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Beyhan O., E. Eyduran, M. Akın, S. Ercisli, M. K. Gecer, A. E. Karahan (2016): 

Identification of the relationship between some characteristics of native walnut 

genotypes peculiar to Darende district of Malatya province: use of factor analysis 

scores in multiple linear regression.- Genetika, Vol 48, No.3, 923 - 932. 

Two main aims of this investigation were to predict kernel ratio (KR) and kernel weight 

(KW) from some walnut characteristics, respectively. For these aims, a total of 112 

Walnut genotypes growing in nature were collected at Darende District of Malatya 

province in the Eastern Anatolia region of Turkiye. The walnut characteristics evaluated 

were nut length (NL), nut width (NW), nut height (NH), nut weight (NWe), shell 

thickness (ST), kernel ratio (KR) and kernel weight (KW), respectively. Independent 

variables were subjected to factor analysis based on principal component extraction 

method and VARIMAX rotation. On the basis of jointly using factor scores in multiple 

regression, KR (81.3 % R2 and 80.6 % adjusted R2) and KW (94.7% R2 and 94.5% 

adjusted R2) characteristics were predicted by using four factor scores with a big 

accuracy without multicollinearity problem. 

Consequently, the present results revealed that, walnuts of heavier KW and NWe in the 

prediction of KR would be expected to produce those of higher KR, and walnuts of 

higher values in NH, NW, NWe, ST, NL, and KR in the prediction of KW would be 
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expected to produce those of heavier KW. The knowledge may help walnut breeders to 

improve new selection strategies.  

Keywords: Walnuts; Pomology; Multiple linear regression, Factor Analysis 

 

INTRODUCTION 

Walnut (Juglans regia L.), which is economically preferred for nut and wood production, is one 

of the most paramount edible crop species in the World (ASLANTAS, 2006), and is a very rich 

source in omega 3 fatty acids and antioxidant compounds, and most particularly, has many 

health benefits. Owing to its numerous benefits, an examination of the relationship between nut, 

kernel and tree characteristics is needful in the selection of promising walnut genotypes from the 

population with the objective to raise fruitfulness in walnut breeding program (AMIRI et al., 

2010; BEYHAN and OZATAR, 2007; ZENELI et al., 2005).  Their relationship referred above has 

been emphasized on the basis of indirect selection by many investigators to obtain better 

genotypes (AMIRI et al., 2010; BAYAZIT, 2012; MOSIVAND et al., 2013; SAKAR et al., 2011). 

However, the strongest identification of the relationship is possible to select precise statistical 

techniques.           

 Several important correlations between pairs of kernel, nut, and tree characteristics in 

walnut selection investigations were evaluated (AMIRI et al., 2010; ASLANTAS, 2006; BAYAZIT, 

2012; MOSIVAND et al., 2013; SAKAR et al., 2011). Some investigators revealed similarities or 

differences of Walnut genotypes by using cluster analysis technique in compliance with these 

characteristics punctuated for breeding goals (ASLANTAS, 2006; NOROUZI et al., 2013). However, 

the most efficient way to correctly define the sophisticated relationship among the characteristics 

is to adopt trustable statistical techniques; namely, path analysis, principle component analysis 

(COMULESCU and BOTU, 2012; MOSIVAND et al., 2013), factor analysis (NOROUZI et al., 2013), 

and most especially, the joint use of factor analysis scores in multiple regression modeling 

(SAKAR et al., 2011). Therefore, the employment of factor analysis scores in multiple linear 

regression among these statistically effective techniques enables investigators to thoroughly 

eradicate multicollinearity (SAKAR et al., 2011) and is scarce in the definition of the association 

among nut-kernel-tree characteristics such that derivation of high eligible variables (factor 

scores) is provided by using factor analysis.  Consequently, the main purposes of the current 

work were to predict kernel ratio (KR) and weight (KW) from other nut, shell, and kernel 

characteristics of 112 wild walnut genotypes growing naturally at Darende district of Malatya 

province in the eastern Anatolia region of Turkey. Understanding the relationship between 

walnut characteristics will be of great significance in the development of walnut breeding 

strategies to identify superior walnut genotypes growing in the wild.             

 

MATERIALS AND METHODS 

Data collection 

 In the current investigation, 112 wild walnut genotypes were collected from the natural 

environment of Darende district (lat. 380 33’ N, long 370 29’ E, and 1052 meters above sea level) 

of Malatya province in the Eastern Anatolia region of Turkey. Those genotypes were provided 

from the Darende wild condition. The averages of three-year data collected from the wild walnut 

genotypes were used for statistical evaluation in the current investigation to obtain useful 

equations to predict kernel characteristics.  
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 Harvest time for the wild walnuts collected from natural environment was between 15 

September and 1 October.  At harvest, 20 walnuts per genotype were collected and dried in 

shadow for a week. Then, these 20 walnuts were kept at 30 0C for 24 hours in drying-oven. All 

the pomological characteristics have been evaluated on the basis of walnut-descriptor.                 

