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Application of path coefficient analysis in assessing the relationship between growth-related 
traits in indigenous Nigerian sheep (Ovis aries) of Niger State, Nigeria

S. Egena*, D. Tsado, P. Kolo, A. Banjo, M. Adisa-Shehu-Adisa

Department of Animal Production, Federal University of Technology, P.M.B 65, Minna, Niger State, Nigeria

Abstract. Indigenous Nigerian sheep raised under extensive management were evaluated with the aim of assessing variability among body weight and body 
measurement traits thereby deducing components that best describe the relationship using path coefficient analysis. The parameters measured were body 
weight (BW), body length (BL), head length (HL), head width (HW), height at withers (HAW), chest depth (CD), chest girth (CG) and shin circumference (SC). 
Pair wise correlation between body weight and body measurements were positive and significant (r = 0.475 – 0.655 in males, 0.262 – 0.449 in females, and 
0.336 – 0.509 in the combined population, P<0.01). Path analysis showed that shin circumference and chest depth had the greatest direct effect on body weight 
in male, female and the combined population (path coefficient = 0.250, 0.252 and 0.250, respectively) while the least direct effect was observed for head width 
(in male and female with path coefficient = 0.007 and -0.017, respectively), and height at withers in the combined population (path coefficient = -0.020). 
Percentage direct contribution to body weight was 6.25, 6.35 and 6.25% from shin circumference (male), chest depth (in female and the combined population 

2respectively). The optimum linear regression models with coefficient of determination (R ) value of 0.45, 0.31 and 0.37 included forecast indices such as chest 
depth and shin circumference in males, body length, head length and chest depth in females and the combined population, respectively.

Keywords: correlation, direct and indirect effects, indigenous Nigerian sheep, path analysis, regression
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another and also separates the correlation coefficient into Introduction
components of direct, indirect and compound paths (Topaland 
Esenbuga, 2001). The model has been utilized to investigate the Sheep is kept by many rural farmers in Nigeria where they 
direct and indirect causal effects between traits in goat (Keskin et al., principally serve as sources of meat, income and manure. Buyers of 
2005; Ogah et al., 2009; Yakubuand Mohammed, 2012), turkey sheep are keen on the body size of the animal at the point of 
(Mendes et al., 2005), Yankasa lambs (Yakubu, 2010) and milking purchase. This is usually accessed visually which is largely 
cows (Yakubu, 2011). Research using this method is scarce in adult subjective and hence inaccurate. The development of any objective 
sheep population and this ignited the need for the present study and therefore more accurate means of describing and or evaluating 
aimed at investigating the relationship between body weight and body size and conformation traits of the sheep and other farm 
some conformation traits in adult indigenous Nigerian sheep.animals for that matter will go a long way in overcoming the myriad of 

problems linked to visual assessment (Jimcy et al., 2011; 
Yakubuand Ibrahim, 2011). The prediction of body weight from a 

Material and methodsvariety of body traits measured at different growth stages has been 
reported by many authors (Afolayan et al., 2006; Cam et al., 2010; 
Riva et al., 2004). The common methods used had been correlation Experimental animals and location of the study
between body weight and morphometric characters, or regression of Three hundred and seventy nine indigenous Nigerian sheep of 
body weight on body measurements (Kuzelovet al., 2011). One both sexes (157 males and 222 females) were randomly selected in 
problem associated with these methods however, is their inability to villages located within the three administrative zones of Niger State, 
properly explain the complexity associated with growth in farm North Central Nigeria. Niger State is located in the sub-humid 
animals. Growth in animals has both direct and indirect causal savannah area of Nigeria around 30°2′ North and 11°3′ East. The 
factors which mean that models that will take this into account will State has a land area of 80,000 square kilometres with maximum 
likely give a more accurate estimate of body weight. altitude at its highest point of 1475 m above sea level. The state 

Structural Equation Modelling (SEM) is one such model. It is a experiences distinct dry and wet seasons with annual rainfall varying 
multivariate analysis technique that takes into consideration the from 1100 mm in the north to 1600 mm in the South. The dry season 
effect of both observed and latent variables and their relationships lasts for 6 to 7 months, October to April in the Northern part of the 
(von Oertzenet al., 2013). According to the authors, SEM is a State, and 4 to 5 months from November to March in the Southern 
unification of several multivariate analysis techniques such as linear part. The maximum temperature (which does not exceed 39°C) is 
regression, ANOVA, correlation, path analysis, factor analysis, auto experienced between March and June, while minimal temperature 
regression and growth modelling. Path coefficient is a partial (as low as 21°C) is usually experienced between December and 
regression coefficient obtained from regression equation where all January. The animals were managed extensively with little or no 
variables have been expressed as deviation from the mean in unit of provision for shelter in the night and proper healthcare. Hence they 
standard deviation (Sockal and Rholf, 1995). Path coefficient scavenged on homestead wastes, straw and crop residues when 
measures both the direct and indirect effect of one variable on available. 
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worked as follows:
Traits measured
The traits measured include body weight and seven body Y  = P  + P RX X  + P RX X  + P RX X  + P RX X  + P X X  + 1 1 2 1 2 3 1 3 4 1 4 5 1 5 6 1 6

