
Volume 25(2), 32-37, 2021 
JOURNAL of Horticulture, Forestry and Biotechnology 

www.journal-hfb.usab-tm.ro 

32 

Analysis of the Relationships Between Some Plant and Fruit 
Traits in Bilberry (V. myrtillus L.)  
 
Roma G.1*, Ciulca S.1 

 
1Banat's University of Agricultural Sciences and Veterinary Medicine "King Michael I of Romania" from 
Timisoara, Faculty of Horticulture and Forestry, Timișoara, 300645, Romania 
 
*Corresponding author email: gh_roma@yahoo.com  
 
Abstract       The fruit yield in bilberry is associated with current annual shoot 
size and is also correlated with the ability of plants to produce new shoots after 
biomass loss. The aim of this research was to evaluate the interrelationships 
between different morphological and fruits traits in order to establish their direct 
and indirect contribution on plant growth and fruit development. The association 
between different traits was analyzed using multiple regressions, correlations and 
path coefficients. The plants samples were collected from six locations with 
elevation from 750 to 1500 m. The stem diameter has the main and significantly 
contribution to the plant growth, followed by the branches numbers. Changes in 
the length and area of leaf had a low influence on the variability of plant height. 
During the experiment the development of bilberry plants was influenced in a 
limited extent by other factors, not included in the regression model. The 
variability of fruits weight is mainly due to the influence of fruit height and 
diameter, on a background of low contributions of the shape and soluble solid 
content of the fruits. The change of fruit height has an important and major 
negative effect on the fruits shape and soluble solid content. The increase of 
plants height generally causes an increase of fruits weight, while the stem 
diameter and branches number showed negative effects on fruits size. There is a 
different contribution of the morphological traits on the plant growth at the six 
bilberry populations.   
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The fruit yield in bilberry is associated with 

annual shoot size [7; 22] and is also correlated with the 
ability of plants to produce new growth after biomass 
loss. Mannien et Peltola (2019) reported that fruit yield 
and fruit set in bilberry increased after continuous 
picking, considering that picking accelerated probably 
the rejuvenation of bilberry ramets, with a positive 
effect on bilberry long-term performance. 

Bilberry fruit yield is a very uncertain process, 
dependent on several factors, such as: forest 
management, history and stand age [6; 10; 15; 18] and 
climate variations [3; 21], leading to a high between-
year variation of yields. Nielsen et al. (2007), reported 
that average performance of V. myrtillus plants 
decreases with increased forest maturity, while ramet 
age was higher in more mature forest stands. The level 
of yield is affected also by the fact that the bilberry 
plants flowered heavily every second year [8] 
indicating a biannual flowering pattern [5]. 

Bilberry is generally most abundant on 
medium productivity sites [12], and is also less 
abundant on clear-cuts and in young forests compared 
to mature stands [1; 14], being also influenced by tree 
species composition (6; 8; 15). Partial shading offers 
the most optimal light conditions for development of 
bilberry shrubs [18]. 

 Bilberry fruits contain high level of 
anthocyanin and phenolic compounds with high 
antioxidant capacities compared with other fruits [22], 
having also a higher total polyphenols content and 
antioxidant activity compared with cultivated 
Vaccinium [4]. The antioxidant capacity in Vaccinium 
species is more highly correlated with total phenolics 
than to anthocyanins [14], and the smaller fruits have 
higher antioxidant capacity [11]. Changes in 
biochemical compositions of fruits were evidenced in 
bilberry populations from various zones, probably as a 
consequence of the cumulative effects of both genotype 
and environment [2; 9; 13]. 

Considering the high demand for fresh 
bilberry fruits on the market, are require efforts to 
identify areas where plants produce high yields and 
high-quality bilberries [23]. Plants with high value 
regarding the quantity and quality of fruits can be 
identified using different traits correlated with yield 
and quality characteristics. 

The aim of this research was to evaluate the 
interrelationships between different morphological and 
fruits traits in order to establish their direct and indirect 
contribution on plant growth and fruit development. 
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Material and Method 
 

The plants samples were collected from 
different natural habitats of bilberry from Banat 
Mountains (Muntele Mic, elevation 1500 m; Raul 
Lung, near Balosu-Zanoaga peak, elevation 1300 m; 
Semenic, elevation 1400 m; Sadova Noua, elevation 
750 m; Cuntu, elevation 1400 m) and from Apuseni 
Mountains (Padis, elevation 1300 m).  

