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Abstract 
 
Nowadays, blueberries are one of the most appreciated and fast increasing consumption worldwide. The 
industrial sector is ready to answer to the consumers’ expectations including all year round fresh fruits and 
better quality. In respect to this opportunity, we tried to find solutions to extend the harvest period of the 
Northern highbush blueberry. Three varieties were selected for the experiment: ‘Bluetta’ as a very early 
cultivar, ‘Coville’ for middle season and ‘Elliott’ as late ripening cultivar. The containerized plants were 
placed in the spring of 2016 in a solar covered with three types of plastic films (yellow, diffused and clear) in 
order to emphasize the best coverage material for our purpose. As control, same number of plants/variety 
was settled down outdoor in the field conditions. To assess the particularities of growing and fructification of 
blueberry varieties under these circumstances, we have made several measurements of the main 
physiological processes as follows: photosynthetic rate, transpiration rate, respiration rate, stomatal 
conductance and internal carbon dioxide. The content of the chlorophyll and carotenoids was also evaluated 
according to the experimental model. The photosynthetic capacity of the blueberry plants in all of the 
phenological period swas decreased by the plastic film coverage. Plant’s respiration was more intense in 
June compared to July or September. ‘Bluetta’ variety was highlighted by very fast growing plantsdue to a 
higher photosynthetic rate recorded. The yellow plastic film significantly decreased the content of 
chlorophyll a and carotenoids in the leaves of blueberry varieties. Indoor conditions and protective films 
anticipated the fruit maturation and delay the last harvest till end of the autumn proving as an efficient way 
to extend the harvest period of the blueberries.  
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INTRODUCTION 
 
The first highbush blueberry (Vaccinium 
corymbosum L.) (Ericaceae family) cultivars 
have been planted in Romania in 1968, at 
Bilceşti Fruit Tree Resort, Argeş County 
(Bădescu Gh., 1985), then the plant production 
has been limited by social-economical factors, 
also by soil and climatic conditions (Bădescu et 
al., 2009). Along the time, many researchers 
have been done, in our country, at Bilceşti and 
not only, in order to increase the bush yield and 
to obtain higher fruit in terms of quality 
(Bădescu, 2003; Varga et al., 2015) or to know 
which is the culture substrate influence on 
growth and development of blueberry plants 
(Delian et.al, 2011).  
Moreover, micropropagation protocols were 
tried by using dormant buds and the method 

has proved to be a successful alternative for 
multiplying blueberry (Vescan et al., 2012).  
The high bush blueberry plantations value is 
due by the low plant chemical fertilization and 
chemical protection requirements (Kęsik and 
Wach, 2010). Blueberry fruits are greatly 
appreciated by consumers (Konarska, 2015), 
especially due to their functional food 
characteristics (Wang et al., 2009; Nile and 
Park, 2014; Patel, 2014; Schrager et al., 2015) 
as well as leaves are important polyphenols 
sources (Xiaoyong et al., 2014).  
It is well known that in general, the plants 
development life cycle depends on the 
successful implementation of the 
photosynthesis. There are many internal and 
external factors that contribute to the normal 
running of this process and other processes 
with which the former is in interrelation. For 
instance, different abiotic factors such as light 
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intensity, temperature and carbon dioxide 
concentration influence the carbon assimilation 
(Hancock et al., 1992; Percival and Tompkins, 
2016) and despite the numerous existing 
information, such research themes are topical 
today, along with those relating to improving 
the blueberry breeding programs (Estrada et al., 
2015). 
As Taiz and Zigler (2010) emphasized, light is 
essential ecological factor for plants and not 
only its presence is defining for what 
essentially involves conducting photosynthesis 
itself, but its quantity, composition and 
duration of action affects many other 
physiological processes.  For this reason, for 
blueberry research, it has been undertaken on 
the influence of colored photo-selective nets on 
some physiological indicators, especially those 
related to carrying out gas exchange (Gustavo 
et al., 2012) or those regarding the impact on 
blueberries anthocyanin profile (Zoratti et al., 
2015). Not unimportant are also different 
pruning severity techniques applied, which 
among their effect on yield, these affect the 
whole-canopy leaf area and have a major 
impact on the proper leaf gas exchange 
(Jorquera-Fontena et al., 2014). 
Nowadays, given the great interest on this 
topic, the purpose of this research was to study 
the effects of changing environmental 
conditions (light quality and intensity mainly, 
but not only) on some physiological indicators 
of blueberry varieties in relation with morpho-
productivity traits. 
 
MATERIALS AND METHODS 
 
Experimental site location 
The experiment was carried out in the 
experimental field of the Faculty of 
Horticulture, USAMV Bucharest (44.4708° N, 
26.0662° E), during the vegetation period of 
the year 2016. 
The biological material 
The biological material was represented by 
three highbush blueberries (Vaccinium 
corymbosum L.) varieties (Figure 1) as follows: 
‘Bluetta’ - early cultivar; ‘Coville’ - middle and 
‘Elliott’ - late ripening variety.  
Growing conditions 
All of the plants were grown in containers of 50 
litres with upper diameter of 50 cm. The 