measurements. The measurements were taken on the animals in P RX X7 1 7

the morning before being released for grazing. The body parts Y  = P RX X  + P  + P RX X  + P RX X  + P RX X  + P X X  + 2 1 1 2 2 3 2 3 4 2 4 5 2 5 6 2 6

measured were: body length (BL), measured as the distance from P RX X7 2 7

the nostril to the pin bone; head length (HL), measured as the Y  = P RX X  + P RX X  + P  + P RX X  + P RX X  + P X X  + 3 1 1 3 2 2 3 3 4 3 4 5 3 5 6 3 6
distance from the nostril to the point of attachment of the horns; head P RX X7 3 7width (HW), measured as the distance between the outer canthus of 

Y  = P RX X  + P RX X  + P RX X  + P  + P RX X  + P X X  + 4 1 1 4 2 2 4 3 3 4 4 5 4 5 6 4 6the right and left eye; height at withers (HAW), measured as the 
P RX X7 4 7distance from point of withers to the floor; chest depth (CD), 

Y  = P RX X  + P RX X  + P RX X  + P RX X  + P  + P X X  + 5 1 1 5 2 2 5 3 3 5 4 4 5 5 6 5 6measured as the distance between the withers and chest floor; chest 
P RX X7 5 7girth (CG), measured as the body circumference just behind the 

Y  = P X X  + P RX X  + P RX X  + P RX X  + P RX X  + P  + forelegs and shin circumference (SC), measured as the canon bone 6 1 1 6 2 2 6 3 3 6 4 4 6 5 5 6 6

P RX Xperimeter. Body weight (BW) was measured in kg using a hanging 7 6 7

scale. The height and circumference measurements (cm) were done Y  = P RX X  + P RX X  + P RX X  + P RX X  + P RX X  + P X X  7 1 1 7 2 2 7 3 3 7 4 4 7 5 5 7 6 6 7

using a tape rule while the width measurement was done using a + P7

calibrated wooden calliper. The measurements were carried out by 
where R is correlation coefficient between the variables. The the same person in order to avoid between individual variations.
equations illustrate the splitting process for a 7 factor variables with 
one effect variable Y. Statistical analysis

The multiple linearregression model adopted for the studies Means, standard deviation and coefficients of variation of the 
wasbody weight and body measurements of sheep adjusted for sex 

effects were computed using Microsoft Excel 2007 version. The 
Y = a + b X  + b X  + b X  + ---------------- + bpXpinitial values of the parameters measured were transformed to 1 1 2 2 3 3

generate the standardized version from the unstandardized 
where Y is dependent or endogenous variable (body weight), a is variables using the means and standard deviations as described by 
intercept, b is regression coefficients and X is independent or Akintunde (2012). The standardized data was then subjected to 
exogenous variables (BL, HL, HW, HAW, CD, CG, SC).regression and bivariate correlation analysis using SPSS (2001). 

The standardized partial regression coefficients called direct path 
coefficients were calculated thus:

Results and discussion
σX /σY= 'P ', the path coefficient from X  to Y,1 1 1

σX /σY=  'P ', the path coefficient from X  to Y, Morphometric traits2 2 2

The result of the descriptive statistics of body weight and body σX /σY=  'P ', the path coefficient from X  to Y,3 3 3

measurement traits of indigenous Nigerian sheep is presented in σX /σY=  'P ', the path coefficient from X  to Y,4 4 4

Table 1. Male sheep had better values for all the traits measured σX /σY=  'P ', the path coefficient from X  to Y,5 5 5

except BW where the females were better than both the males and σX /σY=  'P ', the path coefficient from X  to Y,6 6 6
the combined population. The trend for all the other traits was in the σX /σY=  'P ', the path coefficient from X  to Y,7 7 7
order male sheep > combined population > female sheep. The 
greatest variation was observed for BW in male sheep, followed by 

where Y is the effect and X X , X , X , X , X  and X  are the causes. 1, 2 3 4 5 6 7 CD and HAW. The least variation in the males was observed for BL. 
The indirect contributions of X X , X , X , X , X  and X  to Y were 1, 2 3 4 5 6 7

