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AbstractAbstractAbstractAbstract    
    
This study investigates the effects of nitrogen fertilization on raspberry fruit quality and soil fertility over 

two years. The experiment involved the application of complex NPK fertilizers and varying doses of nitrogen 
fertilizer (CAN) to raspberry plants of ‘Willamette’ and ‘Tulameen’ cultivars in the Ivanjica raspberry region. 
Results indicate a positive correlation between nitrogen doses and soil fertility, with ‘Tulameen’ soil showing 
lower nutrient levels compared to ‘Willamette’. Increasing nitrogen doses led to higher levels of primary and 
secondary chemical compounds in raspberry fruit, particularly in the ‘Willamette’ cultivar. Physical fruit 
properties were influenced by both variety and nitrogen doses, with significant effects observed in the first year 
of the study. Proper fertilizer application is crucial for achieving high and stable raspberry yields and fruit 
quality, while excessive nutrient application may lead to environmental pollution. Based on the comparison of 
soil fertility parameters and raspberry fruit quality, the recommended fertilizer dosage for raspberry cultivation 
in the Ivanjica raspberry region is 500 kg ha-1 of NPK fertilizer (16:16:16) and 300 kg ha-1 of CAN. 

 
Keywords:Keywords:Keywords:Keywords: interactions; nitrogen fertilization; optimization; raspberry cultivars 
 
 
IntroductionIntroductionIntroductionIntroduction    
    
Due to its biological and pomological characteristics, as well as its nutritional value, the raspberry (Rubus 

idaeus L.) belongs to the group of fruit species that are highly represented in agricultural production. Thanks 
to modern production technology, the establishment of new raspberry orchards, and the development of 
modern processing capacities, raspberries are increasingly gaining importance in both global and domestic 
markets. 
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Serbia is among the leading global producers and exporters of frozen raspberries, ranking third 
worldwide with a production of 940,979.29 tons (FAOSTAT, 2025). The ‘Willamette’ cultivar dominates 
production areas, while the ‘Tulameen’ cultivar is increasingly planted for fresh consumption. 

Raspberries grow best on slightly acidic, humus-rich soils, while calcareous and alkaline soils are less 
suitable (Ubavić et al., 2016). Proper fertilization is essential for achieving high yields and quality fruit. 
Nitrogen fertilization, in particular, plays a crucial role in raspberry production, but excessive use of fertilizers 
can negatively affect both crop quality and the environment. 

Agricultural producers often use larger quantities of fertilizers than necessary, negatively affecting the 
growth and development of raspberries, and consequently, increasing environmental pollution. According to 
Ubavić et al. (2016), due to its biological specificity, it is necessary to know the quantities of biogenic elements 
added in different stages of raspberry development, as well as their mutual relationship. For this reason, soil 
agrochemical analysis and chemical analysis of plant parts are necessary to determine the required quantities of 
fertilizers and thereby achieve high yield and good fruit quality. 

Although the general importance of fertilization in raspberry cultivation is well known, there is limited 
information on how different nitrogen doses affect both soil fertility and fruit quality in key raspberry cultivars 
under local growing conditions. Therefore, the aim of this study is to determine the effect of applying nitrogen 
fertilizer CAN on changes in soil and fruit quality of the raspberry cultivars ‘Willamette’ and ‘Tulameen’.  
 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Study site and plant material 
The experimental part of the research was conducted during two raspberry growing seasons, 2020 and 

2021, in two raspberry orchards of the ‘Willamette’ and ‘Tulameen’ cultivars in Serbia, the municipality of 
Ivanjica, in the village of Đopići (43° 25′ 15″ N; 20° 22′ 27″ E; 929 m above sea level). 

The distance between the plots were about 1 km. The area planted with the ‘Willamette’ cultivar was 6 
ares, and with the ‘Tulameen’ cultivar - 1.5 ares. Both orchards were raised in a system of trellises, i.e. hedges. 
The ‘Willamette’ orchard was established in 2017, while the ‘Tulameen’ orchard was established in 2016. 

Classic agro-technical and pomotechnical measures were applied in the orchards, including soil 
cultivation, fertilization, and pruning, as well as disease and pest control. The orchards were not equipped with 
irrigation systems and relied solely on rainfall. 

In both years, the research was conducted on two raspberry cultivars, ‘Willamette’ and ‘Tulameen’.  
 
Experimental design and fertilization treatments 
The trial variants consist of several combinations. For both cultivars, there's a control variant with no 

treatment, along with two treated variants: one with 45 g of calcium ammonium nitrate (CAN) per trial plot, 
which translates to 300 kg ha-1, and another with 75 g of calcium ammonium nitrate (CAN) per trial plot, 
equivalent to 500 kg ha-1.  

