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Abstract 
 
The aim of this study was to determine relationship yield and yield components and to show 
efficiency of components on yield by using different statistical methods on data collected 
from berad wheat cultivars grown under rainfed conditions. Data of yield and yield 
components over the two years in the study were evaluated by statistical procedures; the 
correlation, multiple linear regression, path and factor analyse. Results in the study with 
respect to four statistical methods leaf area photosynthetic efficiency, green area 
photosynthetic efficiency, spike number per m2leaf area index, grain weight per spike and 
harvest index were the most important characteristics and they were highly effective on grain 
yield. 
 
Keywords: Wheat. Yield. Yield componentes.  
 

1. Introduction 

Grain yield is an important character and subject to many factors, affecting plant 

growth. Information of genetic association between yield and yield components could 

improve the efficiency of breeding programs by determining and effectively using criteria for 

selecting wheat genotypes. The main objective of wheat breeding programs is to introduce 

greater winter hardiness, greater yielding ability and eventually resistance to drought and 

diseases and great efforts have been made to create novel cultivars in breeding programs.  
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Grain yield in wheat is mostly under effect of some yield components (number of 

spikes per square meter, grain number per spike, and grain weight, leaf area photosynthetic 

index and green area photosynthetic index, leaf area index) that appear main milestones for 

breeding programs (Srivastava et al., 1987; Acevedo et al., 1989; Rasmusson, 1991; 

Annicchiarico and Pecetti, 1998; Abayomi and Wright, 1999; Garcia del Moral et al., 2003).   

  Distinct yield components have been used in breeding programs and determination 

and use of certain effective criteria are getting important for effectiveness of procedures 

(Genc, 1977; Ceylan, 1994; Stone and Nicolas, 1994; Annicchiarico and Pecetti, 1998; Leilah 

and Al-Khateeb, 2005; Arduini et al., 2006). There are various statistical techniques covering 

regression, correlation, path analysis, factor analysis to evaluate yield and yield components 

for breeding programs (Massart et al., 1997; Ozdamar, 1999; Slavkovic et al., 2004;  İkiz et 

al., 2006). Correlation and path analyses are important procedures to examine yield, and direct 

and indirect contribution of yield components (Ozdamar, 1999; Hiltbrunner et al., 2007) and 

they have been successfully used in wheat breeding programs (Massart et al., 1997). 

Regression analysis is efficiently used in modeling crop yield  (Ozdamar, 1999; İkiz et al., 

2006). Factor analysis is statistical technique that analyses by simplifying complex data and 

the characteristic of this technique is to transform variables correlated in to simplified 

variables and to show features of components (Ozdamar, 1999).  This study was carried out to 

determine the most effective yield components by using certain statistical procedures under 

rainfed conditions. The aim of this study to help bread wheat breeders how to determine the 

effect of yield components and what yield components could be efficiently used in breeding 

programs.   

 

 

2. Materials and Methods 

 

This study was conducted in the Ilıca location, belonged to Eastern Anatolia Research 

Institute in Erzurum, Turkey from 1999-2001. Rainfall was 286.9 mm in 1999-2000 and 

384.0 mm in 2000-2001. The soil had loamy texture (30.6% sand, 43.4% silt, and 26.0% 

clay); 2.60 dS m-1 electrical conductivity, 7.63 pH (H2O), 0.33% CaCO3, 174 kg P2O5 ha-1 

available phosphorus, 2408 kg K2O ha-1 and 2.09% organic matter. Eight wheat genotypes 

wewe used. These were Kırik, Tir, Doğu’88, Gerek’79, Hawk, Karasu’90, Lancer, 

Palandöken’97, respectively (Table 1).  



Evaluation of yield and  yield components by different statistical methods in wheat (T.aestivum L.). 
Olgun, M; Aygün, C. 

Custos e @gronegócio on line - v. 7, n. 2 - Mai/Ago - 2011.                                          ISSN 1808-2882 
www.custoseagronegocioonline.com.br 

 

67

 

Table 1. Means of data taken from yield and yield components during 1999-2000 and  

2000-2001 crop growing periods. 

