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ABSTRACT 

 

The main factors for intensification of livestock farming are  effective selective breeding work and strong forage base. Selective 
breeding work on improvement of animals contributes to their genetic potential productivity. Breeding methods are the most important 

not only in the increasing of livestock productivity, but also for the improvement of the quality of the products. The growing demand for 

food, particularly  for animal products, can be met only by increasing the productivity of farm animals with simultaneous enlarging the 
number of livestock, further improvement of livestock technology and development of breeding methods. Improvement of pedigree and 

productive qualities of cattle breeding by the methods of selection and  genetics is currently unthinkable without the accumulation of 

facts about the variability and inheritance of the main indicators of productivity, without the knowledge of the correlation between them. 

The use of population - genetic methods in our research work will allow to study the frequency of genotypes, identify the causes of 

changes in the structure and predict the desired ratio of genotypes in the population. 

 
Keywords: Breeding, genetics, option, genotype, breed, signs, selection, milk yield, volatility, correlation, milk productivity, live weight, 

milk production, reproductive potential. 

 

 

INTRODUCTION 

 

The creation of new and improvement of 

existing breeds is associated with genetic 

transformation systems, which controlled all of the 

processes occurring in the organism of animals. The 

breeder should be able to highlight the most 

important valuable traits for the selection and to 

determine the nature of their variability and 

inheritance, the degree of their dependence on the 

outside environment. 

As it is known, the major part of economically 

important traits of animals belongs to the category of 

quantitative traits. According to many famous 

scientists, inheritance of quantitative traits in animals 

is caused by the large number of active additive 

genes. They believe that the quantitative indicators 

have “a wide rate of reaction”, i.e. the development 

of signs largely depends on the living conditions of 

the animals, so the populations created their 

continuous variability. Population genetics takes the 

leading position in the theory and practice of farm 

animal breeding, which important directions  are 

genetic-mathematical analysis of the process in the 

population, development of methods for the study of 

quantitative characteristics  in the cross-breeding and 

at various forms of selection [1,2]. 

Development of scientific issues on the 

effectiveness and forecasting of results of selection is 

connected with the concept of heritability (h2), 

which was proved by Lash, Wright, and Fischer. The 

concept of heritability expresses the proportion of 

genetic variation in the total phenotypic variation for 

a given trait in a population or the variability of this 

trait due to heredity. 

Significant contribution to the development of 

genetics of quantitative traits was made by Soviet 

scientists [3,4], etc. These scientists uncovered some 

patterns of variability of heritability, correlation 

relationship of the number of selecting traits. 
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Considerable work on the theoretical justification of 

methods for assessing the genotype of animals and 

their use in the practice of breeding was done by 

these scientists. Numerous researches have allowed 

drawing a conclusion that the basic genetic 

parameters of selecting traits – Cv are specific not 

only to breeds and types, but even to individual herds 

of related groups of animals (lines, families. This is 

due, on the one hand, to the genetic heterogeneity of 

the population, to different intensity of selection and 

recruitment methods, on the other hand, to 

environmental, economic, fodder and other factors in 

a complex of relationships “genotype – environment” 

[1,2,3,5].  

 

Methods: 

Scientific experiment was carried out in the 

Limited Liability Partnership (LLP) named after 

Abai, Irtysh area, Pavlodar region in 2004-2008. For 

the object of the study purebred Simmental cows and 

half-blood German Red Spotted and half-blood 

Holstein hybrids, lactating on the first, second and 

third lactation were selected. For the experiment on 

the principle of analogues 3 groups of cows were 

picked up based on milk production, age, body 

weight, breed and physiological state. 

 - Group 1 - control, included purebred 

Simmental cows; 

 - Group 2 – the 1
st
  experimental, included half-

blood hybrids of the Holstein breed;  

 - Group 3 – the 2
nd

  experimental, included 

cows of the German Red Spotted breed (for a related 

breed). Each group consisted of 20-65 animals. 

Selecteve genetic parameters of useful traits were 

processed biometrically by Ye.B. Shcheglov and 

B.B. Popov on a personal computer using  IT-tools. 

 

Main part: 

The main driving force in improving the 

hereditary qualities of animals is the selection. The 

efficiency of the selection is determined by the 

possibility of variability. The higher the diversity in 

the population, the greater the opportunity for 

selection and improvement of hereditary qualities of 

animals.  Neither low nor high variability is 

desirable, as it is impossible to select the desired type 

of animals for future breeding herd. Unnecessarily 

large variability results in a large value of the 

regression i.e. return to the average indicators of 

population in the offspring of animals selected on a 

particular characteristic. 

