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Abstract  
 
Apple is one of the most important fruit growing species from the northern hemisphere. Fruit quality is important for 
capitalization, which is why technologists are trying to ensure, using technology, the best possible conditions to 
produce qualitative apple fruits. The current research presents a comparison of fruit quality for four varieties: 
'Florina', 'Generos', 'Red Topaz' and 'Redix', cultivated in three areas: Pitesti, Bucharest and Moara Domnească. Fruit 
quality was influenced by the culture area, but also largely by the climatic year. Fruit size had values within the limits 
of each variety for all three areas, but the location had a different influence on this parameter. Dry soluble substance 
had higher values recorded for the varieties 'Florina' and 'Redix' cultivated in Bucharest area, while the varieties 
'Generos' and 'Red Topaz' for Pitesti area. Fruit firmness was better for the fruit obtained in Pitești area (hilly area), 
compared to the other two areas, Bucharest and Moara Domnească (lower areas), while the content in anthocyanins 
and polyphenols was influenced more by the culture conditions than by the varieties’ characteristics. 
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INTRODUCTION 
 
Apple (Malus domestica L.) is one of the 
dominant fruit growing species in the northern 
hemisphere, the area and obtained production 
place the species amongst the top ones (Stănică 
et al., 2003). The quality of apple fruit is 
important in order to ensure the best possible 
capitalization and satisfying economical results. 
Fruit quality is a variety characteristic, 
influenced by the genetic traits, but it largely 
depends on the culture technology applied and 
the pedo-climatic conditions from the culture 
area (Chira and Beceanu, 2003). The plant 
management system (Tustin et al., 2022) and 
the degree of fruit exposure to light influence 
the coloring and accumulation of active 
principles through pigment synthesis (Hoza, 
2000). The pigment accumulation at epicar 
level is conditioned by the illumination degree 
(Delgato, 2014) and especially by the thermal 
amplitude between day and night from the 
culture area before harvest (Curry, 1997; 
Lakatos et al., 2012). Recent research related to 
pigment synthesis at epicar level also 
highlighted a series of genetic mechanisms 
involved in this process (Chen et al., 2021; 
Ding et al., 2021). Soil maintenance system can 

influence the quality, the soil maintained grassy 
ensures more colorful fruits compared to the 
worked soil (Bărăscu et al., 2018; Ilie et al., 
2017; Pantea 2012). Weather conditions, 
especially times with small amounts of rainfall 
but on longer periods, affect the fruit 
production, influencing the development of 
diseases with negative effects on fruit quality 
(Bui et al., 2021). The grafting combination 
and the rootstock used influence both tree 
precocity and fruit quality (Bărăscu et al., 2016; 
Hoza et al., 2020; Macedo et al., 2012). 
Ensuring minerals at soil level within the 
normal quantity and distribution during the 
vegetation period ensures a normal fruit growth 
and reaching the biological potential at a 
variety level (Ilie et al., 2018). 
 
MATERIALS AND METHODS 
 
Research was conducted during 2015-2017, on 
fruits obtained from 3 different locations: the 
teaching field of the Faculty of Horticulture 
Bucharest, Moara Domnească farm and ICDP 
Pitești - Mărăcineni. Four varieties with genetic 
resistance were used: Florina, Generos, Redix 
and Red Topaz, using for measurements 10 
fruit of each variety, while the measurements 
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were made at the same moment of each year. 
Biometric measurements were made related to 
fruit dimensions using the caliper (height, large 
and small diameter), and using them the shape 
index If = H/D (H= fruit height; D = large fruit 
diameter) and size index Im = (H+D+d)/3 (d = 
small fruit diameter) and average weight were 
calculated. The firmness of the apples was 
determined using a piston of 1.1 cm diameter 
(Bessemans, 2016; Both et al., 2017; Rizzolo, 
2010) of an electronic penetrometer Turoni TR 
and the results were expressed in kg/cm2. The 
total soluble solids content of the apples juice 
was obtained with refractive device Kruss 
DR301-95 (% Brix) (Muresan et al., 2014). 
 

RESULTS AND DISCUSSIONS 
 
Fruit dimensions fluctuated within rather low 
limits for the same variety between the 3 
locations, which showed a quite good stability 
of the characteristics and that the conditions of 
the area were favorable for the apple (Table 1). 
For the variety Red Topaz, the fruit obtained in 
Pitești area were slightly bigger in terms of 
large diameter, which led to obtaining a shape 
index with a value lower than for the other 
locations. The small diameter had fluctuating 
values for the varieties Florina and Red Topaz, 
aspect that determined higher values for the 
size index for these varieties. 

