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Abstract       The information about the relationships between different traits 
is useful in predicting how a breeding gain in one trait will affect also a gain in 
the other traits included in the breeding program. The studied biological 
material was represented by eight strawberry genotypes with different genetic 
and ecological origin. The aim of the present paper was to assess the 
relationships among some quality and yield traits in strawberry in order to 
identify the possibilities of combining these traits in an optimum proportion to 
improve the genotypes value. 
The number of flowers has a major and significantly distinct contribution to the 
yield, followed by weight and number of fruits. Given the path values and the 
significant positive correlations for the number and weight of fruits, they can 
be used effectively as indirect selection criteria for the plant yield.  The 
average weight of the fruits has a major and significant influence on the sugar 
quantity, followed by fruits shape. Changes in the length and diameter of fruits 
had low and insignificant influence on the sugar content. The increase of fruits 
diameter generally causes a significant increase in their weight associated 
with reduced sugar content. Fruits length shows a direct negative effect on 
sugar content.   
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Strawberry yield is a polygenic trait and 

greatly influenced by environmental condition. The 

breeders have used yield components as selection 

criteria to improve yield by indirect selection [6]. 

Knowledge of the genetic association between yield 

and its related traits can help breeders to improve the 

efficiency of selection (1). Since yield of a plant is an 

outcome of intricate relationships of several traits, it is 

imperative to identify interrelationship of traits and 

their direct and indirect contribution towards yield [8]. 

The information about the relationships 

between different traits is useful in predicting how a 

breeding gain in one trait will affect also a gain in the 

other traits included in the breeding program [9; 7; 11; 

5; 12].  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 [10]. 

Correlation between different traits with plant yield, 

and path coefficient analysis help to have holistic view 

of the relative contribution of the traits to yield [1; 2]. 

The aim of the present paper was to assess the 

relationships among some quality and yield traits in 

strawberry in order to identify the possibilities of 

combining these traits in an optimum proportion to 

improve the genotypes value. 

 
Material and Method 

The studied biological material was 

represented by eight strawberry genotypes with 

different genetic and ecological origin: A1 (Romania); 

A2 (Romania), Alba (Italy), Clery (Italy), Marmolada 

(Italy), Mira (Canada), Onda (Italy), Elsanta 

(Netherlands).  The genotypes in question were studied 

in a randomized blocks design with four replications on 

plots of three rows with 25 plants (75 plants per plot) 

grown at distances of 1m x 0.20 m.  The experiment 

has been located in Topolavatu-Mare on an alluvial 

soil. 

The plants in the experiment were in the 

second (2014) and third year of fruiting (2015). During 

the growing season the classic technological steps were 

applied (for organic farming) represented by the 

following measures: weed control and soil loosening  

by manually tilling between the plants and mechanized 

cultivation between rows, applying straw mulch,  

removal of runners during fructification,  manual 

weeding,  foliar calcium  application (prevention of 

mildew). The crop was not irrigated and no chemical 

fertilizers were applied. 
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From each replication-plot were selected ten 

representative plants from the middle row. At these 

plants were carried out measurements relating to: 

number of flowers (FLN) and fruits number per plant 

(FRN), the percentage of ripening fruit (FRP), average 

fruit weight (FW) and yield per plant (PY). 

In order to assess the content of sugar (by 

refractometer) and morphological traits (weight-Fw, 

length-Fl, diameter-Fd, inner cavity length-Icl, inner 

cavity diameter-Icd, shape index-Si) of fruits, 

determinations were made on 10 representative fruits 

per genotype and replication on the ripeness peak. 

Phenotypic correlations between two traits x 

and y were calculated by using method of Ciulca 

(2006). Also, the interrelationships between different 

traits were analyzed using coefficient, and path 

coefficient (Hill, 1974) using:  

  ijxjfxixi rPPr where: i = one of 

the causes which govern X; j = other causes;  

Pij = path coefficient; = correlation coefficient between i and 

j; = correlation coefficient between x and i. ij r xi r .  