 Genotypes 
Yield 

(t ha
-1

) 

Grain 

Filling 

Period 

(days) 

Leaf Area 

Photosynthetic 

Efficiency 

(g/m²/day) 

Green Area 

Photosynthet

ic Efficiency 

(g/m²/day) 

Spike 

Number 

Per 

m² 

Leaf 

Area 

Index 

Dogu-88 4,5  29,3  7,28  2,66  660,2  4,60  
Gerek-79 2,0  31,7  4,32  1,62  751,2  2,38  
Hawk 2,6  27,8  4,42  2,20  746,4  4,00  
Karasu-90 3,0  32,8  6,52  2,42  664,7  4,08  
Kırik 2,3  29,6  3,11  1,42  892,7  2,63  
Lancer 3,6  35,0  5,95  2,13  597,0  3,78  
Palandöken-

97 

3,9  29,3  6,23  2,21  702,4  4,32  

Tir 2,3  29,1  4,27  0,85  745,9  3,10  
Mean 

3.30±0.89 

30.58±2.3

9 5.26±1.43 1.94±0.60 720.0±88.0 

3.61±0.8

1 

Genotypes 

Days to 

Maturity 

Grain 

Number 

per Spike 

Grain Weight per 

Spike   
Plant Height 

Harvest 

Index 

1000 

Grain 

Weight 

Dogu-88 172.2  36.3 2.29 102.3 0.55 47.2 
Gerek-79 166.3 28.4 1.56 105.6 0.44 36.2 
Hawk 170.7 30.4 1.77 92.7 0.46 37.6 
Karasu-90 167.3 32.5 1.94 112.8 0.51 43.5 
Kırik 156.9 27.3 1.66 127.5 0.45 29.4 
Lancer 169.1 34.3 2.01 106.3 0.53 42.7 
Palandöken-

97 

173.4 33.5 2.05 103.9 0.53 46.3 

Tir 161.2 25.3 1.71 117.3 0.46 31.1 
Mean 167.1±5.6 31.0±3.7 1.87±0.24 109.21±11.22 0.49±0.04 39.2±6.7 

 
 

Doğu’88; winter-habit wheat genotype, released for rain fed conditions, red and 39 g 

1000 seed weight, tall (105 cm). Gerek’79; winter-habit wheat genotype, released for irain fed 

conditions, white and 38 g 1000 seed weight, tall (100 cm). Hawk; winter-habit wheat 

genotype, released for rain fed conditions, red and 37 g 1000 seed weight, tall (95 cm). 

Karasu-90; winter-habit wheat genotype, released for irrigated conditions, red and 45 g 1000 

seed weight, tall (102 cm). Kırik; local, alternative-habit wheat genotype, sown in rain fed or 

irrigated conditions, white and 36 g 1000 seed weight, tall (115 cm). Lancer; winter-habit 

wheat genotype, released for rain fed conditions, red and 34 g 1000 seed weight, tall (102 

cm). Palandöken’97; winter-habit wheat genotype, released for rain fed conditions, white and 

41 g 1000 seed weight, tall (95 cm). Tir; local, alternative-habit wheat genotype, sown in rain 

fed or irrigated conditions, white and 38 g 1000 seed weight, tall (105 cm). In the study, 

ammonium sulphate (21% N) and triple super phosphate (46%) were used as fertilisers. 

Experimental design was randomised completed block design. Plot size was 6 m x 1.2 m 
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(7.2m²). Wheat was sown in 1-15 September and seed rate was 475 seed/m². 60 kg N/ha x 5 

(½ at sowing stage and ½ at tillering stage) and 60 kg P2O5  (at sowing) were applied.  

Yield and spike number per m², grain filling period (Darwinkel et al., 1977; Slafer and 

Miralles, 1992), leaf area and green area photosynthetic efficiency (Gebeyehu et al., 1982; 

Slafer and Miralles, 1992), spike number per m2, leaf area index (Gebeyehu et al., 1982) days 

to maturity, grain number per spike, grain weight per spike, plant weight, harwest index and 

1000 grain weight (Darwinkel et al., 1977; Slafer and Miralles, 1992; Genç, 1977) were 

evaluated. Different statistical programs were used for correlation (SAS), path (TARIST), 

multiple regression (MINITAB 13) and factor (SPSS 14) analyses. Data of yield and yield 

components over the two years in the study were evaluated by statistical procedures; the 

multiplecorrelation analysis, regression analysis, path analysis, factor analysis.   

