
ISSN 1313 - 8820
Volume 6, Number 2

June 2014

2014



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

Submission of Manuscripts

All manuscripts written in English should 
be submitted as MS-Word file attachments 
via e-mail to editoffice@agriscitech.eu. 
Manuscripts must be prepared strictly in 
accordance with the detailed instructions 
for authors at the website 
www.agriscitech.eu  and the instructions 
on the last page of the journal. For each 
manuscript the signatures of all authors 
are needed confirming their consent to 
publish it and to nominate on author for 
correspondence.
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. Manuscripts submitted to this 
journal are considered if they have 
submitted only to it, they have not been 
published already, nor are they under 
consideration for publication in press 
elsewhere. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 

for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.
The journal is committed to respect high 
standards of ethics in the editing and 
reviewing process and malpractice 
statement. Commitments of authors 
related to authorship are also very 
important for a high standard of ethics and 
publishing. We follow closely the 
Committee on Publication Ethics (COPE),
http://publicationethics.org/resources/guid
elines
The articles appearing in this journal are 
indexed and abstracted in: EBSCO 
Publishing, Inc. and  AGRIS (FAO).
The journal is accepted to be indexed with 
the support of a project № BG051PO001-
3.3.05-0001 “Science and business” 
financed by Operational Programme 
“Human Resources Development” of EU. 
The title has been suggested to be 
included in SCOPUS (Elsevier) and 
Electronic Journals Submission Form 
(Thomson Reuters).

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.: +359 42 699330

+359 42 699446
www.agriscitech.eu

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: editoffice@agriscitech.eu

Editor-in-Chief

Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Co-Editor-in-Chief

Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breeding

Atanas Atanasov (Bulgaria)
Nikolay Tsenov (Bulgaria)
Max Rothschild (USA)
Ihsan Soysal (Turkey)
Horia Grosu (Romania)
Bojin Bojinov (Bulgaria)
Stoicho Metodiev (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)

Production Systems

Dimitar Pavlov (Bulgaria)
Bogdan Szostak (Poland)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)

Agriculture and Environment

Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)
Martin Banov (Bulgaria)

Product Quality and Safety

Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)

English Editor

Yanka Ivanova (Bulgaria)



2014

ISSN 1313 - 8820 Volume 6, Number 2
June 2014





Review

Selection for linear traits for legs and feet and its significance for dairy cattle breeding

I. Marinov*

Department of Animal Science – Ruminants and Dairy Farming, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Selection based on real problems with the legs and feet - the case of lameness, has low efficiency. Linear type traits describing the structural 
differences in different body parts including those of the legs and feet can be evaluated directly in a large number of animals at an early stage in the life of cows, 
by not a large number of specialists. Type traits of legs and feet have low to medium heritability values. There is a genetic relationship both among the various 
linear foot and leg traits and between them and the issues with animal locomotion. The selection for optimal angle of the foot and the rear leg  side view, straight 
rear legs rear/back view, flat and refined bones and proper locomotion – will result in reduced locomotion problems and diseases of the legs and feet in dairy 
cows. Negative correlation has been found between problems with legs and feet, milk production and reproductive performance. Problems with legs and feet 
are one of the causes of premature culling and reduced longevity of dairy cows.

Keywords: linear type traits, legs and feet, heritability, correlations, lameness, milk cows
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Introduction (2002) reveals that over 70% of the cows have had foot and leg 
problems at least once during the seven-month study. Studies in 
cattle farms in the Netherlands show that over 70% of the cows have Worldwide the ambition of farmers is towards more efficient 
had at least once a foot problem (Somers et al., 2003; van der Waaij production of high quality products at competitive prices, which 
et al., 2005). For Bulgaria the studies by Vasilev and Yotov (2004) leads to greater demands on the health and productivity of dairy 
show variation of lameness in dairy cows from 9,37 to 28,12%. Mitev cows. Foot and leg disorders and other problems of the locomotor 
et al. (2012) in a study in three dairy farms recorded lameness from system are the third most common health problem and reason for 
18 to 28 % for the various farms. According to data by Todorov culling dairy cows after reproductive problems and mastitis 
(2009) worldwide between 2 and 55% of the dairy cows exhibit(McDaniel, 1997; Sulayeman and Fromsa, 2012). Health problems 
lameness.with legs and feet lead not only to a negative impact on animal 