Table 1. Descriptive statistics for all traits in male and female Yankasa sheep

a,b,c – Means within the same row with different superscript differ (P<0.05) significantly, BW – body weight, BL – body 
length, HL – head length, HW – head width, HAW – height at withers, CD – chest depth, CG – chest girth, SC – shin 
circumference, BL – body length

Parameter
Mean Mean MeanSD SD SDCV CV CV

Male (n=157) Female (n=222) Total (n=379)

BW, kg

BL, cm

HL, cm

HW, cm

HAW, cm

CD, cm

CG, cm

SC, cm

 

c29.16
a125.59
a23.19
a15.01
a77.70
a17.72
a81.94
a7.98

6.88

11.88

2.60

1.65

9.79

3.65

9.56

0.90

23.58

9.46

11.19

11.02

12.59

20.59

11.67

11.33

a30.05
c124.52
c22.57
c14.11
c74.58
c16.63
c79.07
c7.43

5.73

10.27

2.81

1.09

9.69

2.69

9.30

0.96

19.08

8.25

12.46

7.70

12.99

16.18

11.76

12.88

b29.68
b124.97
b22.83
b14.49
b75.87
b17.08
b80.26
b7.66

6.24

10.97

2.74

1.42

9.84

3.17

9.50

0.97

21.02

8.78

11.99

9.80

12.97

18.53

11.84

12.72
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In the females, BW had the greatest variation, followed by CD and 0.625). The lowest correlation in male sheep was observed between 
HAW in that order while the least variation was observed for HW. BW and HW (r = 0.451). In the females, BW and HL had the highest 
Body weight varied most in the combined population. This was correlation (r = 0.449), followed by correlation between BW and BL (r 
followed by CD and HAW with HW having the least variation. The = 0.439) while the lowest was observed between BW and SC (r = 
high biometric values obtained for all the traits studied is an 0.262). In the combined population, the best correlation was 
indication that the population of sheep studied apart from being between BW and HL (r = 0.509). This was closely followed by the 
adults, were probably strains of the Yankasa and Ouda sheep. correlation between BW and BL (r = 0.507) and BW and CG (r = 
These sheep breeds are known to be heavier than the West African 0.487). The least correlation was observed to be between BW and 
Dwarf sheep found mostly in the southern parts of Nigeria. Their HW (r = 0.336). The positive and significant phenotypic correlation 
adult status probably explains the differences observed in the observed between body weight and the linear body measurements, 
biometric values of this study when compared to that reported by suggests their control by the same genes. Since the relationship is 
Yakubu (2010). The high variation observed for BW and CD in the positive, selecting one of the traits will lead to a corresponding 
male, female and combined population of sheep means that these increase in body weight. According to Lener and Donald (1996), the 
traits are candidates for selection and subsequent genetic fact that majority of the genes controlling configuration traits in 
improvement. The high variation observed especially for body animals are of common action and not localized, signifies that 
weight is of economic importance to sheep farmers because of the formation of one part will lead to the formation of the other. This is 
likelihood of sheep having increase in their body weight when clearly due to pleiotropic effect. The positive nature of the correlation 
selection is properly done. The high variability in the traits might also portends that body weight could be estimated from body 
mean that inbreeding depression have not yet set in the indigenous measurements to a large extent and the linear body measurements 
Nigerian sheep population. could be used as basis for selecting animals that will grow to heavy 

body weight and produce the next generation of sheep. Similar high 
Pair-wise correlation correlation coefficients between body weight and body 
The coefficient of correlation between body weight and body measurements have been reported in sheep (Aziz and Sharaby, 

measurements of indigenous Nigerian sheep are presented in 1993; Yakubu, 2010).
Tables 2a and 2b. The correlation between BW and the body 
measurements were all positive. The correlation between BW and Direct and indirect effects
the body measurements was highest between BW and SC in male The direct and indirect effect of morphological measurements 
sheep (r = 0.655), followed by correlation between BW and BL (r = on BW in male, female and combined population of indigenous 

Table 2a. Correlation coefficient between body weight and body measurements (male top of diagonal and female below the
diagonal) of Yankasa sheep

BW – body weight, BL – body length, HL – head length, HW – head width, HAW – height at withers, CD – chest depth, CG – 
chest girth, SC – shin circumference, ** (p<0.01), *(p<0.05).

