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Abstract 

In this study, path coefficients of the effects of lactation milk yield, calving age, calving season, birth weight, calving order, lactation length and were examined. For this purpose, some milk yields of 452 Anatolian Buffalos that were raised in Tokat and the provinces. Percentages of direct effects of factors on lactation milk yield and daily milk yield were determined mainly. Coefficient of correlation is between lactation milk yield and lactation length, daily milk yield, birth weight was estimated at 0.520 (p≤0. 01), 0.812 (p≤0. 01), 0.082 (p>0.05) respectively.
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Introduction
Anatolian water buffaloes are vital parts of Animal Genetic Reseurce of Turkey and play a significant place in the economy of poor agriculturalists. Turkey is having 107 435 heads of the buffalo population (TUİK, 2013). In the recent years, number of Anatolian buffaloes had declined, mainly due to financial revolution and improvement.  

The economically significant characters are used in cattle  breeding. These features are affected by environmental features. Necessary to know the association between these yield traits,  in selection if  one or more data to be taken into account. Ecological factors that affect these features must be determined. Also, effect sizes of the detected factors should be perceived. Correlation analysis is generally used for this purpose (Keskin et al., 2005). In general, the relations between the variables examined in two groups (linear and non-linear). The degree of this relationship, the functional form of this relationship  are determined, If there is a relationship between the variables (Bal et al., 2000). 
With regression analysis, a mathematical relationship between two or more variables can be explained. Also, the structure of the relationship can be determined. By using the correlation coefficient the direction and degree of the relationships between these variables are determined. The relationships between features, always impossible to explain with a simple correlation coefficient (Topal and Esenbuğa, 2001). The effect of environmental factors, may be direct or indirect. Therefore, the effect of environmental factors must be determined in detail. This effect could be separated into direct and indirect effects. The method used for this purpose is called path analysis.  (Düzgüneş et al., 1996). Path analysis is used to describe the directed dependencies among a set of variables. Path analysis is a forthright allowance of multiple regression. Its aim is to provide estimates of the size and significance of imagined causal associates between groups of variables. This is best enlightened by considering a path diagram. In 1921, Wright was found by path analysis. This method developed by Wright in 1925 (Wright 1921; Düzgüneş et al., 1996; Topal and Esenbuğa, 2001). In this study, some of the factors that affect lactation milk yield were examined direct and indirect effects.
Material and Methods
Materials
This research was carried out with the data obtained from Anatolian water buffaloes reared in the Tokat province of Turkey. Data were collected in years 2011-2012. Buffaloes were milked twice a day. Partial lactation yields were determined monthly. Trapezoidal method was used to estimate the lactation milk yield. The following equations were used for estimation of the lactation milk yield and lactation length.
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Methods  

In this study, firstly, correlation coefficients were calculated between the features.

Dependent and independent variables standardize regression analysis. Investigated variables, are expressed in weight units kg and times of the day. The direct and indirect effects were calculated using path analysis between milk yield and other variables. Path analysis is a technique that examines the relationship between standardized variables. In this analysis, path diagrams generated showing the relationships between the variables which is thought to be a cause-and-effect relationship between each other.

The correlation coefficient, indicates the degree of linear relationships between variables. Correlation coefficients are analyzed to detect  the direct effects, indirect effects, and  the compound path coefficients. Thus, the analysis results are interpreted correctly. Variables thought to be related to each other is shown a diagram exactly and path analysis technique begins. Interpretation of the system is done with the calculated path coefficients. In addition, a mathematical determination of the coefficients, the cause-effect relationships between variables in the system, make it necessary to determine with a mathematical model. Path analysis is indicated by the letter P (Düzgüneş et al., 1996).
The path coefficient is calculated which shows the relationship between the dependent variable (Y) and the independent variable (X), by the following equation.
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Pyx: path coefficient ( dependent variable Y,  independent variable X)
SX: standard deviation of X variables (independent variables)
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SY: standard deviation of Y variable (dependent variable)
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b: is the partial regression coefficient.
There are four different relationships between variables used path analysis (direct, indirect, S and U). These relationships, a path diagram can be displayed by using the path coefficient (Pedhazur, 1997). Path diagrams, used one-way arrows. Arrows, the independent variable is drawn towards the dependent variable. Correlations between variables are indicated by two-way arrows and unifying form of a curve is drawn. Symbolic or numeric values ​​of the path coefficients are written on the diagram. In the case of the curve in the form of a two-way arrow, symbolic or numeric values ​​of simple correlation coefficients are written. This study focuses on the direct and indirect effects. The direct effect of a variable can be defined as a match to a variable other. Figure 1 path coefficient is observed that shows the direct effect of the first and second variable. (P21), the correlation coefficient is equal between the two variables. 
r12=P21                    (5)