From each site 20 randomly plants were 
selected, and were made measurements regarding the 
following morphological traits: plant height (PH) as a 
distance (cm) between the soil level and the top of 
main stem; stem diameter (SD) at the basis of main 
stem (mm), measured with a digital caliper; branches 
number (BN); leaf length (LL) and leaf width (LW), in 
the mid-part of leaves (mm); leaf area (LA) measured 
on 20 randomly selected leaves from different part of 
the plant, using Area Meter AM 300-002 ADC 
BioScientific Ltd. The bilberry plants were collected in 
2019 during the fruit-ripening stage.  

At full ripening stage, from each site 20 
blueberry fruits were weighed (using a digital balance) 
and the height and diameter were measured (using a 
digital caliper). The fruits shape index was calculated 
based of the ratio between diameter and height of fruits. 
The soluble solids content of the fruits juice was measured 
using a DR201-95 (KRUSS, Germany) refractometer. 

The data were statistically processed using 
analysis of variance for multiple regressions with five 
independent variables for morphological traits, and 
with four independent variables for fruits traits. 
Pearson correlation coefficient between studied traits 
was calculated using method of Ciulca (2006). Also, 
the interrelationships between different traits were 
analyzed using path coefficient [7]:  

  ijxjfxixi rPPr where: i = one of 

the causes which govern trait X; j = other causes; Pij - 
path coefficient; rij - correlation coefficient between traits 
i and j; rxi -correlation coefficient between traits x and i. 

Results and Discussions  
 
Considering the analysis of variance for 

multiple regressions regarding the influence of 
different morphological traits on plant growth (Table 1) 
shows that 99.5 % of the plant height variability is due 
to the influence of the five traits. Among these, we see 
that stem diameter has a major and significant 
contribution (43.14 %) to plant growth, followed by the 
branches numbers which influences an extent of 
22.34% the variability of this trait, while the leaf length 
has a contribution of about 16.37%. 

The regression model with five variables used 
for analyzing the relationship between plant height and 
the other morphological traits shows a strong statistical 
assurance, by assessing the plant height with an error 
of + 2.13 cm. Given that the value of Durbin-Watson 
index is greater than 1.4 we conclude that the possible 
errors accompanying the results are not auto correlated, 
and the order of morphological traits in the regression 
equation does not affect the estimated values of plant 
height. Given the fact that there were no major 
differences between R2 and R2a coefficients, we 
consider that the volume of data used in this study did 
not significantly influences the estimates of the 
relationships between fruits traits. 

Table 1 
Variance components of multiple regressions between plant height and other morphological traits in bilberry 

Variability source SS DF MS F 
Regression 2085.60 5 417.12 85.56** 

Stem diameter (x1) 950.1 1 950.10 194.89** 
Branches number (x2) 492.15 1 492.15 100.95** 

Leaf length (x3) 63.75 1 63.75 13.08** 
Leaf width (x4) 360.55 1 360.55 73.96** 
Leaf area (x5) 219.05 1 219.05 44.93** 

Residual 117 24 4.88  
Total 2202.60 29   

y = -747.24 +17,09x1 +13,09x2 +15,52x3+93,24x4-4,86 x5; 
R2 = 0.9469; R2

a = 0.8956; R = 0.9731; SDE = 2.13 cm; DW= 2.30 
 
Based on the data from Table 2 it was 

observed that the stem diameter has a strong positive 
and significant correlation with the plant height, amid 
negative relations with other traits. It was also notes 
that the increasing of branches number was associated 
with a significantly increase of the size and area of 
leaves. The plant height was positive correlated with 
the width and area of leaves, but the values of 
correlation coefficients were below the significant 

level. In order to establish in what extent the 
morphological traits contribute to the changing of plant 
height, the information obtained from the analysis of 
correlations were completed with "path" coefficients 
(Table. 3). The relation between the plant height and 
leaf area (47.27 %) and leaf width (39.32 %) is due 
mainly to their direct effect on the background of lower 
indirect effects from other traits, but important 
reciprocal effects of the two traits.  
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Table 2 
Values of correlation coefficients between morphological traits in bilberry 

Traits 1. 2. 3. 4. 5. 6. 
1. Stem diameter  - -0.623*** -0.483* -0.262 -0.312 0.675*** 

2. Branches number -0.623*** - 0.510** 0.371** 0.478** -0.040 
3. Leaf length  -0.483** 0.510 - 0.907*** 0.944*** -0.050 
4. Leaf width   -0.262 0.371 0.907*** - 0.988*** 0.256 
5. Leaf area   -0.312 0.478** 0.944*** 0.988*** - 0.215 

6. Plant height 0.675*** -0.040 -0.050 0.256 0.215 - 
r5% = 0.349;     r1% = 0.449;    r0,1% = 0.554 

 
The correlations between the stem diameter 

and plant height, is only apparent since it is influenced 
to a high and significant extent of approximately 82 % 
by the indirect effect of the other traits, especially by 
the width and area of leaves (60%). The relationship 

between the branches number and the plant height is 
due to the direct effect of that trait only in a proportion 
of 15.24 %, being largely controlled by the leaf area 
(41.64%) and leaf width (26.4%).  