BW

BW

BL

HL

HW

HAW

CD

CG

SC

1

0.439**

0.449**

0.290**

0.413**

0.333**

0.415**

0.262**

0.625**

1

0.635**

0.389**

0.649**

0.139*

0.608**

0.293**

0.623**

0.816**

1

0.442**

0.844**

0.143*

0.739**

0.275**

0.451**

0.452**

0.534**

1

0.354**

0.309**

0.393**

0.359**

0.602**

0.812**

0.803**

0.274**

1

0.090

0.868**

0.335**

0.475**

0.292**

0.415**

0.573**

0.251**

1

0.218**

0.215**

0.609**

0.760**

0.721**

0.275**

0.885**

0.258**

1

0.342**

0.655**

0.652**

0.670**

0.657**

0.566**

0.568**

0.607**

1

BL HL HW HAW CD CG SC

Table 2b. Correlation coefficient between body weight and body measurements of Yankasa sheep (combined population)

BW – body weight, BL – body length, HL – head length, HW – head width, HAW – height at withers, CD – chest depth, CG – 
chest girth, SC – shin circumference, ** (p<0.01).

BW

BW

BL

HL

HW

HAW

CD

CG

SC

1

0.507**

0.509**

0.336**

0.480**

0.389**

0.487**

0.395**

1

0.703**

0.405**

0.712**

0.213**

0.667**

0.427**

1

0.481**

0.829**

0.279**

0.735**

0.437**

1

0.336**

0.488**

0.351**

0.539**

1

0.190**

0.878**

0.450**

1

0.255**

0.404**

1

0.469** 1

BL HL HW HAW CD CG SC
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Nigerian sheep is presented in Tables 3a, 3b and 3c respectively. positive direct influence on body weight in the combined population, 
Shin circumference had the greatest direct effect on body weight in followed by BL and HL respectively. The least direct effect was 
male sheep followed by CD while the least direct effect was made by observed for HAW. The insignificant nature of the direct effects of BL, 
HL. When combined, the indirect effects acting on BW were HL, HW, HAW and CG (male sheep), HW, HAW, CG and SC (female 
observed to be greater than the direct effects and this was mostly via sheep) and HW, HAW, CG and SC (combined population), and the 
BL, CG and SC which had the best values. Path coefficient or direct large total indirect effects for the traits is an indication that the 
effect of HW on body weight in female sheep (Table 3b) was significant correlations observed between the traits and BW were 
negative. Chest depth had the highest positive direct influence on due to indirect effects. 
body weight in female sheep, followed by HL and BL respectively. The indirect effects were realized through SC (for BL, HL, HW 
The least was observed for HW. Path coefficient or direct effects of and CG) and CG (for HAW) in male sheep, all realized via HL in 
HW and HAW on body weight in sheep (combined population) were female sheep and via CD (in the case of HW) and BL (in the case of 
observed to be negative (Table 3c). Chest depth had the highest HAW, CG and SC) in the combined population. The direct effects of 

Table 3a. Direct and indirect effects of body measurements on body weight of Yankasa sheep, male

Bold – direct effect, BL – body length, HL – head length; HW – head width, HAW – height at withers, CD – chest depth, CG – 
chest girth, SC– shin circumference, * (p<0.05)

BL

HL

HW

HAW

CD

CG

SC

0.165

0.135

0.075

0.134

0.048

0.125

0.108

0.027

0.033

0.018

0.027

0.014

0.024

0.022

0.0032

0.0037

0.007

0.0019

0.004

0.0019

0.0046

0.086

0.085

0.029

0.106

0.027

0.094

0.060

0.058

0.083

0.114

0.049

0.199*

0.051

0.113

0.122

0.116

0.044

0.143

0.042

0.161

0.098

0.163

0.168

0.164

0.142

0.142

0.152

0.250*

0.624

0.624

0.451

0.603

0.476

0.609

0.656

BL HL HW

Indirect effects
Traits 

HAW CD CG SC Total

Table 3b. Direct and indirect effects of body measurements on body weight of Yankasa sheep, female

Bold – direct effect, BL – body length, HL – head length; HW – head width, HAW – height at withers, CD – chest depth, CG – 
chest girth, SC– shin circumference, * (p<0.05)

BL

HL

HW

HAW

CD

CG

SC

0.218*

0.138

0.085

0.142

0.030

0.133

0.064

0.149

0.234*

0.103

0.198

0.034

0.173

0.064

-0.0066

-0.0075

-0.017

-0.006

-0.0053

-0.0067

-0.0061

0.0039

0.0051

0.0021

0.006

0.0005

0.0052

0.002

0.035

0.036

0.078

0.023

0.252*

0.055

0.054

0.019

0.023

0.012

0.027

0.0068

0.031

0.011

0.021

0.020

0.026

0.025

0.016

0.025

0.073

0.439

0.449

0.289

0.413

0.334

0.415

0.262

BL HL HW

Indirect effects
Traits 

HAW CD CG SC Total

Table 3c. Direct and indirect effects of body measurements on body weight of Yankasa sheep, combined population