The cases of locomotion problems recur from one lactation into welfare as a result of inflicting pain and suffering of cows (McDaniels, 
the next one with the same animals. Lyons et al. (1991) found 1997; Garbarino al., 2004; Van Der Waiij et al., 2005), but also result 
repetitiveness of locomotion disorders 0,55, which is a significantly in reduction of the farmer's profit. A reason about that are the 
higher recurrence compared to other health problems (0,09 to 0,33). increased costs for veterinary treatment (Kossaibati and Esslemont, 

1997), direct losses from lower productivity and disposal of milk 
Opportunities for selection to reduce foot and leg problems(Warnick et al., 2001; Green et al., 2002) and indirect loss resulting in 

extending the calving period (Sogstad et al., 2006), reproductive 
McDaniel, (1997) indicates two main reasons affecting the disorders (Hernandez  et al., 2001; Melendez  et al., 2003; Van 

resistance to foot and leg problems: (1) metabolic and (2) structural Dorp, 2004; Koenig et al., 2005) and  reduced period of use of 
differences in various body parts and more specifically in legs and animals (Sprecher et al., 1997; Booth et al., 2004). It is believed that 
feet. The basic metabolic factors influencing foot and leg problems actually culling due to foot and leg problems is greater since part of 
are little known except that some of them such as those resulting in the culling for reproductive disorders may actually be due to foot and 
laminitis, are extremely important. One of the most common causes leg problems as a result of which there is no estrus. Even part of the 
for the occurrence of lameness with metabolic origin is subacute culling for "low productivity" may be actually due to such problems 
ruminal acidosis - SARA. Until practically applicable tests are (McDaniel, 1997). Numerically losses from lameness relate to the 
prepared to enable easy and accurate prediction as to which animals lowered milk yield of the affected cows comprising 40% of total 
are more susceptible to metabolism-induced lameness, direct losses, expenses for treatment – 34% and reduced fertility rate – 
assessment of metabolism will have limited use in selection for 26% (Olechnowicz and Jaskowski, 2011).
improvement of locomotion or resistance to foot and leg problems. The incidence of lameness in dairy cattle breeding has 
Obviously, metabolic causes are difficult to record, but conformation increased significantly in recent years. In the dairy herds in the UK it 
differences can be directly assessed (McDaniel, 1997).has increased from <10% before 1980 (Russel et al., 1982), to > 

Selection based on actual foot and leg problems – cases of 20% after 1990 (Clarkson et al., 1996). In the USA lameness in dairy 
lameness, has low efficiency. One of the causes for the lower cows is between 21,1% and 23,9% (Cook, 2003). According to 
efficiency of direct selection for lameness compared to the indirect Broom (2002) lameness in cows in the USA varies from 35 to 56%, 
one is that as a whole clinical foot and leg problems have low and in England it is 22% (Whay et al., 2002). A study by Green et al., 
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middle range of the rear leg - side view scale are the most desirable that an increase in milk yield was associated with increased 
(McDaniel, 1995). Cows with steeper foot angle and straighter legs frequency of lameness, significant achievements to alleviate this 
have far better locomotion based on a study by Van Dorp et al. problem have not been made yet (Defra, 2007). De Groot et al. 
(2004). Boettcher et al. (1998) found that cows with lower foot angle, (2002) found that genetic correlations between foot and leg traits 
sickled set and broad rump have more cases of clinical lameness. and milk yield ranged from 0,107 (for the rear legs – rear view) to 
According to Koenig et al. (2005) bulls that transmit to progeny 0,83 (for the rear legs – side view) and had significantly higher values 
straight legs - side view, have fewer daughters with foot and leg compared to those pointed by Misztal et al. (1992) and Short and 
problems. Lawlor (1992). According to Cassell (1996) the genetic correlations 