Table 3 
Path coefficients values for morphological traits in bilberry 

Correlative relationships Path coefficients 
Plant height — Stem diameter Value % 

Direct effect of stem diameter 1.882 17.78 
Indirect effect, of branches number -1.310 12.37 
                         of leaf length -1.074 10.15 
                         of leaf width -2.571 24.29 
                         of leaf area 3.747 35.41 
Total correlation 0.675 100.00 

Plant height — Branches number Value % 
Direct effect of branches number 2.102 15.24 
Indirect effect, of stem diameter -1.172 8.50 
                         of leaf length 1.134 8.22 
                         of leaf width 3.642 26.40 
                         of leaf area -5.745 41.64 
Total correlation -0.040 100.00 

Plant height — Leaf length Value % 
Direct effect of leaf length 2.223 9.09 
Indirect effect, of stem diameter -0.909 3.72 
                         of branches number 1.072 4.38 
                         of leaf width 8.909 36.42 
                         of leaf area -11.345 46.39 
Total correlation -0.050 100.00 

Plant height — Leaf width Value % 
Direct effect of leaf width 9.822 39.32 
Indirect effect, of stem diameter -0.493 1.97 
                         of branches number 0.780 3.12 
                         of leaf length 2.016 8.07 
                         of leaf area -11.869 47.51 
Total correlation 0.256 100.00 

Plant height — Leaf area Value % 
Direct effect of leaf area -12.010 47.27 
Indirect effect, of stem diameter -0.587 2.31 
                         of branches number 1.010 3.97 
                         of leaf length 2.099 8.26 
                         of leaf width 9.704 38.19 
Total correlation 0.215 100.00 

 
The analysis of variance components for 

multiple regressions concerning the influence of 
different fruits traits to the fruit weight (Table 4) certify 

that 87.59 % of the variability for dependent variable is 
due to the influence of the four traits. Of these, it is noted 
that the fruits diameter has a major and significant 
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contribution (60.77 %) to the fruits weight, followed by 
the fruits height with an influence of 31.93%. The 
soluble solid content and fruits shape have a very limited 
influence up to 4.65%. During the study the variability 
of fruits weight was influenced to a limited extent by the 
environmental conditions or other factors. The adopted 
regression model with four variables, used for the 
analysis of the relationships between fruit traits exhibit 
strong statistical assurance evaluating the weight of 

fruits with an error of 0.02 g. Given that the Durbin-
Watson index is greater than 1.4, it is considered that the 
errors accompanying the results are not auto correlated, 
and the order of the traits in the equation of regression 
does not influence the estimate values of fruits weight. 
The number of observations was adequate for this 
regression model, given the close values of the two 
coefficients of determination (R2 and R2a). 

Table 4 
Variance components of multiple regressions between fruits traits in bilberry 

Variability source SS DF MS F 
Regression 0.0906 5 0.0226 253.11** 

Fruits diameter (x1) 0.0564 1 0.0564 630.45** 
Fruits height (x2) 0.0296 1 0.0296 331.27** 

Fruits shape index (x3) 0.0002 1 0.0002 2.43 
Soluble solid content (x4) 0.0043 1 0.0043 48.29** 

Residual 0.0022 24 0.0001  
Total 0,0928 29   
y = -1.168 +0.021x1 +0.111x2 +0.35x3+0.013x4; 

R2 = 0.9759; R2
a = 0.9135; R = 0.9879; SDE = 0.02 g; DW= 1.91 

 
Analysis of path coefficients from Table 5 

indicates that the relation between diameter and weight 
of fruits is not reviling because it is influenced to an 
extent of approximately 72% by the indirect effect of 
the other traits, mainly by fruits height (60.72%). The 
correlation between the height and weight of fruits is a 
real one considering the high direct effect of 

approximately 75%. Also, fruits height shows an 
indirect negative effect by 28.26-55.23% on the 
relationships of fruits weight with the shape and 
soluble solid content of the fruits. The relationship 
between the shape and weight of fruits is due to the 
direct effect only in a proportion of 33.15 %, being 
largely and negative controlled by other traits. 