Bold – direct effect, BL – body length, HL – head length; HW – head width, HAW – height at withers, CD – chest depth, CG – 
chest girth, SC– shin circumference, * (p<0.05)

BL

HL

HW

HAW

CD

CG

SC

0.243*

0.171

0.098

0.173

0.052

0.162

0.104

0.129

0.184*

0.089

0.153

0.051

0.135

0.080

-0.024

-0.028

-0.059

-0.019

-0.029

-0.021

-0.032

-0.014

-0.017

-0.0067

-0.020

-0.0038

-0.018

-0.009

0.053

0.069

0.122

0.048

0.250*

0.064

0.101

0.080

0.088

0.042

0.105

0.031

0.120

0.056

0.041

0.042

0.051

0.043

0.038

0.045

0.095

0.508

0.509

0.337

0.481

0.389

0.487

0.396

BL HL HW

Indirect effects
Traits 

HAW CD CG SC Total
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CD and SC (male sheep), BL, HL and CD (female sheep) and BL, HL 
and CD (combined population) were however significant and hence, 
could be valuable in estimating body weight of indigenous Nigerian 
sheep. The results obtained from the present study shows that path 
analysis is a comprehensive way of determining the contributory 
factors leading to increase in BW in indigenous Nigerian sheep and 
in the process, it provides useful information which could be used in 
making correct selection decision during sheep improvement 
programmes. Path analysis is able to do this because of its ability to 
reveal both the direct and indirect effects of the independent 
variables or factors (BL, HL, HW, HAW, CD, CG and SC) on the 
dependent variable (BW). This is because correlation alone may 
perhaps not wholly provide the precise information on the 
contribution(s) made by the growth attributes to the overall body 
weight of the sheep. Yakubu (2010) reported that wrong conclusions 
leading to wrong selection could result if selection decision is based 
solely on phenotypic correlation. 

Percentage contribution of parameters
The greatest percentage contribution to body weight in male 

sheep was made by SC (Table 4). This was followed by CD and BL 
while the least contribution was by HW. In the females, the best 
percentage contribution was by CD, followed by HL and BL, CD 
made the utmost percentage contribution in the combined 
population, followed by BL and HL. The least percentage 
contribution to BW in females, and the combined population was by 
HAW. The most combined percentage contribution in male sheep 
was by BL via SC and CD via SC while it was by BL via HL in female 
sheep and in the combined population. The least combined 
percentage contribution was by HL via HW (male and combine 
sheep population), and HW via HAW (female sheep). The greatest 
percentage contribution was made by SC in male sheep, CD in 
female and in the combined sheep population (Table 4). This implies 
that these traits made the greatest contribution to body weight in 
indigenous Nigerian sheep. This might be because body weight and 
its component traits are influenced by the same sets of genes whose 
effect is pleiotropic in nature. It may also be because the traits are 
strongly influenced by environmental factors. The high residual 
effect observed in the study might be accounted for by unexplained 
factors (probably some traits) which might have played key roles or 
have positive effects on body weight of indigenous Nigerian sheep 
had they being included in the study.

Establishment of preliminary and optimized regression 
equations

The following equations with their coefficients of determination 
2(R ) were obtained from simple regression between BW and the 

body measurements:

Y = -0.0000003 + 0.165BL + 0.033HL+ 0.007HW + 0.106HAW 
2 + 0.199CD + 0.161CG + 0.250SC…………i (male sheep, R = 0.55).

Y = 0.009 + 0.218BL + 0.234HL - 0.017HW + 0.006HAW + 
0.252CD + 0.031CG + 0.073SC …………………...ii (female sheep, 

2 Y = -0.000001 + 0.152CD + 0.569SC ……………………i (male R = 0.31).
2 sheep, R = 0.45).Y = 0.006 + 0.243BL + 0.184HL - 0.059HW - 0.020HAW + 

Y = 0.01 + 0.237BL + 0.261HL + 0.263CD ……………. .ii 0.250CD + 0.120CG + 0.095SC …………………...iii (combined 
2 2 (female sheep, R = 0.31).population, R = 0.38).