The highest variability of milk yield of six 

planned dairy cows in the Russian Federation [4], 

brown Latvian breed in Latvia, the Simmental breed 

in the Republic of Kazakhstan, the red steppe breed 

in Ukraine and Kazakhstan is within 11-39,0 percent, 

milk fat - 2,1-15,4 percent, body weight - 7,7-24,1 

percent. In this case, the authors note, with the 

increase in milk yield (herd or individual groups), the 

variability increased. For butter-fat yielding capacity 

and body weight such a kind of law has not been 

detected [6,7]. 

 Analysis of variability of productive, exterier-

constitutional and reproductive qualities of animals 

of studied genotypes are shown in the Table 1. 

 
Table 1: Average indicators for variability of studied genotypes cows’ productive qualities   

Genotype 

 

    n 

 
 

Milk yield, kg Fat percentage Body weight 

σ Cv, % σ Cv, % σ Cv, % 

     1 calving 

Simmental, Black Spotted  

 
spotted spotted 

   30 531,0 18,4 0,14 4,0 40,0 9,2 

Germ. Red Spotted, 1/2    50 474,0 16,3 0,15 4,0 17,9 4,3 

Red.Spot.Holst, 1/2    95 389,0 12,8 0,10 2,6 24,5 5,5 

2 calving 

Simmental, Black Spotted  

 
   28 470,0 15,0 0,17 4,7 36,3          8,1 

Germ. Red Spotted 1/2    39 448,8 16,0 0,15 4,1 30,8 6,8 

Red.Spot.Holst., 1/2    84 407,5 13,1 0,10 2,4 43,2 8,9 

3 calving 

Simmental, Black Spotted  

 
   26 450,0 14,3 0,13 3,5 38,0 8,1 

Germ. Red Spotted 1/2    29 479,6 14,6 0,10 2,8 52,1 10,6 

Red.Spot.Holst., 1/2    56 468,6 13,6 0,16 4,5 27,7 5,3 

 

Table 1 shows that the milk yield is the most 

variable, with fluctuations on genotypic groups (and 

on calvings the) from 12.8 to 18.4 percent, the 

second place - body weight (4,3-10,6 percent), the 

lowest variability in content of fat in milk from 2.6 to 

6.6 percent. 

Our data are similar to the average indicators 

defined for leading pedigree herds of producers of 

Simmental breed in the Republic of Kazakhstan, 

black-and-white in the Russian Federation, the red 

steppe of Ukraine and in Kazakhstan. Some 

differences in the variability of the studied traits have 

been found both between individual genotypes, and 

between age groups. More homogeneous in almost 

all productive traits, and within across all age groups 

was a group of half-blooded red-and-white Holstein 
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cows. The variability of yield of all age groups is low 

and similar - 12.8 in heifers and 13.1 13.6 percent in 

cows of second and third calving, milk fat, 

respectively - 2.6-2.4 and 4.5 percent.  

Higher (18,4-15,0-14,3 percent) variability in 

milk yield and milk fat (4,0-4,7-3,5 percent) was 

observed in the group of purebred Simmental 

herdmates, half-blood red-spotted German cows 

occupy an intermediate position. In this case, a large 

variability of milk yield is observed in milking 

heifers. With advancing age a certain reduction in 

milk yield comes.  The content of fat and body 

weight of this pattern is not found. 

It should be noted that in the offspring by cross-

breeding as a result of the phenomenon of heterosis 

there is an increase in productivity, viability with a 

simultaneous increase in the variability of traits, and 

we agree with the opinion of scientists [8,9].  

In our studies, hybrid animals, in particular half-

blood red-spotted Holstein cows were more 

homogeneous, especially according to milk yield. 

This can only be explained by using more prepotent 

on this trait Holstein bulls.  

Analysis of the variation of the cows’ body main 

measurements (Table 2) showed that the linear sizes 

of animals within 2,9-4,4 percent have the lowest 

value. In this case, relatively higher values for the 

coefficient of variation are typical  for the latitudinal, 

late measurements and the lowest values are typical 

for  measurements of height reaching a final value at 

an earlier age.  

As for measurements of udder the greatest 

variabilites are seen in the width and depth soundings 

(12-26,8 percent 8,6-19 percent), sizes (24-27 

percent) and placement of nipples (21,1-53,1 

percent). Therefore, based on morphological features 

(except forms of udder) Holstein bulls did not affect 

the homogeneity of offspring on these grounds, 

although their figures are slightly lower than the ones 

of Simmental cows. 