The obtained results concerning the spike yield were 

statistically processed using variance analysis for 

multiple regressions with seven independent variables. 

 

Results and Discussions 

 
The analysis of variance for multiple 

regressions regarding on the influence of different 

traits to the plant yield (Tab. 1) certify that 99.42 % of 

the variability in fruits weight/plant is due to the 

influence of the four traits. Of these, it is noted that the 

number of flowers is a major and distinctly significant 

contributor (73.13 %) to the yield, followed by weight 

and fruit number influencing in an extent of about 

10.61 to 15.57 % the variability of this character, while 

the percentage of fruit ripening had a very limited 

influence. During the experiment the variability of 

yield/plant was influenced to a limited extent by the 

environmental conditions or other factors.

 

Table 1 

Variance components of multiple regressions between plant yield and other traits  

in strawberry cultivars 

Variability source SS DF MS
 

F 

Regression 65518.3 4 16379.6 129.24** 

Flowers number/plant (x1) 48189.9 1 48189.9 380.25** 

Fruits number/plant (x2) 6994.6 1 6994.6 55.19** 

Fruits ripening percent (x3) 76.3 1 76.3 0.60 

Fruit weight  (x4) 10257.5 1 10257.5 80.94** 

Residual 380.2 3 126.7  

Total 65898.5 7   

y = -180.65 -1.87x1  +12.96x2  -1.15x3 +25.82x4 ; 

R
2
 = 0,9942; R

2
a = 0,9865; R = 0,9971; SDE = 11.26 g; DW= 2.09. 

 
The adopted regression model for the analysis 

of relationships between the plant yield and other 

component traits exhibit strong statistical insurance, 

evaluating the total weight of the fruits with an error of 

11.26 g. Given that the Durbin-Watson index is greater 

than 1.4, results that the errors accompanying the 

experimental results are not auto correlated, and the 

order of the traits in the regression equation does not 

influence the estimate values of fruit weight/plant for 

the genotypes in this set. 

 

Table 2 
Covariance and correlation coefficients values between studied yield traits in strawberry 

Traits 2. 

(s
2
=62.78) 

3. 

 (s
2
=27.23) 

4. 

 (s
2
=2.62) 

5. 

 (s
2
=9414.07) 

1. Flowers number / 

plant (s
2
=135.09) 

r = 0,980*** 

S
2
XY = 90.29 

r = -0,563
000 

S
2
XY = -34.12 

r = 0,013 

S
2
XY = 0,25 

r = 0,855***
 

S
2
XY = 964.36 

2. Fruits 

number/plant 

 r = -0.399
0 

S
2
XY = -16.50 

r = 0,089 

S
2
XY = 1.14 

r = 0,903***
 

S
2
XY = 693.82 

3. Fruits ripening 

percent 

  r = 0,325
 

S
2
XY = 2.75 

r = -0,219
 

S
2
XY = -110.64 

4. Fruit weight      r = 0,502**
 

S
2
XY = 2.62 

5. Plant yield      

r5% = 0.349;     r1% = 0.449;    r0,1% = 0.554 
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The number of flowers per plant shows 

positive and very significant correlation to the number 

and fruits yield per plant and a very significantly 

negative correlation with the percentage of ripening 

fruits. Number of fruits exhibits a significantly 

negative relation to the percentage of ripening fruits 

and a very significant and positive and significant one 

to the plant yield. Also, there is a direct and statistically 

ensured relation between the average weight and the 

yield per plant. 

The analysis of variance and covariance from 

Table 2 indicates that between the most studied traits 

there is a direct linear relationship, while between 

some pairs of traits: number of flowers per plant-fruits 

weight; fruits number per plant-fruit weight; fruits 

ripening percent- fruit weight; shape index-fruit 

weight; shape index- ripening fruits percent, nonlinear 

relationships are manifested that do not allow precise 

estimation of mutual influence between them.