Y = 0.007 + 0.288BL + 0.233HL + 0.263CD ..……………iii 
2 (combined population, R = 0.37).To optimize the models however, redundant (non-significant) 

variables were removed from the regression equations giving 
2 The extraction of the direct effects of BL, HL, HW, HAW and CG simplified versions with their coefficient of determination (R ). The 

(male sheep), HW, HAW, CG and SC (female and the combined simplified equations are:

Table 4. Percent contribution of different body 
measurement attributes of Yankasa sheep to body weight 
(kg)

Body
measurements

BL

HL

HW

HAW

CD

CG

SC

BL via HL

BL via HW

BL via HAW

BL via CD

BL via CG

BL via SC

HL via HW

HL via HAW

HL via CD

HL via CG

HL via SC

HW via HAW

HW via CD

HW via CG

HW via SC

HAW via CD

HAW via CG

HAW via SC

CD via CG

CD via SC

CG via SC

Residual effect

Total 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

0.004

0.001

0.01

0.01

0.02

0.03

0.0001

0.003

0.003

0.004

0.01

0.0002

0.001

0.0003

0.001

0.01

0.02

0.02

0.01

0.03

    0.02

  81.99

100.00

    

   

    

    

    

    

   

    

    

    

    

   

   

   

   

    

    

    

    

    

0.03

-0.001

0.001

0.01

0.004

0.005

-0.002

0.001

0.01

0.01

0.01

-0.00004

-0.001

-0.0002

-0.001

0.0001

0.0001

0.0002

0.002

0.004

    0.001

  82.61

100.00

    

   

   

    

    

    

   

   

    

    

    

    

   

   

   

   

   

   

    

    

0.03

-0.01

-0.004

0.01

0.02

0.01

-0.005

-0.003

0.01

0.02

0.01

0.0004

-0.01

-0.003

-0.003

-0.001

-0.002

-0.001

0.01

0.01

    0.005

  81.16

100.00

2.72

0.11

0.05

2.12

3.96

2.59

6.25

4.75

5.55

0.03

0.004

6.35

0.10

0.53

5.91

3.86

0.35

0.04

6.25

1.44

0.90

Male Female Combined

Contribution, %

Direct contribution

Combined contribution

BL – body length, HL – head length; HW – head width, 
HAW – height at withers, CD – chest depth, CG – chest 
girth, SC – shin circumference
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sheep population) from the regression equations is because their of prediction equations for estimating body weight of Zulu (Nguni) 
contribution to the overall body weight of the sheep might be sheep. Small Ruminant Research, 84, 41-46.
negligible considering their non-significant nature, and in the case of Kuzelov A, Taskov N, Angelakova T, Atanasova E and Mladenov 
HW and HAW; their negative nature. Similar procedures were M, 2011. Impact of live weight on the quality of pig halves and meat of 
carried out by Malau-Aduli et al. (2004) and Yakubu and Mohammed the large white breed. Biotechnology in Animal Husbandry, 27, 819-
(2012). Removal of the redundant variables however led to 824.http://www.istocar.bg.ac.rs/images/V27_I3/V27_I3_49.pdf

2 decrease in the R value of all the equations. The presence of BL and Lener IM and Donald HP, 1996. Modern development in animal 
CD in the optimized equations is in agreement with earlier reports breeding.295pp, Academic Press. London, UK. 
(Jawasrey and Khasawney, 2007; Kunene et al., 2009; Sowande et Malau-Aduli AEO, Aziz MA, Kojina T, Niibayashi T, Oshima K and 
al.,2010; Yakubu, 2010), where particularly chest measurements Komatsu M, 2004. Fixing collinearity instability using principal 
were implicated as the traits having the most significant effect on components and ridge regression analyses in the relationship 
body weight in sheep. Thys and Hardouin (1991) reported that heart between body measurements and body weight in Japanese Black 
girth (which is a chest measurement), explained 86.5% of the cattle. Journal of Animal and Veterinary Advances, 3, 856-
variation of the body weight of rams and 90.8% of that of the body 863.http://medwelljournals.com/abstract/?doi=javaa.2004.856.863
weight of ewes in their study of sheep body weight in Cameroun. The Mendes M, Karabayir A and Pala A, 2005. Path analysis of the 
presence of BL in the optimized equation however disagrees with the relationship between various body measures and live weight of 
observation of Orji and Steinbach (1981) on the Nigerian Dwarf American Bronze turkeys under three different lighting programs. 
Sheep. They reported that the determination of HAW and BL do not Tarim Bilimleri Dergisis, 11, 184-188.
improve significantly on formulae based on heart girth. Orji BIand Steinbach J, 1981. Post-weaning growth and 

development of Nigerian Dwarf sheep. Tropical Animal Health and 
Production, 13, 101-106. http://www.ncbi.nlm.nih.gov/pubmed 
/7233557