 

Statistical Analysis      

 Walnut characteristics evaluated statistically in the investigation were nut length (NL), 

nut width (NW), nut height (NH), nut weight (NWe), shell thickness (ST), kernel ratio (KR) and 

kernel weight (KW), as continuous variables, respectively. On the basis of the joint use of factor 

analysis scores in multiple linear regression, the first aim of the current study was to predict 

Kernel Ratio (KR) from nut length (NL), nut width (NW), nut height (NH), nut weight (NWe), 

shell thickness (ST), and kernel weight (KW), respectively. The second aim was to predict -

kernel weight (KW) from nut length (NL), nut width (NW), nut height (NH), nut weight (NWe), 

shell thickness (ST), and kernel ratio (KR), respectively. The data in the current investigation 

were obtained from PhD Thesis of the first author in order to perform different statistical 

modeling.     

 Independent variables were first subjected to factor analysis based on principal 

component extraction method and VARIMAX rotation for the multiple linear regressions 

modeling to avoid very high multicollinearity. To identify the relationship between some walnut 

characteristics of native walnut genotypes without multicollinearity, factor analysis scores were 

used as independent variables in multiple linear regressions.   

As defined by SAKAR et al. (2011), factor analysis could be written in matrix form as follows:  

Zpx1 = λpxm Fmx1 + Epx1  

where  

Z is a px1 vector of independent variables, λ is a pxm matrix associated to factor loadings, F is a 

mx1 vector of factors, and E is a px1 vector of error factors. In factor analysis, eigenvalues were 

used to obtain a correlation matrix from raw walnut data. To more easily interpret factor 

loadings, VARIMAX rotation was applied to independent variables. Factor score coefficients 

were obtained for each selected factor. Factor loading is calculated as the correlation between a 

variable and a factor. The number of factors sufficient for factor analysis was determined based 

on eigenvalues greater than unity. Thus, new uncorrelated variables called factor scores were 

obtained for multiple linear regression.   

 Multiple linear regression equations can be written for four factor scores from independent 

variables to predict KR and KW as:  

KR = a + b1 FS1 + b2 FS2 + b3 FS3 + b4FS4+ e  

 KW = a + b1 FS1 + b2 FS2 + b3 FS3 + b4FS4+ e 

where,  
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a: intercept (with its zero),  b1, b2 , b3 ,and b4 are regression coefficients (slopes) peculiar to factor 

scores, FS is factor scores, and e: error term. Coefficients of determination (R2) and adjusted 

coefficients of determination were used to evaluate the multiple linear regression models. 

Variance Inflation Factor (VIF) was estimated to evaluate collinearity of each independent 

variable included in the regression model. All the statistical analyses were performed using 

MINITAB 14 (ANONYMOUS, 2000).  

 

RESULTS AND DISCUSSION 

Correlation coefficients between kernel, nut, and shell characteristics are given in Table 1. 

Several significant correlations were positively estimated for NL-NWe (r=0.587, P<0.01), NW-

NWe (r=0.678, P<0.01), NW-NL (r=0.670, P<0.01), NH-NWe (r=0.698, P<0.01), NH-NL 

(r=0.598, P<0.01), ST-NWe (r=0.445, P<0.01), NW-NH (r=0.861, P<0.01), KW-NWe (r=0.735, 

P<0.01), KW-NL (r=0.361, P<0.01), KW-NW (r=0.471, P<0.01), and KW-NH (r=0.466, 

P<0.01), respectively (Table 1). Only KR was positively associated with KW, (r=0.507, P<0.01), 

whereas it was adversely correlated with NL (r= - 0.280 P<0.01), and NH (r=-0.262, P<0.01). 

 

Table 1.   Pearson correlation coefficients describing the relationships between six walnut characteristics                       

 Nut weight 

(NWe) 

Nut length 

(NL) 

Nut width 

(NW) 

Nut height 

(NH) 

Shell thickness 

(ST) 

Kernel weight 

(KW) 

NL            0.587**      

NW 0.678** 0.670**     

NH 0.698** 0.598** 0.861**    

ST 0.445** 0.077 0.103 0.185   

KW 0.735** 0.361** 0.471** 0.466**        0.024  

KR -0.162 -0.280** -0.226 -0.262** -0.527** 0.507** 

**P<0.01   

 

Kernel Ratio (KR) as a Dependent Variable 

 Approaches such as Ridge Regression and Regression tree method to prevent 

multicollinearity problem in multiple regression was recommendable whereas using factor 

analysis scores in multiple regression was confirmed in discrepant scientific fields to provide a 

more efficient solution (SAKAR et al., 2011).  