substrate consisted in a mix of acid peat moss: 
sawdust: perlite (1:1:1) (v:v:v). A drip 
irrigation system with capillary tubes of 2 l/h 
provided the necessary humidity in the pots. 
For a better homogeneity of the water 
dispersion in the containers it were placed two 
capillary tub supports per unit. All indoor and 
outdoor surfaces were mulched with agrotextile 
material. Fertilization and minimal training 
measures were applied during the experiment 
time.  
Treatments and Experimental Design  
Blueberries plants were introduced in spring of 
2016 inside a protected solar house. The 
construction has the size of 18 m x 6 m and is 
divided in three sections (Figure 1), each one 
covered with different sun-cover films (Figure 2).  
The first module (6 m x 6 m) was covered with 
Ginegarplastic film - Suncover 205 Nyellow, 
200 microns thickness, light transmission in 
PAR89%, diffused light transmission in 
PAR65%, UV-transmission 300-380 nm 0%; 
The second one (6 m x 6 m) was protected with 
Suntherm diffused plastic film with the 
following characteristics: 150 microns 
thickness, light transmission in PAR 88%, 
diffused light transmission in PAR 56%, 
thermicity 7-15 micron 80%; 
The last section (6 m x 6 m) was covered with 
Suncover Clear of 150 microns, light 
transmission in PAR 89% and diffused light 
transmission in PAR 22%. 
It were tested in each variant of covering,  
7 plants/variety. As control another group of  
7 plants/variety was placed outdoor next to the 
solar construction.  
 

 
Figure 1. Indoor repartition of blueberries varieties 

according to sun-cover plastic films modules 

 

 
Figure 2. The solar covered with different plastic  

film types 
 

Analysed parameters 
During the growing season, the growth and 
fructification was monitored and data collected 
as well. The annual growth was calculated as 
difference between the plant heights measured 
at the start of the vegetation in the spring and 
leaves colour changed in the late autumn. Fruit 
production was recorded as fruits appeared and 
get ripen.  
In order to monitor blueberry plants 
metabolism in an indoor and outdoor 
conditions, there were performed different 
measurements (n=3 per production phase for 
each sample date) from June until September 
2016, as followings: 
-21st of June, 2016 (the plants were in full 
blossom - inflorescences opened) 
- 11th of July, 2016 (fruit growing phase -the 
second fructification) 
- 9th of September, 2016 (ripen fruits -second 
bearing) 
Leaf gas exchange physiological indicators 
such as photosynthesis rate (An), respiration 
rate (Rr), transpiration rate (Tr), stomatal 
conductance (gs) and intercellular carbon 
dioxide (Ci), respectively  have been quantified 
using the LCIpro+ photosynthesis system 
equipped with an analysis camera of 6.25 cm2, 
between 7:00 and 10:00 h a.m.  
All measurements were made in three 
replicates by analysing only normal developed 
leaves, as follows:  the 5th leaf of the tip of the 
shoot toward the base, near the inflorescence; 
the 3rd leaf from the top to the bottom, close to 
the growing fruits; the 3rd leaf from the top to 
the bottom, near the mature fruit.  

The indoor temperature was below 320C and 
the light intensity was maintained between 500-
700 μmols m-2s-1 to avoid the photoinhibition 
process (Hicklenton et al., 2000). The results 
were expressed as: An (μmols CO2 m-2s-1);  
Rr (μmols CO2 m-2s-1) Tr (mmols H2O m-2s-1);  
gs (mols H2O m-2s-1); Ci (μmols mol-1air). 
On the same (detached) leaves (on 9th of 
Sepemeber, 2016), leaf photosynthetic 
pigments concentration was analysed by 
spectrofotometric method, using the CECIL CE 
1011 spectrophotometer.  
The pigments extraction was done in acetone 
80% (v:v) and the extract absorbencies were 
measured  at three wavelengths: 663 nm, 646 
nm and 470 nm. The obtained results were 
expressed as mg 100 g-1 FW using formula of 
Lichtenthaler and Wellburn (1983). 
Data was subject to analysis of variance using 
XL STAT software. The means were compared 
with Least Significant Difference (LSD) and 
the treatments were considered significantly 
different at the 5% significance level. The 
effect of different microclimate conditions on 
the gas exchange parameters and assimilatory 
pigments accumulation of high bush blueberry 
leaves was also subject to statistical analyses.  
 
RESULTS AND DISCUSSIONS 
 
The yellow Ginegar plastic film - Suncover 
205N increased the plant growths. In late 
autumn, the average height was of 150 cm at all 
the varieties but the most vigorous proved to be 
‘Coville’ with 153 cm height.  
Regarding the diffuse plastic film type 
influence it seems that also has a positive 
impact on the plants growth. In November, the 
maximum height of 159 cm was registered at 
late variety ‘Elliott’. 
The highest growth rate was recorded by 
‘Coville’ under the yellow plastic coverage. It 
has grown 2.5 times more in height since it was 
placed in the solar conditions, with 91 cm more 
respectively (Table 1). 
Statistical interpretation shows us no 
significantly differences between variants at the 
start of experiment but in the end of 2016, the 
effect of plastic films emphasize statistic 
differences between yellow and diffused films 
comparing to clear film or outdoor conditions. 
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Table 1. Dynamics of blueberries growths in different coverage conditions and in the field condition (cm) 

Coverage Suncover 205N (yellow) Suntherm (diffused) Suncover(clear) Outdoor Average 

Variety March Nov Diff March Nov Diff March Nov Diff March Nov Diff March Nov Diff 
Bluetta 84 148 64 82 143 61 82 132 49 75 126 51 81b 137a 56a 

Coville 62 153 91 62 146 84 68 136 68 61 120 58 63a 138a 75b 

Elliott 94 149 55 98 159 61 90 143 53 86 124 38 92c 144a 52a 

Average 80a 150a 70a 80a 149a 69a 90a 137b 57a 74a 123c 49a 79 140 61 

*Means followed by the same letter are not significantly different at P≤0.05 using Duncan’s multiple range test 
 
Also in case of ‘Coville’, the comparison of 
means indicates it as the most vigorous variety 
in terms of height and thickness too. Under the 
diffused plastic film, this variety has grown in 
diameter up to 31.3 mm in the collet zone 
(Table 2).  
 