Conclusion 
Ogah MD, Hassan ID and Musa IS, 2009. Path analysis of the 
relationship between various body measurement and live weight in 

Results from the study showed that there were positive and immature West African Dwarf goats.Annale IBNA, 25, 72-77.
significant phenotypic correlations between body weight and body Sowande O, Oyewale BandIyasere O, 2010. Age- and sex-
measurement traits in the indigenous Nigerian sheep population dependent regression models for predicting the live weight of West 
studied. The results of path analysis also revealed that CD and SC African Dwarf goat from body measurements. Tropical Animal 
(in males), BL, HL and CD (in females and in the combined Health and Production, 42, 969-975. http://link.springer.com/ 
population) contributed directly to the body weight of indigenous article/10.1007%2Fs11250-009-9515-4/lookinside/000.png
Nigerian sheep. The implication is that body weight of indigenous Thys Eand Hardouin J, 1991. Prediction of sheep body weight in 
Nigerian sheep could be estimated accurately using body markets in the far north Cameroon. Livestock Research for Rural 
measurements such as BL, CD, HL and SC. Selecting and improving Development, 3, Article #1http://www.lrrd.org/lrrd3/1/hardouin.htm
these traits will most likely lead to an improvement in the live body 

Riva J, Rizzi R, Marelli SandCavalchini LG, 2004. Body 
weight of indigenous Nigerian sheep.

measurements in Bergamasca sheep. Small Ruminant Research, 
55, 221-227.DOI:10.1016/j.smallrumres.2003.12.010
SPSS, 2001.Statistical Package for Social Sciences.SPSS Inc., 444 

References Michigan Avenue, Chicago IL60611.
Topal M and Esenbuga N, 2001. A study of direct and indirect 

Afolayan RA, Adeyinka IA and Lakpini C A M, 2006. The effects of some factors on weaning weight of Awassi lambs. Turkish 
estimation of live weight from body measurements in Yankasa Journal of Veterinary and Animal Science, 25, 377-382.
sheep. Czech Journal of Animal Science, 51, 343-348. Ulukan H, Guler M and Keskin S, 2003. A path coefficient analysis 
http://www.agriculturejournals.cz/publicFiles/52310.pdf of some yield and yield components in Faba Bean (Viciafaba L.) 
Akintunde AS, 2012. Path analysis step by step using Excel. genotypes. Pakistan Journal of Biological Science, 6, 1951-1955.
Journal of Technical Science and Technologies, 1, 9-15. Von Oertzen T, Brandmeir AM and Tsang S, 2013. Ωnyx user 
Aziz MA and Sharaby MA, 1993. Collinearity as a problem in guide. P.1.
predicting body weight from body dimensions of Najdi sheep in Yakubu A, 2010. Path coefficient and path analysis of body weight 
Saudi Arabia. Small Ruminant Research, 12, 117-124. and biometric traits in Yankasa lambs. Slovak Journal of Animal 
Cam MA, Olfaz M and Soydan E, 2010. Body measurements Science, 43, 17-25. http://w3.cvzv.sk/slju/10_1/Yakubu.pdf
reflect body weights and carcass yields in Kerayaka sheep. Asian Yakubu A, 2011. Path analysis of conformation traits and milk yield 
Journal of Animal and Veterinary Advances, 5, 120-127. of Bunaji cows in small holders herds in Nigeria. Agricultura Tropica 
Jawasrey KIZ and Khasawney AZ, 2007. Studies of some Et Subtropica, 44, 152-157.
economic characteristics on Awassi lambs in Jordan. Egyptian http://www.projects.its.czu.cz/ats/pdf_files/vol_44_3_pdf/yakubu.p
Journal of Sheep and Goat Science, 2, 101-110. df
Jimcy J, Raghavan KCand Sujatha KS, 2011. Diversity of local Yakubu A and Ibrahim IA, 2011. Multivariate analysis of 
goats in Kerala, India based on mopho-biometric traits. Livestock morphostructural characteristics in Nigerian indigenous sheep. 
Research for Rural Development, 23, Article #5 Italian Journal of Animal Science, 10(2), 83-86.
http://www.lrrd.org/lrrd23/5/jimc23119.htm Yakubu A and Mohammed GL, 2012. Application of path analysis 
Keskin S, Kor A and Mirtegioghi H, 2005. A study of relationship methodology in assessing the relationship between body weight and 
between milk yield and some udder traits by use of path analysis in biometric traits of Red Sokoto goats in northern Nigeria. 
Akkeci goat. Journal of Animal and Veterinary Advances, 4, 547-550. Biotechnology in Animal Husbandry, 28, 107-117.
Kunene NW, Nesamvuni AE and Nsahlai IV, 2009. Determination 