                                                           P21
                                       X1
                              X2
                                         Figure 1. Path diagram showing the direct effect of variables
In Figure 2,  the first variable is done directly on the third variable domain (P31) (5) as shown in the equation are not equal to the correlation between the variables. In Figure 1, as there is only a direct effect of variables, not the presence of as well as indirect effects. Therefore the correlation coefficient is the sum of direct and indirect effects between the first and third variable.
                                                               

                                                                        P31
                                                P21                                    P32
                           X1                                          X2
                                       X3
                      Figure 2. Path diagram showing the indirect effect of variables
Results and Discussion
Descriptive statistics of lactation milk yield (Y), daily milk yield (X1), lactation length (X2) and birth weight (X3) of Anatolian water buffaloes are presented in Table 1. 

Table 1. Descriptive statistics of lactation milk yield, Daily milk yield, lactation length and birth weight of Anatolian water buffaloes.

	Parameters
	N
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	Lactation milk yield (kg)
	452
	639.3
	13.3

	Daily milk yield (kg)
	452
	5.211
	0.096

	Lactation length (day)
	452
	146.55
	1.76

	Birth weight (kg)
	452
	28.036
	0.241


In the study, emphasis is on the simple and partial correlation coefficients and significance levels of variables are given in Table 2. 

	Table 2.  Between variables in a simple (lower diagonal) and partial (upper diagonal) correlation coefficients and significance levels.

	
	    Y
	   X1
	X2
	X3
	X4
	X5
	X6

	Y
	1.000
	0.130**
	0.238**
	-0.102
	0.170**
	0.094
	-0.084

	X1
	0.520**
	1.000
	0.086
	0.126**
	0.068**
	-0.137**
	0.165**

	X2 
	0.812**
	-0.017
	1.000
	0.136**
	0.028
	-0.069
	-0.082

	X3
	0.105
	-0.112**
	0.191**
	1.000
	0.054
	0.941**
	-0.049

	X4
	0.082
	0.006
	0.115**
	0.195**
	1.000
	0.06
	0.016

	X5
	0.161
	-0.080
	0.166**
	0.949
	0.186**
	1.000
	0.090

	X6
	-0.133
	-0.210**
	-0.031
	0.101
	0.020
	0.129**
	1.000


The correlation between lactation milk yield (Y) and lactation length (X1), daily milk yield(X2), calving age (X3) and birth weight (X4) were 0.52, 0.81, 0.10, 0.08 and 0.16, respectively. Also, the correlations between lactation length and daily milk yield, calving age, birth weight, calving order and calving season  were ranged from -0.017 to 0.006. The correlations between calving age, birth weight, calving order and  calving season were 0.19, 0.15, 0.16 and -0.031, respectively. On the other hand, birth weight, calving order and calving season with calving age were 0.19, 0.94 and 0.10, respectively. The correlations between birth weight, calving season and calving order were 0.02 and 0.18, respectively. The significant correlations between lactation milk yield and lactation lenght were reported in many researches (Khan, 1997; Dahlin et al., 1998; Şahin, 2009).  
Lactation milk yield (Y), daily milk yield, calving age, calving season, birth weight, calving order, lactation length of Anatolian water buffaloes standardized multiple regression equation is below; 
Y1 = 4.05 X1 + 109.80 X2 + 3.48 X3 - 1.12 X4 - 2.02 X5 - 0.79 X6
In this equation, the coefficients have been standardized, has been a constant zero. This equation, the partial regression coefficients of each variable on the outcome variable, refers to the direct effects. Standardized partial regression coefficients and significance levels are given in Table 3.
	Table 3. Standardized partial regression coefficients and significance levels

	Parameters
	b1
	b2
	b3
	b4
	b5
	b6

	Coefficient
	4.051
	109.805
	3.489
	-1.117
	-2.020
	-0.795

	P 
	0.000
	0.000
	0.527
	0.238
	0.673
	0.907


Path diagram of Anatolian water buffaloes is presented in Figure 3. The path coefficients and correlation coefficients are given  on curves and arrows together. These diagrams, with the following equation series of path and correlation coefficients were created (Li, 1975). The direct and indirect effects were estimated with the solution of these equations.

rY1 = PY1 +  r12PY2 + r13PY3 + r14PY4 + r15PY5+ r16PY6
rY2 = PY2 +  r12PY1 + r23PY3 + r24PY4+ r25PY5 + r26PY6

rY3 = PY3 +  r13PY1 + r23PY2 + r34PY4 + r35PY5+ r36PY6
rY4 = PY4 +  r14PY1 + r24PY2 + r34PY3 + r45PY5+ r46PY6                            (6)
rY5 = PY5 +  r15PY1 + r25PY2 + r35PY3+ r45PY4 + r56PY6
rY6 = PY6 +  r16PY1 + r26PY2 + r36PY3+ r46PY4 + r56PY5

Total correlation as shown in the equations is fragmented the direct and indirect effects.