Table 2. Plants diameter at the end of the growth season 
under the experimental conditions (mm) 

Coverage 
/ Variety 

Suncover 
205N 
(yellow) 

Suntherm 
(diffused) 

Suncover 
(clear) 

Outdoor Average 

Bluetta 26.23 26.70 24.03 25.43 25.60a 
Coville 25.90 31.30 29.45 30.25 29.23a 
Elliott 23.91 28.58 31.72 20.83 26.26a 
Average 25.35a 28.86a 28.40a 25.50a 27.03 
*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

Concerning the fructification of the blueberry 
varieties, we noted the start of flowering 
process at the end of March and the fruits 
haveset during April. In May, all the fruits have 
been grown in clusters and in the last decade 
we observed the first fruits ready to harvestat 
‘Bluetta’ variety (Figure 3). 
 

   
Figure 3. ‘Bluetta’ variety evolution from flowers 

(4.04.2016) to ripen fruits (25.05.2017) 
 

The reason for this very fast developed 
phenology for blueberries is the fact that the 
plants have been kept in the vegetation house 
(with transparent polycarbonate roof and 
positive temperatures) till start of May when 
the solar was ready to receive the plants. 
Once the plants were settled down in the solar, 
the primocane fructification type started at all 
three varieties. 

From the data presented in the Table 3 
regarding the photosynthesis activity of the 
blueberry varieties it results that the intensity of 
the process varied with the growing conditions 
(protected or in the field), variety, time of the 
determination and phenological phase. Also 
position of leaves has a direct influence, if they 
are near the flowers, developing fruits or ripen 
fruits. 
 

Table 3. The photosynthesis intensity of the blueberry 
varieties under the influence of different types of solar 

coverage indoor and in the field conditions 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 7.55 7.79 8.33 7.89ab 

7.15a 
Diffused 5.33 3.51 4.85 4.56b 

Clear 9.85 4.08 7.28 7.07ab 

outdoor 11.14 8.47 7.60 9.07a 

July 
11, 
2016 

Yellow 8.20 2.73 5.51 5.48b 

7.16a 
Diffused 5.61 3.59 7.14 5.45b 

Clear 7.28 9.15 7.83 8.08ab 

outdoor 11.40 9.82 7.68 9.63a 

Sept 9, 
2016 

Yellow 5.18 3.16 4.71 4.35a 

5.20a 

Diffused 7.23 3.75 3.27 4.75a 

Clear 5.66 6.13 4.59 5.46a 

outdoor 6.09 6.51 6.10 6.23a 

Mean/ 
variety 

7.54a 5.72a 6.24a 6.50 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

The plastic films decreased the photosynthetic 
capacity of the blueberry plants in all of the 
phenological period comparing to the ones used 
as control (outdoor the solar).Therefore, the 
average photosynthesis intensity value of the 
plants grown in the field was of 8.31 μmols 
CO2m-2s-1.  
In June and July, these differences are 
significantly higher than in September when 
the values tend to homogenize. 
The clear plastic film decreased the 
photosynthetic rate of the indoor plants with 
17.32%, the diffused film with 40.81% and the 
yellow one with 28.94%. 

 
There were no differences remarked between 
the average values of the summer 
measurements, both values are higher than 
those from the start of the autumn, when the 
process intensity decreased with 27.27%. 
The ‘Bluetta’ variety was highlighted by a very 
fast growing plants which can be justified also 
by a higher photosynthetic rate recorded (7.54 
μmols CO2 m-2s-1) comparing to the other 
blueberry varieties (‘Elliottt’, 6.24 μmols CO2 
m-2s-1and ‘Coville’ with 5.72 μmols CO2 m-2s-1) 
all vegetation round season. 
As recently Percival and Tompkins (2016) 
noticed, even if different abiotic factors such as  
light intensity, carbon dioxide concentration 
and temperature have major impacts on carbon 
nutrition on low bush blueberry, light intensity 
and carbon dioxide concentration were the 
most important factors which contribute to 83% 
of the net carbon dioxide exchange rate. Also, 
significant effects of production cycle and stage 
within the growing season were observed. 
In the case of wild blueberry, the net 
photosynthesis rate of upright stems ranged 
from 2.1 to 7.6 mmolm-2s-1, with substantially 
higher value during the vegetative phase of 
production and a significantly decrease was 
registered in the latter part of the growing 
season (Percival et al., 2012). 
Gustavo et al. (2012) have emphasized that if 
the blueberry cv. ‘Elliott’ exposed to different 
light intensity and spectral composition by 
using different colored netting (black, red and 
white) as against a control (full sun) was 
acclimatized with success at a reduction of up 
to 50% of light, improving the photosynthesis 
performances and the leaves traits. Regarding 
the accumulation of anthocyanins in the fruits, 
Zoratti et al. (2015) has found that if plants 
were grown in 90% shading of sunlight 
radiation, wild bilberry plants accumulated a 
larger amount of anthocyanins, while for 
cultivated high bush blueberry maturation 
process has been delayed by at least two weeks, 
and the accumulation of anthocyanins was 
significantly lower in fruits compared to 
control (sunlight conditions). 
Light intensity can be also modified by other 
cultural practice in blueberry production. 
According to the four-year old high bush 
blueberry plants cv. ‘Brigitta’ subjected to 
slight, conventional and severe pruning, the net 

assimilation reached the light saturation point 
at 700 μmolsm-2s-1PPFD (Jorquera-Fontena et 
al., 2014). 
Transpiration was more intense in June, 
downing slightly in July and then more in 
September, correlated with outdoor 
temperatures for all varieties and cultural 
system (Table 4). 
The variety with the most intense transpiration 
was ‘Bluetta’, a process that reached in July 
outdoor conditions a maximum of 4.63 mmols 
H2O m-2s-1. Significantly differences are 
highlighted between ‘Bluetta’ and the other 
varieties, regardless the measurements period. 
In June, the diffused film maintained higher the 
transpiration process, but later, the 
environmental and weather conditions calm 
down the process rates. 
The ‘Elliott’ variety lost less water by 
transpiration in the solar under the yellow 
plastic and diffused film especially in the 
second part of the year. A similar behaviour 
had encountered also ‘Coville’. 
 