Factor analysis results: Factor analysis based on VARIMAX rotation was executed for other 

pomological characteristics except for KR, a dependent variable. The current results obtained in 

the application of factor analysis are summarized in Table 2. Thus, new uncorrelated variables 

that were more convenient in the current work were derived from these independent (raw) 

variables measured as referred in earlier published papers.  

 Efficient use of NH, NW, KW, ST, NWe, and NL was provided by applying factor 

analysis based on VARIMAX rotation. In this way, four new uncorrelated variables with 

eigenvalues greater than unity were formed more purposively from these signified six raw 

variables hereinabove. Sorted rotated factor loadings, communalities, and factor score 

coefficients estimated for factor analysis are shown in Table 2. Four new uncorrelated variables 

explained 96.3% of the variation in the horticultural data under the current investigation (Table 

2). Very large communalities with a very narrow range of 0.929 to 0.996 are desired estimates in 
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applications of factor analysis. Factor loadings rotated and sorted as a consequence of 

VARIMAX rotation are indicated in Table 2. The first 2 subsets comprising NH (0.905) and NW 

(0.868) loaded strongly on factor 1. KW (-0.958) and NWe (-0.675) were responsible for 

formation of factor 2. Invariably, ST (-0.992) loaded very strongly on factor 3, and NL (0.905) 

loaded strongly on factor 4. 

Table 2. Principal component factor analysis of the correlation matrix with rotated factor loadings and 

communalities and factor score coefficients involving six characteristics of walnuts where kernel 

ratio is the dependent variable 

Variable Factor1 Factor2 Factor3 Factor4 Communality 

NH 0.905 -0.251 -0.118 0.216 0.943 

NW 0.868 -0.247 -0.024 0.339 0.929 

KW 0.224 -0.958 0.039 0.109 0.980 

NWe 0.462 -0.675 -0.414 0.321 0.943 

ST 0.064 -0.034 -0.992 0.016 0.990 

NL 0.379 -0.180 -0.029 0.905 0.996 

Variance 1.9822 1.5301 1.1723 1.0957 5.7803 

% Var 0.330 0.255 0.195 0.183 0.963 

Factor Score Coefficients 

Variable Factor1 Factor2 Factor3 Factor4 

NWe          -0.066    -0.402    -0.253     0.078 

NL           -0.360     0.134     0.037     1.240 

NW           0.627     0.183     0.111    -0.141 

NH          0.754     0.185     0.030    -0.384 

ST     -0.077     0.102    -0.904    -0.025 

KW               -0.242    -0.886     0.167    -0.150 

NL: nut length, NW: nut width, NH: nut height, NWe: nut weight, ST: shell thickness, KW: kernel weight 

 

Results of using factor analysis scores in multiple linear regression:  Results from factor 

analysis scores in multiple linear regression modeling are presented in Table 3.  

Multiple regression prediction equation for KR could be written as follows:  

KR = - 0.311 FS1 - 0.566 FS2 + 0.559 FS3 - 0.289 FS4.  

ANOVA for multiple linear regression produced a significant F value (P<0.01). A good 

characterization (81.3 % R2 and 80.6 % adjusted R2) for KR as a dependent variable was 

provided without encountering multicollinearity as all VIF values equaled unity. FS1, FS2, FS3, 

and FS4 were highly related to KR, which was standardized according to its own mean and 

standard deviation (P<0.01).  Thus, biological interpretation of KR was made based on Tables 2 

and 3. As there were numerically similar signs (++ or --) of sorted rotated factor loadings (Table 

2) and regression coefficients of factor scores (Table 3), an increment in KR would be expected. 

When Tables 2 and 3 were evaluated for factor 2, there were only similar signs of the sorted-

rotated factor loadings of meaningful independent variables (KW=-0.958 and NWe= -0.675) and 

the regression coefficient of the factor score (-0.56582).  The heavier KW and NWe, the higher 

KR would be deduced. Except for factor 2, KW, and NWe, signs of the other rotated factor 
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loadings and the regression coefficients of factor scores of factors 1, 3, and 4 were different from 

each other (-+ or +-), and a declination in KR would be presumed. Thus, walnuts with higher 

NH, NW, ST, and NL would be expected to produce walnuts with lower KR. 

