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Abstract       Bilberry grows on a wide range of environmental conditions, from hilly 
areas to high altitudes. Fruit development of bilberry is initiated by pollination and 
fruit set, and changes of fruits size are accompanied by changes in color, from green 
to red and to blue, and also changes of biochemical components. The fruits samples 
were collected from six sites with elevation from 750 to 1500 m. The objective of this 
study was to evaluate the variation of bilberry fruits size from different sites of Banat 
Mountains under the climatic condition during 2018-2020 and to asses the magnitude 
of differences among them. According to the analysis of variance components for 
fruits size it can be noticed that there are significant differences between bilberry 
populations, fruits category and environmental conditions during the three years. The 
fruit category had the highest contribution to the variability of fruits weight compared 
to the effect of environmental conditions and bilberry populations. The different 
interactions between the three sources of variation showed also statistically assured 
effects on the variability of fruit size. The climatic conditions from 2018-2019 had a 
significantly equal influence on fruits development in the six bilberry populations. The 
conditions from 2020 showed a superior effect on this trait, ensuring a significant 
increase of approximately 8.5% compared to the conditions from 2019. During the 
three years, the populations ‘Raul Lung’ and ‘Padis’ registered a fruit size 
significantly higher to the other populations with 9.5-48.2%. The populations ‘Sadova 
Noua’ and ‘Raul Lung’ presented the highest values of interaction with environmental 
conditions, while in case of populations ‘Semenic’ and ‘Cuntu’ a good stability of the 
fruit size was observed on the background of small variations from one year to 
another. The population Padis harnessed most effectively the favorable conditions 
from 2020, while the population ‘Raul Lung’ showed the best adaptation to the 
conditions of 2018.   
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Bilberry grows on a wide range of 

environmental conditions, from hilly areas to high 
altitudes. Fruit development of bilberry is initiated by 
pollination and fruit set, and changes of fruits size are 
accompanied by changes in color, from green to red 
and to blue, and also changes of biochemical 
components. 

Bilberry fruit production is expected to be 
sensitive to climate, herbivores, and forest management 
practices [2]. The main effects of climate change on 
bilberry are winter [17] and spring [22] warming 
combined with a thinner layer of snow [18].  The warm 
conditions during winter and spring are associated with 
early exposure of plants to drought [14; 16], and frost 
injuries [20]. 

Environment conditions such as temperature, 
photoperiod and intensity of light are important factors 
which affect mainly the quality of bilberry fruits, 
resulting in pronounced variation from year-to-year 
and within-season [21]. Given that the intensity and 
quality of light fluctuate naturally, different culturing 

methods such as forest clear-cutting could improve the 
access of plants to light and thus, increase biomass 
production in bilberry [10]. Mineral and organic 
fertilization of bilberry with compost or wood chips 
had negative effects on fruit yield under field 
conditions from natural forest [8]. Environmental 
effects of regional and climatic conditions confounded 
with the population effects,  had strongest impact on 
bilberry fruits quality [15].  

The yield in wild blueberry is mostly and 
significant influenced by pollination, process almost 
entirely dependent upon bees [1; 4; 23]. The spatial 
genetic structure among bilberry populations and the 
number of bees that are present during bloom will 
determine both the fruit set and yield [2; 11]. 

The yield of bilberry is also influenced by 
natural damages of the plants. Partial damage seems to 
be useful for the bilberry plants because it accelerates 
the process of natural rejuvenation. Therefore, flower 
production decreased during the following growth 
seasons and only a few flowers developed into berries 
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due to the fact that the production of fruits would have 
extracted too much from the stressed plants resources 
[19]. The main reasons of bilberry tolerance to 
damages is probably its large developed underground 
rhizome system with abundant carbohydrate reserves 
[13] which can be mobilized following the damages, 
with dormant buds ready to be activated to start 
compensatory growth [12]. 