  
Table 2: Average indicators of full age cows’ body variabilities   

Characteristic 

 

 

Simment., Black Spotted Red.Spot.Holst, ½ 

 

σ Cv,% σ Cv,% 

Body measurements:     

Height in withers, cm 4,15 3,2 3,9 2,9 

Slanting length of body, cm 10,40 6,6 7,4 8,5 

Girth of chest, cm 10,00 5,3 8,2 4,4 

Depth of chest, cm 7,10 10,0 3,9 6,2 

Width of chest, cm 5,70 13,0 4,0 9,1 

Lateral length of hind quarter, cm 3,60 7,1 2,5 8,5 

Width of hind quarter: in hook bones, сm 

in the hip joints, cm 
in the ischial hillocks, cm 

в седалищных буграх, см 

3,20 6,1 2,9 

2,8 
2,0 

5,5 

5,9 
6,4 

Girth of metacarpus, cm 0,9 5,0 1,0 6,0 

 

Table 3: Average variabilities of the morphological features of the udder (Сv,%) 

Characteristic 

 

 

1calving 3 calving 

Simment., Black 
Spotted 

Red.Spot.Holst, 

½ 

 

Simment., Black 
Spotted 

Red.Spot.Holst, ½ 
 

Length of udder 22,7 11,2 17,1 10,0 

Width of udder 26,8 7,1 23,0 12,0 

girth udder 19,6 8,3 11,4 12,8 

The depth of the anterior lobe 

 

 

18,4 19,0 21,1 14,1 

Height above ground 
 

11,7 9,5 12,3 11,5 

Length of nipples 

 
13,5 24,0 39,0 24,0 

Girth of nipples 
 

3,5 23,7 25,0 25,0 

The distance between the nipples:  

front  

back 
lateral 

  

21,6 

46,6 
40,3 

26,6 

21,1 
28,6 

39,4 

53,1 
33,0 

26,1 

38,8 
32,1 

 
Table 4 provides information about the variability of the main features of cows’ reproductive ability. 
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Table 4: Average  variabilities of main characteristics of cows’ reproductive ability   

Genotype Indicators 

Age at first 
calving 

Length of periods 

service inter calving holidays lactation 
 

σ Сv,% σ Сv,% r σ Сv,% σ Сv,% σ Сv,% 

1 calving 

Simment., Black Spotted 2,3 7,5 35,4 38,5 51,4 13,7 11,8 20,0 19,3 6,7 

Germ. Red Spotted, 1/2 2,8 9,7 43,0 44,2 66,5 17,6 10,2 17,6 38,8 12,1 

Red.Spot.Holst., ½ 

 

2,5 8,8 44,7 41,5 61,3 15,6 13,6 21,6 9,91 3,31 

2 calving 

Simment., Black Spotted - - 47,6 47,4 60,4 15,7 12,4 20,5 15,6 5,8 

Germ. Red Spotted, 1/2 - - 47,8 46,2 63,6 16,5 13,7 22,7 29,4 9,5 

Red.Spot.Holst., ½ 

 

- - 39,7 40,4 60,3 15,6 13,4 21,6 21,0 7,1 

3 calving 

Simment., Black Spotted - - 28,6 38,7 45,6 12,3 13,6 22,1 13,6 4,6 

Germ. Red Spotted, 1/2 - - 44,1 42,1 54,6 14,1 9,9 16,7 15,7 5,2 

Red.Spot.Holst., ½ 
 

- - 46,0 51,1 50,0 13,2 15,4 24,1 0,61 0,2 

 

Analysis of the table demonstrates extremely 

high rates of variability for length of service, as well 

as for dry periods. We must assume that 

organizational factors (timely and accurate records of 

service, drying of cows), conditions of feeding and 

exploitation, especially of young cows after calving, 

played a greater role. Removal of these deficiencies, 

as well as early detection and treatment of 

gynecological diseases of cows after calving, the use 

of modern means of hormonal stimulation for estrus 

will reduce the time of service, holidays period, to 

increase the yield of calves per 100 cows, 

consequently, the level of milk production.  

In conclusion, it should be noted that the studied 

group of animals showed high values of variability 

for milk yield, body weight, features that characterize 

the suitability of the udder to machine milking and it 

allows the selection on each of these indicators in the 

herd. This idea coincides with the views of many 

authors [10, 11].  