Before setting up the trials in both growing seasons, soil agrochemical analysis (non-fertilized variant) 
was performed, after which the plots were fertilized with mineral NPK fertilizer 16:16:16 (500 kg ha-1). 
Application of mineral fertilizer CAN (27% N) was carried out in both growing seasons at the beginning of 
the flowering phase, namely: June 1, 2020, and May 30, 2021, for the ‘Willamette’ cultivar, and June 10, 2020, 
and June 8, 2021, for the ‘Tulameen’ cultivar, due to differences in the onset of the flowering phase for these 
two cultivars in both growing seasons. After raspberry harvesting, soil samples were taken from each fertilized 
variant, and soil agrochemical analysis was performed. 
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Soil sampling and analysis 
Soil sampling procedures were conducted both before initiating the trials and upon their completion, 

following a diagonal pattern at a depth of 30 cm, utilizing shovels. Six individual samples were collected in each 
orchard and combined to form an average soil sample, which underwent various analyses. These analyses 
included measuring soil pH (pH/H2O) potentiometrically in a soil-water solution (1:2.5 ratio), soil acidity 
(pH/KCl) potentiometrically in a soil-KCl solution (1:2.5 ratio), humus content determined by the Kotzman 
method, and phosphorus and potassium content analyzed via the Egner-Riehm method (P2O5 measured 
colorimetrically, K2O assessed flame photometrically). Additionally, the levels of ammonium (NH4-N) and 
nitrate (NO3-N) nitrogen content were determined using the Bremner method. These soil agrochemical 
analyses were carried out at the laboratories of both the Faculty of Agronomy in Čačak and the Soil Research 
Institute in Belgrade.  

 
Fruit sampling and analysis 
During the technological ripeness phase of raspberries, 30 fruits (three replicates per ten fruits) were 

sampled from each trial variant per cultivar. These samples underwent assessment for various fruit quality 
parameters, including dry matter content, water content, organic acid content measured volumetrically, 
vitamin C content determined by the Tillmans method, total phenols measured by the Folin-Ciocalteu 
method, total flavonoids assessed through a method based on their ability to complex metal cations, and total 
antioxidant capacity measured using the phosphomolybdenum method. 

At the end of both growing seasons, fruit mass (g) and fruit dimensions - width and length (cm) were 
measured. Fruit mass measurement was performed using a digital scale with a measurement range of 5,000 g. 
Fruit dimensions were measured using a digital caliper Starrett 727 (Athol,NE, USA). 

 
Statistical analysis 
The statistical differences between the experimental factors were verified using two-way ANOVA. The 

source of variation was: two cultivars (A) and three different fertilizer treatments (B). When the F test was 
significant, all means, including control values were compared with the LSD test at P≤ 0.05. Statistical data 
processing was performed using Microsoft Office Excel Software (Microsoft Corporation, Redmond, WA, 
USA). 

 
 
Results and Discussion Results and Discussion Results and Discussion Results and Discussion     
 
Soil agrochemical analysis 
Soil pH has a significant influence on the availability of nutrients to plants. The nutrients that are 

essential for plant growth, such as nitrogen, phosphorus, and potassium, are most available to plants at a soil 
pH of between 6.0 and 7.0. When the soil pH is too low or too high, the availability of these nutrients decreases 
and plants may suffer from nutrient deficiencies (Zhang et al., 2016). 

Soil samples for agrochemical analysis were taken on two occasions, before the experiment setup and 
after the raspberry harvest, for both examined cultivars, in both growing seasons. The examined parameters of 
soil agrochemical analysis indicate variations among the soils in the raspberry orchards (Table 1). Before 
fertilization, the soil's exchangeable acidity on the plot with the ‘Tulameen’ cultivar in both growing seasons 
was acidic (pH 5.15 and pH 5.16). With the application of mineral fertilizer CAN at a dosage of 45 g, this value 
increased in both growing seasons to 5.48 in the first year of research and 5.94 in the second year. Values with 
75 g of CAN were approximately in both years of examination (pH 6.00 and pH 5.91).  

The control variants for the ‘Willamette’ cultivar indicate slightly acidic soil reaction (pH 5.57 and pH 
6.03). In the experimental variant with 45 g of CAN, pH values slightly decreased in both years of research (pH 
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5.45 and pH 5.65), which may be associated with greater soil leaching. With 75 g of CAN, pH values increased 
in the first year compared to the control and the variant with a lower fertilizer dose.  