 
 

3. Results and Discussion 

3.1. Correlation analysis 

  
  

 Correlation analysis is widely used in statistical evaluations and it shows  efficiency 

of   relationship between two variables (Rees, 1995; Ozdamar, 1999).  Minimum, maximum, 

mean and standard deviation of all characters in wheat cultivars are shown in Table 2 and 

correlation coefficients in all variables are also given in Table 3.  

 
Table 2. Minimum, maximum, mean and standard deviation of characters of wheat 

cultivars. 

 Minimum Maximum Mean SD 
Yield (X0) 2.00  4.25  3.03  0.89  
Grain Filling Period (X1) 27.80  35.00  30.58  2.39  
Leaf Area Photosynthetic Efficiency (X2) 3.11  7.28  5.26  1.43  
Green Area Photosynthetic Efficiency (X3) 0.85  3.40  1.94  0.60  
Spike Number per m² (X4) 597.0     892.70  720.10      88.0     
Leaf Area Index (X5) 2.38  4.60  3.61  0.81  
Days to Maturity (X6) 156.90    173.40  167.10      5.6    
Grain Number per Spike (X7) 25.30     46.00  31.00      3.7  
Grain Weight per spike (X8) 1.56     2.400  1.87     0.24     
Plant Height (X9) 92.70    127.50  109.20      11.2     
Harvest Index (X10)  0.44  0.620  0.49  0.04  
1000 Grain Weight (X11) 29.40     47.20  39.20  6.7     

 
 

Correlations approaching 1 assign that almost similar results are taken from two 

variables. On the contrary, correlations approaching to -1 show that opposite results occur in 

two characters.  
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Table 3. Correlation matrix for characters of wheat cultivars. 
  (X0) (X1) (X2) (X3) (X4) (X5) (X6) (X7) (X8) (X9) (X10) 
(X1) 0.087ns               
(X2) 0.875** 0.288ns          
(X3) 0.748* 0.169ns 0.794*         
(X4) -

0.656ns 
-
0.553ns 

-
0.842** 

-
0.596ns 

       

(X5) 0.857** -
0.083ns 

0.842** 0.803* -
0.658ns 

      

(X6) 0.716* 0.027ns 0.773* 0.799* -0.725* 0.791*      
(X7) 0.913** 0.296ns 0.892** 0.926** -0.741* 0.824* 0.808*     
(X8) 0.985** 0.094ns 0.908** 0.762* -

0.686ns 
0.895** 0.686ns 0.903**    

(X9) -
0.465ns 

0.232ns -
0.368ns 

-
0.329ns 

0.216ns -
0.471ns 

-
0.644ns 

-
0.385ns 

-
0.365ns 

  

(X10) 0.967** 0.283ns 0.927** 0.737* -0.764* 0.847** 0.679ns 0.912** 0.971** -
0.412ns 

 

(X11) 0.872** 0.252ns 0.951** 0.884** -0.797* 0.844** 0.894** 0.945** 0.865** -
0.544ns 

0.893** 

 
 

If correlation close to zero denotes that two characters are independent from each 

other (Acevedo et al., 1989; Rees, 1995; Ozdamar, 1999; Hiltbrunner et al., 2007). Results 

showed that leaf area photosynthetic efficiency (0.875**), green area photosynthetic 

efficiency (0.748*), leaf area index (0.857**), days to maturity (0.716*), grain number per 

spike (0.913**), grain weight per spike (0.985**), harvest index (0.967**) and 1000 grain 

weight (0.872**) were positively correlated with grain yield. Besides, no significant 

correlation occurred between spike number per m² and yield, plant height and yield.  

 Studies stressed that having significant and positive relationship with yield; leaf 

area index, green area and leaf area photosynthetic efficiency, spike number per m2 and grain 

weight per spike are very important for breeding programs (Genc,1977; Srivastava et al., 

1987; Acevedo et al., 1989; Annicchiarico and Pecetti, 1998; Qingwu et al., 2006; Hiltbrunner 

et al., 2007).  

