 3.36 .34
quadruplets 1 2.60 -

TOTAL 80 411 .84

2 single 8 5.71 .81

twins 22 4.23 .52

triplets 17 3.88 .63
quadruplets 1 3.30 -

TOTAL 48 4.33 .88

3 single 16 5.85 .92

twins 13 3.91 e

triplets 2 4.00 .56
quadruplets - - -

TOTAL 31 4.92 1.27

The sex of lambs born and their average birth weight per father (table 5).
The male and female lambs of ram 3 got the highest birth weight while the male
lambs of rams 1 and 2 had the same average birth weight. The female lambs of
ram 1 acquired the lowest birth weight. The test of between — subjects effects
Father* Sex of lambs showed no significant effect on lambs birth weight. (P>005)
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Table 5. Average birth weight of lambs (kg.), according to ram and sex of lambs

Ram Sex Number of lambs Mean Std. Deviation

1.0 Male 47 4.18 .86
Female 33 4.02 .82

2.0 Male 25 4,18 74
Female 23 450 1.01

3.0 Male 15 5.00 1.25
Female 16 4.84 1.33

Table 6. Average weight of lambs (kg) according to ram, litter size and sex of lambs

Ram BT Sex Number of Mean Std. Deviation
lambs
1.0 Single Male 6 5.16 .86
Female 2 5.75 .35
Twins Male 28 4.38 .66
Female 20 4.20 .67
Triplets Male 13 3.30 .36
Female 10 3.44 .32
Quadruplets  Male 1 2.60 -
2.0 Single Male 2 5.65 .64
Female 6 5.73 91
Twins Male 12 4.23 .46
Female 10 422 .62
Triplets Male 10 3.92 71
Female 7 3.84 .55
Quadruplets  Male 1 3.30 -
3.0 Single Male 6 6.36 .81
Female 10 5.55 1.04
Twins Male 7 4.11 .66
Female 6 3.66 .81
Triplets Male 2 4.00 .56

The average birth weight of lambs depending on their birth type and sex of
lambs per father (Table 6), it can noticed that the highest average birth weight of
lambs born singles was the male lambs of ram 3 with an average weight of 6.36 kg
and the lowest was 5.16 kg the male lambs of ram 1. The male lambs of ram 1




308 Violeta Caro Petrovi¢ et al.

born twins was the highest 4.38 kg on the average birth weight while the lowest
was the female lambs of ram 3 with an average birth weight of 3.66 kg. For the
lambs born triplets the highest was 4.0 kg the male lambs of ram 3 and the lowest
3.3 kg the male lambs of ram 1.Unfortunately only one each of the two ram had
quadruplets born alive both male and the higher was that lamb of ram 2 with a birth
weight of 3.3 kg. The interaction between subject effects Father * BT * Sex
showed no significant effect on lambs birth weight (P>0.05).

The result acquired in the experiment indicated the influence of ram on
number of lambs born and lambs’ birth weight. Complying in our result was that
by Sdnchez-Davila et al. (2015) in Saint Croix hair sheep informed the effect of
ram was significant (P <0.05) on litter size and birth weight of lambs. Likewise
agreeable with our result by Schmidova et al. (2016) informed that service rams in
Suffolk sheep also have a clearly detectable influence on number of born. Hagger
(2002) found out the effect of service ram on litter size was also in accordance with
our result. Freking et al. (2000) stated the main effect of ram breed was significant
for number born, litter birth weight, birth weight, of which it was absolutely
compatible with ours. Assan and Makusa (2005) found the e effect of sire was
significant on birth weight in indigenous Sabi sheep and Mutton Merino, however
a non-significant effect on birth weight in Dorper sheep.

Assan and Makusa, (2005) suggest that selection of rams should be given a
priority in any sheep production system making it useful in the improvement of
overall economic efficiency. Yaqoob et al. (2004) was concluded that breed of sire
can affect the birth weight of lambs and this factor should require careful
consideration in practical lamb husbandry. Our research result can confirmed their
ideas that ram have very important role in sheep production.

Dakhlan et al. (2015) noted the contribution of sire by birth type
interaction to the expression of birth weight was significant, also supported the
result of our study.

Conclusion

Our research showed that effect of service ram on reproductive
performances and birth weight of lambs is important for considering of sheep
production and flock improvement programs. Each ram showed differently as in
ram 3 in spite showed the poorest percentage of mating success the males’
offspring single and triplets born are the heaviest on average birth weight. On the
other hand, ram 1 showed the best in mating success with highest birth weight on
male lambs born twins but the lowest on female lambs born triplets. Two rams had
quadruplets born with only one lamb alive each both male and the higher was that
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lamb of ram 2. Generally the ram have influence on number of lambs born and
lambs’ birth weight.

In this connection the ram therefore does not only contribute half of his
genetics but its success as a breeder.

Uticaj priplodnih ovnova na reproduktivne performanse i
teZinu jagnjadi na rodenju

Violeta Caro Petrovi¢, Milan P. Petrovi¢, Dragana Ruzi¢ Musli¢, Nevena
Maksimovi¢, Nikola Deli¢, Bogdan Cekié, Zorica Bjeli¢

Rezime

Ispitivanje je sprovedeno u populaciji ovaca rase Mis, podeljenoj u tri
grupe. Za reprodukciju kori¢eni su ovnovi Il de frans rase. Indukcija i
sinhronizacija estrusa obavljena je u oktobru van sezone. Posmatrani su slede¢i
parametri: procenat jagnjenja, plodnost ovaca i broj potomaka po ocu, polu i tipu
jagnjenja. Ovan 1 je imao najveci broj ovaca koje su se jagnjile sa visokim
procentom uspeha parenja i najviSom stopom plodnosti ovaca sa razlikama u stopi
plodnosti od 17% (izmedu grupe ovaca ovna 1 i ovna 2), 36% (grupa ovaca ovna 1
i ovna 3) i 19%. Najvece tezine na rodenju su utvrdene kod jagnjadi jedinaca od
ovna 3, blizanaca od ovna 1, trojki ovna 3. Za jagnjad rodenu kao Cetvorke
(nazalost samo kod ovnova 1 i 2 sa jednim jagnjetom od svakog koje je bilo
zivorodeno) jagnjad ovna 2 su bila najvec¢a na rodenju. Muska i zenska jagnjad
ovna 3 su imala najviSu tezinu pri rodenju, dok su Zenska jagnjad ovna 1 imala
najnizu tezinu na rodenju. Najvisa prose¢na tezina pri rodenju jagnjadi rodene kao
jedinci, muskog pola; rodeni kao trojke muskog pola ovna 3 imali su prosecnu
tezinu na rodenju od 6,36 kg i 4,0 kg, ali i najnizu za jagnjad blizance Zenskog pola
- 3,66 kg. Muska jagnjad ovna 1 su imali najveéu prose¢nu teZinu na rodenju
jagnjadi rodenih kao blizanci sa prosecnom telesnom tezinom od 4,38 kg, a
najmanju jagnjad trojke - 3,3 kg. Rezultat je pokazao uticaj ovna na broj rodene
jagnjadi i tezinu jagnjadi na rodenju. Izmedu efekata otac * tip jagnjenja utvrden je
znacajan uticaj na tezinu jagnjadi na rodenju.

Kljuéne reéi: ovan, reproduktivne performanse, jagnjad, tezina na rodenju
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Abstract: Visual evaluation and recognition of dairy traits of cows are
preliminary indicators of milk yield, longevity, and reproductive ability of the
individual animal, which is very important from the aspect of the economics of
milk production. The deficiencies in the fundament traits lead to poor production,
poor health and premature culling of cows from the herd. The paper examines the
frequency of preferred scores of a certain trait in the first calving heifers according
to the housing method (animals reared by individual agricultural producers and
farm animals) and their origin (domestic and imported animals), as well as the
impact of these two factors on the observed properties. Four fundament traits were
analysed: the position of the hind legs, the development of the hocks/joints, the
pastern joints and the height of the feet on a total of 954 first-calving Simmental
heifers. Observed by the housing method, the higher frequency of the preferred
scores for all of the fundament traits, was achieved by the farm cows, while
according to the origin of the cows, the higher frequency of the preferred scores for
all of the fundament traits was realized by imported animals in relation to domestic
cows. The influence of the factors of the housing method and origin of animals
examined by y2 test on all the tested linear scores (frequency of scores) of the
fundament traits was statistically very significant (p<0.001), while the analysis of
the variance (F test) determined high significance (p<0.001) of the interaction
between the origin and housing method on the height of the feet, as well as
significant effect (p<0.05) on the position of the hind legs, while on other linear
scores of the fundament traits it did not exhibit statistical significance (p>0.05).

Key words: Simmental breed, fundament, rearing method, origin, linear
scores
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Introduction

The evaluation of the exterior of animals is based on knowledge of the
structure and function of individual organs as well as the most important
relationships between the individual parts of the body.

Assessment of body development of cattle is a critical evaluation of
whether the affected animal, by its overall appearance and individual parts of the
body, can guarantee good health and high production, or longevity. Inclusion of a
linear type score, contributes to the estimation of the cow's breeding value, which
positively reflects on the overall results of the selection and the success of
production (Panteli¢ et al., 2006).

Linear assessment includes the evaluation of each trait in its biological
extremes, according to the scale ranging from 1 to 9 in the scorecard, and it should
be emphasized that the highest score (9) is not the most favourable for each trait,
because for some traits the average grades (5) is the best (Petrovi¢ and Pantelic,
2015).

A minimum set of feet and leg traits required in an effective selection
program include the results or measurements of one or more feet traits and the
assessment of the leg traits. The combination of angles, length and diagonals of the
hind feet seems to be the best combination that allows the ease and precision of
scoring or measurement and predictive values for the lameness traits of the feet. In
fact, some data suggest that only the diagonal of the feet is sufficient measurement
(Boelling, 1994; McDaniel and Vilk, 1996). Which traits of the hind legs should be
included is not so well established. Most programs use the position of the rear legs
- side view, which primarily reflects the angle of the hock joint. Boelling (1994)
finds that it is more related to locomotion results than to feet measurements. Other
data show that the position of the hind legs is more informative for the prediction
of survival (McDaniel et al., 1993), although less hereditary than the side view.
When available, estimates of locomotive properties look like useful predictors. The
actual incidence of lameness should be included when present, but the studies do
not compare its value with respect to the indirect selection based on scores for feet
and leg traits and locomotion results.

By studying the incidence of deformity of the extremities of the Simmental
cows depending on the type of bedding, Stojanovi¢ et al. (2018) reached the
following results: of the total number of studied cows 3.45% had "X" front leg
position, 14.8% had "X" position of the hind legs. The convergent position of the
front legs was recorded in 35.86%, and divergent in 8.28% of animals. The
convergent position of the hind legs was established in 16.55% of cows, and
divergent in 2.76%. The forward protruding position of the front legs was recorded
in 4.14% of cows, inducted position in 11.03%, and a broad position in 4.14% of
animals. The sickle position of hind legs was recorded in 17.24% of the cows, and
7.59% of animals were post-legged. The pronounced soft front leg pasterns were
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determined in 7.59% of the cows, and the soft pasterns of the hind legs in 33.79%
of the total number of estimated cows. The observed changes in the joints in the
shape of swellings were recorded in 1.38% of cattle on the carpal joint and 2.76%
on the tarsal joint. The affected blade and body joint (scurry shoulder) was
recorded in 43.45% of the total number of cows. The body weight of Busha cows
in the area of the Pirot district amounted to 226.07 kg, the height to withers 104.33
cm, the height to rump 104.12 cm, pelvis width 32.52 cm, breast depth 53.97 cm,
breast girth 130.48 cm, and body length 119.67 cm.

By studying correlations between the milk performance and the fundament
traits, results obtained show mainly negative correlations (Boelling and Pollott,
1997). Their results suggest that lameness will increase as a result of the selection
on increased milk yields, unless taking into account the traits of the fundament.
Uribe et al. (1995) find that genetic correlations of production with
"troubleshooting of leg problems" ranged from 0.20 to 0.27 and indicate that long-
term selection on vyield has probably reduced the problems that arise in the
fundament traits. Foot and leg disorders were correlated with milk performance in
the United States, r = 0.48 (Lions et al., 1991) and the Netherlands r = 0.26 (Groen
etal., 1994).

Material and methods

The basic data on the traits of the fundaments, as well as the data on the
origin of all examined cows, were collected in cooperation with the farm "Lazar"
Blace housing a number of animals included in this research. For animals housed
on individual farms, data on these traits were collected in cooperation with
breeding organizations, which implement the breeding program in the area of
Toplica district.

The total number of animals (n = 954) used in the analysis of
morphometric traits were divided into two groups based on the housing method,
and two groups based on origin, in the following way:

Based on the housing method:

Group 1: animals reared by individual producers (n = 504);
Group 2: animals reared on the farm (n = 450);

Based on the origin:

Group 1: animals of domestic origin (n = 718);

Group 2: imported animals (n = 236).

All of the properties of the fundament were evaluated linearly after the first
calving: the position of the hind legs, the development of the hocks, the pastern
joints and the height of the hoof.

The processing of collected data consisted in determining the frequency for
each assessment individually, the frequency of the preferred scores for all the traits
of the fundament and the comparison of the received frequencies by groups.
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Subsequently, the influence of the housing method (applied 2 test) and the
influence of the origin (2 test applied) on the frequency of linear scores for each
property of the fundament was examined, while the analysis of variance examined
the influence of the housing method and origin, as well as their interaction with all
linear scores, in the following model with a fixed influence on the housing method
and origin and their interaction:

Yii=p+Ni+Pi+NPjj+eij

* Yij: examined trait,

* u: population average for given trait,

* Ni: fixed effect of i housing method (i=1,2),

» P;: fixed effect of j origin (j=1,2),

* NPj: effect of interaction between factors (housing method and animal origin),
eij: random error

For statistical data processing and application of the specified model, the software

SPSS Statistics for windows, Version 23.0 was used.