Table 4. The intensity of transpiration in blueberry 
varieties under the influence of different plastic films in 

the solar and outside 
Date Plastic 

film type 
Bluetta Coville Elliottt Average Mean 

/date 
June 
21, 
2016 

Yellow 2.16 2.06 2.71 2.31a 

2.70a 
 

Diffused 3.37 3.58 2.10 3.02a 

Clear 3.94 2.75 1.66 2.79a 
outdoor 3.05 2.90 2.09 2.68a 

July 
11, 
2016 

Yellow 2.87 0.92 1.75 1.85b 

2.60a 
 

Diffused 3.22 1.55 1.36 2.04b 

Clear 2.81 2.28 1.69 2.26b 
outdoor 4.63 4.81 3.26 4.23a 

Sept 9, 
2016 

Yellow 2.96 1.86 1.31 2.04a 

2.12a 

Diffused 2.73 1.70 1.07 1.83a 

Clear 2.51 2.00 1.67 2.06a 
outdoor 2.85 2.59 2.21 2.55a 

Mean/ 
variety 

3.09a 2.42ab 1.91b 2.47 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

Of course, in the protected space, air 
temperature was higher than outside, and 
physiological response of varieties, subject of 
the experiment was different too. Moreover, 
high bush cultivars are in general poorly 
adapted to high temperatures, although some 
are more tolerant than others (Hancock et al., 
1992). 
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Table 1. Dynamics of blueberries growths in different coverage conditions and in the field condition (cm) 

Coverage Suncover 205N (yellow) Suntherm (diffused) Suncover(clear) Outdoor Average 

Variety March Nov Diff March Nov Diff March Nov Diff March Nov Diff March Nov Diff 
Bluetta 84 148 64 82 143 61 82 132 49 75 126 51 81b 137a 56a 

Coville 62 153 91 62 146 84 68 136 68 61 120 58 63a 138a 75b 

Elliott 94 149 55 98 159 61 90 143 53 86 124 38 92c 144a 52a 

Average 80a 150a 70a 80a 149a 69a 90a 137b 57a 74a 123c 49a 79 140 61 

*Means followed by the same letter are not significantly different at P≤0.05 using Duncan’s multiple range test 
 
Also in case of ‘Coville’, the comparison of 
means indicates it as the most vigorous variety 
in terms of height and thickness too. Under the 
diffused plastic film, this variety has grown in 
diameter up to 31.3 mm in the collet zone 
(Table 2).  
 

Table 2. Plants diameter at the end of the growth season 
under the experimental conditions (mm) 

Coverage 
/ Variety 

Suncover 
205N 
(yellow) 

Suntherm 
(diffused) 

Suncover 
(clear) 

Outdoor Average 

Bluetta 26.23 26.70 24.03 25.43 25.60a 
Coville 25.90 31.30 29.45 30.25 29.23a 
Elliott 23.91 28.58 31.72 20.83 26.26a 
Average 25.35a 28.86a 28.40a 25.50a 27.03 
*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

Concerning the fructification of the blueberry 
varieties, we noted the start of flowering 
process at the end of March and the fruits 
haveset during April. In May, all the fruits have 
been grown in clusters and in the last decade 
we observed the first fruits ready to harvestat 
‘Bluetta’ variety (Figure 3). 
 

   
Figure 3. ‘Bluetta’ variety evolution from flowers 

(4.04.2016) to ripen fruits (25.05.2017) 
 

The reason for this very fast developed 
phenology for blueberries is the fact that the 
plants have been kept in the vegetation house 
(with transparent polycarbonate roof and 
positive temperatures) till start of May when 
the solar was ready to receive the plants. 
Once the plants were settled down in the solar, 
the primocane fructification type started at all 
three varieties. 

From the data presented in the Table 3 
regarding the photosynthesis activity of the 
blueberry varieties it results that the intensity of 
the process varied with the growing conditions 
(protected or in the field), variety, time of the 
determination and phenological phase. Also 
position of leaves has a direct influence, if they 
are near the flowers, developing fruits or ripen 
fruits. 
 

Table 3. The photosynthesis intensity of the blueberry 
varieties under the influence of different types of solar 

coverage indoor and in the field conditions 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 7.55 7.79 8.33 7.89ab 

7.15a 
Diffused 5.33 3.51 4.85 4.56b 

Clear 9.85 4.08 7.28 7.07ab 

outdoor 11.14 8.47 7.60 9.07a 

July 
11, 
2016 

Yellow 8.20 2.73 5.51 5.48b 

7.16a 
Diffused 5.61 3.59 7.14 5.45b 

Clear 7.28 9.15 7.83 8.08ab 

outdoor 11.40 9.82 7.68 9.63a 

Sept 9, 
2016 

Yellow 5.18 3.16 4.71 4.35a 

5.20a 

Diffused 7.23 3.75 3.27 4.75a 

Clear 5.66 6.13 4.59 5.46a 

outdoor 6.09 6.51 6.10 6.23a 

Mean/ 
variety 

7.54a 5.72a 6.24a 6.50 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

The plastic films decreased the photosynthetic 
capacity of the blueberry plants in all of the 
phenological period comparing to the ones used 
as control (outdoor the solar).Therefore, the 
average photosynthesis intensity value of the 
plants grown in the field was of 8.31 μmols 
CO2m-2s-1.  
In June and July, these differences are 
significantly higher than in September when 
the values tend to homogenize. 
The clear plastic film decreased the 
photosynthetic rate of the indoor plants with 
17.32%, the diffused film with 40.81% and the 
yellow one with 28.94%. 