Review

Genetics and Breeding

Nutrition and Physiology

Effect of physical form and protein source of starter feed on growth and development of dairy calves 
E. Yavuz, G. Ganchev, N. Todorov

Characterization of Plasmopara viticola isolates from Bulgaria with microsatellite markers
K. Kosev, I. Simeonov, G. Djakova, T. Hvarleva

Total phenol content, antioxidant activity of hip extracts and genetic diversity in a small population of R. 
canina L. cv. Plovdiv 1 obtained by seed propagation
M. Rusanova, K. Rusanov, S. Stanev, N. Kovacheva, I. Atanassov

Correlation between qualitative-technological traits and grain yield in two-row barley varieties 
N. Markova Ruzdik, D.Valcheva, D.Vulchev, Lj. Mihajlov, I. Karov, V. Ilieva

Application of path coefficient analysis in assessing the relationship between growth-related traits in 
indigenous Nigerian sheep (Ovis aries) of Niger State, Nigeria
S. Egena, D. Tsado, P Kolo, A. Banjo, M. Adisa-Shehu-Adisa

Effect of height of stem on the productivity of winter common wheat
N. Tsenov, T. Gubatov, E. Tsenova

Influence of the direction of crossing on activities of heterosis regarding the height of plants and number 
of leaves in Burley tobacco hybrids
Ts. Radoukova, Y. Dyulgerski, L. Dospatliev

Common winter wheat lines with complex resistance to rusts and powdery mildew combined with high 
biochemical index
V. Ivanova, S. Doneva, Z. Petrova

Study of emmer (Triticum dicoccum (Schrank) Shuebl.) accessions for traits related to spike 
productivity and grain quality in connection to durum wheat improvement
K. Taneva, V. Bozhanova, B. Hadzhiivanova

Phenotypic stability of yield on varieties and lines of durum wheat (Triticum durum Desf.)
R. Dragov, D. Dechev

Classification and regression tree analysis in modeling the milk yield and conformation traits for 
Holstein cows in Bulgaria
A. Yordanova, S. Gocheva-Ilieva, H. Kulina, L.Yordanova, I. Marinov

Potential N-supplying ability of soil depending on the size of soil units under different soil tillage 
systems 
M. Nankova, P. Yankov

CONTENTS 1 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 2, 2015

149

159

162

167

173

179

199

186

190

208

214

204



Production Systems

Agriculture and Environment

Product Quality and Safety

Tolerance and own tolerance of wheat under conditions of permanent and long-term rotation
N. Nankov, G. Milev, A. Ivanova, I. Iliev, M. Nankova

Influence of fertilization and sowing density on grain production of Sorghum bicolor L., in the 
climatic conditions of Central Moldavia, Romania
S. Pochişcanu, T. Robu, A. Gherasim, M. Zaharia

Effect of locomotor activity of Russian sturgeons (Acipenser Gueldenstaedtii Brandt) on water 
heat flows in a recirculation system 
K. Peychev, Y. Staykov, S. Stoyanova

The effect of stocking density on some hydrochemical parameters and growth traits in European 
perch (Perca fluviatilis L.), cultivated in a recirculation system
G. Zhelyazkov

Agroecological assessment of wastewater from Municipal Wastewater Treatment Plant by physico-
chemical parameters 
G. Kostadinova, D. Dermendzhieva, G. Petkov, I. Taneva

Exploring the yield potential and spike characteristics of tritordeum (×Tritordeum ascherson et 
graebner) accessions under the conditions of South Dobrodza
H. Stoyanov

Effect of amitraz on varroosis in bees (Apis mellifera L.)
K. Gurgulova, I. Zhelyazkova, S. Takova, K. Malinova

New data about Crocus olivieri J. Gay on the territory of Sinite Kamani Natural Park, Bulgaria
N. Grozeva, M. Todorova, M. Gerdzhikova, G. Panayotova, N. Getova, D. Dohchev, K. Tsutsov

Near Infrared Spectroscopy and aquaphotomics for monitoring changes during yellow cheese 
ripening
S. Atanassova

Investigation on the technological traits of Bulgarian and imported merino wool batches
D. Pamukova

CONTENTS 2 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 2, 2015

221

229

234

238

242

250

260

264

269

273



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.



Volume 7, Number 2
June 2015

www.agriscitech.eu


	005
	WEB-TMPL
	TABLE OF CONTENT
	WEB-TMPL