The effect of forest management practices on 
to bilberry yield can be partly attributed to shading. 
Different studies indicated that in younger and denser 

forests the bilberry yield was low [24; 6], although a 
negative effect of forest age has been found in some 
regions [9]. According to the findings of Miina et al. 
(2009), the bilberry yield increases with stand age up to 
a certain level, after which it gradually decrease. 

The objective of this study was to evaluate the 
variation of bilberry fruits size from different sites of 
Banat Mountains under the climatic condition during 
2018-2020 and to asses the magnitude of differences 
among them. 

 
Material and Method 
 

The research was achieved in natural habitats of 
bilberry in five different sites from Banat Mountains  
with elevation from 750 to 1400 m (Muntele Mic, 1500 
m; Raul Lung, near Balosu-Zanoaga peak, 1300 m; 
Semenic, 1400 m; Sadova Noua, 750 m; Cuntu, 1400 m) 
and one site from Apuseni Mountains (Padis, 1300 m).  

From each site berries (deep blue colored and 
mature) of 10 randomly selected plants were collected, 
during the fruit-ripening stage. For each site the 
blueberry fruits (collected from the selected plants) 
were weighed using a digital balance (with three 

decimals to the gram). The collected fruits were split 
according with their size in to three categories. The 
average fruit weight (g) was calculated for each 
plant/site.  

The research was organized according to a 
three factor Split Plot Design, using the years as first 
factor, populations as second factor and fruits 
categories as third factor. Data were analyzed using 
ANOVA and t test according to Ciulca (2006). The 
significance of differences was expressed based on 
letters, considering as significant the differences 
between variants with different letters.  

 
Results and Discussions 

 
Considering the analysis of variance 

components from Table 1 it turns out that all the tree 
main sources of variation shown a significant influence 
on the fruits size, on the background of low variations 
between replications. The fruits category had a 
significantly higher contribution (68.52%) compared to 

population (11.49%) and climatic conditions (1.91%), 
to the variability of this trait during the study. The 
different interactions between the three factors showed 
also significant influences on the fruits weight. In this 
regard, the highest effect has been shown by the 
interaction between year and population. The obtained 
results were influenced to an amount of approximately 
14% by other uncontrollable factors.  

Table 1 
Analysis of variance for the effect of environment on fruits weight at different bilberry populations during 2018-2020 

Source of variation SS DF MS F 
Total 53.020    

Replications 0.202 9 0.022 1.93 
Years 0.450 2 0.225 19.44** 

Residual years 0.208 18 0.012  
Fruits categories 30.283 2 15.142 696.65** 

Years x Fruits categories 0.333 4 0.083 3.82** 
Residual fruits categories 1.174 54 0.022  

Populations 8.687 5 1.737 116.85** 
Years x Populations 2.554 10 0.255 17.18** 

Fruits categories x Populations 1.908 10 0.191 12.83** 
Years x Fruits categories x Populations 1.201 20 0.060 4.04** 

Residual populations 6.021 405 0.015  
 
Given the effect of the climatic conditions 

during the study on fruit weight for different categories 
(Table 2) it is observed that in 2018 and 2020 the 
variability of this trait was higher, on the background 
of 0.274-0.278 g amplitude. During the three years 
there is a significant reduction of fruits weight by 25-
31% between the first two categories and 29-32% 
between medium and small fruits, respectively. In the 

case of medium and small fruits, the variation of 
climatic conditions during the study did not 
significantly influence the value of their weight.  The 
weight of large fruits was positively influenced by the 
favorable conditions from 2018 and 2020, registering 
increases of 10.29-13.44% compared to the values 
from 2019. 
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Table 2 
The combined effect of years and fruits categories on fruits weight in bilberry 

Years Fruits categories  
 Large Medium Small x

sx   CV 
2018 x 0.525 a y 0.364 a z 0.247 a 0.379+0.011 AB 38.67 
2019 x 0.476 b y 0.357 a z 0.254 a 0.363+0.009 B 33.49 
2020 x 0.540 a y 0.377 a z 0.266 a 0.394+0.011 A 37.17 

x
sx   0.514+0.009 X 0.366+0.006 Y 0.256+0.004 Z 0.378+0.006  

CV 24.11 19.35 25.44 36.72  
Years (Y) - LSD5%=0.024 g       LSD 1%=0.033 g      LSD 0,1%=0.045 g (A, B) 