In Bulgaria Miteva et al. (2012) found significant correlation found between productive traits and linear ones about the foot 
between lameness assessment and rear legs – rear view set. In suggest that selection for high milk yield would not affect the foot 
cows with parallel rear legs no locomotion problems have been angle, but increasing the fat content would lead to smaller foot angle. 
recorded, while in those with clear X-shaped set over 30% have Milk yield and fat content are controlled by many similar genes. 
varying degree of lameness. Possibly, selection for increase of productivity would result in higher 

incidence of certain undesirable foot angle genes. The length of the 
Relationship between foot and leg traits and milk production foot will increase genetically with selection for high productivity and 
In many countries selection programs in dairy farming are the depth will decrease slightly. All these relationships are 

primarily focused on milk production, and less attention is paid to the undesirable.
conformation traits. Given the high percentage of lameness due to 
foot and leg problems, the correlation between lameness and milk Relationship between foot and leg traits and reproductive 
production is of great economic importance. Many authors have performance
studied the impact of lameness on milk production and obtained Foot and leg problems influence the reproductive performance 
mixed results. Some of these studies show that high-producing cows of dairy cows. Culling due to reproductive causes may be associated 
are exposed to a greater risk of lameness (Barkema et al., 1994; with lower detection of estrus due to foot and leg problems. Sprecher 
Green et al., 2002). However, Grohn et al. (1995) claimed it was not et al. (1997) show that lameness with a score above 2 on a scale 
necessarily that high-producing cows were more susceptible to from 1 to 5, correlated with a longer interval from calving to first 
lameness provided that feeding and rearing conformed to their insemination and fertilization, requires more inseminations for 
biological needs. Other studies have shown that cows with fertilization, and is a prerequisite for culling 8.4 times more.
lameness have lower productivity than those which are not affected Weaver (1988) stated that lameness could be a possible cause 
by these problems (Warnick et al., 2001; Hernandez et al., 2002, for reduced fertility as lame cows spent more time lying down, have 
Mitev et al., 2011; Sulayeman and Fromsa 2012) and also less than lower manifestation of oestrus and have nutritional problems. Collick 
their potential (Green et al., 2002). Rajala-Schultz et al. (1999) et al. (1989) found that lameness occurring within 120 days after 
assessed milk loss between 1,5 and 2,8 kg/day for the first two calving is related to the extension of the interval of days open. 
weeks after lameness was found. Garbarino et al. (2004 ) studied the effect of lameness on ovarian 

The results showing higher milk yield in cows with lameness activity in postpartum in Holstein cows and found that lame cows had 
raise the question among researchers whether this is not because 3,5 times greater odds of delayed cyclicity. Based on their research, 
higher productivity is associated with the occurrence of lameness. they suggest that delayed ovarian cyclicity in lame cows will be 
This relationship was studied by a number of authors (Deluyker et reduced by 71% if lameness was eliminated.
al., 1991; Barkema et al., 1994). Their studies support the possibility Onyiro (2009) found that in general, genetic correlations 
that the high milk yield is a risk factor for the disease. Other studies between linear foot and leg traits with NR56 are low, with the 
have shown higher levels of lameness in herds with higher milk yield, exception of that between bone quality and NR56 (0,36). 
but recent studies have not found such a relationship (Whitaker et Correlations indicate that the straight hocks, steep feet, higher 
al., 2000; Haskell et al., 2006). This could mean that high milk yield overall score for legs and feet, and flatter and refined bones are 
alone cannot lead to lameness. associated with better fertility.