 

Table 3. Regression coefficients obtained from multiple linear regression using four factor scores from 

factor analysis as independent variables to predict kernel ratio 

Predictor    Coef SE Coef        T VIF 

  

FS1 -0.31064   0.04001      -7.76**   1.0 

FS2 -0.56582   0.04001   -14.14**   1.0 

FS3 0.55883   0.04001    13.97**   1.0 

FS4 -0.28940   0.04001    -7.23**   1.0 

** P<0.01, S = 0.440122     R-Sq = 81.3%     R-Sq(adj) = 80.6%    

 

Kernel Weight (KW) as a Dependent Variable 

Factor analysis results: NH, NW, NWe, ST, NL, and KR were exposed to factor analysis on the 

basis of VARIMAX rotation and principle component extraction method. Factor analysis results 

are given in Table 4. The largest communalities were elicited from the analysis (0.924 to 0.987). 

NH (0.934), NW (0.900), and NWe (0.628) strongly loaded on factor 1, ST (-0.912) was strongly 

related to factor 2, NL (0.892) was significantly correlated with factor 3, and KR (-0.946) was 

associated with factor 4. The extracted four factors with eigenvalues greater than unity were 

responsible for explaining 95.3% of the variation of the horticultural data on Walnut.    

 

Table  4.  Principal component factor analysis of the correlation matrix with rotated factor loadings and 

communalities and factor score coefficients involving six characteristics of walnuts where kernel 

weight is the dependent variable 

Variable Factor1 Factor2 Factor3 Factor4 Communality 

NH 0.934    -0.113     0.197     0.125         0.939 

NW 0.900    -0.025     0.324     0.098         0.924 

NWe 0.628    -0.588     0.412    -0.145         0.931 

ST 0.040    -0.912    -0.033 0.355         0.961 

NL 0.411    -0.019     0.892     0.150         0.987 

KR -0.112     0.242    -0.115    -0.946         0.978 

Variance 2.2591    1.2502    1.1224    1.0886        5.7203 

% Var 0.377     0.208     0.187     0.181         0.953 

Factor Score Coefficients 

Variable Factor1 Factor2 Factor3 Factor4 

NWe 0.082    -0.555     0.236    -0.452 

NL -0.386     0.098     1.195     0.037 

NW 0.547     0.210    -0.216     0.081 

NH 0.667     0.142    -0.468     0.095 

ST -0.136    -0.806    -0.105     0.025 

KR 0.020    -0.161     0.030    -0.952 

NL: nut length, NW: nut width, NH: nut height, NWe: nut weight, ST: shell thickness, KR: kernel ratio  
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Results of using factor analysis scores in multiple linear regression: ANOVA for multiple 

linear regression gave a significant F value (P<0.01). Table 5 gives statistical results of multiple 

linear regression analysis for the scores of factor analysis applied for independent variables 

except for KW. Nearly 95% of the variation in KW (94.7% R2 and 94.5% adjusted R2) was 

explained without multicollinearity (all VIF estimates=1) by adding factor scores (FS1, FS2, FS3 

and FS4) to the regression model.  

 

Table 5. Regression coefficients obtained from multiple linear regression using four factor scores from 

factor analysis as independent variables to predict kernel weight 

Predictor    Coef SE Coef        T VIF 

FS1 0.49607   0.02133    23.26**   1.0 

FS2 -0.30834   0.02133    -14.46**   1.0 

FS3 0.29675   0.02133    13.91**   1.0 

FS4 -0.71941   0.02133    -33.73**   1.0 

** P<0.01, S = 0.234606   R-Sq = 94.7%   R-Sq(adj) = 94.5% 

 

 The KW predictive equation was KW = + 0.496 FS1 - 0.308 FS2 + 0.297 FS3 - 0.719 

FS4. Numerically, same signs of the sorted-rotated factor loadings (Table 4) and regression 

coefficients of the scores of the extracted factors (Table 5) are estimated (++ or --), an increment 

in KW would be found out. Due to the fact that there were similar signs of the rotated factor 

loadings and the regression coefficients of factor scores, walnuts with higher values of NH, NW, 

NWe, ST, NL, and KR would be expected to produce walnuts with heavier KW. This means that 

NH, NW, NWe, ST, NL, and KR were positively related to KW and may allow breeders to 

improve new selection strategies on discovering more fruitful walnut genotypes.           

 Graphs of standardized error term versus fit values for KR and KW illustrated nearly all 

of these error terms between -2 and +2 (data not shown), meaning that normal distribution 

assumption of error terms was valid.    