Fruits categories (Fc) - LSD 5%=0.031 g       LSD 1%=0.042 g      LSD 0,1%=0.054 g (X, Y, Z) 
Y x Fc - LSD5%=0.049 g       LSD 1%=0.066 g      LSD 0,1%=0.085 g (a, b) 

Fc x Y - LSD 5%=0.054 g       LSD 1%=0.072 g      LSD 0,1%=0.094 g (x, y, z) 
 

Considering the genotype x year interaction, 
from Table 3 it is observed that under the conditions 
from 2018 the values of this trait ranged between 0.318 
g at Cuntu and 0.514 g at Raul Lung population, with 
very high amplitude of 0.196 g, in the context of 
68.67% variability between populations. In this year's 
conditions, the population Raul Lung showed a 
significantly higher weight of fruits by over 27.54% 
compared to the other populations. Also, the fruits of 
Padis population had a significantly higher size by 
22.49-26.73% compared to the Semenic and Cuntu 
populations. 

Regarding the weight of fruits in 2019, amid 
slightly lower inter-populations variability (33.49%), 
were recorded values between 0.305 g at Cuntu and 
0.417 g at Padis, with amplitude of 0.112 g. Regarding 
the distribution of the values of this trait, the 

populations were grouped in two classes with equal 
frequencies. The populations Padiş, Sadova Noua and 
Muntele Mic capitalized at a higher level the less 
favorable conditions of this year, registering 
significantly higher values by 24.84-36.72% compared 
to the other three populations 

Under the favorable conditions from 2020, the 
populations registered amplitude of 0.213 g, between 
0.292 g at Cuntu and 0.505 g at Padis. As such, this 
year as well Padiş population presented the largest 
fruits, associated with significant increases of over 
14.77% compared to most other populations. Also, at 
Sadova Noua and Raul Lung populations the values of 
this trait were significantly higher with 29.79-54.10% 
compared to Muntele Mic, Semenic and Cuntu 
populations. 

Table 3 
The combined effect of years and populations on fruits weight in bilberry 

Populations Years  
 2018 2019 2020 x

sx   CV 
‘Muntele Mic’ x 0.364 bc x 0.322 b x 0.339 c 0.342+0.01 Z 27.40 
‘Raul Lung’ x 0.514 a y 0.402 a y 0.440 b 0.452+0.019 X 39.85 
‘Semenic’ x 0.329 c x 0.315 b x 0.339 c 0.328+0.012 ZW 36.25 
‘Cuntu’ x 0.318 c x 0.305 b x 0.292 c 0.305+0.009 W 27.67 
‘Sadova Noua’ y 0.344 bc x 0.415 a x 0.450 ab 0.403+0.012 Y 28.26 
‘Padis’ y 0.403 b y 0.417 a x 0.505 a 0.441+0.015 X 33.42 

x
sx   0.379+0.011 AB 0.363+0.009 B 0.394+0.011 A 0.378+0.006  

CV 38.67 33.49 37.17 36.72  
Years (Y) - LSD5%=0.024 g       LSD 1%=0.033 g      LSD 0,1%=0.045 g (A, B) 

Populations (P) - LSD 5%=0.036 g       LSD 1%=0.047 g      LSD 0,1%=0.060 g (X, Y, Z, W) 
Y x P - LSD5%=0.061 g       LSD 1%=0.080 g      LSD 0,1%=0.103 g (x, y) 

P x Y - LSD 5%=0.062 g       LSD 1%=0.082 g      LSD 0,1%=0.104 g (a, b, c,) 
 