 
There were no differences remarked between 
the average values of the summer 
measurements, both values are higher than 
those from the start of the autumn, when the 
process intensity decreased with 27.27%. 
The ‘Bluetta’ variety was highlighted by a very 
fast growing plants which can be justified also 
by a higher photosynthetic rate recorded (7.54 
μmols CO2 m-2s-1) comparing to the other 
blueberry varieties (‘Elliottt’, 6.24 μmols CO2 
m-2s-1and ‘Coville’ with 5.72 μmols CO2 m-2s-1) 
all vegetation round season. 
As recently Percival and Tompkins (2016) 
noticed, even if different abiotic factors such as  
light intensity, carbon dioxide concentration 
and temperature have major impacts on carbon 
nutrition on low bush blueberry, light intensity 
and carbon dioxide concentration were the 
most important factors which contribute to 83% 
of the net carbon dioxide exchange rate. Also, 
significant effects of production cycle and stage 
within the growing season were observed. 
In the case of wild blueberry, the net 
photosynthesis rate of upright stems ranged 
from 2.1 to 7.6 mmolm-2s-1, with substantially 
higher value during the vegetative phase of 
production and a significantly decrease was 
registered in the latter part of the growing 
season (Percival et al., 2012). 
Gustavo et al. (2012) have emphasized that if 
the blueberry cv. ‘Elliott’ exposed to different 
light intensity and spectral composition by 
using different colored netting (black, red and 
white) as against a control (full sun) was 
acclimatized with success at a reduction of up 
to 50% of light, improving the photosynthesis 
performances and the leaves traits. Regarding 
the accumulation of anthocyanins in the fruits, 
Zoratti et al. (2015) has found that if plants 
were grown in 90% shading of sunlight 
radiation, wild bilberry plants accumulated a 
larger amount of anthocyanins, while for 
cultivated high bush blueberry maturation 
process has been delayed by at least two weeks, 
and the accumulation of anthocyanins was 
significantly lower in fruits compared to 
control (sunlight conditions). 
Light intensity can be also modified by other 
cultural practice in blueberry production. 
According to the four-year old high bush 
blueberry plants cv. ‘Brigitta’ subjected to 
slight, conventional and severe pruning, the net 

assimilation reached the light saturation point 
at 700 μmolsm-2s-1PPFD (Jorquera-Fontena et 
al., 2014). 
Transpiration was more intense in June, 
downing slightly in July and then more in 
September, correlated with outdoor 
temperatures for all varieties and cultural 
system (Table 4). 
The variety with the most intense transpiration 
was ‘Bluetta’, a process that reached in July 
outdoor conditions a maximum of 4.63 mmols 
H2O m-2s-1. Significantly differences are 
highlighted between ‘Bluetta’ and the other 
varieties, regardless the measurements period. 
In June, the diffused film maintained higher the 
transpiration process, but later, the 
environmental and weather conditions calm 
down the process rates. 
The ‘Elliott’ variety lost less water by 
transpiration in the solar under the yellow 
plastic and diffused film especially in the 
second part of the year. A similar behaviour 
had encountered also ‘Coville’. 
 

Table 4. The intensity of transpiration in blueberry 
varieties under the influence of different plastic films in 

the solar and outside 
Date Plastic 

film type 
Bluetta Coville Elliottt Average Mean 

/date 
June 
21, 
2016 

Yellow 2.16 2.06 2.71 2.31a 

2.70a 
 

Diffused 3.37 3.58 2.10 3.02a 

Clear 3.94 2.75 1.66 2.79a 
outdoor 3.05 2.90 2.09 2.68a 

July 
11, 
2016 

Yellow 2.87 0.92 1.75 1.85b 

2.60a 
 

Diffused 3.22 1.55 1.36 2.04b 

Clear 2.81 2.28 1.69 2.26b 
outdoor 4.63 4.81 3.26 4.23a 

Sept 9, 
2016 

Yellow 2.96 1.86 1.31 2.04a 

2.12a 

Diffused 2.73 1.70 1.07 1.83a 

Clear 2.51 2.00 1.67 2.06a 
outdoor 2.85 2.59 2.21 2.55a 

Mean/ 
variety 

3.09a 2.42ab 1.91b 2.47 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

Of course, in the protected space, air 
temperature was higher than outside, and 
physiological response of varieties, subject of 
the experiment was different too. Moreover, 
high bush cultivars are in general poorly 
adapted to high temperatures, although some 
are more tolerant than others (Hancock et al., 
1992). 
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Plant’s respiration was about 2 times more 
intense at the first measurement on the 21st of 
June compared to July or September when they 
did not exceed 1 μmols CO2 m-2s-1 on average 
(Table 5). This is also confirmed by the 
Duncan’s multiple range test. 
‘Bluetta’ blueberry variety recorded again the 
highest values, with a peak in July under the 
diffused film (μmols CO2 m-2s-1) and a 
minimum in the same date under the yellow 
plastic film (0.52 μmols CO2 m-2s-1). 
Both the ‘Coville’ and ‘Elliott’ varieties 
consumed the least in July under the yellow 
film and the most in June under the yellow and 
diffuse plastic films. 
Inside the determination dates there are no 
significantly differences between the plastic 
films and between cultural conditions. 
 