Results and Discussion

Based on the results shown in Table 1, it can be concluded that the
majority of animals had preferable scores for studied trait, with animals reared on
the farm (79.56%) and animals originating from import (83.05%) had a higher
frequency of desirable scores compared to animals reared by individual producers
(60.12%), and animals of domestic origin (64.76%). The effect of animal origin
and housing method was statistically very significant (p<0.001) on the frequency of
the rear leg assessment, examined by the %2 test. By variance analysis (F test),
significant influence (p<0.05) of origin and interaction of origin and housing
method was determined.The frequency of preferable scores for the development of
the hock joints was twice as high in farm animals compared to the first-calving
heifers reared by individual producers and amounted to 49.33%. A higher
percentage of preferred scores was also recorded in imported animals (40.25%)
compared to animals of domestic origin (33.85%).

On the basis of the y2 test of the independence of the trait, a statistically
very significant correlation (p<0.001) of the origin and score for the development
of the hock joints was established in the first place, as well as the housing method
and scores for the same trait. The variance analysis (F test) showed a high
significance of the housing method (p<0.001), while the origin of the animal and
the interaction of origin and housing method did not have a statistically significant
effect (p> 0.05) on the development of the joints.
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Table 1. Linear estimates and their frequencies for the position of hind legs and the
development of hock joints in the first calving heifers of Simmental breed

Housing Origin
o | Ar_nmals reared by Farm animals Domestic Imported
@ | individual producers
§ % of % of % of % of
N % the N % the N % the N % the
group group group group
REAR LEG POSITION
1 0 0.00 0 0.00 0 0.00 0 0.00
2 21 | 417 | 20.63 0 0.00 5.33 21 | 292 | 15.18 0 0.00 8.05
3 83 | 16.47 24 | 533 88 | 12.26 19 8.05
4 2 0.40 26 | 5.78 7 0.97 21 8.90
5 80 | 1587 | 60.12 | 262 | 58.22 | 79.56 | 225 | 31.34 | 64.76 | 117 49.58 83.05
6 | 221 | 43.85 70 | 15.56 233 | 32.45 58 24.58
7 97 | 19.25 63 | 14.00 142 | 19.78 18 7.63
8 0 0.00 | 19.25 5 111 | 1511 2 0.28 | 20.06 3 1.27 8.90
9 0 0.00 0 0.00 0 0.00 0 0.00
%2 Test
Housing ¢2=259.311*** p=0.000 ‘ Origin ¥2=86.763***  p=0.000
F Test
Housing F=1.097" p=0.295 ‘ Origin F=6.281* p=0.012
Housing x Origin F=4.498* | | p=003 |
HOCK JOINT DEVELOPMENT
1 0 0.00 0.00 0 0.00 0 0.00
2 0 0.00 | 0.59 0 0.00 | 111 0 0.00 | 0.97 0 0.00 0.43
3 3 0.59 5 111 7 0.97 1 0.43
4 1 0.20 11 | 2.44 4 0.56 8 3.39
5 | 153 | 30.36 | 76.39 | 153 | 34.00 | 49.56 | 226 | 31.48 | 65.18 | 80 33.90 59.32
6 | 231 | 45.83 59 | 13.11 238 | 33.15 52 22.03
7 | 110 | 21.83 153 | 34.00 198 | 27.58 65 27.54
8 6 119 | 23.02 | 68 | 1511 | 4933 | 44 | 6.13 | 3385 | 30 12.71 40.25
9 0 0.00 1 0.22 1 0.14 0 0.00
%2 Test
Housing  %2=168.306*** p=0.000 ‘ Origin x2=29.770***  p=0.000
F Test
Housing F=18.871*** p=0.000 ‘ Origin F=0.499 ™ p=0.480
Housing x Origin F=0.660" ‘ ‘ p=0.417 ‘

***. p<0.001; ** - p<0.01; * - p<0.05; ns - p>0.05
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By analysing the pastern joints and the height of hoofs, according to the
groups (Table 2), the lowest percentage of cows with favourable scores for pastern
joints were cows grown by individual producers (52.78%), then cows of domestic
origin (63.37%), (74.15%) and the highest percentage with favourable scores for
the pastern joints were cows reared on the farm (80.89%).

By testing the frequencies using the x2 test, it was found that there was
statistically very significant variation (p<0.001) for pastern joints influenced by the
method of rearing of cows and their origin. By analysing the variance (F test), a
highly significant influence of the rearing method was determined (p<0.01),
significant influence of the animal origin (p<0.05), while the interaction of origin
and housing did not have a statistically significant effect (p> 0.05) on the pastern
joints.

The frequency of the preferred scores for the observed trait was
considerably higher in farm animals (67.11%), than in the animals reared by
individual producers, where only 18.25% of first calvers obtained preferred scores.
If the observed population is viewed on the basis of animal origin, it can be noted
that the frequency of preferred scores was slightly higher for the imported animals
(41.95%), than for the animals of domestic origin, where 41.09% of first calving
heifers received preferred scores for the height of the hoofs.

The influence of the animal origin and the method of housing was
statistically very significant (p<0.001) on the frequency of scores for the height of
the hoofs, examined by the y2 test. By variance analysis (F test), a very significant
influence (p<0.001) of the way of housing, the origin of the animals and their
interaction was also determined.
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Table 2. Linear estimates and their frequencies for the properties of pastern joints and height of
the hoofs in first calving heifers of Simmental breed

Housing Origin
" . Ar_"'_“a's reared by Farm animals Domestic Imported
f individual producers
é)? % of % of % of % of
N % the N % the N % the N % the
group group group group
PASTERN JOINTS
1 0 0.00 0 0.00 0 0.00 0 0.00
2 21 417 | 2242 0 0.00 0.44 21 | 2.92 | 1267 0 0.00 10.17
3 92 18.25 2 0.44 70 | 9.75 24 10.17
4 5 0.99 30 | 6.67 12 | 1.67 23 9.75
5 40 7.94 | 52.78 | 125 | 27.78 | 80.89 | 121 | 16.85 | 63.37 | 44 18.64 74.15
6 221 43.85 209 | 46.44 322 | 44.85 108 45.76
7 59 11.71 61 | 13.56 106 | 14.76 14 5.93
8 66 1310 | 24.80 | 23 | 511 | 1867 | 66 | 9.19 | 23.96 | 23 9.75 15.68
9 0 0.00 0 0.00 0 0.00 0 0.00
%2 Test
Housing y2=188.453*** p=0.000 ‘ Origin ¥2=50.272**%*  p=0.000
F Test
Housing F=6.595** p=0.010 ‘ Origin F=4.542* p=0.033
Housing x Origin F=0.073™ | | p=0788 |
HOOF HEIGHT
1 0 0.00 0 0.00 0 0.00 0 0.00
2 0 0.00 | 317 0 0.00 | 556 0 0.00 4.60 0 0.00 3.39
3 | 16 | 3.17 25 5.56 33 4.60 8 3.39
4 3 0.60 33 7.33 9 1.25 27 11.44
5 82 | 16.27 | 78.58 49 10.89 | 27.33 86 11.97 | 5431 | 45 19.07 54.66
6 | 311 | 61.71 41 9.11 295 | 41.09 57 24.15
7 | 86 | 17.06 185 | 41.11 186 | 25.91 85 36.02
8 | 6 | 119 | 1825 | 117 | 26.00 | 67.11 | 109 | 1518 | 4109 | 14 | 593 41.95
9 0 0.00 0 0.00 0 0.00 0 0.00
¥2 Test
Housing 42=376.879***  p=0.000 ‘ Origin ¥2=87.933***  p=0.000
F Test
Housing F=28.317*** p=0.000 ‘ Origin F=22.492***  p=0.000
Housing x Origin F=19.328%** | | p=0.000 |

***.p<0.001; ** - p<0.01; * - p<0.05; nz - p>0.05
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Conclusion

By examining the fundament traits in the first calving heifers of Simmental
breed observed according to the method of housing, the higher frequency of the
preferred scores for all the fundament traits was recorded for farm cows, while in
regard to the origin, a higher frequency of the preferred scores for all fundament
properties was recorded in imported cows compared to cows of domestic origin.
The influence of the factors of housing method and origin on all tested linear
estimates (frequency of estimation) of the fundament traits, examined by %2 test,
was statistically very significant (p<0.001), while the analysis of the variance (F
test) determined high significance (p<0.001) of the effect of origin and housing
method on the height of hoofs, as well as significance (p<0.05) of the effect on the
position of the hind legs, while on other linear scores of the fundament traits it did
not exhibit statistical significance (p> 0.05).

Genetic improvements in fundament traits are unlikely to prevent all foot
problems, but the choice of animals with preferred scores for the height of hoofs,
pastern joints, the development of the hock joints, and the position of the hind legs
can reduce their incidence in the herd. By examining the scores of the fundament
traits, it can be concluded that their significance lies in the longevity of the cows
and, consequently, on the livestock production.

Problems with extremities are more pronounced than stated in the
literature, since these problems are often the primary reason for the incidence of
sterility that is not recorded when cows are culled from production, and as the
reason their consequence is stated, i.e. sterility.

Varijabilnost osobina fundamenta kod prvotelki simentalske
rase

Dragan Niksi¢, Vlada Pantelié, Dusica Ostoji¢-Andrié, Predrag Perisi¢, Marina
Lazarevié¢, Ivan Cosié¢, Maja Petricevi¢

Rezime

Vizuelna procena i prepoznavanje mlecnih karakteristika krava su
preliminarni pokazatelji mlecnosti, dugovecnosti, kao i reproduktivnih sposobnosti
grla, sto je veoma vazno sa aspekta ekonomicnosti proizvodnje mleka. Nedostaci u
osobinama fundamenta dovode do slabije proizvodnje, loseg zdravstvenog stanja i
preranog iskljucenja krava iz zapata. U radu je ispitivana ucestalost pozeljnih ocena
odredene osobine kod prvotelki podeljenih po nadinu drzanja (grla kod
individualnih proizvodaca i grla sa farme) i podeljenih po poreklu (grla domaceg
odgoja i grla iz uvoza), kao i uticaj ova dva faktora na posmatrane osobine.
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Analizirane su Cetiri osobine fundamenta: polozaj zadnjih nogu, razvijenost
simentalske rase. Posmatrano prema nacinu drzanja, vecu frekvenciju pozeljnih
ocena za sve osobine fundamenta iskazane u ocenama ostvarile su krave sa farme,
dok su prema poreklu krava, vecu frekvenciju pozeljnih ocena za sve osobine
fundamenta iskazane u ocenama ostvarile krave poreklom iz uvoza u odnosu na
krave domaceg porekla. Uticaj faktora nacina drzanja i porekla grla ispitivani y2
testom na sve isptitivane linearne ocene (frekvenciju ocena) osobina fundamenta
bio je statisticki vrlo visoko znacajan (p<0,001), dok je analizom varijanse (F test)
utvrdena visoka znac¢ajnost (p<0,001) interakcije porekla i nacina drzanja na visinu
papaka, kao i znacajnost (p<0,05) na poziciju zadnjih nogu, dok na ostale linearne
ocene osobina fundamenta nije ispoljila statisti¢ku znacajnost (p>0,05).

Klju¢ne reci: simentalska rasa, fundament, nacin drzanja, poreklo,
linearne ocene
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Abstract: The prediction of chicks” weight before hatching is an important
element of selection, aimed at improving the uniformity rate and productivity of
birds. With this regards, our goal was to develop and evaluate optimum models for
similar prediction in two White Plymouth Rock chickens lines — line L and line K
on the basis of the incubation egg weight and egg geometry characteristics — egg
maximum breadth (B), egg length (L), geometric mean diameter (Dg), egg volume
(V), egg surface area (S). A total of 280 eggs (140 from each line) laid by 40-week-
old hens were randomly selected. Mean arithmetic values, standard deviations and
coefficients of variation of studied parameters were determined for each line.
Correlation coefficients between the weight of hatchlings and predictors were the
highest for egg weight, geometric mean diameter, volume and surface area of eggs
(r=0.731-0.779 for line L; r=0.802-0.819 for line K).

Nine linear regression models were developed and their accuracy
evaluated. The regression equations of hatchlings’ weight vs egg length had the
lowest coefficient of determination (0.175 for line K and 0.291 for line L), but
when egg length and breadth entered the model together, its value increased
significantly up to 0.541 and 0.665 for lines L and K, respectively. The weight of
day-old chicks from line L could be predicted with higher accuracy with a model
involving egg surface area apart egg weight (ChW=0.513EW+0.282S - 10.345;
R2=0.620). In line K a more accurate prognosis was attained by adding egg breadth
as an additional predictor to the weight in the model (ChW=0.587EW+0.5665 -
19.853; R?=0.692). The study demonstrated that multiple linear regression models
were more precise that single linear models.

Key words: chick weight, egg weight, egg geometry parameters,
regression models
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Introduction

The avian egg is a biological system whose purpose is to guarantee the
proper development of the embryo and successful hatching as a fully developed
chick (Narushin and Romanov, 2002). Tahir et al. (2011) outlined that incubation
egg weight and hatchlings® weight were important for modelling or predicting
slaughter weight and economic efficiency.

