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Abstract       Before initiating any breeding program, it is essential to obtain 
information regarding the inter-relationship between various yield attributing 
characters with grain yield. Grain yield is a complex trait and is highly 
influenced by many genetic factors and environmental fluctuations. 
Correlation coefficients are useful if indirect selection of a secondary trait is to 
be used for improving the primary trait of interest. The objectives of this article 
were to estimate the phenotypic correlations between spike yield and other 
traits and to identify the traits that have the higher effects on spike yield, and 
finally the possibilities to use this information in wheat selection programs. 
Positive correlations exist between the studied traits, attesting that their 
change affects spike productivity in the same way. Therefore, in the case of 
this set of varieties high plant size is first of all associated with higher spike 
length and number of spikelet’s, and subsequent with high levels of grain 
number and spike yield. The relationship between the grains number and 
spike yield is affected in a small and insignificant measure by the other 
characters. It also notes that the correlation between plant height and grain 
weight/spike is real and significant. As such, these two characters can be 
used as indirect selection criteria for spike yield.   
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Selection for grain yield can only be effective 

if desired genetic variability is present in the genetic 

stock. Genotypic and phenotypic correlations are 

important in determining the degree to which various 

yield contributing characters are associated [1]. The 

indirect selection through less complex traits with 

larger heritability and of easy measurement could, 

however, result in larger genetic progress when 

compared to direct selection [2]. 

Considerable importance has been given to 

studies involving correlation of traits in breeding 

programs. Correlation is a pragmatic approach to 

develop selection criteria for accumulating optimum 

combination of yield contributing traits in a simple 

genotype. 

The quantification and interpretation of these 

correlations can result in mistakes on selection 

strategies, since a high correlation can be the result of a 

third trait or a group of traits affecting these traits. In 

this scenario, multiple regression, partial correlations 

and path analysis are tools that available to the breeder 

for better understanding the causes involved in the 

associations between traits and to partition the existing 

correlation in direct and indirect effects, through a 

main variable [4]. 

The objectives of this article were to estimate 

the phenotypic correlations between spike yield and 

other traits and to identify the traits that have the higher 

effects on spike yield, and finally the possibilities to 

use this information in wheat selection programs. 

 

Material and Method 

 
The studied biological material was composed 

by 20 Romanian and Hungarian cultivars genetically 

and ecologically differentiated. The experimental 

design was a randomized complete block (RCB) with 

four replications, during 2009-2011. From each plot 25 

plants were evaluated for the following yield traits: 

plant height (PH); spike lenght (SL); spikelets number 

(SN); grain number/spike (GN/S); grain weight/spike 

(GW/S). 

Phenotypic correlations (rp) between two 

traits x and y were calculated by using method of 

Ciulca (2006). The correlation between yield and its 

components were calculated as:   rp = Covp (x, y) √ Vp 

(x), Vp (y) where,  

Covp (x, y) = Mean product of x, y
th 

 traits . VP (x) and 

VP (y) = Mean squares for x
th

 and y
th

 traits, 

respectively. 

The obtained results concerning the spike 

yield were statistically processed using variance 

analysis for multiple regression with four independent 

variables. 

To make possible the display in a single graph 

of the performance of each genotype for each of the 
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five traits, the basic principle of the biplot technique 

developed by Gabriel (1971) and GGE biplot method 

developed by Yan et. al. (2000) was used. 
 

Results and Discussions 
  

Variance analysis for multiple regression 

related to the influence of different traits on spike 

productivity, shows that 88% of the variability in 

grains weight/spike is due to the influence of the four 

traits. Of these, we see that the number of grains/spike 

has the highest and significant contribution (71.62 %) 

to the achievement of spike yield, followed by plant 

height which influences the variability of this character 

to an extent of about 14 %, while spike length and 

spikelet’s number had lower influence of about 7%.

 

Table 1 

Variance components of multiple regression between plant height, spike length, spikelet’s number, 

 grains number/spike and grains weight/spike for the studied wheat cultivars 

Variability sources SS DF MS
 

F Test  

Regression 2.101 4 0.525 27.64** 

Plant height (x1) 0.296 1 0.296 15.60** 

Spike lenght (x2) 0.155 1 0.155 8.18 

Spikelets number (x3) 0.144 1 0.144 7.59 

Grains number/spike (x4) 1.505 1 1.505 79.20** 

Residual 0.286 15 0.019  

Total 2.387 19   

y = -0.023  +0.126x1  -0.257x2  -0.052x3 +0.862x4 ;  R
2
 = 0.8802;  R = 0.9382 

SDE= 0.27 g;   DW = 2.54;     SC = -0,42 

 
Regression model adopted for the analysis of 

the relationship between spike yield and other traits, 

has a strong statistical assurance, evaluating the grains 

weight/spike with an error of 0.27 g. Having regard 

that the Durbin-Watson index is greater than 1.4 

follows that possible errors that accompany 

experimental results are not self correlated, and the 

order of traits in the regression equation does not affect 

the estimated values of spike yield. 
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Fig. 1. Graphical representation of the observed and estimated values of grains weight/spike  

based on multiple regression model for the studied wheat cultivars 

 
According to figure 1 it is noted that 

Hungarian varieties GKHunyad, Tisza and GKHattyu 

gives values of grains weight/spike significantly higher 

than those estimated from the regression model. 