 

Table 3 
Path coefficients values for yield traits in strawberry 

Correlative relationships Path coefficients 

Plant yield — Flowers number / plant Value % 

Direct effect of  flowers number / plant -0.224 17.17 

Indirect effect , of fruits number/plant 1.038 79.71 

                          of fruits ripening percent 0.035 2.69 

                          of fruit weight 0.006 0.43 

Total correlation 0.855 100 

Plant yield — Fruits number / plant Value % 

Direct effect of  fruits number / plant 1.059 78.96 

Indirect effect , of flower number/plant -0.219 16.33 

                          of fruits ripening percent 0.025 1.85 

                          of fruit weight 0.038 2.86 

Total correlation 0.903 100 

Plant yield — Fruits ripening percent Value % 

Direct effect of  fruits ripening percent -0.062 8.27 

Indirect effect , of flower number/plant 0.126 16.77 

                          of fruits number/plant -0.422 56.29 

                          of fruit weight 0.140 18.67 

Total correlation -0.219 100 

Plant yield — Fruit weight Value % 

Direct effect of  fruit weight 0.431 78.61 

Indirect effect , of flower number/plant -0.003 0.53 

                          of fruits number/plant 0.094 17.18 

                          of fruits ripening percent -0.020 3.68 

Total correlation 0.502 100 

 
To establish in what extent the studied traits 

contribute to the changing of fruits weight /plant, the 

information obtained by analyzing the correlations 

were completed with "path" coefficients (Tab. 3). The 

relation between the plant yield and number of fruits 

(78.96 %) and their weight (78.61 %) is due largely to 

their direct effect on the background of lower indirect 

effects from other characters. As such, given the 

significant positive correlations to the yield / plant, 

these two traits can be effectively used as indirect 

selection criteria for plant yield. 

The correlation between the number of 

flowers and fruit weight/plant, is only apparent since it 

is influenced to a very high and significant extent 

(82.29 %) by the indirect effect of the other characters. 

The relationship between the percentage of fruit 

ripening and the plant yield is due to the direct effect of 

that trait only in a proportion of 8.27 %, being largely 

controlled (56.29 %) by the number of fruits.  

Based upon the data from Table 4, it is noted 

that 92.44 % of the sugar content variability in the 

fruits can be explained as the result of the influence of 

those four characters. The average weight of the fruit 

has a major distinctly significant influence of 

approximately 47.45 % on the quantity of sugar, 

followed by the fruits shape that influences that trait in 

a significant measure of 31.08 %. It was also notes that 

changes in the length and diameter of fruits had low 

and insignificant influences on the sugar content.

 

 

 

 

 



Table 4 

Variance components of multiple regressions between sugar content  

and some morphological fruits traits in strawberry cultivars 

Variability source SS DF MS
 

F 

Regression 13.549 4 3.39 9.17* 

Fruit weight  (x1) 6.955 1 6.96 18.83* 

Fruit length (x2) 1.676 1 1.68 4.54 

Fruit diameter (x3) 0.363 1 0.36 0.98 

Shape index (x4) 4.555 1 4.56 12.33* 

Residual 1.108 3 0.37  

Total 14.657 7   

y = -33.37 +0.20x1  -2.17x2  +1.45x3 +61.44x4 ; 

R
2
 = 0,9244; R

2
a = 0.8141; R = 0,9615; SDE = 0.58; DW= 2.34 

 
In this case the regression model allows a 

meaningful assessment of of fruits sugar content with 

an error of + 0.58c%. DW coefficient values indicate 

that errors related with the results are independent, 

while the order of the four variables does not affect the 

estimated results of the sugar content. 

 

Table 5 
Covariance and correlation coefficients values between studied yield traits in strawberry 

Traits 2. 

(s
2
=6.46) 

3. 

 (s
2
=15.01) 

4. 

 (s
2
=0.02) 

5. 