Normally, the shape of avian eggs is oval. The mathematical description of
egg profile allows calculation of its volume and surface area on the basis of its
breath and length. The results from various experiments showed that this geometry
traits could be used for prediction of the weight of hatchlings (Narushin et al.
2002), the weight of eggs (Rashidi and Gholami, 2011), internal properties and
composition of eggs (Shafey et al., 2014), hatchability (Narushin and Romanov,
2002), eggshell quality (Altuntas and Sekeroglu, 2008). In comparison with these
geometry traits, egg weight was more important for hatchling’s weight (Narushin
et al., 2002; Sahin et al., 2009), with specific effect of the line and breed.
Numerous studies have shown that egg weight had a substantial influence on the
weight of day-old chickens (Mitrovi¢ et al., 2011; Traldi et al., 2011; Mukhtar et
al., 2013; Ng’ambi et al., 2013; Mbajiorgu and Ramaphala, 2014; Igbal et al.,
2016; 2017).

Egg length and breadth are traits that are easy to determine and therefore,
often used in experiments with poultry eggs. They could influence the weight of
day-old chicks. Khurshid et al. (2003) demonstrated that these parameters were
reliable for predicting the weight of hatchling quails. Farooq et al. (2001) reported
significant correlation coefficients between aforementioned dimensions and chick
weight - r=0.58 with egg length and r=0.78 with egg breadth. Experiments with
eggs of different fowl species (goose, quail and chicken) indicated that egg shape
index (Saatci et al., 2005; Yilmaz and Caglayan, 2008; Sahin et al., 2009; Lotfi et
al., 2011), and egg density (Narushin et al., 2002) did not have an effect on
hatchling’s weight.

To predict chickens’ weight before the hatching, various models have been
developed on the basis of linear and non-linear equations from which the weight is
associated with incubation eggs’ weight (Tahir et al., 2011; Ng ambi et al., 2013;
Ramaphala and Mbajiorgu, 2013; Rashid et al., 2013). Rashid et al. (2013)
calculated that the weight of day-old chickens from three studied breeds increased
by 0.595-1.361 g for every 1 g increase in egg weight.

Obviously, the weight of eggs is a more accurate parameter for day-old
chickens’ weight that egg geometry characteristics, but better results could be
obtained when both are included in the models. This is confirmed by Narushin et
al. (2002) who affirmed that the weight, volume and surface area of eggs were the
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best predictors of hatchlings’ weight with coefficients of determination ranging
between 0.26 and 0.63 according to the line.

Similar predictions are important elements of selection work and therefore,
for improvement of productivity of poultry. To this end, we aimed to develop and
evaluate optimum models for weight prediction in two White Plymouth Rock lines
— line L and line K on the basis of the incubation egg weight and egg geometry
characteristics.

Materials and Methods

The experiment was performed in the Experimental base of the
Agricultural Institute — Stara Zagora with 280 eggs of two White Plymouth Rock
lines: L and K (140 from each line) laid by 40-week-old hens. The hens were
reared in boxes in groups of 10 hens and 1 rooster on deep permanent litter of
wooden shavings. Restricted feeding with daily ration compliant to the age and egg
production of layers was used: metabolisable energy 1810.005 kcal/kg, crude
protein — 16.012 %, crude fat — 6.836 %, crude fibre 5.889 %, lysine 0.75 %,
methionine 0.38 %, calcium 3.2 %, phosphorus 0.81%.

Incubation eggs were randomly selected, and those with irregular shape or
shell cracks were removed. Before the incubation, eggs were disinfected through
fumigation with formaldehyde vapours. Every egg was numbered on the blunt end,
weighed on a balance with precision up to 0.01 g, and its breadth and length were
measured with digital caliper with precision up to 0.01 mm. On the basis of these
dimensions, the geometric mean diameter (Dg), egg volume (V) and egg surface
area (S) were calculated as followed:

Dg = (LB)'3 Mohsenin (1970),
V = (0.6057 — 0.0018B)LB? Narushin (2005)

S =(3.155-0.013L + 0.0115B)L, Narushin (2005), where
B = egg maximum breadth; L is the egg length in mm

Egg incubation took place under optimum conditions. On the 19" day,
eggs were transferred from the incubator to the hatcher and placed in wooden
frames with partitions for individual hatching. After the hatch, all chicks were
individually weighed with precision of 0.01 g.
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Statistical methods

The means, standard deviations and coefficients of variation of studied
traits were calculated for each line and evaluated by paired samples t-test.
Pearson’s correlation coefficients (r) between independent and dependent variables
were determined. Initially, the egg weight and egg geometry traits were included to
predict hatchling weight individually, and then a step-wise multiple regression was
run with statistically significant predictors only in order to eliminate collinearity.
problem. Collinearity was established according to VIF values, obtained as
VIF=1/1-Ri?, which should not exceed 10. The regression curve was determined as
linear and therefore, linear models were found most appropriate to predict
hatchlings’ weights:

Y=a+hX+e (1) Simple regression model
Y=a+b.Xi+baXot...... + b Xk + € (2) Multiple regression model,

where Y - dependent variable (chick weight), a — intercept, bk — regression
coefficients, Xk independent variables (egg weight, egg geometry parameters), ¢ -
residual (error).

The significance of the regression coefficients was tested with a t-statistic
while the goodness-of-fit of the regression was assessed using the coefficient of
determination (R?).

The best models were validated by incubation of 60 randomly selected
eggs from each line, with preliminary determined weight and geometry traits using
the described methods. The data were used for calculation of predicted weights of
chickens after hatching. After the individual hatching, the weight of chicks was
determined on digital balance. The differences between observed and predicted
values of dependent variable were established.

Statistical analyses were performed with software SPSS (version 19.0 for
Windows).

Results and Discussion

The means, standard deviations and coefficients of variations of egg weight
and geometry traits in both studied lines (L and K) are shown in Table 1. For all
traits, mean values were higher for line L, that could be attributed to genetic
differences (p<0.001). The differences in egg weight and hatchling weight were
6.79 g (10.34 %) and 5.18 g (11.70 %). respectively. Our data were somewhat
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comparable to the results reported by Alabi et al. (2012), that egg weight had an
effect on egg length and volume, but not on its breadth. The presented results
indicated that egg weight determined studied geometry traits (length, breadth,
geometric mean diameter, volume, surface area). Unlike us, Narushin et al. (2002)
did not established differences with regard to egg weight in three egg-laying
chicken lines while egg volume, surface area, density and hatchlings’ weight
differed substantially. In this study, the variation of weight of day-old chicks from
both lines was higher as compared to incubation eggs’ weight — 6.85-7.34 vs 5.18-
5.55 %, which in the view of Shalev and Pasternak (1995) could probably result
from incubation conditions and hatchery management. Unlike us, Tahir et al.
(2011) reported that the weight of chicks varied at a lower extent than the weight of
eggs, and according to Wolanski et al. (2007) coefficients of variations of both
were similar. They are considered to be parameters of uniformity (Shalev and
Pasternak, 1995). The least changeable parameter was the geometric mean
diameter of eggs with coefficients of variation 1.79 and 1.98 %, followed by egg
breadth— 2.06 and 2.44 % for line L and K respectively. The egg volume exhibited
higher coefficients of variation: 5.06 % in line L and 5.64 % for line K. In a study
by Narushin et al. (2002), egg volume and weight were outlined as most variable
parameters, as confirmed by the present study as well.

Table 1. Descriptive statistics of egg weight, egg geometry parameters and chick weight at hatch
used to determine models in line L and line K

Traits Line L Line K

Mean SD Cv Mean SD Cv
Chick weight (Chw), g 44.26*** | 3.03 | 6.85 | 39.08 | 287 | 7.34
Egg weight (EW), g 65.68*** | 340 | 518 | 58.89 | 3.27 | 555
Egg length (L), mm 57.81*** | 152 | 2.63 | 56.12 | 1.92 | 3.42
Egg maximum breadth (B), mm 44.61*** | 092 | 2.06 | 43.06 | 1.05 | 2.44
Geometric mean diameter (Dg), mm 48.63*** | 0.87 | 1.79 | 47.03 | 0.93 | 1.98
Egg volume (V), cm? 60.47*** | 3.06 | 5.06 | 5499 | 3.10 | 5.64
Egg surface area (S), cm? 74.32*** | 252 | 3.39 | 69.75 | 264 | 3.78

SD - standard deviation, CV — coefficient of variation, %
Significant at ***-p<0.001

Before the regression analysis, a correlation matrix was composed with
linear coefficients of correlations between the dependent and independent
variables. Table 2 shows that all predictors included in the analysis had significant
correlation coefficients with the weight of hatchlings ranging from moderate (with
egg length and breadth: r=0.418-0.695) to strong (mean geometric diameter,
volume, surface area and weight of eggs: r=0.731-0.819), p<0.001. The presence
of significant correlations with the dependent variable indicated their suitability for
inclusion in regression models. The data of Narushin et al. (2002) demonstrated
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slightly higher correlation between the hatchlings’ weight and egg weight (r=0.56),
than with egg volume (r=0.50) and egg surface area (r=0.50) in three egg-laying
chicken lines; this was confirmed in our experiments. Sahin et al. (2009) also
reported higher correlation coefficients - 0.87 (hatchling weight vs egg weight) and
0.81 (hatchling weight vs egg volume). High positive relationship (0.82) was
present between hatchling weight and egg surface area (0.74 for line L and 0.80 for
line K) as also reported by El-Safty (2011).

Table 2. Phenotypic correlations among chick weight at hatch, egg weight and egg geometry

pal’ametel’s

Traits EW L B Dg Vv s Chw
0.624 | 0729 | 0961 | 0965 | 0.966 | 0.819

EW *kk *kx *kx *kx *kk *kk
. 0.629 0013 | 0564 | 0596 | 0652 | 0418

*kk *kx *kx *kk *kk

5 0722 | 0211 0818 | 0794 | 0749 | 069

* k% ** *kk *kk *k* *k*k
0868 | 0655 | 0877 0999 | 0994 | 0812

Dg *kk *kk *kx *kk *kk *kk
v 0870 | 0679 | 0861 | 0.999 0.997 | 0811
*kk *kk *kx *kx *kk *kk
0872 | 0714 | 0835 | 0997 | 0999 0.802

S *k*k *k*k *kk *kk *kk *k*k

0779 | 0539 | 0602 | 0731 | 0.733 | 0.735

EW- egg weight, L- egg length, B- egg maximum breadth, Dg- geometric mean diameter, V- egg
volume, S- egg surface area, , Ch W- chick weight

Significant at **-p<0.01, ***-p<0.001

Upper matrix: Line K

Lower matrix: Line L

Furthermore, independent variables correlate statistically significantly
among, except for egg breadth and length for line K that exhibited insignificant
relationship (r= -0.01), while for line L eggs, the relationship was weak but
significant (0.21, p<0.01). Unlike us, Yakubu et al. (2008) reported a strong
positive correlation between egg length and breadth (r=0.71).

The predictors egg volume, surface area and mean geometric diameter
were very closely related in both lines (0.994-0.999). High linear relationship was
reported by Nedomova and Buchar (2014) between egg volume and surface area in
geese with R? = 0.996. A probable reason could be the involvement of the same
parameters e.g. egg breadth and length in their formulas. At the same time, egg
volume, surface area and mean geometric diameter correlated strongly with egg
weight (0.868-0.966). The substantial relationships between egg volume and eggs
in this study agreed with finding of Malago and Baitilwake (2009), Kabir et al.
(2012). The latter researchers reported coefficient of phenotypic correlation
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between ISA Brown and local chickens of r=0.72 and r=0.88. Strong
interrelationships between egg weight, volume and surface area were
communicated by Narushin (1997). A high correlation coefficient (0.99) was found
out between ostrich egg weight and surface area (El-Safty 2011) and this was
confirmed in our study as well.

Table 3 presents regression coefficients, coefficients of determination and
levels of statistical significance of models predicting the weight of hatchlings on
the basis of egg weight and geometry parameters in both lines. Data showed that all
linear regression models were adequate as could be seen from high level of
statistical significance (p<0.001). The comparison of models demonstrated that the
coefficient of determination was useful parameters of variation of the dependent
variable, explained with regression. The highest coefficients of determination in
both lines were those of simple linear models which used egg weight as predictor -
0.606 for line L and 0.671 for line K, e.g 61-67 % of hatchlings’ weight depended
on egg weight (model 1). According to Tserveni-Gousi and Yannakopoulos (1990)
70m% of variation in the weight of pheasant chicks was attributable to egg weight
which was a better predictor than shape index and shell deformity. Tahir et al.
(2011) and Ramaphala and Mbajiorgu (2013) also predicted the hatching weight of
chickens but reported higher coefficients of determination R?, 0.856 and 0.995
respectively, while Olutunmogun et al. (2017) reported a much lower value
(R?=0.15) than our data.