 There have been numerous reports of the bivariate relationship between nut, shell, and 

nut characteristics in walnut. AMIRI et al. (2010) reported that NWe was positively correlated 

with KW (r=0.785, P<0.01), which was in agreement with the correlation (0.735, P<0.01) 

estimated in the current investigation. They estimated a negative correlation of 0.464 for ST-KR, 

which indicated a similar tendency with the correlation of -0.527 for the ST-KR in the current 

study, and also a negative correlation for NWe and KR (-0.361, P<0.01), in agreement with the 

correlation (-0.340) of ARZANI et al. (2008), with a similar inclination as predicated (-0.162, 

P>0.05) in the study. This means that thicker shells were related to  lower KR as mentioned 

previously by ARZANI et al. (2008), who declared that NWe was a function of NL, NW, NT, 

KW, and ST, which was in accordance with those of the current study. The function was also 

expectedly confirmed in the present study that the heavier nuts (NWe) were longer (0.587), 

wider (0.678), thicker (0.445), and heavier (0.735), respectively, as observed in Table 1. 

ASLANTAS (2006) suggested that selection may be difficult for simultaneously obtaining both 

heavier nut and high KR.  

 SAKAR et al. (2011) predicted KW from independent variables such as: fruit length, fruit 

height, fruit weight, shell thickness, kernel ratio, and filled-firm kernel ratio walnut 

characteristics of walnut from Ankara, the capital of Turkey by using factor scores in multiple 
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linear regression. A predictive equation with a great accuracy of 85.9(%) was obtained for KW. 

It was concluded that there were positive influences of other independent variables referred 

above except for ST on KW. However, independent variables, NH, NW, NWe, ST, NL, and KR 

included in the current study had a positive influential on KW.     

 Significance of correlations varies based on magnitude of sample size. These 

correlations offer general information to investigators on the causal association of the 

characteristics expressed above. All walnut characteristics considered in the study must be 

evaluated simultaneously for more detailed knowledge on advancing better breeding strategies. 

 An accurate approach to discuss the current results with the earlier published results 

was impossible due to the differences in walnut characteristics, the collected walnut genotypes, 

statistical methods, and sample size based on all these studies.  

 To efficaciously examine biological mechanism of the sophisticated relationship 

between walnut characteristics and to make accurately better-decisions for walnut breeding 

goals, use of powerful statistical approaches is ineluctable. Correlations between pairs of walnut 

characteristics could be very insufficient in revealing the complex relations. Multiple linear 

regression and Ridge regression methods could be adversely influenced by multicollinearity 

problem. After qualified new uncorrelated variables that are more convenient derived from raw 

variables by using factor analysis, the better prediction equations for KR (81.3 % R2 and 80.6 % 

adjusted R2) and KW (94.7% R2 and 94.5% adjusted R2) characteristics could be obtained with a 

vast accuracy from the qualified variables. Thus, multicollinearity problems are eliminated by 

using factor scores of factor analysis with multiple regressions.  In conclusion, the present results 

revealed in the investigation that,  

 In the prediction of KR, walnuts of heavier KW and NWe would be expected to 

produce those of higher KR, and  

 In the prediction of KW, walnuts of higher values in NH, NW, NWe, ST, NL, and KR 

would be expected to produce those of heavier KW.  

 Special information referred above may help walnut breeders to develop new selection 

strategies with the aim of getting superior walnut genotypes.    
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Izvod 

Cilj ispitivanja je moggućnost predviđanja odnosa zrna (KR) i težine semena (KW) na osnovu 

nekih osobina oraha. U istraživanja je uključeno 112 genotipova oraha koji su rasli u prirodnim 

uslovima oblasti Darenda u istočnom region Anatolije, Turska. Ocenjivane su: dužina semena 

(NL), širina semena (NW), težina semena (NW), debljina ljuske (ST), odnos zrna (KR) i težine 

zrna(KW). Nezavisne promenljive su ispitivane faktorijalnom analizom zasnovanoj na analizi 

glavnih komponenata (principal components) i VARIMAX rotaciji. Dobijeni rezultati potvrđuju 

da se za genotipove  može očekivati oraha veće težine zrna (KW) i težine semena (NWe) u 

predviđanju KR može oćekivati  da daju veće zrno (KR) a genotipovi sa većim vrednostima NH, 

NW, NWe, ST, NL, i KR u predviđanju KW očekuje se da daju orahe veće težine zrna. (KW). 

Dobijeni podaci mogu da doprinesu unapređenju programa oplemenjivanja oraha. 
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