 
Table 1Table 1Table 1Table 1. Basic agrochemical characteristics of the soil in two experimental orchards 

YearYearYearYear    2020202020202020    2021202120212021    

VariantVariantVariantVariant    
pHpHpHpH    Humus Humus Humus Humus 

(%)(%)(%)(%)    
PPPP2222OOOO5555    KKKK2222OOOO    pHpHpHpH    Humus Humus Humus Humus 

(%)(%)(%)(%)    
PPPP2222OOOO5555    KKKK2222OOOO    

HHHH2222OOOO    KClKClKClKCl    mg 100 gmg 100 gmg 100 gmg 100 g----1111    HHHH2222OOOO    KClKClKClKCl    mg mg mg mg 100 g100 g100 g100 g----1111    

‘Tulameen’ 6.23 5.15 2.95 0.48 13.30 6.09 5.16 3.70 1.70 20.0 
‘Tulameen’ 
(45 g of CAN) 

6.42 5.48 3.71 4.53 37.70 6.57 5.94 4.79 26.30 55.10 

‘Tulameen’ 
(75 g of CAN) 

6.76 6.00 4.90 25.70 75.10 6.58 5.91 4.82 23.10 45.60 

‘Willamette’ 6.37 5.57 4.89 27.40 71.10 6.58 6.03 5.34 70.0 80.10 
‘Willamette’ 
(45 g of CAN) 

6.02 5.45 5.55 93.60 63.80 6.15 5.65 5.76 77.3 79.80 

‘Willamette’ 
(75 g of CAN) 

6.41 5.75 6.04 107.00 70.70 5.66 5.14 6.17 90.5 81.60 

 
Our results showed that higher nitrogen doses significantly increased soil fertility and nutrient 

availability. Similar findings were reported by Zhang et al. (2025), who demonstrated across multiple studies 
that balanced nitrogen fertilization enhances soil nutrient status while maintaining long-term soil health. 

Intensive agriculture can speed up soil acidification through many processes - increasing leaching, 
addition of fertilizers, removal of produce, and build-up of soil organic matter. Of all the major fertilizer 
nutrients, nitrogen is the main nutrient affecting soil pH (Purbasha et al., 2020), and soils can become more 
acidic or more alkaline depending on the type of nitrogen fertilizer used. This author also mentioned that soil 
acidification due to the use of phosphorus fertilizers is small compared to that attributed to nitrogen, due to 
the lower amounts of this nutrient used and the lower acidification per kg phosphorus and potassium fertilizers 
have little or no effect on soil pH. 

According to the results for humus content (Table 1) in both years of examination, the plot planted 
with the ‘Willamette’ cultivar was better supplied with humus compared to the plot under the ‘Tulameen’ 
cultivar. The application of increasing doses of fertilizer resulted in an increase in humus content in both years 
of examination. Comparing the results with data provided by Milošević (1997), Petrović and Milošević (2002), 
Ubavić et al. (2016), and Petrović et al. (2020) both plots are fertile and meet raspberry requirements for 
humus, yet the soil where the ‘Willamette’ cultivar is planted is more fertile. 

In both growing seasons, the content of available phosphorus and potassium significantly differed 
between the examined plots. On the control variants with the ‘Tulameen’ cultivar, phosphorus content was 
below optimal values i.e., below 8-10 mg 100 g-1 of soil (Ubavić et al., 2016).  

Potassium content in the first year of research was also below optimal values (18-20 mg 100 g-1 of soil, 
Ubavić et al., 2016), while in the second year of research, it was at an optimal level.  

For the ‘Willamette’ cultivar, both available phosphorus and potassium in both years of examination 
were above the literature values (Ubavić et al., 2016). The application of mineral NPK fertilizers increased the 
content of available phosphorus and potassium. 

Earlier, Sistrunk (1963) reported that the quality of berries is influenced by climatic conditions and soil 
fertility. Hence, only fertile soil with a regulated pH value and an optimal nutrient and water supply ensures 
desirable internal quality parameters (Buskiene and Uselis, 2008). For example, the high water availability in 
the soil increases photosynthesis and carbohydrate accumulation in the leaves of ‘Meeker’ (Morales et al., 2013). 

The analysis of nitrogen content (NH4-N, NO3-N, and N min) in soil samples (Table 2) revealed 
significant differences among cultivars and applied fertilizer levels in both years of the study. In 2020, the mean 
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NH4-N values were higher in the ‘Willamette’ than in the ‘Tulameen’ cultivar. Mean NO3-N values were 
higher in the ‘Willamette’ cultivar compared to the ‘Tulameen’ cultivar. Regarding Sum N min, the 
‘Willamette’ cultivar exhibited higher values compared to the ‘Tulameen’ cultivar. In 2021, similar trends were 
observed, with mean NH4-N and NO3-N values being higher in the ‘Willamette’ cultivar compared to 
Tulameen. Additionally, the application of different fertilizer levels also significantly influenced nitrogen 
content in the soil. For instance, in 2020, the application of 75 g CAN resulted in the highest mean NH4-N 
and NO3-N values. The control variant pointed the lowest values.  