Table 3. Regression coefficients, coefficients of determination and level of significance of models
in lines L and K

Ne Regression Predictors Line Regression coefficients R? SE F-value
model Const. b1 b2
. L | -1360 | 0695 | - | 0606 | 1.909 | 229.509
1 Simple EW K | -3327 | 0720 | - 0671 | 1.653 | 284.093™
. L | 44226 | 1.984 | - | 0363 | 2429 | 84.768
2 Simple B K | 42467 | 1.894 | - | 0483 | 2.075 | 129.626"
5 Simple . L | 17751 [ 1078 | - | 0201 | 2562 | 6L166™
K 3999 | 0625 | - | 0175 | 2.620 | 29.420
. L | -80.183 | 2559 | - | 0534 | 2.076 | 170.948™
4 Simple Dg K | 78930 | 2509 | - | 0.660 | 1.683 | 269.274
. Simple v L 0268 | 0728 | - | 0537 | 2070 | 173.005™
K | 2227 | 0751 | - | 0.658 | 1.686 | 267.956
5 simple s L | -21460 | 0.884 | - | 0540 | 2.063 | 175.066
K | 21.878 | 0874 | - | 0643 | 1.724 | 250.191
; Multiple 5L L | -80461 | 1.684 | 0.858 | 0.541 | 2.069 | 87.090
’ K | -78.969 | 1.909 | 0.639 | 0.665 | 1.675 | 136.930""
Multiple EW, S L | -10.345 | 0513 | 0.282 | 0.620 | 1.883 | 120502
Multiple EW, B K | -19.853 | 0587 | 0.566 | 0.692 | 1.607 | 154.75
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EW - egg weight, B- egg maximum breadth, L- egg length, Dg- geometric mean diameter, V- egg
volume, S- egg surface area, R? — coefficient of determination, SE- standard error of estimate,
***_ Significant at p<0.001

Linear parametric equations associating hatchlings’ weight and egg length
(model 3) had the lowest coefficients of determination - 0.175 (line K) and 0.291
(line L) followed by those using egg breadth as predictor (model 2). However,
when both dimensions were simultaneously included in the model, coefficients of
determination increased considerably to 0.541 and 0.665 for lines L and K
respectively (model 7). In line K the values were comparable with those of model
1, where the independent variable was egg weight. When the geometric mean
diameter (Dg), egg volume (V) and surface area (S) in both lines were used as
independent predictors (models 4, 5 and 6) the values of R? were lower than
respective values in model 1 including also egg weight, which is more pronounced
in line L. Our data confirmed the findings from a previous study of Narushin et al.
(2002), that linear equations using as predictor egg weight were more accurate that
those using egg volume and surface area independently.

The high correlation coefficients between predictors egg weight, volume,
surface area and mean geometric diameter (Table 2) presumed multicollinearity as
confirmed by VIF values, significantly higher than allowed ones. It is
acknowledged that models based on multicollinear variables could influence the
accuracy of the prognosis (Chatterjee et al., 2000). An option for elimination of the
negative impact of multicollinearity is the elimination of some strongly correlating
predictors from the model through application of stepwise regression. The
calculated coefficients of determination in multiple regression models by means of
stepwise regression were 0.620 for line L and 0.692 for line K (models 8 and 9).
The comparison with model 1, that uses one independent variable (egg weight),
shows increase in the coefficient of determination when a second predictor was
included, in other words, the addition of egg surface area (model 8) and egg
breadth (model 9) contributed to a greater extent for explication of the dependent
variable (hatchling weight) for line L and line K.

After evaluation of regression models, the most accurate (those with
highest R? values) were selected — models 1 and 7 for both lines, model 8 (line L)
and model 9 (line K) for validation of their prediction power. They served for
calculation of predicted weights of day-old chicks for 60 randomly selected eggs
from each line set for incubation. Table 4 presents the expected and observed
values for weights of hatchlings. The differences between predicted (Y) and
observed (Y) values were small and for line L ranged between 0.04-0.48 g, while
for line K - between 0.24-0.34 g, corresponding to 0.09-1.09 % and 0.63-0.86 %
from respective real values.

Conclusion

On the basis of data, it could be concluded that the best prediction was
obtained with an additional predictor when apart egg weight as followed: egg



Regression models for estimating chick... 331

surface area for line L (Chw=0.513EW+0.282S-10.345) and egg maximum breadth
for line K (Chw=0.587EW+0.566B -19.853). Models on the basis of main egg
dimensions — breadth and length could be also used for tentative determination of
hatchlings’” weight from both lines. According to the study, multiple regression
models were more efficient than single linear models.

Table 4. Mean of actual and predicted values, difference and percent difference for the models
generated to predict the chick weight at hatch in line L and line K

Chick weight (g) Difference
) Predicted (Y-Y2) (Y-Y7) (Y-Ys) (Y-Yo)
Line | Actual
(Y) * Model 1 | Model 7 | Model 8 | Model 9 % g % g % g %

(Y1) | (Y1) | (Ye) (Yo) g

44.18 | 43.70 | 44.14 | 43.83 - 048 | 1.09 | 0.04 {0.09]0.35|0.79

39.52 | 39.27 | 39.18 39.28 | 0.25| 0.63 | 0.34 |0.86 0.24 | 0.61

*- chick weight was measured by digital balance

Regresijski modeli za procenu mase pili¢a na izleganju na
osnovu odredenih geometrijskih karakteristika jajeta

Nadya Mincheva, Mitko Lalev, Magdalena Oblakova, Pavlina Hristakieva

Rezime

Predvidanje telesne mase pre izleganja je vazan element selekcije, Ciji je
cilj poboljsanje uniformnosti i produktivnosti zivine. S tim u vezi, nas cilj bio je da
razvijemo i procenimo optimalne modele za slicno predvidanje u dve linije pilica:
White Plymouth Rock - linija L i linija K, na osnovu tezine jaja u inkubaciji i
geometrijskih karakteristika jajeta - maksimalna Sirina jajeta (B), duzina jajeta (L),
geometrijski srednji pre¢nik (Dg), volumen (V) i povrS§ina jajeta (S). Ukupno 280
jaja (140 iz svake linije) koja su izlegle kokosi uzrasta od 40 nedelja su odabrana
nasumicno. Za svaku linijju su odredene aritmeticke vrednosti, standardna
odstupanja i koeficijenti varijacije proucCavanih parametara. Korelacioni
koeficijenti izmedu mase izleglih pili¢a i prediktora bili su najvisi za teZinu jajeta,
geometrijski srednji pre¢nik, zapreminu i povrsinu jajeta (r=0,731-0,779 za liniju
L; r=0,802-0,819 za liniju K).

Izradeno je devet modela linearne regresije i procenjena njihova tacnost.
Regresijske jednacine tezine izleglih pilica prema duzini jajeta imale Su najmanji
koeficijent determinacije (0,175 za liniju K 1 0,291 za liniju L), ali kada su duzina i
Sirina jajeta uSla u model zajedno, vrednost koeficijenta se zna¢ajno povecala na
0,541 i 0,665 za linije L i K, respektivno. Masa jednodnevnih pili¢a iz linije L
mogla se predvideti sa ve¢om precizno$éu sa modelom koji ukljuéuje povrsinu
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jajeta u odnosu na masu jajeta (Chw=0,513EW+0,282S — 10,345; R?=0,620). U
liniji K, postignuta je preciznija prognoza dodavanjem Sirine jajeta kao dodatnog
prediktora za masu u modelu (Chw=0,587EW+0,566V -19,853; R?=0,692). Studija
je pokazala da su viSestruki linearni regresioni modeli bili precizniji od
pojedinacnih linearnih modela.

Klju¢ne reci: masa pilica, masa jajeta, geometrijski parametri jajeta,
regresijski modeli
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Abstract: The aim of this study was to evaluate the effect of rearing system
and hen's age on quality and chemical composition of eggs. The tested rearing
systems were: cage, floor and organic (30 birds Isa Brown hybrid per group).
Fifteen eggs per group were collected for analyses in each of three phases of the
productive cycle (32, 48 and 72 weeks hen's age). In these samples were
investigated external (egg weight and egg shape index), internal (albumen height,
Haugh unit and yolk colour) and chemical composition of eggs (dry matter,
minerals, protein and lipids content). The general conclusion is that the egg weight
and Roche values were increased, while egg shape index, albumen height and
Haugh unit were decreased with hen's age. Organic eggs had higher albumen
height and more Haugh units in the 48 and 64 weeks compared to the floor and
cage eggs. Yolk colour of the floor and cage hens most dependent on the hen's age,
on the other hand - yolk colour of organic hens most dependent on the grass
availability at the outlet. Eggs from the organic rearing system had a lower dry
matter, proteins and lipid content as compared to the cage system.

Keywords: Laying hens, rearing systems, egg quality, chemical
composition, hen's age.

Introduction

Although producers around the world are increasingly converting their facilities to
cage-free, data from the International Egg Commission (2016) show that the
majority of laying hens (89.7%) are housed in a cage system. The main reason why
the cage system of laying hens is the most widespread in the world is that it is the
most economical - it provides that the price of eggs is low and that product be
accessible to all segments of the population. Egg consumption in Hungary, USA
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and Argentina are more than 250, in Japan more than 300 and in Mexico more than
350 eggs per person per year (International Egg Commission, 2015).

However, in many countries, consumers demands are more focused on quality
rather than price. In research of Pavlovski et al. (2011) states that the number od of
consumers which were willing to pay a higher price by 10% for eggs of guaranteed
and controlled quality or from free-range system increased from 46% in 1981. to
71.5% in 2011. In the report of Committee for the Common Organisation of the
Agricultural Markets (2018), it is stated that in the EU countries 18.4% of the hens
have access to an outlet (free range and organic together).

Due to all these facts, the aim of this study was to evaluate the effect of rearing
system and hen's age on quality and chemical composition of eggs.

Material and methods

The study was carried out in three rearing systems: cage, floor and organic.
In each system, the same genotype of laying hens (Isa Brown hybrid) was housed -
30 birds per group.
Each bird in battery system had at its disposal 750 cm? floor area. In floor and
organic system the stocking density was 2.5 birds/m?. The organic layers also had
about 5 m? per birds available outdoor area which was covered with grass and
bushes and these hens were able to supplement their diets using vegetation and
small creatures living in an outlet.
Cage and the floor laying hens were fed with the same standard commercial diets
whose average chemical composition is shown in Table 1. In organic system,
except in the facility, the feeders and drinkers were located in the outlet. It is
important to note that the diet from organic hens was complete without additions of
synthetic amino acids, vitamins and minerals, with the use of more 80%
organically grown components. Its chemical composition is also shown in Table 1.
In all of three experimental groups feed and water were available ad libitum.

Table 1. The chemical composition of diet from laying hens

Cage and floor system Organic system
Chemical composition % %
Dry matter 88.38 89.82
Crude proteins 16.79 16.82
Crude fats 5.15 431
Cellulose 4.82 4.29
Ash 12.52 12.68
Ca 3.72 3.43
Total P 0.71 0.81
Na 0.17 0.18
Lysine 0.79 0.80
Methionine+cystine 0.68 0.48
Metabolisable energy, MJ 11.5MJ 11.3 MJ
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Fifteen eggs per group were collected for analyses in each of three phases of the
productive cycle (32, 48 and 72 weeks hen's age). In these samples (eggs were one
day old) were investigated external, internal and chemical composition of eggs.

- Egg weight was measured on an electronic scale with accuracy of 102 g.

- Egg shape index, or short-axis to long-axis length ratio (%), was determined
using a special device (B.V. Apparatenfabriek van Doorn, Holland).

- Albumen height was determined tripod micrometer (AMES, USA)

- Haugh units were calculated according to following formula: HU=100log
0.37.

(H+7.57-1.7M ") where H = albumen height, mm, M = egg weight, g.

- Egg yolk colour was determined according to Roche yolk colour fan.

Analysis of the basic chemical composition of the eggs was performed based on
SRPS ISO procedures (dry matter SRPS ISO 1442/1998, mineral materials SRPS
ISO 936/1999, proteins SRPS 1SO 937/1992, lipids 1444/1998).

Quality of eggs data were analysed by ANOVA and LSD test (Stat Soft Inc
Statistica For Windows, Version 7.0., 2006).

Results and discussion

Egg quality parameters are presented in Table 2 shows that the egg weight
was significantly influenced by hen's age (p<0.05) while the effect of the rearing
system was not significant (p>0.05). Generally, egg weight was increased with
hen's age, which is consistent with the results published by Zita et al. (2009) and
Rakonjac et al. (2017). It is important to note that the egg weight between the 32
and 48 weeks old hens differed significantly (p<0.05), while in the later period (48-
72 weeks) there were no differences (p>0.05). That indicated that in an early period
of laying there was increasing in egg weight but in later phases of egg production
egg weight remain static (Padhi et al., 2013). On the other hand, the effect of
rearing system on egg weight was not significant, similar to the results reported by
the Mugnai et al. (2009) and Rakonjac et al. (2017). Contrary to this, Lolli et al.
(2013) and Kralik et al. (2013) found higher egg weight in free range than the cage
system, while Ferrante et al. (2009) and Lewko and Gornowicz (2011) found the
opposite - a higher egg weight in the cage than in the rearing systems with the
outlet.

Egg shape index decreased with hen's age, and eggs from 32 week age
hens had higher values of the index form of eggs from the 48 and 72 week age
hens. As well as the weight of the eggs, the rearing system did not affect
differences in this parameter (p>0.05). Skrbi¢ et al. (2011) also found that the egg
shape index value decreased with hen's age (r = - 0.15). These results Nikolova and
Kocevski (2006) were explained by the fact that the higher shape index of eggs
from younger hens showed a presence of more eggs of rounded shape, while lower
shape index of eggs from older layers showed more percentage of eggs of an
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elongated shape which is typical for hens in deep age. Similar results were
published and by Zita et al. (2009). The rearing system did not influence
differences in egg shape index, which is in agreement with the findings by Pukié-
Stojcic et al. (2009), Lewko and Gornowicz (2011), Ahhamed et al. (2014) and
Dikmen et al. (2017).