Table 1. Morphological indexes of fruit for some apple varieties, cultivated within 3 different locations  
 

Variety Location Large 
diameter (mm) 

Small diameter 
(mm) 

Height (mm) Shape index Size index 

 
Florina 

USAMV Bucharest 73.65 63.39 69.40 0.94 68.81 
ICDP Pitești 75.62 72.55 62.27 0.82 70.14 
Moara Domnească 74.15 64.35 63.40 0.85 67.30 
Average 74.47 66.76 65.02 0.87 68.75 

 
Generos 

USAMV Bucharest 76.22 71.85 59.21 0.78 69.09 
ICDP Pitești 75.30 71.35 57.32 0.76 67.99 
Moara Domnească 75.21 70.23 58.32 0.77 67.92 
Average 75.58 71.14 58.28 0.77 68.33 

Red 
Topaz 

USAMV Bucharest 65.52 64.12 51.16 0.78 60.27 
ICDP Pitești 77.20 73.61 50.10 0.64 66.97 
Moara Domnească 66.22 64.12 50.65 0.76 60.33 
Average 69.65 67.28 50.64 0.73 62.52 

 
Redix 

USAMV Bucharest 70.30 67.29 68.45 0.97 68.68 
ICDP Pitești 70.53 67.62 71.15 1.00 69.77 
Moara Domnească 70.44 67.32 69.25 0.98 69.00 
Average 70.42 67.41 69.62 0.98 69.15 

 
In what concerns average fruit weight during 
the 3 analyzed years, differences were recorded 
both between the locations and especially 
between the years when the measurements 
were made (Table 2). Thus, for the 3 varieties, 
Florina, Red Topaz and Redix, the year 2016 
was better, the obtained fruit being larger than 
the ones obtained in 2015, when the fruit were 
the smallest. For the variety Generos, a slight 
increase from one year to another during 
research period. 
The location had no uniform influence on the 4 
varieties; the fruits obtained for Florina and 
Red Topaz were larger in the Pitești area, the 
Generos variety reacted better in the Moara 
Domnească area, while Redix scored better in 
Bucharest area. For all locations, fruit size had 
values within the variation limits of the 

varieties, the influence of the climatic year 
being obvious. 
Fruit quality expressed through total dry 
substance content and firmness had different 
values both amongst the varieties, as it should 
have, but also amongst the same variety 
between the culture area (Table 3). Thus, 
regarding the content in soluble dry substance, 
for the Florina variety the highest value was 
recorded for the fruit obtained in Bucharest 
area, while the lowest value was recorded for 
Pitești area; in the case of Generos, fruit 
accumulated more substance in Pitești and less 
in Bucharest. Redix accumulated more dry 
substance in Pitești location and less in Moara 
Domnească, while Red Topaz reacted better to 
the conditions from Moara Domnească.
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Table 2. Average fruit weight (g) depending on the production area 
 

Variety Locations 2015 2016 2017 Average ± St. Dev. 
 
Florina 

USAMV Bucharest 139.50 201.00 161.00 167.17 31.2103 
ICDP Pitești 162.00 194.00 170.00 175.33 16.6533 
Moara Domnească 172.00 180.00 157.00 169.67 11.6761 
Average 157.83 191.67 162.67 170.72 18.2987 

 
Generos 

USAMV Bucharest 145.00 179.00 168.00 164.00 17.3493 
ICDP Pitești 151.00 145.00 171.00 155.67 13.6137 
Moara Domnească 176.00 175.00 168.00 173.00 4.3588 
Average 157.33 166.33 169.00 164.22 6.1131 

Red Topaz USAMV Bucharest 182.00 154.00 137.00 157.67 22.7229 
ICDP Pitești 145.50 199.00 158.00 167.50 27.9866 
Moara Domnească 122.00 176.00 153.00 150.33 27.0985 
Average 149.83 176.33 149.33 158.50 15.4461 

 
Redix 

USAMV Bucharest 144.00 172.00 167.00 161.00 14.9331 
ICDP Pitești 158.00 170.00 132.00 153.33 19.4250 
Moara Domnească 138.00 172.00 162.00 157.33 17.4737 
Average 146.67 171.33 153.67 157.22 12.7119 

 
Fruit firmness was better for the fruits obtained 
from 3 out of the 4 studied varieties in the 

Pitești area, which confirmed that this area 
ensures proper conditions for apple culture. 