Table 5 
Path coefficients values for fruits traits in bilberry 

Correlative relationships Path coefficients 
Fruit weight — Fruits diameter Value % 

Direct effect of fruits diameter 0.233 28.10 
Indirect effect, of fruits height 0.504 60.72 
                         of fruits shape index 0.072 8.70 
                         of soluble solid content -0.021 2.48 
Total correlation 0.789 100.00 

Fruit weight — Fruits height Value % 
Direct effect of fruits height 1.002 74.37 
Indirect effect, of fruits diameter 0.117 8.72 
                         of fruits shape index -0.188 13.96 
                         of soluble solid content -0.040 2.95 
Total correlation 0.891 100.00 

Fruit weight — Fruits shape index Value % 
Direct effect of fruits shape index 0.337 33.15 
Indirect effect, of fruits diameter 0.050 4.92 
                         of fruits height -0.559 55.03 
                         of soluble solid content -0.070 6.89 
Total correlation -0.242 100.00 

Fruit weight — Soluble solid content Value % 
Direct effect of soluble solid content 0.270 51.59 
Indirect effect, of fruits diameter -0.018 3.41 
                         of fruits height -0.148 28.26 
                         of fruits shape index -0.087 16.74 
Total correlation 0.017 100.00 
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The analysis of correlations from Table 6 
indicates the existence of positive and statistically 
significant relations between the diameter and height of 
fruits, with their weight. Also, there is a negative 
correlation of fruits shape with soluble solid content 
and fruits weight, suggesting that the elongated fruit 
are richer in soluble solid. The variability of soluble 

solid content was influenced to a lesser extent by the 
other fruits traits. Based on the analysis of variance and 
covariance for fruits traits, it is observed that generally 
there are nonlinear relationships between most of these 
traits, such that it is not possible an accurate predict 
how the fruits traits influence each other. 

Table 6 
Values of correlation coefficients between fruits traits in bilberry 

Traits 1. 2. 3. 4. 5. 
Fruits diameter  - 0.503** 0.214 -0.076 0.789*** 

Fruits height  0.503** - -0.558*** -0.147 0.891*** 
Fruits shape index  0.214 -0.558*** - -0.260 -0.242 

Soluble solid content  -0.076 -0.147 -0.260 - 0.017 
Fruits weight   0.789*** 0.891*** -0.242 0.017 - 

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

According to the information from Figure 1, 
there is a different contribution of the morphological 
traits on the plant height at the six bilberry populations. 
Thus, the stem diameter showed a major influence of 
40-56% on plant growth in populations: Muntele Mic, 
Raul Lung, Sadova Noua and Padis. For Semenic 
population, the stem diameter, the number of branches 
and the leaf area had close effects between 22-29% on 

the plant height. In the case of the Cuntu population, it 
is observed that the leaf area contributed mainly with 
about 60% to the variability of the plant size, on the 
background of a low contribution (2.3%) of the stem 
diameter. These results indicate a different 
morphological architecture of plants from one bilberry 
population to another, as an effect of the action of local 
environmental conditions. 
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the mid-part of leaves (mm); leaf area (LA) 
Muntele Mic (MM); Raul Lung (RL); Semenic (SE); Sadova Noua (SN); Cuntu (CU); Padis (PA).  

Figure 1. Contribution of different morphological traits to plant height variability for six bilberry populations 
 
Conclusions 
 

The stem diameter has the main and 
significantly contribution to the plant growth, followed 
by the branches numbers. Changes in the length and 
area of leaf had a low influence on the variability of 
plant height. Leaf area shows an indirect negative 
effect on the stem diameter and branches number. 
During the experiment the development of bilberry 

plants was influenced in a limited extent by other 
factors, not included in the regression model.  

The variability of fruits weight is mainly due 
to the influence of fruit height and diameter, on a 
background of low contributions of the shape and 
soluble solid content of the fruits. The change of fruit 
height has an important and major negative effect on 
the fruits shape and soluble solid content. The increase 
of plants height generally causes an increase of fruits 
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weight, while the stem diameter and branches number 
showed negative effects on fruits size. 

These results indicate a different 
morphological architecture of plants from one bilberry 
population to another, as an effect of the action of local 
environmental conditions. 
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