Table 5. The intensity of respiration in blueberry 
varieties under the influence of different plastic films in 

the solar and outside 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 2.07 3.64 0.94 2.22a 

1.80a 
Diffused 1.55 1.95 2.52 2.01a 

Clear 1.10 0.89 1.77 1.25a 
outdoor 2.23 2.09 0.84 1.72a 

July 
11, 
2016 

Yellow 0.52 0.66 0.25 0.48a 

0.93b 
Diffused 3.75 0.50 0.35 1.53a 

Clear 1.04 1.20 0.26 0.84a 
outdoor 0.66 0.76 1.20 0.87a 

Sept 9, 
2016 

Yellow 0.74 1.51 0.63 0.96a 

0.98b 

Diffused 0.73 0.52 0.57 0.60a 

Clear 1.62 0.55 0.67 0.95a 
outdoor 1.14 1.75 1.39 1.43a 

Mean/ 
variety 

1.43a 1.33a 0.95a 1.24 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

Our obtained values were generally slightly 
higher as compared with those noticed by 
Jorquera-Fontena et al. (2014) in the case of 
four-year old ‘Brigitta’ highbush blueberry 
plants (ranging from 0.92 μmols CO2 m-2s-1 to 
1.09 μmols CO2 m-2s-1). 
The stomatal conductance (Table 6) maintained 
the same trend as photosynthesis, respiration 
and transpiration processes in the sense of 
decreasing values from June to September, this 
time at the same level for ‘Bluetta’ and 
‘Coville’ varieties and lower at ‘Elliott’. No 
statistic differences have been noticed. 

The yellow film generated a higher 
conductivity for the plants of ‘Bluetta’ in June 
and higher outside in July. However, the 
highest value was found in the ‘Coville’ variety 
under the diffused plastic film in June  
(0.52 mol H2O m-2s-1). 
 

Table 6. The stomatal conductance in blueberry varieties 
under the influence of different plastic films in the solar 

and outside 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 0.22 0.15 0.18 0.18a 

0.18a
Diffused 0.17 0.52 0.09 0.26a 

Clear 0.21 0.11 0.08 0.13a 
outdoor 0.16 0.16 0.10 0.14a 

July 
11, 
2016 

Yellow 0.16 0.07 0.16 0.13a 

0.14a
Diffused 0.15 0.09 0.10 0.11a 

Clear 0.11 0.14 0.11 0.12a 
outdoor 0.23 0.23 0.13 0.20a 

Sept 9, 
2016 

Yellow 0.14 0.15 0.09 0.13a 

0.10a

Diffused 0.12 0.08 0.06 0.09a 

Clear 0.10 0.10 0.08 0.09a 
outdoor 0.12 0.09 0.07 0.09a 

Mean/ 
variety 

0.16a 0.16a 0.10a 0.14 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

The decrease in stomatal conductance leads to a 
reduction in the rate of photosynthesis, but also 
photosynthesis may be diminished due to a 
deficient carbon dioxide diffusion in the 
mesophytic pathway to the chloroplast where 
the carboxylation process is to be produced 
(Rho et al., 2013). 
The experiments conducted in the case of the 
‘Elliott’ variety exposed at different light 
intensities as well as in various spectral 
compositions revealed that stomatal conduction 
and xylem water potential showed little relation 
with the PAR (Gustavo et al., 2012). 
On the other hand, a high interrelation was 
noticed between photosynthesis and stomatal 
conductance in ‘Brigitta’ blueberry as a 
response to carbon and water exchange to sink 
demand. Changes that appear in the leaf 
anatomy and the physiological changes are 
closely interdependent with source-sink 
changes, making it a possible balance between 
daily adjusting of carbon assimilation and of 
light energy absorption (Jorquera-Fontena et 
al., 2016). 
Another physiologically indicator measured 
was the internal carbon dioxide (Table 7), 

 
which varied inversely with the determination 
date, the highest values being found in 
September. 
 

Table 7. The internal carbon dioxide measured in 
blueberry varieties under the influence of different 

plastic films in the solar and outside 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 328 283 291 301a 

286a 
Diffused 324 338 282 315a 

Clear 276 315 201 264a 
outdoor 276 315 201 264a 

July 
11, 
2016 

Yellow 284 358 344 329a 

290a 
Diffused 312 316 272 300ab 

Clear 239 264 272 258b 
outdoor 269 285 265 273b 

Sept 9, 
2016 

Yellow 344 422 334 367a 

315a 

Diffused 301 331 325 319ab 

Clear 291 301 316 303ab 
outdoor 315 274 227 272b 

Mean/ 
variety 

297a 317a 277a 297 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 

It is very interesting the fact that in July and 
September, the internal carbon dioxide was 
significantly higher under the yellow film 
comparing to the other plastic films and 
outdoor conditions. 
Looking at the content of different pigments in 
the leaves of blueberries varieties (Table 8), we 
can distinguish clearly the influence of the 
plastic film coverage. For instance, the 
chlorophyll A and carotenoids content is 
significantly influenced by the cultural 
conditions, differences between covered and 
outdoor plants, being emphasized by the 
Duncan test results. Also the clear and diffused 
films are statistically separated from the lowest 
values of yellow plastic film coverage. 
Regarding chlorophyll B and total chlorophyll 
content of the leaves, values are not 
significantly different. Same observation for 
the A/B ratio of chlorophyll and total 
chlorophyll content/carotenoids. 