 
 
Table 2.Table 2.Table 2.Table 2.    Mineral nitrogen content in the soil  

YearYearYearYear    Source of variationSource of variationSource of variationSource of variation    
Nitrogen contentNitrogen contentNitrogen contentNitrogen content    

NHNHNHNH4444----NNNN    
(mg kg(mg kg(mg kg(mg kg----1111))))    

NONONONO3333----NNNN    
(mg kg(mg kg(mg kg(mg kg----1111))))    

Sum N minSum N minSum N minSum N min    

2020 

Cultivar 
(A) 

‘Willamette’ 26.87 ± 2.15 a 29.20 ± 1.98 a 56.07 ± 5.44 a 
‘Tulameen’ 12.17 ± 3.05 b 12.25 ± 1.70 b 24.42 ± 3.12 b 

Fertilizer (B) 
Control 17.33 ± 2.14 b  16.33 ± 2.01 b 33.67 ± 3.13 b 

45 g CAN 16.33 ± 1.89 b 15.43 ± 1.88 b 31.76 ± 3.44 b 
75 g CAN 21.27 ± 3.13 a 26.30 ± 2.67 a 47.57 ± 4.18 a 

2021 

Cultivar 
(A) 

‘Willamette’ 25.20 ± 3.56 a 31.40 ± 2.75 a 56.60 ± 5.14 a 
‘Tulameen’ 17.17 ± 1.89 b 12.25 ± 2.54 b 29.42 ± 3.11 b 

Fertilizer 
 (B) 

Control 15.33 ± 1.99 c 12.25 ± 1.66 c 27.58 ± 3.02 c 
45 g CAN 19.87 ± 2.55 b 23.40 ± 2.08 b 43.27 ± 3.78 b 
75 g CAN 21.27 ± 2.69 a 26.30 ± 3.01 a 47.57 ± 3.66 a 

ANOVA 0.05 
(A) Cultivar * * * 
(B) Fertilizer * * * 

A x B * * * 
Columns means for cultivar, fertilization, and cultivar/fertilization interaction marked with different lowercase letters 
are significantly different at the P ≤0.05 level based on the LSD test. *- F test significant at P ≤0.05 level; ns - F test not 
significant 
 
 

The percentage share of N-NH4 and N-NO3 in mineral nitrogen is important in the ecological sense 
(Zhang et al., 2012). Mazur and Mazur (2015) mentioned that besides the type of applied fertilizer, the 
agronomical properties of soil are also important factors that influenced the content of these two types of 
nitrogen. 

 
Physical Properties of the Fruit 
Among the pomological traits of fruit species, fruit weight is of the greatest importance as an indicator 

of quality. It is defined as a quantitative hereditary trait that determines the appearance and yield of the fruit, 
as well as consumer acceptability (Crisosto et al., 2004). According to Mratinić (2015) and Eyduran and 
Agaoglu (2006), this trait depends on cultivar, growing conditions, and the cultivation practices applied in the 
orchard. 

The fruit characteristics of ‘Willamette’ and ‘Tulameen’ raspberry cultivars were examined over the years 
2020 and 2021, focusing on fruit mass and dimensions (Table 3). In general, ‘Tulameen’ raspberries exhibited 
larger fruit dimensions compared to ‘Willamette’.  
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Table 3Table 3Table 3Table 3. The fruit mass and fruit dimensions of ‘Willamette’ and ‘Tulameen’ cultivars in 2020 and 2021 

YearYearYearYear    Source of variationSource of variationSource of variationSource of variation    
Fruit characteristicsFruit characteristicsFruit characteristicsFruit characteristics    

Fruit mass (g)Fruit mass (g)Fruit mass (g)Fruit mass (g)    Fruit length (cm)Fruit length (cm)Fruit length (cm)Fruit length (cm)    Fruit width (cm)Fruit width (cm)Fruit width (cm)Fruit width (cm)    

2020 

Cultivar 
(A) 

‘Willamette’ 3.83 ± 2.11 b 2.72 ± 1.10 a 2.12 ± 0.90 a 
‘Tulameen’ 5.08 ± 2.99 a 2.62 ± 1.88 b 2.11 ± 1.01 a 

Fertilizer 
(B) 

Control 4.17 ± 2.15 b 2.37 ± 1.15 b 2.10 ±0.98 a 
45 g CAN 4.22 ± 3.01 b 2.46 ± 1.13 a 2.13 ± 0.57 a 
75 g CAN 4.98 ± 2.87 a 2.51 ± 1.55 a 2.12 ± 0.65 a 

2021 

Cultivar 
(A) 