Given the effect of climatic conditions during 

the study on the weight of fruits for each population, it 
is observed that the population Raul Lung showed a 
good adaptation to the conditions from 2018, achieving 
a significantly higher value by 16.81-27.86% compared 
to the period 2019-2020. The Padis population has 
capitalized at a higher level the conditions from 2020, 
registering a significantly higher fruit size by 21.1-
25.31% compared to the period 2018-2019. Sadova 
Noua population presented during the period 2019-

2020 close and significantly higher values of fruits 
weight by 20.64-30.81% compared to 2018. In the case 
of the of Muntele Mic, Semenic and Cuntu 
populations, the climatic conditions of the three years 
had a small and insignificant influence on the 
variability of this trait. Generally, the climatic 
conditions from 2018-2019 had a significantly equal 
influence on fruits development in the six bilberry 
populations. The conditions from 2020 showed a 
superior effect on this trait, ensuring a significant 
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increase of approximately 8.5% compared to the 
conditions from 2019. 

Regarding the combined effect of fruit 
category and population on fruit weight (Table 4), a 
lower variability of fruit size can be observed in 
Muntele Mic, Semenic and Cuntu populations, amid 

significant variations between the three categories in all 
studied populations. At the level of the whole study, 
the large fruits had a significantly higher weight by 
40.43% compared to medium fruits and with 100.78% 
compared to small fruits, associated with a variation of 
42.97% between the last two fruit categories. 

 
Table 4 

The combined effect of fruits categories and populations on fruits weight in bilberry 
Populations Fruits categories  

 Large Medium Small x
sx   CV 

‘Muntele Mic’ a 0.445 zw b 0.337 yz c 0.242 yzw 0.342+0.01 Z 27.40 
‘Raul Lung’ a 0.652 x b 0.433 x c 0.271 xyz 0.452+0.019 X 39.85 
‘Semenic’ a 0.465 yz b 0.320 z c 0.198 w 0.328+0.012 ZW 36.25 
‘Cuntu’ a 0.402 w b 0.299 z c 0.214 zw 0.305+0.009 W 27.67 
‘Sadova Noua’ a 0.526 y b 0.393 xy c 0.289 xy 0.403+0.012 Y 28.26 
‘Padis’ a 0.594 x b 0.411 x c 0.319 x 0.441+0.015 X 33.42 

x
sx   0.514+0.009 X 0.366+0.006 Y 0.256+0.004 Z 0.378+0.006  

CV 24.11 19.35 25.44 36.72  
Fruits categories (Fc) - LSD5%=0.024 g       LSD 1%=0.033 g      LSD 0,1%=0.045 g (A, B, C) 
Populations (P) - LSD 5%=0.036 g       LSD 1%=0.047 g      LSD 0,1%=0.060 g (X, Y, Z, W) 

Fc x P - LSD5%=0.064 g       LSD 1%=0.085 g      LSD 0,1%=0.108 g (a, b, c) 
P x Fc - LSD 5%=0.062 g       LSD 1%=0.082 g      LSD 0,1%=0.104 g (x, y, z) 

 
Table 5 

The combined effect of years, fruits categories and populations on fruits weight in bilberry 
Years 2018 

Populations Fruits categories 
 Large Medium Small 

‘Muntele Mic’ x 0.463 bcd xy 0.357 b y 0.272 a 
‘Raul Lung’ x 0.766 a y 0.492 a z 0.284 a 
‘Semenic’ x 0.489 bcd y 0.302 b y 0.196 a 
‘Cuntu’ x 0.428 d xy 0.319 b y 0.208 a 
‘Sadova Noua’ x 0.445 cd y 0.333 b y 0.253 a 
‘Padis’ x 0.562 b y 0.378 b y 0.268 a 

Years 2019 
Populations Fruits categories 

 Large Medium Small 
‘Muntele Mic’ x 0.440 bcd y 0.313 a y 0.213 b 
‘Raul Lung’ x 0.568 a y 0.396 a z 0.243 b 
‘Semenic’ x 0.409 cd xy 0.323 a y 0.214 b 
‘Cuntu’ x 0.395 d xy 0.308 a y 0.211 b 
‘Sadova Noua’ x 0.543 ab y 0.410 a z 0.291 ab 
‘Padis’ x 0.504 abc y 0.391 a y 0.355 a 