 (s
2
=1.38) 

1. Fruit weight  

(s
2
=26.84) 

r = 0,307 

S
2

XY = 4.04 

r = 0.927***
 

S
2
XY = 18.60 

r = -0.635
000 

S
2

XY = -0.45 

r = -0.670
000 

S
2
XY = -4.08 

2. Fruit length  r = 0.046
 

S
2
XY = 0.45 

r = 0,518** 

S
2

XY = 0.18 

r = -0.509
00 

S
2
XY = -1.52 

3. Fruit diameter   r = -0.825
000 

S
2

XY = -0.44 

r = -0,512
00 

S
2
XY = -2.33 

4. Shape index    r = 0,210
 

S
2

XY = 0.03 

5. Sugar content      

r5% = 0.349;     r1% = 0.449;    r0,1% = 0.554 

 

The analysis of correlations from Table 5 

indicates the existence of positive and statistically 

ensured relation between the diameter and weight of 

fruits, respectively of fruits length and shape index. 

Also, there is a significantly negative correlation of 

sugar content with most characters except the shape 

index, which in turn presents very significant negative 

correlations to fruits diameter and weight. Thus, an 

increase in the diameter of the fruits generally causes a 

significant increase in the weight of them, associated 

with a decrease in the sugar content. 

Based on the analysis of variance and 

covariance, it is observed that generally there are 

nonlinear relationships between different pairs of 

characters, such that do not allow an accurate estimate 

of how the traits influence each other.
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Table 6 
Path coefficients values for quality and morphological traits in strawberry 

Correlative relationships Path coefficients 

Sugar content — Fruit weight Value % 

Direct effect of  fruit weight 0.875 7.76 

Indirect effect , of fruit length -1.440 12.77 

                          of fruit diameter 4.429 39.27 

                          of shape index -4.533 40.20 

Total correlation -0.670 100 

Sugar content — Fruit length Value % 

Direct effect of  fruit length -4.696 52.87 

Indirect effect , of fruit weight 0.268 3.02 

                          of fruit diameter 0.219 2.46 

                          of shape index 3.670 41.65 

Total correlation -0.509 100 

Sugar content — Fruit diameter Value % 

Direct effect of  fruit diameter 4.778 40.87 

Indirect effect , of fruit weight 0.811 6.94 

                          of fruit length -0.215 1.84 

                          of shape index -5.886 50.35 

Total correlation -0.512 100 

Sugar content — shape index  Value % 

Direct effect of  shape index 7.138 50.74 

Indirect effect , of fruit weight -0.556 3.95 

                          of fruit length -2.433 17.30 

                          of fruit diameter -3.940 28.01 

Total correlation 0.210 100 

 
Analysis of path coefficients (Tab. 6) 

confirms that the relation between sugar content and 

fruits weight is not reviling because it is influenced to 

an extent of approximately 92.24 % by the indirect 

effect of the other characters. Fruits length shows a 

direct negative effect on sugar content. 

Fruit shape exhibit considerable indirect 

effects (from 40.20 to 50.35 %) on the contribution of 

other characters in the variability of fruits sugar 

content. Also, fruits diameter indirectly influences with 

28.01 to 39.27% the sugar content relationships with 

the shape and weight of fruits. 

 
Conclusions 

 
1. The number of flowers has a major and 

significantly distinct contribution (73.13%) to the 

yield, followed by weight and number of fruits which 

influences to an extent of about 10.61 to 15.57 % the 

variability of this character; 

2. Given the path values and the significant 

positive correlations for the number and weight of 

fruits, they can be used effectively as indirect selection 

criteria for the plant yield; 

3. The average weight of the fruits has a major 

and distinctly significant influence of approximately 

47.45 % on the sugar quantity, followed by fruits shape 

that has a significant influence of 31.08 %; 

4. Changes in the length and diameter of fruits 

had low and insignificant influence on the sugar 

content; 

5. The increase of fruits diameter generally 

causes a significant increase in their weight associated 

with reduced sugar content. Fruits length shows a 

direct negative effect on sugar content. 
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