Furthermore, in the case of varieties GKKalasz, Feny, 

Ati and Alex, estimates of spike yield are significantly 

lower than those experimentally observed. The highest 

representation of this regression model for spike yield 

can be observed in Romanian varieties: Faur, Ciprian, 

Romulus, Boema, Izvor. 

 



 117 

Table 2 

Covariance and correlation coefficients values between quantitative traits studied in wheat cultivars 

Trait Plant height 

(s
2
=55.08) 

Spike lenght 

 (s
2
=0.68) 

Spikelets nr. 

(s
2
=2.07) 

Grains nr./spike 

(s
2
=16.80) 

Grains weight 

(s
2
=0.13) 

Plant height 
 r = 0.632** 

S
2

XY = 3.88 

r = 0.699*** 

S
2
XY = 7.47 

r = 0.406
 

S
2
XY = 12.35 

r = 0.278
 

S
2

XY = 0.73 

Spike lenght 
  r = 0.715*** 

S
2
XY = 0.85 

r = 0.634** 

S
2

XY = 2.15 

r = 0.332 

S
2

XY = 0.10 

Spikelets number 
   r = 0.619** 

S
2

XY = 3.65 

r = 0.387
 

S
2

XY = 0.20 

Grains 

number/spike 

    r = 0.719*** 

S
2
XY 1.04 

Grains 

weight/spike 

     

r5% = 0.444;     r1% = 0.561;    r0,1% = 0.679 
 

Positive correlations exist between the studied 

traits, attesting that their change affects spike 

productivity in the same way. Thus, plant height shows 

a very significant correlation towards spike length and 

spikelet’s number, which in their turn are strongly 

correlated between them and with the number of 

grains/spike. The close and very significant 

relationship is observed between grain number and 

grain weight/spike. Therefore, in the case of this set of 

varieties high plant size is first of all associated with 

higher spike length and number of spikelet’s, and 

subsequent with high levels of grain number and spike 

yield.

Table 3 

Partial and semipartial correlation coefficients between grains weight/spike  

and other studied traits  in the wheat cultivars 

Trait Tolerance 

(1- R
2
) 

R
2
 R Partial 

correlations 

Semipartial 

correlations 

Plant height 0.4642 0.5358 0.7320 0.128 0.086 

Spike length 0.3912 0.6088 0.7803 -0.233 -0.161 

Spikelet’s number 0.3426 0.6574 0.8108 -0.045 -0.030 

Grains number/spike 0.5295 0.4705 0.6859 0.683 0.627 
 

Taking into account the partial and semi 

partial correlation coefficients between grain 

weight/spike and other traits, it is noted that the 

relationship between the grains number and spike yield 

is affected in a small and insignificant measure by the 

other characters. It also notes that the correlation 

between plant height and grain weight/spike is real and 

significant while the other characters contributes 

indirect with 53 % to their variability.  The correlations 

between spike yield and spike length or spikelet’s 

number are strongly undermined by other characters.
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Fig. 2. Biplot graphic of first two principals components for the studied wheat cultivars and traits 
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The biplot graphic based on first two main 

components explain 98.52 % from the five traits 

variability. Also, it indicates that the cultivars 

GKHattyu, Tisza, GKcsillag, Delabrad presents high 

values for grain number and grain weight/spike, 

associated with lower value of plant height spikelets 

number and spike length. The Hungarian cultivars Nap, 

Ati , Szala and GKKalasz are valuable regarding plant 

height, spikelet’s number and spike length, associated 

with average values of grain number and grain weight 

per spike. 

 

Conclusions 
 
1.  For this set of cultivars, the number of grains/spike 

has the highest and significant contribution (71.62 %) 

to the achievement of spike yield, followed by plant 

height which influence the variability of this character 

to an extent of about 14 %, while spike length and 

spikelet’s number had lower influence of about 7%. 

2. Positive correlations exist between the studied traits, 

attesting that their change affects spike productivity in 

the same way. Therefore, in the case of this set of 

varieties high plant size is first of all associated with 

higher spike length and number of spikelets, and 

subsequent with high levels of grain number and spike 

yield. 

3. The relationship between the grains number and 

spike yield is affected in a small and insignificant 

measure by the other characters. It also notes that the 

correlation between plant height and grain weight/spike 

is real and significant. As such, these two characters 

can be used as indirect selection criteria for spike yield. 
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