 
Table 8. The chlorophyll content in blueberry varieties under the influence of different plastic films in the solar and 

outside 
Plastic film 
type 

Variety Chlorophyll A Chlorophyll B Total 
chlorophyll 

A/B ratio Carotenoids Tot.Chl/Carot 

yelow Bluetta 97.67 24.55 122.23 3.98 29.72 4.11 

 Coville 96.53 25.47 122.00 3.79 25.08 4.87 

 Elliott 82.43 21.98 104.40 3.75 25.89 4.03 

 Average 92.21b 24.00a 116.21a 3.84a 26.89b 4.34a 

diffused Bluetta 131.41 43.20 174.61 3.04 32.61 5.36 

 Coville 139.38 33.32 172.70 4.18 40.73 4.24 

 Elliott 124.16 33.00 157.16 3.76 36.53 4.30 

 Average 131.65ab 36.51a 168.16a 3.66a 36.62ab 4.63a 

clear Bluetta 95.92 31.65 127.57 3.03 26.92 4.74 

 Coville 109.85 29.54 139.39 3.72 37.20 3.75 

 Elliott 181.60 51.17 232.77 3.55 46.78 4.98 

 Average 129.12ab 37.45a 166.58a 3.43a 36.97ab 4.49a 

outdoor Bluetta 106.12 23.59 129.72 4.50 36.11 3.59 

 Coville 174.49 45.87 220.36 3.80 48.40 4.55 

 Elliott 212.14 73.49 285.63 2.89 52.10 5.48 

 Average 164.25a 47.65a 211.90a 3.73a 45.54a 4.54a 

General 
average 

 129.31 36.40 165.71 3.67 36.51 4.50 

*Means followed by the same letter are not significantly different at P≤0.05 using Duncan’s multiple range test 
 

According to Percival et al. (2012), in the case 
of wild blueberry, total chlorophyll content 
varied from 2.0 to 12 mg cm-2 and from 0.042 
to 1.4 mg cm-2 for chlorophyll a and b, 
respectively. Also, the pigments amounts were 

significantly lower in the cropping phase of 
production, and in the same time the values 
significantly decreased in the latter stages of 
the growing season. A similarly trend was also 
reported for carotenoids. Their concentrations 
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Plant’s respiration was about 2 times more 
intense at the first measurement on the 21st of 
June compared to July or September when they 
did not exceed 1 μmols CO2 m-2s-1 on average 
(Table 5). This is also confirmed by the 
Duncan’s multiple range test. 
‘Bluetta’ blueberry variety recorded again the 
highest values, with a peak in July under the 
diffused film (μmols CO2 m-2s-1) and a 
minimum in the same date under the yellow 
plastic film (0.52 μmols CO2 m-2s-1). 
Both the ‘Coville’ and ‘Elliott’ varieties 
consumed the least in July under the yellow 
film and the most in June under the yellow and 
diffuse plastic films. 
Inside the determination dates there are no 
significantly differences between the plastic 
films and between cultural conditions. 
 

Table 5. The intensity of respiration in blueberry 
varieties under the influence of different plastic films in 

the solar and outside 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 2.07 3.64 0.94 2.22a 

1.80a 
Diffused 1.55 1.95 2.52 2.01a 

Clear 1.10 0.89 1.77 1.25a 
outdoor 2.23 2.09 0.84 1.72a 

July 
11, 
2016 

Yellow 0.52 0.66 0.25 0.48a 

0.93b 
Diffused 3.75 0.50 0.35 1.53a 

Clear 1.04 1.20 0.26 0.84a 
outdoor 0.66 0.76 1.20 0.87a 

Sept 9, 
2016 

Yellow 0.74 1.51 0.63 0.96a 

0.98b 

Diffused 0.73 0.52 0.57 0.60a 

Clear 1.62 0.55 0.67 0.95a 
outdoor 1.14 1.75 1.39 1.43a 

Mean/ 
variety 

1.43a 1.33a 0.95a 1.24 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

Our obtained values were generally slightly 
higher as compared with those noticed by 
Jorquera-Fontena et al. (2014) in the case of 
four-year old ‘Brigitta’ highbush blueberry 
plants (ranging from 0.92 μmols CO2 m-2s-1 to 
1.09 μmols CO2 m-2s-1). 
The stomatal conductance (Table 6) maintained 
the same trend as photosynthesis, respiration 
and transpiration processes in the sense of 
decreasing values from June to September, this 
time at the same level for ‘Bluetta’ and 
‘Coville’ varieties and lower at ‘Elliott’. No 
statistic differences have been noticed. 

The yellow film generated a higher 
conductivity for the plants of ‘Bluetta’ in June 
and higher outside in July. However, the 
highest value was found in the ‘Coville’ variety 
under the diffused plastic film in June  
(0.52 mol H2O m-2s-1). 
 

Table 6. The stomatal conductance in blueberry varieties 
under the influence of different plastic films in the solar 

and outside 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 0.22 0.15 0.18 0.18a 

0.18a
Diffused 0.17 0.52 0.09 0.26a 

Clear 0.21 0.11 0.08 0.13a 
outdoor 0.16 0.16 0.10 0.14a 

July 
11, 
2016 

Yellow 0.16 0.07 0.16 0.13a 

0.14a
Diffused 0.15 0.09 0.10 0.11a 

Clear 0.11 0.14 0.11 0.12a 
outdoor 0.23 0.23 0.13 0.20a 

Sept 9, 
2016 

Yellow 0.14 0.15 0.09 0.13a 

0.10a

Diffused 0.12 0.08 0.06 0.09a 

Clear 0.10 0.10 0.08 0.09a 
outdoor 0.12 0.09 0.07 0.09a 

Mean/ 
variety 

0.16a 0.16a 0.10a 0.14 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 
 

The decrease in stomatal conductance leads to a 
reduction in the rate of photosynthesis, but also 
photosynthesis may be diminished due to a 
deficient carbon dioxide diffusion in the 
mesophytic pathway to the chloroplast where 
the carboxylation process is to be produced 
(Rho et al., 2013). 
The experiments conducted in the case of the 
‘Elliott’ variety exposed at different light 
intensities as well as in various spectral 
compositions revealed that stomatal conduction 
and xylem water potential showed little relation 
with the PAR (Gustavo et al., 2012). 
On the other hand, a high interrelation was 
noticed between photosynthesis and stomatal 
conductance in ‘Brigitta’ blueberry as a 
response to carbon and water exchange to sink 
demand. Changes that appear in the leaf 
anatomy and the physiological changes are 
closely interdependent with source-sink 
changes, making it a possible balance between 
daily adjusting of carbon assimilation and of 
light energy absorption (Jorquera-Fontena et 
al., 2016). 
Another physiologically indicator measured 
was the internal carbon dioxide (Table 7), 

 
which varied inversely with the determination 
date, the highest values being found in 
September. 
 