 
 
3.2. Path Analysis 
 
 

 Path analysis appears to be a useful tool for understanding grain yield formation and 

provides valuable additional information for improving grain yield via selection for its yield 

components. This method explains well degrees of direct and indirect effects of  yield 

components on yield (Kang, 1990; Topal et al., 2004). Correlations in this study were 

separated as direct and indirect effects in Table 4 and Table 5.  Direct effects reveals that 
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(Table 4), leaf area photosynthetic efficiency (-0.18), leaf area index (-0.37) had high negative 

direct effects, whereas high positive direct effects belonged to days to maturity (0.31), grain 

weight per spike (1.37) and harvest index (0.11).  

 

Table 4. Path coefficients (direct and indirect effects) of characters affecting grain yield 

in wheat. 

  Characters Path Coefficient Total 

Correlation Direct 

Effect 

Indirect 

Effect 

Grain Filling Period (X1) 0.00  0.08  0.087  
Leaf Area Photosynthetic Efficiency (X2) -0.18  0.84  0.875**  
Green Area Photosynthetic Efficiency (X3) -0.04  0.79  0.748*  
Spike Number per m² (X4) 0.19  -1.02  -0.656  
Leaf Area Index (X5) -0.37  1.23  0.857**  
Days to Maturity (X6) 0.31  0.40  0.716*  
Grain Number per Spike (X7) 0.00  0.91  0.913**  
Grain Weight per Spike (X8) 1.37  -0.38  0.985**  
Plant Height (X9) 0.00  -0.38  -0.465  
Harvest Index (X10)  0.11  0.86  0.967**  
1000 Grain Weight (X11) 0.00  0.87  0.872**  
 
 

 Nevertheless, indirect effects on leaf area photosynthetic efficiency (0,836), green 

area photosynthetic efficiency (0.79), spike number per m2 (-1.02), leaf area index (1.23), 

grain number per spike (0.91), harvest index (0.86) and 1000 grain weight (0.87) were rather  

higher than that of direct effects.  Detailed indirect effect of yield components showed that 

indirect effects of yield components via grain filling period, grain number per spike, plant 

height and 1000 grain weight were equal to zero (Table 5). 
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Table 5. Path analysis of characters (assigning their direct and indirect effects) in wheat. 
Variables Effects via 

(X1) (X2) (X3) (X4) (X5) (X6) (X7) (X8) (X9) (X10) (X11) 
(X1) 0.00 -0.05 -0.01 -0.05 0.03 0.01 0.00 0.11 0.00 0.03 0.00 

(X2) 0.00 -0.18 -0.04 -0.18 -0.32 0.24 0.00 1.04 0.00 0.08 0.00 

(X3) 0.00 -0.14 -0.04 -0.13 -0.30 0.25 0.00 1.04 0.00 0.08 0.00 

(X4) 0.00 0.16 0.03 0.19 0.27 -0.22 0.00 -1.18 0.00 -0.09 0.00 

(X5) 0.00 -0.15 -0.04 -0.14 -0.37 0.25 0.00 1.22 0.00 0.09 0.00 

(X6) 0.00 -0.14 -0.04 -0.14 -0.30 0.31 0.00 0.94 0.00 0.07 0.00 

(X7) 0.00 -0.16 -0.04 -0.16 -0.31 0.25 0.00 1.24 0.00 0.10 0.00 

(X8) 0.00 -0.17 -0.03 -0.17 -0.33 0.22 0.00 1.37 0.00 0.10 0.00 

(X9) 0.00 0.08 0.03 0.10 0.21 -0.28 0.00 -0.49 0.00 -0.03 0.00 

(X10) 0.00 -0.17 -0.03 -0.16 -0.32 0.21 0.00 1.33 0.00 0.11 0.00 

(X11) 0.00 -0.17 -0.04 -0.16 -0.32 0.28 0.00 1.18 0.00 0.09 0.00 

 

 

 Leaf area photosynthetic efficiency, spike number per m2, leaf area index, grain 

weight per spike and harvest index seemed to have the greatest effect in wheat grain yield. 