Table 2. Effect of the rearing systems and laying hen's age on egg quality parameters

Rearin Egg Egg shape Albumen Haugh Yolk
s stem% Hen's age weight index height unit colour
4 (@ (mm) (Roche)
X 61.30 ¢ 78.13 ab 7.42 ab 85.20 abc 9.07 f
32 week
Sd 3.91 2.88 0.87 5.45 1.33
Cage 48 week X 63.31 bc 75.93 cde 6.91b 81.07 bc 10.60 de
Sd 4.89 231 0.81 6.16 0.51
X 67.39a 75.07 de 493d 62.67 e 13.40a
72 week
Sd 5.75 1.71 1.04 12.08 0.51
X 61.19¢c 7893 a 7.85a 87.73 a 8.87 f
32 week
Sd 3.15 2.63 1.12 5.97 0.92
X 66.86 ab 76.53 bed 7.03b 80.13 ¢ 10.27 e
Floor 48 week
Sd 5.78 2.90 1.26 9.09 0.96
X 67.03a 75.93 cde 4.87d 62.67 e 13.00a
72 week
Sd 5.45 231 1.07 10.31 0.65
X 60.03 ¢ 77.20 abc 7.62 ab 87.00 ab 11.47 be
32 week
Sd 4.53 2.01 0.91 6.00 0.64
. X 65.54 ab 76.13 cde 8.07 a 88.07a 11.13 cd
Organic 48 week
Sd 5.84 1.92 1.39 8.42 0.64
X 65.63 ab 74.67 e 571c 70.67d 11.73 b
72 week
Sd 4.44 2.64 1.03 9.62 0.46
P value
Rearing system 0.427 0.078 0.005 0.003 <0.001
Hen's age <0.001 <0.001 <0.001 <0.001 <0.001
Rearing system x Hen's age 0.421 0.846 0.159 0.240 <0.001

a-f: Values within columns with different superscripts are significantly different (P<0.05)

Haugh unit was decreased throughout the experimental period, due to the
decreasing albumen height with hen's age. A significant effect of the age of hens on
albumen height determined also Ojedapo (2013). Our results that Haugh unit
decreases with hen's age (p<0.05) are consistent with the findings by Skrbi¢ et al.
(2011) and Padhi et al. (2013). Effect of rearing systems on Haugh units was not
significant in the 32 weeks (p>0.05), but eggs from organic rearing system had
more Haugh units in the 48 and 64 weeks compared to the floor and cage (p<0.05).
There are a numerous reasons why the organic eggs have a more Haugh units
compared to eggs from the floor and the cage system: less stress in the oviduct tract
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(Castellini et al., 2006), effect of the higher concentration of ammonia in cage and
floor systems that enhances the aloumen pH affecting thus its consistency (Minelli
et al., 2007), the high vitamin C content in albumen influenced intake fresh grass
from outlet (Mugnai et al., 2009).

Both studied factors and their interactions had a significant effect on the
yolk colour (p<0.05). Generally, Roche values increased in floor and cage system
with the hen's age. On the other hand, the yolk colour of organic eggs was
relatively constant throughout the entire experimental period. Increasing Roche
value with the hen's age in our experiment is in accordance to research Rizzi and
Chiericato (2005) and Skrbi¢ et al. (2011). Both groups - cage and floor consumed
constant amount synthetic carotenoids in feed throughout the entire production
cycle, and increasing intensity of yolk colour was a result of their greater synthesis
in the body with hen's age. On the other hand, in organic laying hens, the intensity
of yolks colour was much more dependent on season and availability of grass at the
outlet (no synthetic colours in their feed).

Organic hens had available a significant amount of grass rich in
carotenoids in an outlet in week 32, which caused a higher Roche values compared
with a floor and cage laying hens (p<0.05). At week 48, grass amount at the outlet
was reduced, which caused that there were no significant differences between
Roche values in all three investigated rearing systems (p=>0.05). Finally, at week
72, all the amount of the grass at the outlet was spent, and the floor and the cage
produced eggs had a significant higher Roche values then organic (p<0.05) -
organic hens no longer had grass available as an additional source of carotenoids,
while the floor and the cage hens received synthetic carotenoids through feed.
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Table 3. Effect of the rearing systems and laying hen's age on the chemical composition of eggs

Rearing Hen's age Dry matter Minerals Protein Lipids
systems (%) (%) (%) (%)
X 25.08 a 0.91 ab 12.70 a 9.82 ab
32 week
Sd 1.37 0.07 0.53 1.46
X 24.27 abc 0.88¢c 12.23 be 9.45 abc
Cage 48 week
Sd 0.37 0.04 0.29 0.44
X 24.67 ab 092a 12.38 ab 10.02a
72 week
Sd 0.71 0.03 0.19 0.76
X 23.75bc 0.85d 12.33 ab 8.6lc
32 week
Sd 1.11 0.10 0.70 0.79
X 24.29 abc 0.88¢ 12.11 bc 9.54 abc
Floor 48 week
Sd 1.21 0.06 0.51 1.07
X 2463 ab 0.90 abc 12.23 bc 9.83ab
72 week
Sd 1.62 0.04 0.43 1.69
X 2340c 0.85d 12.13 bc 8.62¢
32 week
Sd 0.60 0.06 0.26 0.68
) X 2341c 0.91ab 11.82¢ 9.12 abc
Organic 48 week
Sd 1.17 0.04 0.39 1.32
X 23.82 bc 0.89 bc 12.31ab 8.94 bc
72 week
Sd 0.64 0.12 0.44 0.59
P value
Rearing system <0.001 <0.001 0.015 0.014
Hen's age 0.378 <0.001 0.020 0.134
Rearing system x Hen's age 0.312 <0.001 0.460 0.313

a-d: Values within columns with different superscripts are significantly different (P<0.05)

Table 3 shows that the eggs from the organic rearing system had a lower
dry matter content as compared to the other two systems (P<0.05). The results
similar to these are given by Matt et al. (2009), which found the higher content of
dry matter in cage eggs compared to organic.

Ash content was significantly influenced by studied factors and their
interactions (P<0.05). These results are in agreement with the results published by
Zhu et al. (2015), which found a significant difference in the content of a large
number of minerals in eggs between the cage and the free-range layers.

Cage produced eggs had a higher content of protein and lipids compared to
the organic eggs (P<0.05). A significant effect of the rearing system on the content
of protein and lipids in eggs was determined by numerous authors. Mat et al.
(2009) obtained the similar results in their research, the cage eggs had higher
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protein and lipids content compared to free range eggs. Also, Pavlovski et al.
(2011) determined higher protein content, and Radu-Rusu et al. (2014) higher
lipids content in cage eggs compared to free range.

Conclusion

Based on the results of these investigations it can be concluded that the
rearing system and hen's age had a significant effect on egg shape index, albumen
height, Haugh unit and yolk colour, while egg weight was influenced only by the
hen's age. The interaction of the observed factors significantly influenced yolk
colour. On the other hand, the rearing system had a significant effect in all four
parameters of the chemical composition of eggs, while the significant effect of the
hen's age on these parameters was established for mineral and lipids content.
Rearing system x hen's age interaction significantly influenced only the mineral
content in eggs.

Kvalitet i hemijski sastav jaja uzrokovan sistemom gajenja i
staro$¢u kokosi nosilja

Simeon Rakonjac, Snezana Bogosavljevi¢-Boskovié, Zdenka Skrbi¢, Milo§ Lukid,
Vladimir Doskovié, Veselin Petricevié, Milun D.Petrovié

Rezime

Cilj ovog rada je bio da se ispita uticaj sistema gajenja i starosti na kvalitet
i hemijski sastav jaja kokoS$i nosilja. Ispitivani sistemi gajenja su bili: kavezni,
podni i organski (30 jedinki Isa Brown hibrida po grupi). Petnaest jaja po grupi je
sakupljeno u tri faze proizvodnog ciklusa (32, 48 i 72 nedelje starosti nosilja). Na
ovim uzorcima su ispitivani parametri spoljasnjeg (masa i indeks oblika) i
unutras$njeg kvaliteta jaja (visina belanca, Hogove jedinice i boja Zumanca) kao i
osnovni hemijski sastav jaja (sadrzaj suve materije, minerala, proteina i masti).
Generalno se moze zakljuciti da su se masa jaja i intenzitet obojenosti Zumanca
povecavali, a indeks oblika, visna belanca i Hogove jednice smanjivale sa staro§¢u
nosilja. Organska jaja su imala veéu visinu belanca i viSe Hogovih jedinica u 48. i
64. nedelji u poredenju sa jajima proizvedenim u podnom i kaveznom sistemu.
Boja zumanca je kod podno i kavezno gajenih jedniki najvise zavisla od starosti
nosilja, dok je sa druge strane kod organskih kokos$i boja zumanca najvise zavisila
od dostupnosti trave na ispustu. Organsaka jaja su imala manji sadrzaj suve
materije, proteina i masti u poredenju sa jajima iz kaveznog sistema gajenja.
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Kljuc¢ne reci: kokosi nosilje, sistem gajenja, kvalitet jaja, hemijski sastav,
starost.
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Abstract: Maize is the very important silage source in the world. Timely
harvesting ensure high maize forage yield and quality. Therefore, the study focused
on the effects of four harvesting times (starting at the 12 August every 7 days) on
yield and qualitative parameters of forage green mass of maize hybrid ZP 677. The
experiment was set in Vojvodina Province, Serbia, during the 2013 and 2014
growing seasons. Plant height, stem diameter, number of leaves per plant, ear
percentage, forage yield, dry matter content and crude protein content were higher,
while stem percentage was lower in 2014 with favorable climatic condition. Forage
yield, crude protein content, ADF and NDF decreased, while dry matter content
significantly increased with delay in harvesting. The maize hybrid should be
harvested when the milk line is three-quarter of the way down the grain that is in
the third decade of August.

Introduction

The maize harvested for silage is an important feed crop on livestock farms
in the world. Maize silage is the most used for animal feed in order to increase
productivity and animal performance. Large use of maize for silage stems from
large production of green forage mass, high energy content of dry matter content
and quality of the forage biomass (Mandi¢ et al. 2013), low buffering power and
high content of soluble carbohydrates (Nussio et al., 2001). Maize silage is an
important source of energy and fiber for livestock (Bernardes, 2012). The forage
harvested at the right time and well conserved is fundamental for high efficiency of
cows and reducing concentrate feed consumption (Kohoutek et al., 2010).
However, nutritive quality of maize silage depends on the many factors, such as
genotype, plant density, growing conditions, maturity and moisture of the crop at
harvest (Satter and Reis, 2012). Kung (2008) stated that the optimum maturity of
harvesting forages when the whole plant is at 32 to 35% dry matter content. In
generally, the wet maize silage results in produce high concentrations of acetic acid
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and nutrient losses caused by runoff. Contrary, dry maize silage (> 38-40% dry
matter content) restricts fermentation, material is difficult to pack and fiber and
starch digestibility are low.

In Serbia, maize silage production increased by 11% between 2010 and
2016 (from 27503 ha to 30524 ha), with the increase by 17.6% in the Vojvodina.
However, maize for silage does not always achieve its potential due to unfavorable
environment conditions, especially the amount and distribution of rainfall during
growing season (Mandié et al., 2017). The maize genotypes were strongly
influence by silage nutritive value where crude fibre and NDF contents of the early
maturing hybrids were lower than the mid-early and mid-late maturing hybrids
(Zeller and Schwarz, 2010). Also, these authors concluded that crude fibre and
NDF contents increase with later harvest dates. Latre et al. (2010) found that the
maize hybrids and harvesting date did not have effect on dry matter and sugar
contents and density at harvest, as well as on dry matter, crude protein, starch
content, crude fibre, sugar content, ash, pH, ammonia, lactic acid, volatile acids
and alcohols at 50 days after ensiling. On another hand, Nadeau et al. (2010)
reported that the chemical composition of the maize for silage varied according to
maturity stage at harvest. Delaying of harvested of maize for silage increases dry
matter content due to increase leaf dry matter content, and adversely affect quality
because reduces sugar content and increases ADF, NDF and lignin content
(Kwabiah, 2005). The advance of maturity of maize reduces the crude protein
content, NDF and ADF and increased in vitro true digestibility (Darby and Lauer,
2002). Shehzad et al. (2012) concluded that the plant height, stem diameter, leaf
area per plant, dry matter content, dry matter yield, green fodder yield and crude
fiber content were increased, while crude fat, crude protein and ash contents were
decreased with delayed harvesting time of maize. Hatew et al. (2015) found that
the apparent total tract digestibility of dry matter, organic matter, crude protein,
crude fat, starch, NDF and gross energy for growing dairy cows significantly
decreased with maturity of maize crop.

The objective of our research was to determine forage yield and nutritive
value of maize hybrid at four maturity stages under dry land farming in the
Vojvodina region.

Materials and Methods

Field experiments were conducted during 2013 and 2014 years in dryland
farming Pannonian region of Serbia, located at 45° 01’ N and 19° 33" E. Maize
hybrid ZP 677 (FAO maturity group 600) was tested. Preceding crop was winter
wheat. Maize was planted with 70 cm inter-row spacing at 13 April in both years.
The plant density was 59.000 plant ha™. Subplot size was 16.8 m? Plots were
arranged in randomized complete blocks design in three replications. A standard
agrotechnical measures were applied. NPK fertilizer 10:30:20 applied at the rate of
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300 kg ha after harvested of wheat in October. Nitrogen fertilizer KAN (27% N)
was applied in May at the V6-V7 stage at a rate of 334 kg ha™.

Soil of experimental area was calcareous chernozem with pH in water of 7.12,
having 16.45% CaCOs, 3.64% of humus, 0.18% of total N, 17.81 mg 100 g* of
P,0s and 21% of KO at the depth of 30 cm.