‘Willamette’ 4.09 ± 2.15 b 1.89 ± 0.98 b 1.64 ± 0.51 b 

‘Tulameen’ 4.63 ± 2.18 a 2.10 ± 0.58 a 1.73 ± 0.52 a 

Fertilizer 
(B) 

Control 4.23 ± 2.65 a 1.98 ± 0.68 a 1.68 ± 0.50 a 
45 g CAN 4.38 ± 2.26 a 1.99 ± 1.11 a 1.71 ± 0.65 a 
75 g CAN 4.47 ± 2.38 a 2.01 ± 1.02 a 1.66 ± 0.41 a 

ANOVA 0.05 
Cultivar (A) * * * 
Fertilizer (B) * * ns 

A x B * * ns 
Column means for cultivar, fertilization, and cultivar/fertilization interaction marked with different lowercase letters 
are significantly different at the P ≤0.05 level based on the LSD test. *- F test significant at P ≤0.05 level; ns - F test not 
significant 

    
    
Across different fertilization treatments, there were variations observed. For example, in 2020, fruit mass 

was highest in the 75 g CAN treatment for both ‘Willamette’ and ‘Tulameen’ cultivars, while in ‘Tulameen’ 
raspberries showed the highest fruit mass in all fertilization treatments. Regarding fruit length and width, 
similar trends were observed, with slight variations depending on the cultivar and fertilization treatment. 
Statistical analysis revealed significant differences between cultivars for all fruit characteristics in both years, 
while fertilization treatments showed significant differences for some fruit characteristics, especially in fruit 
mass. Additionally, there were significant interactions between cultivar and fertilization treatment for certain 
fruit characteristics, indicating that the effects of fertilization treatments varied depending on the cultivar. 
Overall, these findings suggest that both cultivar and fertilization play significant roles in determining fruit 
characteristics in raspberry cultivation, highlighting the importance of careful selection and management 
practices for optimal fruit production. 

Our findings align with those of Sawicka et al. (2023), who reported that the application of 135 kg N 
ha-1 significantly increased raspberry yield and fruit weight while maintaining adequate fruit firmness and 
resistance to mechanical damage. Importantly, their results highlighted that balanced nitrogen fertilization 
improves fruit quality and postharvest characteristics without leading to excessive vegetative growth or reduced 
fruit storability. Similar to our study, they observed cultivar-specific responses, with some cultivars benefiting 
more from higher nitrogen doses in terms of yield, while others maintained better dry matter content and 
earlier ripening. 

Table 4 presents the mechanical characteristics of raspberry fruits, including arithmetic diameter (Da), 
geometric diameter (Dg), sphericity (Ф), elongation (Ra), and surface area (S), as influenced by cultivar and 
fertilization treatments across two growing seasons. While no significant differences were found between 
'Willamette' and 'Tulameen' for Da, Dg, and Ф, significant differences in elongation (Ra) were observed, 
particularly in 2020, with 'Tulameen' exhibiting higher values than 'Willamette' and vice versa in 2021. This 
suggests that 'Tulameen' fruits tend to be less elongated in 2020 than in 2021. 
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Table 4.Table 4.Table 4.Table 4. Mechanical characteristics of raspberry fruits 

YearYearYearYear    Source of variationSource of variationSource of variationSource of variation    
Fruit characteristicsFruit characteristicsFruit characteristicsFruit characteristics    

DaDaDaDa    DgDgDgDg    ФФФФ    RaRaRaRa    SSSS    

2020 

Cultivar 
(A) 

‘Willamette’ 2.42 ± 1.65 a 2.30 ± 0.03 a 0.84 ±1.64 a 77.94 ± 0.16 b 16.66 ± 0.15 a 

‘Tulameen’ 2.36 ± 1.98 a 2.26 ± 0.05 a 0.86 ± 1.15 a 80.53 ± 0.14 a 16.15 ± 0.09 a 

Fertilizer 
(A) 

Control 2.23 ± 0.01 a 2.18± 0.03 a 0.92 ± 0.01 a 88.60 ± 0.81 a 15.01 ± 0.01 a 
45 g CAN 2.29 ± 0.02 a 2.23± 0.01 a 0.90 ± 0.02 a 86.58 ± 0.99 ab 15.68 ± 0.01 a 
75 g CAN 2.31 ± 0.01 a 2.24± 0.01 a 0.89 ± 0.01 a 84.46 ± 0.62 b 15.79 ± 0.01 a 

2021 

Cultivar 
(A) 

‘Willamette’ 1.76 + 1.11 a 1.71 ± 0.11 a 0.90 ± 0.05 a 86.77 ± 0.22 a 9.28 ± 0.22 a 
‘Tulameen’ 1.91 ± 1.15 a 1.84 ± 0.08 a 0.87 ± 0.07 a 82.30 ± 0.99 b 10.69 ± 0.30 a 

Fertilizer 
(B) 