Path coefficient analysis revealed that grain yield under cool and dry conditions was mostly 

determined by grain weight per spike, the number of spikes per m2, harvest index, influenced 

grain production (Topal et al., 2004; Manupeerapan and Pearson, 1993; Garcia del Moral et 

al., 2003). 

 
3.3. Multiple Linear Regression Analysis 
  
 

 The aim of this analysis is to reveal individual effects of independent variables on 

dependent one. Precision of model is heavily depends on effectiveness and number of 

components considered on yield. This analysis could be confidently used in prediction of 

yield components in wheat (Andales et al., 2007).  This analysis, shown in Table 6, explains 

the regression coefficients, the p values of the variables on estimation of grain yield.  
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Table 6. The regression coefficient (b), standard error (SE), T-value and p-value of the 

characters in estimation of gain yield. 

Characters DF Coef. of  Reg. 

(B) 

Std. Error 

(SE) 

T p-value 

Grain Filling Period (X1) 1  0.46   0.12   4.02  0.22ns  
Leaf Area Photosynthetic 

Efficiency (X2) 

1  1.96   0.04   51.32  0.01*  

Green Area Photosynthetic 

Efficiency (X3) 

1  -0.90   0.05   -17.94  0.03*  

Spike Number per m² (X4) 1  0.02   0.00   36.27  0.02*  
Leaf Area Index (X5) 1  1.67   0.06   30.54  0.02*  

Days to Maturity (X6) 1  0.03   0.01   5.05  0.12ns  
Grain Number per Spike (X7) 1  0.06   0.02   3.02  0.09ns  
Grain Weight per Spike (X8) 1  2.73   0.41   6.61  0.02*  

Plant Height (X9) 1  0.12   0.41   0.30  0.12ns  
Harvest Index (X10)  1  -4.86   1.15   -4.23  0.03*  

1000 Grain Weight (X11) 1  0.27   0.13   2.09  0.21ns  
* and **: r is significant at 5% and 1%, ns: not significant, Y-intercept (a): -132.44, SE:34.56, 

R²: 0.947,  Root MSE: 15.476, Adj. R²: 0.965   
 
 
 Yield estimation formula, developed by using variables, is shown below: 
 

The regression equation is   
 
Ŷ = - 35.7 + 0.463 X1 + 1.96 X2 – 0.89 X3 + 0.024 X4 + 1.67 X5 + 0.032 X6 + 0.058 X7 

+ 2.73 X8 + 0.12 X9  - 4.86 X10 + 0.27 X11 
 

 This formula show 94.7 variation in variables and the remaining 5.4% assign residual 

effects. T-test revealed that leaf area photosynthetic efficiency, grain area photosynthetic 

efficiency, spike number per m2, leaf area index, grain weight per spike and harvest index 

seemed to have the greatest effect in wheat grain yield. These results show that they are 

important variables and should be used in bread wheat breeding programs. Regression 

analysis is the better way to make crop yield prediction (Massart et al., 1997; Qingwu et al., 

2006). Andales et al. (2007) precisely predicted wheat yield by linear regression model.   

  

3.4. Factor Analysis 

 

Factor analysis is a method that determines certain factors, and explain correlations in 

variable data. Factor analysis is often used in data reduction to determine small number of 

factors explaining most of the variance. The purpose of factor analysis, is summarizing of the 

data of covariance structure in a few dimensions of the data. However, the emphasis in factor 
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analysis is the identification of factors and they could reveal the dimensions with large 

variability of data (Austin and Lee, 1996; Breseghello and Sorrells,   2006). Factor analyses of 

variables are shown in Table 7 and 8. 

Table 7 assigns that three main factors are defined in groups for 81.5% of total 

variability in the dependent structure. The first, the second and the third factors are accounted 

for 47.1%, 17.3% and 17.1%, respectively.  

 
Table 7. Rotated (varimax rotation) factor communalities for the estimated characters 

of wheat. 