Monthly average temperature in 2013 was higher for 0.8 °C, while monthly total
rainfall was lower for 153 mm than in 2014 (429.0 mm and 18.3 °C, respectively),
Figure 1. Dry period was in 2013 from mid of July to the harvested time.
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Figure 1. Climate diagram according to Walter and Lieth (1967) for Sremska Mitrovica, Serbia.

Plant morphological traits (plant height, stem diameter and number of
leaves per plant) were recorded before cutting on 10 plants per subplot. After
manual cutting on these plants the stem, leaf and ear ratio were determined. Forage
yield was determined by cutting and chopping of plants using maize forage
combine harvester, harvesting it in from two central rows from subplot and
converted into kg hat. Maize hybrids were harvested during four harvesting times,
starting at the 12 August every 7 days. Dry matter content was determined by
drying of 1 kg of forage mass from each subplot at 105°C and converted into kg ha-
1. The crude protein content was determined by the methods of Kjeldahl (AOAC,
1990), while neutral detergent fibre (NDF) and acid detergent fibre (ADF) by
methods of Van Soest et al. (1991).

The experimental data were subjected to ANOVA using STATISTICA
(version 10; StatSoft, Tulsa, Oklahoma, USA) at significance levels at p<0.01 and
p<0.05. Significance between means were tested using Duncan Multiple Range
Test at P<0.05 level.
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Results

The year affect on plant height, stem diameter, number of leaves per plant,
stem percentage and ear percentage (Table 1). Plant height (265.2 cm), stem
diameter (2.36 cm), number of leaves per plant (14.5) and ear percentage (25.4%)
were higher in 2014 with favorable climatic condition compared to 2013 with
unfavorable climatic condition (255.8 cm, 2.25 cm, 14.0 and 19.2%, respectively).
Contrary, stem percentage (52.6%) was higher in 2013.

The harvesting time and year % harvested time interaction did not

significantly affect on mentioned parameters.

Table 1. Year and harvesting time effect on agronomic performance of maize hybrid

Plant Stem Number of Stem Leaf Ear
Factor height diameter leaves per percentage percentage percentage
(cm) (cm) plant (%) (%) (%)
Year (Y)
2013 255.8° 2.25b 14.0 52.6° 28.2 19.2°
2014 265.22 2.36° 14.52 44.8° 29.8 25.42
F test ** * ** ** ns **
Harvesting time (HT)
12.08. 260.8 2.28 14.3 49.6 28.9 215
19.08. 262.3 2.30 14.1 49.8 29.0 21.2
26.08. 260.9 2.34 14.4 48.7 28.9 22.4
02.09. 258.0 2.31 14.1 46.8 29.2 24.0
F test ns ns ns ns ns ns
Interactions
Y x HT ns ns ns ns ns ns
M 260.5 2.31 14.2 48.7 29.0 22.3

Means followed by the same letter within a column are not significantly different according to
Duncan’s Multiple Range test (p < 0.05); *, ** - Significant at the 0.05 and 0.01 probability levels,

respectively; ns - non-significant.

The year affect on forage yield, dry matter and crude protein contents
(Table 2). Forage yield (58913 kg ha™), dry matter content (33.66%) and crude
protein content (9.23%) were higher in 2014 compared to 2013 (52884 kg ha*,
32.26% and 8.82%, respectively).

The harvesting time significantly affect on yield and quality of forage
mass. Forage yield, crude protein content, ADF and NDF significantly decreased
with delayed harvesting time. Dry matter content significantly increased with
delayed harvesting time.

Year x harvested time interactions were significant for forage yield, dry

mater content, crude protein content and ADF.
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Table 2. Year and harvesting time effect on forage yield and quality of maize hybrids

quage Dry mater C_Zrude ADE NDE
Factor yield content protein content %) %)
(kg ha) (%) (%)
Year (Y)
2013 52844° 32.26° 8.82b 28.00 57.34
2014 589132 33.66° 9.23? 27.83 55.75
F test ** ol *x ns ns
Harvesting time (HT)
12.08. 674482 24.65¢ 9.682 30.632 61.83?
19.08. 58637° 29.38° 9.70° 28.90° 58.87°
26.08. 52175°¢ 36.20° 8.97° 27.89° 55.85¢
02.09. 452544 41.622 7.74° 24.249 49.63¢
F test ** ** ** **x **x
Interactions
Y X HT ** ** ** ** ns
M 55879 32.96 9.02 27.91 56.55

Means followed by the same letter within a column are not significantly different according to
Duncan’s Multiple Range test (p < 0.05); ** - significant at the 0.01 probability level; ns - non-
significant.

Discussion

Forage vyield, dry matter and quality characteristics are important
parameters in choosing the maize hybrid to be ensiled. In generally, the chemical
composition and fermentation quality of maize silage depends on the nutritional
value of hybrid. Our results showed that the hybrid ZP 677 had higher plant height,
stem diameter, number of leaves per plant, ear percentage, forage yield, dry mater
and crude protein content in 2014 than in 2013. Favorable climatic condition in
2014 resulted in a high values of these parameters. Climate diagram according to
Walter and Lieth (1967) showed that dry period was not in 2014. The amount of
rainfall was higher for 153 mm and monthly average temperature was lower for 0.8
°C in 2014 than in 2013 (275.9 mm and 18.3 °C). Contrary, in 2013 dry period
were in July at the stage of flowering and in August at the stage of grain filling
(from July to harvested time), which explains a smaller percentage of ear in whole-
plant forage yield. Also, study of Mandié et al. (2015) showed that the dry period,
high temperature and low rainfall, from June to August reduced forage yield and
dry matter yield of maize. However, stem percentage was lower in 2014, although
are plant height and stem diameter were significantly higher. This trend can be
explained because of negative correlation between stem ratio and plant height and
stem diameter, as stated by study of Carpici and Celik (2010). It is recommended
that farmers are engage in hybrid maize forage production with high share of grain
in whole plant forage yield because of increases the palatability, energy level, and
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digestibility of fodder maize (Wolf et al., 1993). According to Gaafar et al. (2018)
hybrids should have ear percentage over 35% in order to farmers produce maize on
a profitable basis. In our study, the hybrid had lower ear percentage than 35%.
Similar, Gaafar et al. (2018) and Saiyad and Kumar (2018) reported that maize
fodder yield and quality traits depends on the genetic variability and interaction of
genotypes with environment conditions.

The farmers have a goal to produce high yield of maize silage hybrids with
good quality. Therefore it is very important to determine the optimum harvest date.
Also, this process is crucial factor for minimize losses during silage storage and
feed-out phases. Our results showed that the yield and nutritive value of maize for
silage depends on the degree of crop maturity at harvest time. Thus, maize hybrid
had lower forage yield, crude protein content, ADF and NDF and higher dry matter
content with the harvest delay in September. The process of nutrient translocation
from stem to grain with the maturation of plants is intensified. Also, leaf and husk
become dry and brittle. According to Milasinovi¢-Seremesi¢ et al. (2017), the
Serbian maize hybrids for ensiling have dry matter content between 32.40% and
38.23%. In our case, dry matter content in average for years varied between
24.65% (first harvested time) and 41.62% (fourth harvested time). Accordingly, the
silage harvested in first time would be susceptible to effluent losses because
biomass is too wet. In addition, there is smaller grains formed on the ear which are
a source of starch and energy. Contrary, maize harvested in fourth time had high
dry matter content and are more difficult to compress. For this reason, the third
harvesting time was optimal. Shinners (2007) pointed that delayed harvesting time
of forage maize results in a significant loss of leaves, husk and upper stem and
reduce moisture of maize stover biomass. The study of Gaile (2008) showed that
the maize forage yield significantly differ among years and that delayed harvest
resulted in reductions in NDF, ADF and crude protein, and in increasing of dry
matter content and ear percentage.

Conclusion

The hybrid ZP 677 had good nutritional and production characteristics and
can be are recommended for silage. The agronomic performance of maize is more
dependent on the environmental conditions during growing season. Contrary, yield
and quality of forage is more dependent on the harvested time. The advance of
maturity reduces the forage yield and quality of the whole plant. Optimum
harvesting time of maize hybrids is in the third decade of August at three-quarter
milk line stage.
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Uticaj vremena Zetve na prinos i kvalitet silokrme kukuruza

Violeta Mandi¢, Zorica Bijeli¢, Vesna Krnjaja, Aleksandar Simié, Maja
Petricevi¢, Nenad Micic, Violeta Caro Petrovic

Rezime

Kukuruz je veoma vazan izvor silaze u svetu. Pravovremenom zetvom
kukuruza obezbeduje se visok prinos i kvalitet krme za silazu. Stoga je istraZivanje
fokusirano na uticaj Cetiri datuma Zetve (pocev od 12. avgusta svakih sedam dana)
na prinos i kvalitativne parametre silokrme hibrida kukuruza ZP 677. Eksperiment
je postavljen u Vojvodini, u Srbiji, tokom 2013. i 2014. godine. Visina biljke,
precnik stabla, broj listova po biljci, udeo stabla, prinos krme, sadrzaj suve materije
i sadrzaj sirovih proteina bili su veci, dok je udeo stabla bio manji u 2014. godini sa
povoljnim klimatskim uslovima. Prinos krme, sadrzaj sirovih proteina, ADF i NDF
su se smanjivali, dok se sadrzaj suve materije pove¢avao sa kasnjenjem u zetvi.
Hibrid kukuruza za krmu treba sakupljati kada je mlecna linija tri Cetvrtine visine
zrna §to je u tre¢oj dekadi avgusta.
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Abstract: In 2014-2016 at the Research Institute of Mountain
Stockbreeding and Agriculture- Troyan, we followed the change in the qualitative
composition of dry biomass from two-component grass mixtures. The grasslands
with the mixture of Trifolium repens L. - Poa pratensis L. have the highest crude
protein content (151.6 g kg* DM), mineral substances (75.6 g kg™ DM) and crude
fat (33.9 g kg! DM). The legume grass associated with perennial ryegrass forms
forage matter with the highest carbohydrate amount (434.9 g kg DM) and the
lowest amount of crude fiber (269.8 g kg* DM). The biomass of Lotus corniculatus
L. and Festuca rubra L. is the richest in Ca (19.1 g kg* DM), and the mixture of
blue hybrid alfalfa - cock's foot has the highest dry matter content (909.7 g kg™
DM). The biomass of blue hybrid alfalfa - cock's foot (16.99 MJ/kg DM) and red
clover - meadow fescue (16.96 MJ/kg DM) is with the highest caloric values. Both
mixtures have almost identical values regardless of the different botanical
composition and the predominant component in the grassland. The mixture of
Trifolium pratense L. with Phleum pratense L. has the highest energy nutritional
value (FUM - 0.71 kg DM and FUG - 0.66 kg DM), and the biomass of the blue
hybrid alfalfa - cock's foot registered the lowest amount of exchange energy (7.30
MJ/kg DM), as well as the smallest number of feed units (FUM — 0.67 kg DM and
FUG — 0.61 kg DM) in the dry matter. For the experimental period with the lowest
values of gross energy (16.70 MJ/kg DM) are the mixed grasslands of Trifolium
repens L.

Key words: legume and grass mixtures, fodder quality

Introduction

In mountainous and foothill areas of Bulgaria, artificial hay and pasture
ecosystems are an important feed for ruminants. The sowing of two-component
mixtures, consisting of medium perennial and grass meadows species (Churkova,
2007; Naydenova, 2008; Mitev and Naydenova, 2008; Mihovski and Sabeva, 2011)
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are a factor for obtaining high yield and quality biomass (Stosic et al., 2003;
Lazarevic et al., 2004; Vasileva, 2011). An important advantage in mixed
cultivation of forage grasses is species diversity and balanced grassland quality.
Alfalfa, bird's-foot-trefoil, red and white clover are the legume components used to
create temporary meadow and grazing grasslands in Bulgaria (Mihovsky, 1995).
Meadow grasses are a major resource for feeding animals in the natural or artificial
ecosystem. Therefore, the exact analysis of the main chemical composition
(Mihovski and Goranova, 2006) is essential for the evaluation of nutritional value
and effective use (Naydenova and Katova, 2013; Bozhanska, 2017a) of the
obtained feed. In this connection, Slavkova et al. (2017) report a direct relationship
between the general body state of ruminants and the protein, calcium and
phosphorus content of grazing grassland.

The composition of dry matter in mixed crops is characterized by a lower content
of fiber components compared to individual grass and legume monocultures
(Naydenova et al., 2015), and the energy value of grass biomass gives a real
estimate of the productive potential and a balance between the quantity and the
quality of components in artificial grass associations (Bozhanska, 2017b).

The purpose of this study is to assess the quality of feed biomass derived from
artificial ecosystems, including basic chemical composition and energy nutritional
value of two-component grasslands.

Material and Methods

The experiment was set in the spring of 2014 at the Research Institute of
Mountain Stockbreeding and Agriculture - Troyan, using the block method in four
replications with the size of the harvest plot of 5 m2 The study period is three
years. Experimental variants are:

1. Bird's-foot-trefoil (Lotus corniculatus L.) + Red fescue (Festuca rubra L.)

2. White clover (Trifolium repens L.) + Perennial ryegrass (Lolium perenne L.)

3. White clover (Trifolium repens L.) + Kenthucky bluegrass (Poa pratensis L.)

4. Red clover (Trifolium pratense L.) + Timothy-grass (Phleum pratense L.)

5. Blue hybrid alfalfa (Medicago sativa L.) + Cock's foot (Dactylis glomerata L.)
6. Red clover (Trifolium pratense L.) + Meadow fescue (Festuca pratensis L.)