Years 2020 
Populations Fruits categories 

 Large Medium Small 
‘Muntele Mic’ x 0.433 de xy 0.341 bc y 0.243 abc 
‘Raul Lung’ x 0.623 ab y 0.411 ab z 0.286 abc 
‘Semenic’ x 0.497 cd y 0.335 bc z 0.186 c 
‘Cuntu’ x 0.382 e y 0.270 c y 0.223 bc 
‘Sadova Noua’ x 0.590 bc y 0.437 ab z 0.322 ab 
‘Padis’ x 0.716 a y 0.465 a z 0.334 a 

P x (Y x Fc) - LSD 5%=0.107 g       LSD 1%=0.141 g      LSD 0,1%=0.181 g (a, b, c, d) 
Fc x (Y x P) - LSD5%=0.111 g       LSD 1%=0.147 g      LSD 0,1%=0.188 g (x, y, z) 
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During the three years, the populations ‘Raul 
Lung’ and ‘Padis’ registered a fruit size significantly 
higher to the other populations with 9.5-48.2%. The 
populations Cuntu and Semenic achieved the lower 
values of fruits weight, significantly smaller to all other 
populations except for Muntele Mic. 
 Under the conditions from 2018, the Muntele 
Mic and Cuntu populations presented a more uniform 
structure of the fruits weight associated with their 
smaller dimensions (Table 5). In the Raul Lung 
population, a higher heterogeneity of this trait is 
observed on the background of higher values of fruits 
weight. In the case of small fruits, the blueberry 
population did not significantly influence the value of 
their weight, while only in Raul Lung population the 
medium fruits stand out significantly compared to the 
rest of the populations.  

In 2019, the populations Raul Lung and 
Sadova Noua showed a significant variation of fruits 
weight associated with amplitudes of 0.252-0.325 g. 
The population Padis presented in 2019 the lowest 
variability of fruits weight associated with amplitude of 
0.149 g, on the background of their large size. In the 
case of medium fruits, the blueberry population did not 
significantly influence the value of their weight, while 
only in Padis population the small fruits stand out 
significantly compared to other populations.  

Under the conditions from 2020, the 
populations Muntele Mic and Cuntu exhibited a more 
uniform structure of the fruits weight associated with 
amplitudes of 0.159-0.190 g and smaller size of them. 
At Padis population, a higher heterogeneity of this trait 
is observed, corresponding to amplitude of 0.382 g on 
the background of the highest values of fruits weight. 

 
Conclusions 
 

According to the analysis of variance 
components for fruits size it can be noticed that there 
are significant differences between bilberry 
populations, fruits category and environmental 
conditions during the three years. The fruit category 
had the highest contribution to the variability of fruits 
weight compared to the effect of environmental 
conditions and bilberry populations. The different 
interactions between the three sources of variation 
showed also statistically assured effects on the 
variability of fruit size.  

The climatic conditions from 2018-2019 had a 
significantly equal influence on fruits development in 
the six bilberry populations. The conditions from 2020 

showed a superior effect on this trait, ensuring a 
significant increase of approximately 8.5% compared 
to the conditions from 2019. During the three years, the 
populations ‘Raul Lung’ and ‘Padis’ registered a fruit 
size significantly higher to the other populations with 
9.5-48.2%. The populations ‘Sadova Noua’ and ‘Raul 
Lung’ presented the highest values of interaction with 
environmental conditions, while in case of populations 
‘Semenic’ and ‘Cuntu’ a good stability of the fruit size 
was observed on the background of small variations 
from one year to another. The population Padis 
harnessed most effectively the favorable conditions 
from 2020, while the population ‘Raul Lung’ showed 
the best adaptation to the conditions of 2018. 
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