Control 1.83 ± 0.02 a 1.77 ± 0.05 a 0.89 ± 0.06 a 84.84 ± 0.71 a 9.88 ± 0.15 a 
45 g CAN 1.85 ± 0.04 a 1.79 ± 0.06 a 0.90 ± 0.04 a 85.92 ± 0.72 a 10.15 ± 0.11 a 
75 g CAN 1.83 ± 0.03 a 1.76 ± 0.06 a 0.88 ± 0.04 a 82.58 ± 0.61 b 9.82 ± 0.21 a 

ANOVA 0.05 
Cultivar (A) ns ns ns * ns 
Fertilizer (B) ns ns ns * ns 

A x B ns ns ns ns ns 
Column means for cultivar, fertilization, and cultivar/fertilization interaction marked with different lowercase letters 
are significantly different at the P ≤0.05 level based on the LSD test. *- F test significant at P ≤0.05 level; ns - F test not 
significant. Da: Mean arithmetic fruit diameter; Dg: Mean geometric fruit diameter; φ: Sphericity; Ra: Fruit weight/ 
length ratio; S: Fruit surface area 

 
Fertilization also did not have a significant influence on all mechanical traits except Ra. Although the 

differences between fertilizer treatments were generally small, the control variant consistently showed the 
highest values for elongation (Ra), especially in 2020, while 75 g CAN treatment often resulted in reduced Ra 
values. This trend may indicate a slight compacting effect of higher nitrogen application on fruit shape. 

Interaction effects between cultivar and fertilizer (A × B) were not statistically significant for any of the 
traits, suggesting that the response to fertilization was similar across both cultivars. 

The shape of a fruit is usually expressed in terms of its sphericity. It is an important trait used in fluid 
flow and heat and mass transfer calculations. Fruits are developed in accordance with biological and genetic 
principles (dynamics of cell division and elongation) (Jennings, 1971) that can be channelled by weather 
conditions, especially in the last days of maturation. Namely, berry development at this time depends on 
adequate supplies of carbohydrates and water; any limitation will adversely affect fruit size and shape (Harris 
et al., 1968). In our study, berry sphericity is lower than 1 (100%) and could be assumed as oval (Habibeh et al., 
2011). 

 
Chemical fruit characteristics 
Table 5 shows the content of primary chemical compounds in raspberry fruits-total soluble solids (TSS), 

titratable acidity (TA), ripening index (TSS/TA), and vitamin C content-as influenced by cultivar and 
nitrogen fertilization over two growing seasons. 

Significant differences were observed between the two cultivars in all examined parameters in both years. 
'Tulameen' consistently exhibited higher TSS and ripening index values compared to ‘Willamette’, indicating 
sweeter fruits with a more favorable sugar-acid balance. In contrast, ‘Willamette’ had significantly higher 
titratable acidity and vitamin C content. However, the vitamin C content for both cultivars, in both years of 
the study, increased with higher doses of nitrogen fertilizer, which is consistent with the findings reported by 
Ali (2012). For both growing seasons, the vitamin C content was within or slightly above the values reported 
by Stojanov (2019) in his research. 
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Table 5.Table 5.Table 5.Table 5. Content of primary chemical compounds in raspberry fruit 

YearYearYearYear    Source of variationSource of variationSource of variationSource of variation    
TSSTSSTSSTSS    
(%)(%)(%)(%)    

TATATATA    
(%)(%)(%)(%)    

RipeningRipeningRipeningRipening    
indexindexindexindex    

Vitamin C (mgVitamin C (mgVitamin C (mgVitamin C (mg    
100 g100 g100 g100 g----1111))))    

2020 

Cultivar 
(A) 

‘Willamette’ 11.00 ± 0.17 b 1.30 ± 0.02 a 10.61 ± 1.22 b 24.55 ± 2.12 a 
‘Tulameen’ 14.55 ± 0.16 a 0.79 ± 0.02 b 18.43 ± 1.18 a 21.65 ± 1.98 b 

Fertilization 
(B) 

Control 10.93 ± 0.15 c 0.64 ± 0.01 c 16.99 ± 1.21 a 20.78 ± 2.01 c 
45 g CAN 12.63 ± 0.16 b 0.93 ± 0.01 b 13.82 ± 1.24 b 23.13 ± 1.98 b 
75 g CAN 14.78 ± 0.18 a 1.32 ± 0.02 a 12.75 ± 1.00 c 25.40 ± 2.00 a 

2021 

Cultivar 
(A) 

‘Willamette’ 12.32 ± 1.12 b 1.50 ± 0.07 a 8.46 ± 1.04 b 27.67 ± 2.43 a 
‘Tulameen’ 15.28 ± 1. 23 a 0.77 ± 0.03 b 17.96 ± 1.19 a 23.30 ± 2.38 b 