Characters Factor 1 Factor 

1 

Factor 1 Communality 

Grain Filling Period (X1) 0.09   0.21   -0.97   0.59  
Leaf Area Photosynthetic Efficiency (X2) 0.92   0.00   -0.16   0.87  

Green Area Photosynthetic Efficiency (X3) 0.90   -0.21   -0.08   0.75  
Spike Number per m² (X4) 0.10   -0.97   0.22   0.80  

Leaf Area Index (X5) 0.93   -0.05   0.03   0.88  
Days to Maturity (X6) 0.53   0.10   0.03   0.78  

Grain Number per Spike (X7) 0.37   -0.13   0.84   0.55  
Grain Weight per spike (X8) 0.88   -0.15   0.32   0.89  

Plant Height (X9) -0.16   0.98   -0.09   0.65  
Harvest Index (X10)  0.41   0.03   0.39   0.83  

1000 Grain Weight (X11) 0.74   -0.45   0.31   0.75  
 

Latent Roots 2.83   1.04   1.03   8.33  
Factor Variance (%) 47.10   17.30   17.10   81.50  

 
 
 The first factor represent 47.1% of total variability in the dependent structure and 

this factor includes leaf area photosynthetic efficiency,  green area photosynthetic efficiency, 

leaf area index, grain weight per spike, 1000 grain weight, days to maturity and harvest index. 

The proposed  variable is leaf area index (Table 8). The second and the third factors show 

17.3% and 17.1% of total variability in the dependent structure. These factors include plant 

height and spike number per m² for factor 2 and grain filling period, grain number per spike. 

Proposed characters for factor 1 and 2 are plant height and grain filling period, respectively 

(Table 8). Results show that, leaf area index, leaf area photosynthetic efficiency, green area 

photosynthetic efficiency, plant height, spike number per m², grain filling period grain weight 

per spike have the highest communality and high relative contribution in wheat grain yield.   
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Table 8. Summary of factors loading for characters in brad wheat. 

 Characters Loading % Total 

Communality 

Suggested Factor 

Name 
Factor 1  47.1% Leaf Area Index 
Leaf Area Photosynthetic Efficiency (X2) 0.92    
Green Area Photosynthetic Efficiency (X3) 0.90    
Leaf Area Index (X5) 0.93    
Grain Weight per Spike (X8) 0.88    
1000 Grain Weight (X11) 0.74    
Days to Maturity (X6) 0.53     
Harvest Index (X10)  0.41     
Factor 2  17.3 Plant Height 
Plant Height (X9) 0.98 
Spike Number per m² (X4) -0.96 
Factor 3  17.1 Grain Filling Period 
Grain Filling Period (X1) -0.97 
Grain Number per Spike (X7) 0.84 
Cumulative Variance 8.26 81.4  

 
 
4. Conclusion 
 

 
Bread wheat breeding programs have been applied for almost 40 years in Eastern 

Anatolia. Doğu-88, Gerek-79, Hawk, Karasu-90, Lancer, Palandöken-97 are some of the all 

cultivars. They have been released and commonly used by farmers. In each steps of breeding 

programs, high yielding new cultivars are evaluated and selected by using various yield 

components. The question is that success in the breeding programs strongly depends on 

straightness and conscious of yield components applied. Results of this study are given in 

Table 9.  

 Analysis of eight statistical procedures revealed that leaf area photosynthetic 

efficiency, green area photosynthetic efficiency, spike number per m2, leaf area index, grain 

weight per spike and harvest index are determined as most important and highly effective 

components for grain yield and they could be suggested for breeding programs (Table 9). 
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Table 9. Essential variables effective on grain yield in wheat.  

 Simple 

Correlation 

Analysis 

Paht 

Analysis 

Multiple 

Linear 

Regression 

Analysis 

Factor 

Analysis 

GFP (X1)    ☺ 
LAPE (X2) ☺ ☺ ☺ ☺ 
GAPE (X3) ☺  ☺ ☺ 
SpNu/m² (X4)  ☺ ☺ ☺ 
LAI (X5) ☺ ☺ ☺ ☺ 
Da Mat (X6) ☺    
GrN/Sp (X7) ☺    
GrW/Sp (X8) ☺ ☺ ☺ ☺ 
Pl He (X9)    ☺ 
Ha In (X10)  ☺ ☺ ☺  
1000 GW (X11) ☺    

 
 

Hence using such devices will create opportunity to make better selection of suitable 

genotypes in wheat improvement programs and to get high yielding genotypes. Information 

from this study would be valuable to wheat breeder for developing high yielding cultivars for 

wheat.   
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