 
Table 3. Content in soluble dry substance and fruit firmness for some apple varieties depending on the production area 

 

Variety Location Dried substance 
(%) 

±St. Dev. Firmness 
(kgf/cm2) 

±St. Dev. 

 
Florina 

USAMV Bucharest 13.9 2.7222 5.17 2.1501 
ICDP Pitești 11.53 2.2538 5.90 2.0663 
Moara Domnească 13.55 0.3535 5.10 1.5556 
Average 12.88 0.4284 5.68 2.0166 

 
Generos 

USAMV Bucharest 12.07 1.3219 5.23 1.3576 
ICDP Pitești 13.30 0.2000 5.60 1.2489 
Moara Domnească 13.20 0.0700 3.60 0.0800 
Average 12.79 0.6646 5.17 1.0016 

Red Topaz USAMV Bucharest 12.70 1.9000 4.80 1.4730 
ICDP Pitești 12.63 0.5773 5.33 1.6802 
Moara Domnească 13.90 1.2513 4.00 0.0070 
Average 12.71 0.984 4.94 1.5607 

 
Redix 

USAMV Bucharest 12.77 1.3051 4.77 3.0237 
ICDP Pitești 12.93 1.5373 4.70 1.8681 
Moara Domnească 11.15 1.9091 4.60 0.1414 
Average 12.58 1.0605 4.98 2.0678 

 
The content in polyphenols and anthocyanins 
was influenced by the apple production area, 
amongst the same variety there were large 
differences recorded between the locations 
(Table 4). The highest average value for 
polyphenols content was obtained for the 
variety Florina, 1.14 mg/100 g f.p., with a 
maximum recorded for the fruit obtained in 
Pitești, 1.38 mg/100 g f.p. and a minimum in 
Moara Domnească 0.90 mg/100 g f.p. A similar 
situation was observed also for the variety 

Redix. In the case of Red Topaz and Generos, 
Bucharest area was better from this perspective, 
the values being obviously higher for Red 
Topaz with approx. 45% compared to the other 
two locations. The content in anthocyanins was 
higher for the fruits obtained in Pitești area, 
except for Generos for which the values were 
slightly higher for the fruit obtained in 
Bucharest and Redix for Moara Domnească 
area. 
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Table 4. Content in polyphenols and anthocyanins for some apple varieties cultivated in different areas 
 

Variety Location Polyphenols Anthocyanins 
mg/100 g p.p. ± St. Dev. mg/100 g p.p. ± St. Dev. 

 
Florina 

USAMV Bucharest 1.15 0.0006 0.22 0.1035 
ICDP Pitești 1.38 0.0001 0.40 0.1033 
Moara Domnească 0.90 0.1140 0.20 0.1140 
Average 1.14 0.0382 0.27 0.1100 

 
Generos 

USAMV Bucharest 0.92 0.0732 0.16 0.1100 
ICDP Pitești 0.43 0.0374 0.08 0.1226 
Moara Domnească 0.51 0.0412 0.12 0.0074 
Average 0.62 0.0506 0.12 0.0800 

Red Topaz USAMV Bucharest 1.44 0.1705 0.42 0.1114 
ICDP Pitești 0.80 0.1855 0.42 0.1042 
Moara Domnească 0.75 0.1211 0.41 0.1105 
Average 1.00 0.1590 0.42 0.1087 

 
Redix 

USAMV Bucharest 0.84 0.0071 0.30 0.0102 
ICDP Pitești 0.90 0.0045 0.30 0.1030 
Moara Domnească 0.75 0.2780 0.40 0.0278 
Average 0,83 0.0006 0.33 0.1035 

 
CONCLUSIONS 
 
Apple quality was influenced both by the 
variety and also by the culture area and climatic 
year. Fruit size had values within the biological 
limits of the variety, but for 3 out of the 4 
studied varieties, the conditions in the Pitești 
area led to obtaining larger fruit. 
Average fruit weight was influenced by the 
culture area, each variety having an area where 
it manifested better its biological characteristics. 
Fruits obtained in the lower culture area 
generally had a higher content in soluble dry 
substance, while fruit obtained in Pitesti had a 
better firmness. 
The content in polyphenols and anthocyanins 
was slightly higher for the fruit obtained in the 
hilly area. 
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