Fertilization 
(B) 

Control 11.53 ± 1.16 c 0.90 ± 0.05 c 11.11 ± 1.01 b 21.50 ± 2.12 c 
45 g CAN 13.80 ± 1.14 b 1.13 ± 0.07 b 14.32 ± 1.07 a 26.00 ± 2.43 b 
75 g CAN 16.08 ± 1.15 a 1.38 ± 0.08 a 14.21 ±1.08 a 28.95 ± 2.51 a 

ANOVA 0.05 
Cultivar (A) * * * * 

Fertilizer (B) * * * * 
(A) x (B) ns ns ns ns 

Column means for cultivar, fertilization, and cultivar/fertilization interaction marked with different lowercase letters 
are significantly different at the P ≤0.05 level based on the LSD test. *- F test significant at P ≤0.05 level; ns - F test not 
significant. TSS: Soluble solids content; TA: Titratable acidity 

 
The obtained results for TSS are within the range reported by Petrović and Milošević (2002) and 

Veličković (2007), and are somewhat higher than the values obtained in the study by Daubeny and Anderson 
(1991). It seems that geographic region i.e. site with specific pedo-climatic conditions also play important role 
in the biosynthesis of above compounds.  

Fertilization significantly affected all chemical parameters. The highest TSS and vitamin C content were 
recorded with the 75 g CAN treatment in both years, suggesting that higher nitrogen rates can enhance TSS 
accumulation and ascorbic acid synthesis. However, this treatment also led to increased acidity, particularly in 
2020, which reduced the ripening index compared to lower nitrogen rates. Interestingly, the control treatment 
showed the lowest TSS and vitamin C values, highlighting the role of nitrogen in improving fruit quality traits. 

Non-significant interaction was found between cultivar and fertilizer (A × B) for any of the chemical 
traits, implying that both cultivars responded similarly to the applied nitrogen treatments. 

However, some researchers have found that fertilizers containing N (Ballinger and Kushman, 1969) 
increased TA content and pH juice (Alleyne and Clark, 1997) in berries, whereas N fertilization decreased SSC 
in red raspberry fruit (Papp et al.,1984). In addition, total acid content in raspberries is related to cultivar, 
location and agricultural practice. Hence, data from relevant literature, confirm the major effect of genetic, 
physiological, climatic and production factors on acidity of raspberries (Orhan et al., 2006; Morales et al., 
2013). 

The specific nature of the response of different berry species and their cultivars to fertilization 
management in different sites and soil types was previously reported (Hargreaves et al., 2008; Ali, 2012). 

Table 6 summarizes the content of secondary chemical compounds in raspberry fruits-total phenols, 
total flavonoids, and antioxidant capacity (measured by ABTS assay)-as influenced by cultivar and nitrogen 
fertilization in two consecutive years. 
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Table 6.Table 6.Table 6.Table 6. Content of secondary chemical compounds in raspberry fruit 

YearYearYearYear    Source of variationSource of variationSource of variationSource of variation    
Fruit characteristicsFruit characteristicsFruit characteristicsFruit characteristics    

Total phenolsTotal phenolsTotal phenolsTotal phenols    
(mg GAE (mg GAE (mg GAE (mg GAE 100 g100 g100 g100 g----1111))))    

Total flavonoidsTotal flavonoidsTotal flavonoidsTotal flavonoids    
(mg QE (mg QE (mg QE (mg QE 100 g100 g100 g100 g----1111))))    

ABTSABTSABTSABTS    
(µg AA (µg AA (µg AA (µg AA gggg----1111))))    

2020 

Cultivar 
 (A) 

‘Willamette’ 416.32 ± 24.33 a 204.07 ± 18.91a 121.11 ± 16.22 a 
‘Tulameen’ 402.22 ± 22.46 b 198.65 ± 17.53 b 113.68 ± 15.78 b 

Fertilizer  
(B) 

Control 405.3 ± 29.12 c 200.3 ± 19.09 c 116.55 ± 12.34 c 
45 g CAN 406.76 ± 19.99 b 201.53 ± 18.78 b 117.6 ± 12.01 b 
75 g CAN 415.76 ± 21.03 a 202.25 ± 18.99 a 118.05 ± 11.98 a 

2021 

Cultivar  
(A) 

‘Willamette’ 431.2 ± 25.62 a 184.2 ± 16.43 a 139.33 ± 14.76 a    
‘Tulameen’ 413.6 ± 24.91 b 133.13 ± 15.82 b 119.96 ± 15.04 b 

Fertilizer 
 (B) 