Several studies also suggest that highly productive cows are at The studies by Cassell (1996) suggest that not all values for the 
higher risk of lameness due to the metabolic stress of the high milk foot and leg traits are unidirectional and desired effect on various 
yield (Barkema et al., 1994; Warnick et al., 2001). In an effort to economically significant traits. For example, steep and short feet are 
achieve maximum productivity, some farmers feed with higher grain, associated with shorter interval of days open, longer survival up to 5 
lower fibre diets that maximize energy intake during early lactation. years and higher culling age – they are all desired. But deep heels 
Overdose of proteins coupled with an insufficient amount of crude are associated with longer  interval of days open and longer life as 
fiber can lead to occurrence of subacute ruminal acidosis (SARA). It well.
is a disorder of ruminal fermentation that is characterized by Berry et al. (2004) found that cows with straighter hocks and 
extended periods of depressed ruminal pH below 5.5–5.6 and leads steep feet have lower fertility rate at first insemination. Unfavorable 
to various digestive and systemic disorders. In the long term, dairy correlations between locomotion and fertility indicate that the 
herds experiencing SARA usually exhibit secondary signs of the increase of the incidence of lameness is associated with longer time 
disease, usually 3–6 months after an appearance of SARA. These to first insemination and lower fertility rate at first insemination. 
secondary signs include laminitis, weight loss and poor body Peeler et al. (1994) found that if a cow became lame in the period 
condition despite adequate energy intake, and unexplained before inseminating, it is less likely to detect oestrus. Therefore, 
abscesses. Undiagnosed, the secondary health effects of SARA can assessment of locomotion after the first insemination cannot have 
lead to high herd culling rates. SARA should be investigated as a such an influence on the period to first insemination, as assessment 
cause, if the secondary signs are occurring for no apparent reason. afterwards.

Ingvartsen et al. (2003) found unfavorable genetic correlation 
Relationship between foot and leg traits and duration of between milk yield and lameness (0,24 to 0,48). Although it is known 
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productive life of dairy cows Dekkers et al. (1994) found that the trait bone quality had 
Although traits related to productivity and fertility are of moderate genetic correlation with longevity. Gordon and Shannon 

paramount economic importance, functional traits such as longevity (2002) suggest that bone quality is an indication of good physical 
and health are of great interest for milk producers in order to improve condition and good development of the legs, and has high positive 
the profitability of the herd. Besides all this, the exclusive emphasis genetic correlation with the traits dairy type and milk yield. According 
on selection for milk yield has a negative effect on conformation to Onyiro (2009) longevity has high genetic correlations with bone 
traits, which has an effect on the overall condition of animals. quality (0,50), locomotion (0,66), and the total foot and leg score 
Research on livestock are increasingly aimed at identifying new (0,69), which suggests that flat and fine bones, good locomotion and 
selection criteria that would contribute to the genetic improvement of the overall good foot and leg condition are associated with increased 
economically important traits of low heritability (such as longevity or longevity. The foot angle is moderately correlated with longevity; 
health). A possible solution is to apply indirect selection of these which means that cows with a steeper foot angle have greater 
characteristics through selection for linear type traits (Bouška et al., longevity. The correlation between rear leg set – side view and life 
2006). expectancy is –0,32, indicating that the sickled set of the rear legs is 