Increasing the variability of  butter-fat yielding 

capacity likely should be carried out by cross-

breeding with cows giving milk with high fat 

content, provided strict selection and fully-balanced 

ratio of animals’ feeding with protein, lipogenetic 

industry (oil cakes, protein meals) and sugar-protein.  

One of the most important constants of 

population genetics, characterizing the possibility of 

effective selection, is the indicator of correlative 

relations between symptoms. Determination of 

degree and direction of correlations allows to plan 

more realistic a breeding work in the herd, in the 

breed generally, to identify from a variety of 

breeding characteristics the most important, and on 

this basis to solve specific problems of selection and 

pickup [1,2,4,12].  

In breeding work with dairy cattle, especially 

during the transition to the conditions of industrial 

technology, the number of selecting signs has 

increased [12,13]. To the selection on milk yield, fat 

content, body weight, such technological features as 

fitness to machine milking (shape, size, homogeneity 

of development of the udder shares, the intensity of 

milk ejection), reproductive ability, etc. have been 

added. Therefore, the establishment of relationships 

between individual selected signs is of great practical 

importance [14].  

According to Robertson the indicators of 

phenotypic and genotypic correlations are largely the 

same, so we have used in our research only 

indicators of genotypic correlation which are shown 

in Table 6. 

     
Table 6: Correlation between milk yield and fat content in milk 

Genotype 

 

1calving 3 calving 

n r±mr n r± mr 

Red.Spot.Holst., ½ 

 

15 -0,320±0,08 11 -0,254±0,10 

Germ. Red Spotted, 1/2 15 -0,052±0,14 22 -0,275±0,18 

Simment., Black Spotted 15 -0,225±0,16 34 -0,400±0,22 

 

These tables indicate the presence of a low 

negative correlation between milk yield and fat 

content in milk ranging in heifers on individual 

genetic groups from 0.052 (1/2-blood German Red-

Spotted) to r = -0,320 (Red.Spot.Holst., ½-blood), in 

full age mature cows from r = 0.254 

(Red.Spot.Holst., ½-blood) to -0.400 (Simmental, 

Black Spotted). Our data on the relationship between 

milk yield and fat percentage are close to the values 

of correlation coefficient set in breeding farms of 

Pavlodar region (r = -0,216 ± 0,022) and fluctuations 

between herds: r = -0,07 ± 0,08. But the correlation 

coefficient of heifers is almost 2 times less in 

comparison with full age mature cows.  It has large 
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fluctuations in herds from -0,33 ± 0,15 to +0,41 ± 

0,096.  

Similar levels of the correlation coefficient for 

Simmental cows, breeding in other regions of the 

Republic of Kazakhstan, a low negative correlation 

between milk yield and fat content -0,33 ± 0,15 have 

been detected in a herd in breeding farms of the 

Eastern Kazakhstan region. The absence of 

significant negative correlation and the presence of 

positive one in separate groups give hopes for 

successful breeding simultaneously on both grounds.  

In connection with the transition of dairy cattle 

farming to the terms of industrial technology, 

morphological characteristics of the udder along with 

milk yield are considered to be the defining 

characteristics of cows’ selection. They increase 

largely the productivity of milking machine 

operators, and influence the level of milk production 

to a certain extent. Most scientists of the CIS 

countries on virtually all scheduled breeds 

established close ties between cows’ milk yield and 

size  (r = +0,50 +0,70), shape (r = +0,40 +0,50), 

capacity (r = +0, 44 .46) of the udder and 

substantiated the possibility of planned breeding 

species, both in pure breeding  and in cross-breeding 

with the world’s best breeds of cattle [15]. Table 29 

shows the change in the level of cows’ milk 

production depending on visual assessment of the 

udder (on a 5-point scale).  

Comparison of scoring of udder with milk 

productivity indicates a close relationship between 

them (Table 7) . Between the extremes of assessment 

(2.5 - 4.5 - 5.0 points), the difference is 339 - 732 kg 

or 11.9 - 28.2% in Red Spotted Holstein, ½ cows. 

But the largest one is in young cows (I calving - 

19,1%, II calving - 28.2 %). In half-blooded cows of 

genetically related breed these differences are less 

pronounced. In heifers they amounted to 14.6%, in 

cows of II calving - 4.5 % and in full age mature 

cows, conversely, 43.4%. Therefore, careful 

selection and appropriate pickup according to the 

quality of udder will enhance milk productivity.