Where; PYi; path coefficient between dependent (Y) and independent (i) (direct effect), 
rijPYi; is the indirect effect  of independent variables (ithand jth) on değendent variable (Y). rYi; is the correlation coefficient between dependent (Y) and independent variable (i). rij; is the correlation coefficient between independent variables. The correlation coefficient between  Y and Xi are the sum of the direct and indirect effects. The sum of the direct and indirect effects is the correlation coefficient between Y and Xi. Each linear equation, one minus the direct effect and the indirect effect of a number of variables are independent. Impact shares, direct and indirect effects between Y and Xi, their share in the total correlation. Simple correlation coefficients between the variables were found. The equation [6] is solved with these coefficients. After the path coefficients were obtained using the equation [7].  
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The equation [7], the column vector of correlations between causing and outcome variables (A), is multiplied by the inverse of between causing variables of matrix (B),

about the cause of the variables, the amount of the direct effect path coefficient vector (C) is available. B matrix is multiplied with the matrix C for obtaining the matrix of direct an indirect effect. The path coefficient and effect proportions of the observed factors are given Table 4.
	Table 4. The path coefficient and effect proportions of the observed factors 

	Direct effect
	Indirect Effect
	R
	DDC
	P
	EPOF (%)

	X1
	
	0.520
	16.411
	4.051
	70.172

	
	X2
	
	
	-0.069
	1.195

	
	X3
	
	
	-0.454
	7.864

	
	X4
	
	
	0.024
	0.416

	
	X5
	
	
	-0.324
	5.612

	
	X6
	
	
	-0.851
	14.741

	X2
	
	0.812
	0.270
	0.520
	74.928

	
	X1
	
	
	-0.009
	1.297

	
	X3
	
	
	0.071
0.015

-0.036

-0.043
	10.231

	
	X4
	
	
	
	2.161

	
	X5
	
	
	
	5.187

	
	X6
	
	
	
	6.196

	X3
	
	0.105
	120057.13
	109.805
	40.112

	
	X1
	
	
	-12.298
	4.493

	
	X2
	
	
	14.933
	5.455

	
	X4
	
	
	21.412
	7.822

	
	X5
	
	
	104.205
	38.067

	
	X6
	
	
	11.090
	4.051

	X4
	
	0.082
	12.173
	3.489
	40.513

	
	X1
	
	
	0.440
	5.109

	
	X2
	
	
	0.475
	5.516

	
	X3
	
	
	3.489
	40.513

	
	X5
	
	
	0.649
	7.536

	
	X6
	
	
	0.070
	0.813

	X5
	
	0.161
	1.248
	1.117
	64.754

	
	X1
	
	
	0.007
	0.406

	
	X2
	
	
	0.031
	1.797

	
	X3
	
	
	0.218
	12.638

	
	X4
	
	
	0.208
	12.058

	
	X6
	
	
	0.144
	8.347

	X6
	
	-0.133
	4.080
	2.020
	41.436

	
	X1
	
	
	-0.162
	3.323

	
	X2
	
	
	-0.139
	2.851

	
	X3
	
	
	1.917
	39.323

	
	X4
	
	
	0.376
	7.713

	
	X5
	
	
	0.261
	5.354

	
	
	
	
	
	
	
	


** P<0.01; DDC; Direct Determination of Coefficients;  EPOF; effect proportions of the observed factors, P; significance level, r; correlation coeffience.
The direct determination coefficient is calculated by with  the squaring of  the correlation coefficient. In this research, the direct determination coefficient was calculated by squaring the correlation coefficient. The path diagram is presented in Figure 3. The diagram of the path between the dependent (Y) and independent (X1, X2, X3, X4, X5 and X6) variables are given in figure 3.

[image: image15]
Figure 3. The diagram of the path between the dependent (Y) and independent (X1, X2, X3, X4, X5 and X6) variables 

The productivity in a herd  relates to more than one character. The quantitative characters are used in animal  breeding. These quantitative traits are affected by environmental factors. Necessary to know the relationship between these yield traits,  in selection if  one or more data to be taken into account. In animal breeding, the relationships between yield traits should be considered (Düzgüneş et al., 1996). 

Simple correlations and partial regressions coefficients among lactation milk yield and lactation length, daily milk yield were observed to be positive and significant (p<0.05). But, partial regression and simple correlations between lactation milk yield and calving season had a insignificant. This situation has shown the direct relationships between standardized regression coefficients and path coefficients. Between lactation milk yield with lactation length and daily milk yield have a positive and significant correlation (p<0.05). In this case, these features are used as an important selection criterion. This situation can be said to increase the effectiveness of selection.
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