Soil preparation includes autumn plowing of self-sown fallow ground at a depth of
22-25 cm and repeated spring disc, milling and rolling before and after sowing.

The sowing of the field experiment was carried out manually, scattered, at the
optimum agro-technical period (middle of March) on a pre-created solid bed at a
depth of 0.5-1.0 cm. Sowing rates were calculated on the basis of 100% seed
germination as for bird's-foot-trefoil and white clover is 1.2 kg/da, for red clover -
1.5 kg/da, and for blue hybrid alfalfa - 2.5 kg/da. Grasses in the grass mixtures are
sown with a 2.5 kg/da sowing rate. The ratio of components in mixtures is 50:50.
Immediately after sowing, sown areas are rolled for better seed contact between
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soil and seeds and their joint germination.

Seeds of the most common cultivars of legumes and meadow grasses were used:
Bird's-foot-trefoil — cv. ‘Leo’, White clover — cv. Huia, Red clover — cv.
‘Altaswede’, Blue hybrid alfalfa, a local population of Troyan origin and Red fescue
— cv. 'Ryder', Meadow fescue — cv. 'Laura’, Cock's foot — cv. 'Loke’, Kenthucky
bluegrass — cv. 'Sobra’, Timothy-grass — cv. 'Erecta’ and Perennial ryegrass — cv.
‘Belida’.

Fighting weeds during vegetation is mechanical in order to avoid further chemical
interference with plants.

The grasslands were cut in the beginning of the blossoming phase of the legumes
and tasseling/ear formation of grass crops.

The chemical composition of the dry feed is analyzed according to Weende
analysis: Crude protein (CP, g kg) according to Kjeldahl (according to BDS/ISO-
5983); Crude fiber (CF, kg kg); Crude fat (Cft, g kg) (according to BDS/ISO-
6492) - by extraction into a Soxhlet extractor; Ash (g kg?) - (according to
BDS/1SO-5984) degradation of the organic matter by gradual burning of the
sample in a muffle furnace at 550°C; Dry matter (DM, g kg?) - empirically
calculated from % moisture; Nitrogen-free extractable substances (NFE)=100-(CP,
%+CF, %+Cft, %+Ash, %+Moisture, %) converted to g kg*; Calcium (Ca, g kg?)
- Stotz (Complexometric) and Phosphorus (P, g kg?) - with vanadate-molybdate
reactive according to Gericke and Kurmis - spectophotometer (agilent 8453 UV -
visible Spectroscopy System) measuring in the area of 425 nm.

The nutritional value of the feed was assessed by the Bulgarian system as Feed
Unit for Milk (FUM) and Feed Unit for Growth (FUG) and calculated on the basis
of equations according to the experimental values of CP, CF, Cft and NFE,
recalculated by the coefficients for digestibility by Todorov (2010): Gross energy
(GE, MJ/kg DM)=0,0242*CP+0,0366*Cft+0,0209*CF+0,017*NFE-0,0007*Zx
and Exchangeable energy (EE, MJ/kg DM)=0.0152*DP (Digestible
protein)+0.0342*Dft (Digestible fat)+0.0128*DF (Digestible
fibers)+0.0159*DNFE  (Digestible  Nitrogen-free  extractable substances)-
0.0007*Zx.

Data was analyzed with ANOVA (Anova: Two-Factor Without Replication) and
means comparison with a Least Significant Difference at 5% level of probability
(LSD at P<0.05). The studied sources of variation included: the composition of the
components in the mixtures, the conditions of the year and the age of the grass.

Results and discussion

Basic chemical composition of perennial grass-legume mixtures.

The chemical composition of the feed gives a real idea of its nutritional value. The
most prominent in this regard is the crude protein content in the dry matter
composition. The data from the chemical analysis (Table 1) in the year of sowing
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indicate that the values of this quality index are highest in the feed of the mixture
of bird's-foot-trefoil - red fescue (165.2 g kg* DM) and the lowest in the grassland
of red clover with timothy-grass (137.9 g kg DM).

Table 1. Basic chemical composition of perennial grass-legume mixtures by years and average

for the period 2014-2016 (g kg™t DM)

Variants pm [ cp [cit| cF | Aash [NFE| cal P
2014
Bird’s-foot-trefoil +Red fescue 874.8 |165.2|39.3|287.8| 64.0 |3185]20.6|20
White clover+Perennial ryegrass 871.4 1625|404 )|279.1| 655 |323.9]16.1]0.9
White clover+Kenthucky bluegrass 855.7 | 139.0 | 41.8|260.8| 71.0 |343.1|143|24
Red fescue+Ttimothy-grass 863.3 | 137.9 | 37.8| 255.3| 53.0 |379.3|153|2.2
Blue hybrid alfalfa+Cock’s foot 879.2 | 145214952824 | 777 [3244]182|13
Red fescue+Meadow fescue 872.3]141.0]|54.0|262.0| 90.3 [325.0]20.2|16
201
Bird’s-foot-trefoil+Red fescue 929.3|127.8|22.0|310.1| 745 |400.3| 9.0 |19
White clover+Perennial ryegrass 913.8 | 106.8 | 25.4 | 313.6| 78.0 |396.7| 48 |4.1
White clover+Kenthucky bluegrass 905.9 | 156.5|27.8 | 2275| 89.0 |4135|115|27
Red fescue+Ttimothy-grass 921.9/109.3[204|296.2| 721 |429.6| 48 |43
Blue hybrid alfalfa+Cock’s foot 925.1| 99.6 [15.2|391.3| 649 |359.0| 48 [3.3
Red fescue+Meadow fescue 918.7 | 1242|148 |331.1| 626 |391.1| 9.1 |35
201
Bird’s-foot-trefoil+Red fescue 910.9 | 119.3|22.2|322.0| 76.4 |371.1|27.7|47
White clover+Perennial ryegrass 910.1|163.8|17.4)|216.6| 774 |4349]255|51
White clover+Kenthucky bluegrass 903.4 | 159.4 | 32.2 | 340.9| 66.7 |304.2|16.8|45
Red fescue+Ttimothy-grass 916.5|121.1| 8.8 | 296.9| 65.2 |4245|14.4|5.3
Blue hybrid alfalfa+Cock’s foot 924.7] 99.8 | 14.6 |365.2| 68.7 |376.4| 9.9 |45
Red fescue+Meadow fescue 906.2 | 138.7 | 32.2 | 350.6 | 65.1 |319.5|13.5|55
2014-2016
Bird’s-foot-trefoil+Red fescue 905.0 | 137.4|27.8|306.6| 716 |371.1|19.1|28
White clover+Perennial ryegrass 898.4 | 144.4 | 27.7|1269.8| 73.6 |434.9|155|34
White clover+Kenthucky bluegrass 888.3 | 151.6 | 33.9| 276.4| 75.6 |304.2]14.2|3.2
Red fescue+Ttimothy-grass 900.6 | 122.8 | 22.3| 282.8| 634 |4245|115|3.9
Blue hybrid alfalfa+Cock’s foot 909.7 | 114.9|26.4 | 346.3| 704 |376.4]11.0]3.1
Red fescue+Meadow fescue 899.1|134.6 | 33.7|3146| 727 |319.5|143[35
Mean 900.2 | 134.3|28.6 2994 | 712 |371.8]|143]33
SD 72 | 136 | 45| 289 | 4.2 531 | 29 |04
LSDo,05 6.2 | 23.0 | 9.1 | 530 | 139 | 410 | 5.7 |09

The relatively high protein values in the first vegetation can be explained by the
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fact that the yield is mainly formed from high protein legumes. In a second
vegetation, the indicator levels range from 99.6 g kg™t DM to 156.5 g kg DM and
are significantly lower for all variants (exception makes the mixture of white clover
- Kenthucky bluegrass) because of the higher participation of the grasses in the
grassland and respectively in the cut forage mass. In the third experimental year,
the limited participation of alfalfa (4.6%) in the cock's foot variant determined the
grassland with the lowest crude protein (99.8 g kg* DM), and the legume crop
share (81.5%) in dry white clover and perennial ryegrass biomass increased the
protein content of the mixture to 163.8 g kg™ DM.

In the year of sowing, the protein content of the mixture of white clover with
perennial ryegrass (162.5 g kgt DM) is 23.5 g kg™ DM higher than in its mixture
with Kenthucky bluegrass (139.0 g kgt DM). The values obtained relate to the type
of the grass component and its contribution to grassland, as well as to the dry
matter content of the reduced biomass from both mixtures.

The perennial ryegrass is a grass forage crop with great competitive ability and fast
development. In the first experimental year, the plant biomass prevails over the
legume representative. Quite the opposite is the ratio between grasses: legumes in
the mixture of white clover - Kenthucky bluegrass, where the share of Trifolium
repens L. is 21.43% above that of the Kenthucky bluegrass. The levels for crude
protein content in both grasses, which were found in foreign studies (LemeZiené et
al., 2007; Bostan et al., 2010), also differ for ryegrass is about 9% and for
Kenthucky bluegrass is over 14%. Interestingly, the high protein content in the
mixture of white clover - perennial ryegrasss blend is associated with a higher
percentage of crude fiber in the dry matter, and in the mixture of clover with
Kenthucky bluegrass, the amount of crude protein and crude fiber is lower by 16.9
and 7.0%. This trend is the opposite of the experimental year 2015, when the
mixture of white clover - Kenthucky bluegrass recorded the highest values of crude
protein and lowest crude fiber content (227.5 g kg? DM). The crude protein
amount in dry biomass of white clover and perennial ryegrass is lower by 49.7 g
kg™ DM and the crude fiber and dry matter index values are higher by 86.1 and 7.9
g kg DM versus its mixture with Kenthucky bluegrass. In a third vegetation, the
participation of grass crops in white clover grasslands was below 10%, which
affected the percentage of protein in the feed mass. Its mixtures with Lolium
perenne L. has a higher dry matter content, richer in protein and poorer in crude
fiber than those of Poa pratensis L.

In the year of sowing, the difference in dry matter content and crude protein in the
forage matter of red clover is minimal (1-2%). Trifolium pratense L. exhibits better
adaptability and resistance with meadow fescue compared to timothy-grass.
Legume culture dominates in spring and summer regrowth of the crop and ensures
higher values of the protein fraction, as well as better take-up and absorption of
animal feed. Here too, as in the case of white clover mixtures, the following
regularity is observed: the higher protein content (141.0 g kg™t DM) is combined
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with a higher fiber content of 262.0 g kg* DM (red clover - meadow fescue) and
lower protein values (137.9 g kgt DM) are combined with a lower percentage of
fibers - 255.3 g kg™t DM (red clover — timothy-grass). The differences between the
values of the indicators are statistically unproven, which gives little significance to
the established ones. The low protein trend - low fiber and vice versa - remains in
the second and third years of the plant life cycle, but the percentage between 13.6
and 14.5% (CP) and 11.8 to 18.1% (CF). This atypical manifestation is due to the
botanical peculiarities of crops in the grass association, in this case the uniform
response of legume crop to wheat and grassland use.

The blue hybrid alfalfa - cock’s foot is the only grasshopper whose components in
the year of sowing shows almost equal share participation in the grassland, and in
the second and third year alfalfa, which is also a major source of protein, records
an insignificant presence (2-4%) in plant biomass. The resulting crude protein
content in the dry matter is 145.2 g kg DM (2014), 99.6 g kg DM (2015) and
99.8 g kg* DM (2016). The comparatively dry climate in 2015 determined a higher
content of dry matter and crude fiber (925.1 and 391.3 g kg™t DM) in the feed of the
mixture versus the first (879.2 and 282.4 g kg™t DM) and a third (924.7 and 365.3 ¢
kg DM) vegetation. Given the data from the analysis, the expected nutritional
value of the grass is low.

The dry matter, crude fats and fibers, the mineral and nitrogen-free extractable
substances, the macro-elements phosphor and calcium are indicators characterizing
the main chemical composition of the herb mixtures included in the study, whose
values are regularly increased from first to third vegetation.

Lipids are the most concentrated source of energy for the living organism,
improving the flavor of the feed, facilitating the dissolution and absorption of fat-
soluble vitamins A, D, E and K. In a first vegetation their dry matter content ranges
from 37.8 g kg™* DM (red clover - timothy-grass) to 54.0 g kg DM (red clover -
meadow fescue). In the second experimental year the feed from the red clover
mixture - meadow fescue leaves for all variants of this indicator (14.8 g kg™ DM),
and third, together with the white clover grass - Kenthucky bluegrass registers the
highest values (32.2 g kg™ DM).

In the sowing year, the mineral content of the dry matter is 53.0 g kg™* DM (red
clover - timothy-grass) to 90.3 g kg DM (red clover - meadow fescue). The
amount of ash in the red clover and fescue variant decreases with the age of the
grass in the second and third vegetation and the values of the indicator are the
lowest (62.6 and 65.1 g kg* DM). For comparison, in the plant biomass of white
clover mixtures, we observe a backward dependence associated with increasing the
amount of mineral substances.

In the first and second experimental year the mixed grassland of red clover and
timothy-grass has the highest content of nitrogen-free extractable substances in the
dry matter (379.3 and 429.6 g kgt DM) and in third the mixture of white clover -
pasture ryegrass (434.9 g kg* DM) In the second and fifth variants we observe an
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increasing regularity of the indicator from first to third vegetation.