  
Table 7: Changes in cows’ milk yield depending on scoring of udder 

Score for udder 

 
 

1 calving 2 calving 3 calving 

n % milk yield, kg n % milk yield, kg n % milk yield, kg 

Holstein Red Spotted, 1/2 

2 - 2,5 I 2,1 2292 1 2 2598 1 2,2 2834 

3 - 3,5 35 74,5 2642±93,3 31 62 2883±72 20 44,4 3097±97 

4,0 11 23,4 2729±96,2 13 26 З111±90,2 20 44,4 3151±73,4 

4,5 - 5,0 - - - 5 10 3330±338 4 9,0 3173±334 

On average as per 

group 
47 100 2617±76,4 50 100 2932±66 45 100 3122±60 

German Red Spotted, 1/2 

2 - 2,5 - - - - -  4 2,8 2510±84,3 

3 - 3,5 6 67 2995±80,5 12 40 3035±100 58 40,5 3041±64 

4 3 33 З112±228 18 60 3081±131 65 45,5 3190±71,5 

4,5 - 5,0 - - - - - - 16 11,2 3600±188,4 

On average as per 

group 
9 100 3000±89,1 30 100 3063±87,1 143 100 3174±49,2 

 

General scoring of udder is a subjective 

assessment and is not final, as the breeder is not 

allowed to determine exactly what morphological 

indicators are the most successful for selection 

process.  

Therefore, most researchers [16], including us, 

have attempted to identify the nature of correlations 

between milk yield and the size of the udder, i.e. 

separate measurements. This is especially important 

when transferring cows on a twice-a-day machine 

milking.
  

Table 8:  Indicators of the correlation coefficient between milk yield per lactation and basic measurements of half-blood Holstein cows’ 
udder 

Correlation between milk yield and 

udder soundings, 

 r: 

1calving 2 calving  3 calving 

n=18 n=27 n=33 

Length, r +0,026±0,25 +0,074±0,19 +0,300±0,03 

Width, r +0,112±0,25 +0,052±0,19 +0,316+0,03 

Girth, r +0,274±0,25 +0,363±0,17 +0,485±0,13 

Depth of the front   quarter, r +0,051±0,25 +0,089±0,19 +0,241±0,17 

Capacity, r +0,066±0,24 +0,277±0,18 +0,429±0,14 

 

The clearest positive correlation of milk yield 

with soundings of udder has been traced only in full 

age mature cows when the udder was fully formed. 

The highest positive correlation exists between milk 

yield and measurements of girth (+0.485), width 

(+0.316) and length (+0.300) of udder and the lowest 

one is with depth (+0.241). In young cows this 

relationship is low and is not reliable. This is 

probably due to the fact that before calving the udder 

of bred heifers has not massaged for 3 - 4 months. 

Massage helps to increase the size, capacity, iron 

index. Judging by the magnitude of the regression 
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coefficients, it can be argued that increasing the size 

of the udder, the length and width, therefore, girth by 

10cm, milk yield per lactation can increase by 350 - 

400 kg.  

 

Conclusions: 

Cross-breeding of Simmental cattle with Red 

Spotted Holstein bulls along with Red Spotted 

German Simmental cattle in the conditions of north-

eastern part of the Republic of Kazakhstan is one of 

the methods for increasing the level of milk 

productivity and improving meat qualities, exterior 

characteristics, suitability for machine milking. 

Effectiveness of this method largely depends on 

hereditary qualities of used servicing bulls for 

improving the breed. It was found out that the 

variability of the main selected features (Cv = 13 

percent of milk yield, 3.1 percent of fat content in 

milk and 5.0 percent of body weight) of Holstein 

crossbreds lower than ones of Simmental cows (15.9, 

4.0 and 8.1 percent, respectively). This indicates 

hereditary capacity of Holstein bulls in the transfer of 

their qualities to the progeny. Low negative 

correlation links of milk yield are set only with fat 

content in milk (r = -0.287) and soundings of chest (r 

= -0.333). Positive links are seen with varying 

degrees to the size of the udder and body, and 

reproductive ability of animals.  

The highest correlation of milk yield has ben 

detected with measurements of udder (girth, width 

and length = +0.300-0.485), among surveying the 

body - with height of withers and chest girth (r = 

+0,171 and 0.133), among the indicators of 

reproductive ability - with service (r = +0.14 0.21) 

and inter-calving (r = +0.12 0.30) periods, and 

duration of lactation (r = +0.138). Despite low 

correlation links, constant (from generation to 

generation) improvement of the quality of udder, its 

size, glands, and reproductive ability will contribute 

to enhancing the milk productivity of cows.  
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