Control 408.3 ± 21.19 c 145.7 ± 14.41 c 125.5 ± 13.09 c 
45 g CAN 421.25 ± 27.32 b 161.35 ± 15.04 b 127.95 ± 13.68 b 
75 g CAN 437.65 ± 30.05 a 168.95 ± 15.87 a 135.5 ± 14.05 a 

ANOVA 0.05 
Cultivar (A) * * * 
Fertilizer (B) * * * 

A x B ns ns ns 
Column means for cultivar, fertilization, and cultivar/fertilization interaction marked with different lowercase letters 
are significantly different at the P ≤0.05 level based on the LSD test. *- F test significant at P ≤0.05 level; ns - F test not 
significant 

    
Statistical analysis revealed significant differences between cultivars for all measured parameters. In both 

years, ‘Willamette’ had higher total phenol and flavonoid contents, as well as greater antioxidant activity, 
compared to 'Tulameen'. This indicates a stronger antioxidant profile in ‘Willamette’, which may be of interest 
from a nutritional and functional food perspective. 

Fertilization had a significant effect on all parameters as well. The highest concentrations of phenols, 
flavonoids, and antioxidant activity were consistently observed in the 75 g CAN treatment, followed by the 45 
g CAN treatment, while the control had the lowest values. These results suggest that increasing nitrogen 
availability positively influences the biosynthesis of bioactive compounds in raspberry fruits, likely due to 
improved plant vigour and metabolic activity. However, the values of total phenolic content were consistent 
with the previous findings of Glišić et al. (2018). 

Our findings are in line with recent studies reporting that organic fertilizers enhance fruit weight and 
antioxidant activity, whereas mineral fertilizers may increase phenolic compounds and acidity (Valentinuzzi et 
al., 2018; Frias-Moreno et al., 2021). Combining organic and mineral sources could therefore optimize both 
yield and fruit quality while supporting soil sustainability. 

There were non-significant interactions between cultivar and fertilization (A × B), meaning that both 
cultivars responded similarly to nitrogen application in terms of secondary metabolite accumulation. 

The results (Table 6) indicate that the total phenolic content differed between the studied cultivars, 
confirming previous findings by Ali (2012), who established that total phenolic content depends on the 
cultivar, climatic conditions, and applied agrotechnical practices. The same author found that increasing the 
amounts of applied nitrogen and potassium led to higher total phenolic content, which was also confirmed in 
this study, as the total phenolic content increased with higher nitrogen doses. While '‘Willamette’' stands out 
for its naturally higher levels of secondary metabolites, increasing nitrogen input, particularly to 75 g CAN, 
further enhances the functional quality of the fruit (Table 6). In contrast, excessive N doses are also reported 
to decrease some of the antioxidant contents of crops, probably due to rapid plant growth and development, 
and thus preferential allocation of resources are directed to growth processes rather than secondary metabolism 
(Mitchell et al., 2007). Obviously, fertilizers containing higher amounts N, have caused the largest content of 
bioactive compounds in this study. 
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The values of total flavonoid content in 2020 were within the range reported by Glišić et al. (2018), 
while the values in 2021 were lower, most likely due to weather conditions. An increase in the dose of nitrogen 
fertilizers led to higher total flavonoid content, which also confirmed the previous findings of Ali (2012). The 
total antioxidant capacity depends on numerous factors, among which the most significant are the cultivar and 
applied agrotechnical practices, primarily the use of organic and mineral fertilizers (Moore et al., 2008). The 
influence of cultivar on antioxidant capacity was previously established by Glišić et al. (2018), who, by 
examining the same cultivars, also found lower antioxidant capacity in the ‘Tulameen’ cultivar compared to 
‘Willamette’. 

As known, quality factors more or less genetically controlled, as the level of the bioactive compounds 
vary according to cultivar (Dale and Daubeny, 1985). Besides cultivar, many factors can affect the total 
antioxidant capacity of fruit such as cultivation site and technique (i.e. inorganic fertilizers or organic manure), 
rainfall, mean growing temperature (Hargreaves et al., 2008; Castilho Maro et al., 2013) and light levels 
(Atkinson et al., 2006).  

 
 
ConclusionsConclusionsConclusionsConclusions    
 
This two-year study demonstrates that nitrogen fertilization strongly influences both soil fertility and 

raspberry fruit quality. Higher nitrogen doses, particularly 75 g CAN per plot (equivalent to 500 kg ha-1), 
improved soil nutrient availability and enhanced fruit quality traits, especially in the ‘Willamette’ cultivar. Both 
cultivars benefited from fertilization in terms of fruit size, with ‘Tulameen’ producing larger fruits overall. 
However, these findings also highlight the risk of over-fertilization, which can lead to environmental 
degradation and nutrient imbalances. For sustainable raspberry production, growers should carefully balance 
nitrogen inputs to optimize yield and quality while safeguarding soil health and environmental integrity. 
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