Direct selection for reducing involuntary culling has limited associated with reduced lifespan. Sawa et al. (2013) found that 
options because it leads to extension of the generation interval and lifetime productivity has the highest correlation with the linear traits 
has low heritability values, therefore selection based on correlated of the udder (0.22), followed by foot and leg traits (0,13). Selection to 
traits that can be recorded as early as first lactation is preferable. improve foot and leg traits will not solve the problems with them 
Several studies suggest that there is a relationship between the type completely, but selection for animals with shorter foot diagonal, 
or physical characteristics of the exterior and the duration of steeper feet, optimum hock angle from side view and more parallel 
productive life or lifetime productivity (Rogers et al., 1988). rear leg set from rear view will improve locomotion of animals and 
Information about the conformation traits can be used as relatively reduce problems with them in herds (McDaniel, 1997).
early estimate for the duration of use. Some conformation traits are 
associated with longevity and are recorded at the beginning of the 
productive life of cows. The breeding goal in dairy farming is to Conclusion
increase the profit from animal per unit of time. Profit is a function of 
productivity and time for which a cow remains in the herd. Thus, the Selection based on actual foot and leg problems – cases of 
profit can be calculated only when the cow is culled and selection for lameness, has low efficiency due to the fact that as a whole clinical 
more profitable animals must be able to be reported at an earlier age problems with legs and feet have low incidence, especially in 
(Perez-Cabal and Alenda, 2002). Foot and leg problems are one of younger cows, and subclinical cases are not easy for correct 
the causes of involuntary culling of dairy cows. Cases of lameness identification and require special training and daily reporting. For 
are associated with higher levels of culling (Oltenacu and Broom, indirect selection of linear traits only a few well trained specialists are 
2010). Uribe et al. (1995) found that heritability for the so-called needed to assess and describe legs, feet and other body parts 
"culling due to leg problems" is 0.15. In fact, foot and leg problems related to locomotion, once or twice in a great number of young 
can be a cause of culling for many of the cows culled due to low cows, which is sufficient for efficient selection. Regardless of the low 
productivity and disorders in reproduction. Results from several hereditary coefficients, heredity of about 0,10 is sufficient to achieve 
studies show that moderately straight legs in side view are reliable estimate of the breeding value of bulls with a large number of 
associated with longer life. Straighter hocks also lead to problems. assessed descendants. Genetic correlations of linear foot and leg 
Dadpasand et al. (2008) reported that deviations in rear legs side traits to lameness and foot and leg diseases in dairy cows show that 
view and foot angle increased the risk of culling. However, rear legs it is possible to apply indirect selection to improve foot and leg health, 
set–side view, has half less correlation with the duration of and thus reduce the incidence of lameness and its negative impact 
productive life as compared with the foot angle (McDaniel, 1997). on the efficiency of dairy cattle breeding. The selection of animals 

Generally, rear legs set – rear view is more strongly correlated with optimum foot and hock angle from side view, parallel rear legs 
with the longevity than that of the rear leg – side view, as shown by from rear view, flat and refined bones and good, sound gait will 
numerous studies (McDaniel, 1995; Boettcher et al., 1997). improve locomotion of animals and reduce foot and leg problems in 
Assessments of breeding bulls transmitting straighter rear legs – dairy herds. Direct selection for reducing involuntary culling due to 
rear view, i.e. parallel (without X-shape) are positively associated lameness has limited options because it leads to an extension of the 
with higher longevity of their daughters. The analyses show that the generation interval and has low heritability levels, so selection based 
rear leg set - rear view is of almost the same significance as the foot on correlated traits that can be recorded as early as first lactation is 
angle to predict longevity. The relationship between the length of the preferable from an economic point of view as well.
foot diagonal with survival has been the subject of study by de Jong 
(1994) as well, who found that cows with the longest foot diagonal 
had the shortest duration of productive life. The greatest duration of Reference
use is in those with medium length of the foot diagonal. The culling 
rate in cows with the shortest diagonals is higher than in those with 

Atkins G and Shannon J, 2002. Minimizing Lameness through 
intermediate values for length of the diagonal.

Genetic Selection. Advances in Dairy Technology, 14, 93-109.
McDaniel (1997) found that the greater foot angle is positively 
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Medicine, 20, 249-259. the statement that after reproductive problems, low productivity and 
Berry DP, Buckley F, Dillon P, Evans RD and Veerkamp RF,  mastitis, leg problems and locomotion are the most important 
2004. Genetic relationships among linear type traits, milk yield, body reasons for involuntary culling of dairy cows.
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