Table 7. The internal carbon dioxide measured in 
blueberry varieties under the influence of different 

plastic films in the solar and outside 
Date Plastic 

film type 
Bluetta Coville Elliott Average Mean 

/date 
June 
21, 
2016 

Yellow 328 283 291 301a 

286a 
Diffused 324 338 282 315a 

Clear 276 315 201 264a 
outdoor 276 315 201 264a 

July 
11, 
2016 

Yellow 284 358 344 329a 

290a 
Diffused 312 316 272 300ab 

Clear 239 264 272 258b 
outdoor 269 285 265 273b 

Sept 9, 
2016 

Yellow 344 422 334 367a 

315a 

Diffused 301 331 325 319ab 

Clear 291 301 316 303ab 
outdoor 315 274 227 272b 

Mean/ 
variety 

297a 317a 277a 297 

*Means followed by the same letter are not significantly different at 
P≤0.05 using Duncan’s multiple range test 

It is very interesting the fact that in July and 
September, the internal carbon dioxide was 
significantly higher under the yellow film 
comparing to the other plastic films and 
outdoor conditions. 
Looking at the content of different pigments in 
the leaves of blueberries varieties (Table 8), we 
can distinguish clearly the influence of the 
plastic film coverage. For instance, the 
chlorophyll A and carotenoids content is 
significantly influenced by the cultural 
conditions, differences between covered and 
outdoor plants, being emphasized by the 
Duncan test results. Also the clear and diffused 
films are statistically separated from the lowest 
values of yellow plastic film coverage. 
Regarding chlorophyll B and total chlorophyll 
content of the leaves, values are not 
significantly different. Same observation for 
the A/B ratio of chlorophyll and total 
chlorophyll content/carotenoids. 

 
Table 8. The chlorophyll content in blueberry varieties under the influence of different plastic films in the solar and 

outside 
Plastic film 
type 

Variety Chlorophyll A Chlorophyll B Total 
chlorophyll 

A/B ratio Carotenoids Tot.Chl/Carot 

yelow Bluetta 97.67 24.55 122.23 3.98 29.72 4.11 

 Coville 96.53 25.47 122.00 3.79 25.08 4.87 

 Elliott 82.43 21.98 104.40 3.75 25.89 4.03 

 Average 92.21b 24.00a 116.21a 3.84a 26.89b 4.34a 

diffused Bluetta 131.41 43.20 174.61 3.04 32.61 5.36 

 Coville 139.38 33.32 172.70 4.18 40.73 4.24 

 Elliott 124.16 33.00 157.16 3.76 36.53 4.30 

 Average 131.65ab 36.51a 168.16a 3.66a 36.62ab 4.63a 

clear Bluetta 95.92 31.65 127.57 3.03 26.92 4.74 

 Coville 109.85 29.54 139.39 3.72 37.20 3.75 

 Elliott 181.60 51.17 232.77 3.55 46.78 4.98 

 Average 129.12ab 37.45a 166.58a 3.43a 36.97ab 4.49a 

outdoor Bluetta 106.12 23.59 129.72 4.50 36.11 3.59 

 Coville 174.49 45.87 220.36 3.80 48.40 4.55 

 Elliott 212.14 73.49 285.63 2.89 52.10 5.48 

 Average 164.25a 47.65a 211.90a 3.73a 45.54a 4.54a 

General 
average 

 129.31 36.40 165.71 3.67 36.51 4.50 

*Means followed by the same letter are not significantly different at P≤0.05 using Duncan’s multiple range test 
 

According to Percival et al. (2012), in the case 
of wild blueberry, total chlorophyll content 
varied from 2.0 to 12 mg cm-2 and from 0.042 
to 1.4 mg cm-2 for chlorophyll a and b, 
respectively. Also, the pigments amounts were 

significantly lower in the cropping phase of 
production, and in the same time the values 
significantly decreased in the latter stages of 
the growing season. A similarly trend was also 
reported for carotenoids. Their concentrations 



38

 
varied between 0.67 and 4.1 mg cm-2, with the 
lower values in the cropping phase of 
production. 
On the other hand, total leaf chlorophyll 
content and total Chl/leaf N content ratio were 
negatively correlated (r2=0.75) with %PAR as 
Gustavo et al. (2012) noticed. 
 
CONCLUSIONS  
 
In the light of the above results, some 
conclusions can be drawn down as follows: 
● ‘Coville’ remarked as a vigorous blueberry 
variety in terms of plant’s height and diameter.  
The photosynthetic capacity of the blueberry 
plants in all of the phenological periods was 
decreased by the plastic film coverage.  
Plant’s respiration was more intense in June 
compared to July or September.  
● ‘Bluetta’ variety was highlighted by very fast 
growing plants due to a higher photosynthetic 
rate recorded.  
● Yellow plastic film significantly decreased 
the average content of chlorophyll A and 
carotenoids in the leaves of all blueberry 
varieties.  
● Indoor conditions and protective films 
anticipated the fruit maturation and delay the 
last harvest till end of the autumn proving as an 
efficient way to extend the harvest period of the 
blueberries. 
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rate recorded.  
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