The difference between the maximum (20.6 g kg* DM - bird's-foot-trefoil + red
fescue) and minimum (14.3 g kg'* DM - white clover + Kenthucky bluegrass) value
of the macro-element Ca in the grasslands of grass and legume mixtures in 2014 is
41.3%. In a second vegetation, only in the plant biomass of the mixture of white
clover - Kenthucky bluegrass we observe an insignificant increase in the amount of
calcium. In the other variants, the trend is decreasing and totally opposite to the
third vegetation when the content of this element in the feed of all experimental
mixtures is increased, while the grassland of bird's-foot-trefoil - red fescue has a
maximum value of 27.7 g kg* DM.

Spectrophotometric measurement showed a significant increase in phosphorus
content in the dry matter of two-component grass mixtures from first to third
vegetation. The maximum values for the indicator are the variants with white
clover with a Kenthucky bluegrass (2.4 g kg™ DM for 2014) and perennial ryegrass
(4.1 g kg™ DM for 2015), as well as the grassland with red clover - meadow fescue
(5.5 g kg'* DM for 2016).

On average, during the study period with the highest protein content (151.6 g kg™
DM), the amount of mineral substances (75.6 g kg™ DM) and crude fat (33.9 g kg™
DM) white clover - Kenthucky bluegrass. This is also the grassland with the lowest
dry matter content (888.3 g kg DM) and nitrogen-free extractable substances
(304.2 g kg* DM). Trifolium repens L. associated with grazing ryegrass forms a
feedstock with the highest carbohydrate mass (434.9 g kg* DM) and the lowest
amount of raw fiber (269.8 g kg* DM). The plant biomass of bird's-foot-trefoil and
red fescue is the richest in the macro-element Ca (19.1 g kg** DM) and the poorest
P (2.8 g kg™ DM) than the other mixtures included in the experiment.

The plants of Dactylis glomerata L. predominate by over 75% of the blue hybrid
alfalfa feed, and the herbaceous herb is determined as the highest fibrous (346.3 g
kg™ DM) respectively corresponding to the lowest amount of crude protein (114.9
g kg DM) and with the highest dry matter content. On average, for 2014-2016,
this blend is also the poorest element of Ca (11.0 g kg™ DM).

Potential energy nutrition value of mixtures of grasses and legumes.

The current biomass quality assessment is mainly based on the energy nutrition
value and is determined by the feed unit of milk and growth. The feed value is
determined based on the chemical composition - crude protein content, fat, fiber,
nitrogen-free extractable substances and digestibility ratios, reported by Todorov
(2010). The total energy value of mixtures varies from 16.18 MJ/kg DM to 16.87
MJ/kg DM - Table 2.
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Table 2. Energy nutrition value of mixtures of grasses and legumes by year and average for the
period 2014-2016

Variants | e | Ee | Fum | Fuc
2014
Bird’s-foot-trefoil+Red fescue 16.87 7.37 0.68 0.62
White clover+Perennial ryegrass 16.75 7.37 0.68 0.62
White clover+Kenthucky bluegrass 16.18 7.23 0.67 0.61
Red fescue+Ttimothy-grass 16.50 7.52 0.70 0.64
Blue hybrid alfalfa+Cock’s foot 16.74 7.32 0.67 0.61
Red fescue+Meadow fescue 16.39 7.24 0.67 0.61
2015
Bird’s-foot-trefoil +Red fescue 17.18 7.70 0.71 0.65
White clover+Perennial ryegrass 16.81 7.49 0.69 0.63
White clover+Kenthucky bluegrass 16.59 7.80 0.73 0.68
Red fescue+Ttimothy-grass 16.89 7.70 0.71 0.66
Blue hybrid alfalfa+Cock’s foot 17.25 7.28 0.67 0.60
Red fescue+Meadow fescue 17.12 7.57 0.70 0.64
2016
Bird’s-foot-trefoil+Red fescue 16.74 7.36 0.68 0.62
White clover+Perennial ryegrass 16.52 7.91 0.74 0.69
White clover+Kenthucky bluegrass 17.33 7.34 0.67 0.60
Red fescue+Ttimothy-grass 17.10 7.82 0.73 0.67
Blue hybrid alfalfa+Cock’s foot 16.98 7.32 0.67 0.61
Red fescue+Meadow fescue 17.38 7.44 0.68 0.62
2014-2016
Bird’s-foot-trefoil+Red fescue 16.93 7.47 0.69 0.63
White clover+Perennial ryegrass 16.70 7.59 0.70 0.65
White clover+Kenthucky bluegrass 16.70 7.46 0.69 0.63
Red fescue+Ttimothy-grass 16.83 7.68 0.71 0.66
Blue hybrid alfalfa+Cock’s foot 16.99 7.30 0.67 0.61
Red fescue+Meadow fescue 16.96 7.42 0.68 0.62
Mean 16.9 7.5 0.7 0.6
SD 0.1 0.1 0.0 0.0

GE - gross energy - MJ/kg DM; EE - exchange energy - MJ/kg DM; FUM - feed unit for milk -
number in kg of dry matter; FUG - feed units for growth - number in kg of dry matter.

In the year of sowing, the share of cereal crops in the grass: blue hybrid alfalfa -
cock's foot, predominates over legumes (34.6%) by about 3%. Data are opposite
for the second and third experimental years. Traces of alfalfa are minimal, whereas
Dactylis L. species occupy 93-95% of the volume of plant biomass in the mixture.
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Botanical composition of grassland is a factor that affects the content of fiber
fractions in the composition of the forage vegetation, the degradation of which
becomes a major source of energy for ruminants. Cock's foot is a high-energy
forage grass (Naydenova et al., 2015; Naydenova and Vasileva, 2016). Its mixtures
with blue hybrid alfalfa are distinguished with the highest gross energy in the
second (17.25 MJ/kg DM) vegetation from the experimental period when the
excess over the mean value of the indicator is 0.26 MJ/kg DM. In a third
vegetation, gross energy values (16.98 MJ/kg DM) of the variant are identical to
the average for the period. On average for the period, the legume and grass
grassland of blue hybrid alfalfa - cock's foot has the highest energy.

In the year of experiment establishment, fodder biomass from the mixture of red
clover - timothy-grass has the highest energy content that regulates the metabolic
processes in the animal organism (7.52 MJ/kg DM) and the highest values of feed
units for milk (FUM - 0.70 in kg DM) and growth (FUG - 0.64 in kg DM). In the
second and third experimental years, the maximum values of these indices are
respectively the mixtures of white clover with Kenthucky bluegrass (EE - 7,80
MJ/kg DM; FUM — 0.73 in kg DM, FUG — 0.68 in kg DM) and perennial ryegrass
(EE - 7.91 MJ/kg DM, FUM - 0.74 in kg DM, FUG - 0.69 in kg DM). The excess
over the average for the experimental period is minimal.

The nutritional value of feed depends on the predominant botanical composition of
the grassland. The good distribution of legume and grass component in the mixture
of red clover - meadow fescue - influenced the energy nutrition value of the
grassland, by increasing in direct ratio its basic indicators from the first to the third
vegetation. Red clover as a legume component dominates in that variant for the
entire study period, and the high energy nutritional value of the mixture is
influenced by the higher average crude fiber content in the dry matter of the
meadow fescue (4.4%) compared to timothy grass (Kostov and Pavlov, 1999). The
forage mass in the variants with Trifolium pratense L. is characterized by an
increasing trend of GE and EE amount from the first to the third vegetation. The
values of both indicators in the mixture of red clover - meadow fescue in the
second and third experimental years show higher exceed compared to the average
for the period: 0.16 MJ/kg DM (2015) and 0.42 MJ/kg DM (2016) - GE and 0.15
MJ/kg DM (2015) and 0.02 MJ/kg DM (2016) - EE. As opposed to gross and
exchange energy, the harvested forage mass of the mixture of red clover - meadow
timothy has a higher net energy (except for the first vegetation of the plant
development), and the values of FUM and FUG in the second and third vegetation
are close to the average for the experimental period.

The total energy value of plant matter of bird's-foot-trefoil and red fescue marks a
maximum (17.18 MJ/kg DM) in a second vegetation. The excess over the average
for 2014-2016 is 0.25 MJ/kg DM. In the third vegetation, the indicators: GE, EE,
FUM and FUG of the variant have lower values than the average for the period.
The higher temperatures combined with lower rainfall rates in 2015 and 2016
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affected the process of becoming wooden and the fiber content of mixed
grasslands. Fiber composition is determinant for the digestibility, quality and
nutritional value of the feed (Fahey and Hussein, 1999; Brink et al., 2007) and the
main source for the observed increase in the amount of gross and exchange energy
in the feed of all grass mixtures in the second and third experimental year.

Against the background of data characterizing energy nutrition of feed in the period
2014-2016 year, the harvested biomass of blue hybrid alfalfa - cock's foot (16.99
MJ/kg DM) and red clover - meadow fescue (16.96 MJ/kg DM) have the highest
calorie. Both mixtures have almost identical values regardless of the different
botanical composition and the predominant component in the grassland. The
energy nutrition value of grass mixtures is a major factor determining the quality of
the feed to satisfy the animals' need for food and the production of products of
animal origin. The forage from the other observed grasslands is characterized by
lower overall energy and high protein content. For the same period, the average
value of energy useful for the normal course of physiological needs in the animal
organism is highest in the grasslands of red clover - timothy-grass (7.68 MJ/kg
DM) and white clover - perennial ryegrass (7.59 MJ/kg DM). This unidirectional
data is also maintained in terms of the number of feed unit for milk (0.71 in kg DM
for variant 4 and 0.70 in kg DM for variant 2) and growth (0.66 in kg DM for
variant 4 and 0.65 in kg DM for variant 2).

For the experimental period, the mixed grassland of Trifolium repens L. has the
lowest values of gross energy (16.70 MJ/kg DM) energy, and the forage biomass of
blue hybrid alfalfa - cock's foot has registered the lowest amount of exchange
energy (7.30 MJ/kg DM) as well as the smallest number of feed units (FUM - 0.67
in kg DM and FUG - 0.61 in kg DM) in the dry matter.

Conclusions

The analyzed dry matter of the mixture of white clover - Kenthucky
bluegrass has the highest content of crude protein (151.6 g kg DM), mineral
substances (75.6 g kg? DM) and crude fat (33.9 g kg DM). Trifolium repens L.
associated with perennial ryegrass forms a forage mass with the highest
carbohydrate amount (434.9 g kg DM) and the lowest amount of crude fiber
(269.8 g kg* DM). The plant biomass of bird's-foot-trefoil and red fescue is the
richest in the macro-element Ca (19.1 g kg DM), and the grassland with blue
hybrid alfalfa - cock's foot has the highest dry matter content (909.7 g kg* DM).

In the period of study, the harvested biomass of blue hybrid alfalfa - cock's foot
(16.99 MJ/kg DM) and red clover - meadow fescue (16.96 MJ/kg DM) has highest
caloric values. Both mixtures have almost identical values regardless of the
different botanical composition and the predominant component in the grassland.
The feed of the mixture of Trifolium pratense L. with Phleum pratense L. has the
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highest energy nutritional value (FUM - 0.71 in kg DM and FUG - 0.66 in kg DM),
while the forage biomass in the variant of blue hybrid alfalfa - cock’s foot register
the lowest amount of exchange energy (7.30 MJ/kg DM), as well as the smallest
number of feed units (FUM — 0.67 in kg DM and FUG - 0.61 in kg DM) in dry
matter.

The mixed grasslands of Trifolium repens L. have the lowest gross energy (16.70
MJ/kg DM).

Osnovni hemijski sastav i energetska nutritivna vrednost
krmne biomase iz veStackih ekosistema

Tatyana Bozhanska, Boryana Churkova, Teodora Mihova

Rezime

U periodu od 2014. do 2016. godine, u Istrazivackom institutu za planinsko
stocarstvo i poljoprivredu - Trojan, pratili smo promenu kvalitativnog sastava suve
biomase iz dvokomponentnih travnatih smesa. Pasnjaci sa meSavinom Trifolium
repens L. - Poa pratensis L. su imali najvisi sadrzaj sirovog proteina (151,6 g kg™
SM), mineralnih supstanci (75,6 g kg SM) i sirove masti (33,9 g kg SM ).
Krmna trava koja se povezuje sa viSegodi$njim ljuljom stvara krmu sa najviSom
koli¢inom ugljenih hidrata (434,9 g kg SM) i najmanjom koli¢inom sirovih
vlakana (269,8 g kg™ SM). Biomasa biljaka Lotus corniculatus L. i Festuca rubra
L. je najbogatija u Ca (19,1 g kgt SM), a smeSa plave hibridne lucerke - jeZevice
ima najve¢i sadrzaj suve materije (909,7 g kg SM) . Biomasa plave hibridne
lucerke - jezevice (16,99 MJ / kg SM) i crvena detelina — livadski vijuk (16,96 MJ /
kg SM) je imala najvise kalorijske vrednosti. Obe meSavine imaju gotovo identi¢ne
vrednosti bez obzira na razli¢iti botanicke sastav i1 preteznu komponentu u
travnjacima. MeSavina Trifolium pratense L. sa Phleum pratense L. ima najvisu
energetsku hranljivu vrednost (FUM - 0,71 kg SM i FUG - 0,66 kg SM), a biomasa
plave hibridne lucerke — jeZevice imala je najmanju koli¢inu energije za razmenu
(7,30 MJ / kg SM), kao i najmanji broj jedinica za ishranu (FUM - 0,67 kg SM i
FUG - 0,61 kg SM) u suvoj materiji. U navedenom eksperimentalnom periodu, sa
najnizim vrednostima bruto energije (16,70 MJ / kg SM) bila je smeSa travnjaka
Trifolium repens L.

Klju¢ne reéi: mesavine krmnih biljaka i trava, kvalitet krme
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