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This study was conducted to evaluate the performance of four red raspberry
cultivars, namely ‘Encore’, ‘Rosana’, ‘Polana’, and ‘Saanich’, under
hydroponic cultivation in a greenhouse. Two-year-old plants were grown in
12-L pots containing a raspberry-specific substrate, using an open drip
hydroponic system. The substrate consisted of 40—45% processed wood fiber,
20-25% processed pine bark fiber, 25-30% processed pumice, 1-2%
hardening agent, and 0.5-1% wetting agent. Plants were fertigated with a
standard nutrient solution formulated for raspberry production. ‘Encore’
exhibited superior vegetative growth, recording the highest plant height (142
cm), stem diameter (7.24 mm), internode length (3.25 cm), and number of
suckers per plant (3.5), while ‘Rosana’ had the highest leaf number (38).
‘Encore’ significantly outperformed the other cultivars, with the highest
number of fruits per plant (31), fruits per inflorescence (6), inflorescences per
plant (5.25), fruit weight (1.4 g), and receptacle diameter (15.35 mm).
‘Polana’ flowered and fruited earlier than the other cultivars, whereas
‘Encore’ required a longer period to flowering and harvest. The highest TSS
was recorded in ‘Polana’ (8.87). The highest total phenolic content among the
evaluated cultivars was found in ‘Saanich’ (55.45) and ‘Polana’ (53.85), while
the highest anthocyanin content was observed in ‘Rosana’ (30.83). The
highest vitamin C content was recorded in ‘Encore’ and ‘Polana’ (11.66).
‘Polana’ showed earlier flowering and favorable biochemical characteristics,
‘Encore’ demonstrated the best vegetative growth and yield performance.
Therefore, ‘Encore’ can be recommended as the most suitable cultivar for
hydroponic greenhouse raspberry production.
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1. Introduction

Raspberry (Rubus idaeus L.), a high-value member of the Rosaceae family, has gained significant global
attention due to its exceptional organoleptic properties and high concentration of health-promoting bioactive
compounds (Szajdek and Borowska, 2008). Raspberries are very attractive, colorful and delicious fruits that are
consumed both raw and processed (frozen, dried and in juices) (Calvano et al., 2019). They are also used in a
variety of desserts, sweets, smoothies and jams. This fruit is a rich natural source of substances such as
anthocyanins, phenolic acids, flavonols, vitamins C and E, folic acid and ellagic acid (Boivin et al., 2007). In
addition, raspberries contain a small amount of carbohydrates and a high amount of fiber per unit weight (Calvano
et al., 2019). Economically, the global raspberry market has seen a consistent upward trend over the last two
decades, driven by the increasing consumer demand for “superfoods” and the fruit’s versatility in both fresh and
processed industries (Samofalov, 2025). Raspberry is one of the most popular and valuable berries, and due to the
increasing demand, interest in its production and investment in its cultivation has increased significantly worldwide
(Kempler et al., 2011). Currently, major producers such as Russia, Mexico, and Serbia dominate the international
market, highlighting the crop’s high profitability and its strategic importance in modern horticulture (FAOSTAT,
2023). The production of this type of raspberry is an important and valuable horticultural industry in most countries
of Northern and Central Europe, as its income is generated both directly from the production and sale of fresh fruit
and indirectly from fruit processing (Krsti¢ et al., 2019). In Iran, while commercial cultivation is relatively nascent
compared to traditional fruit crops, raspberry production has emerged as a lucrative opportunity for diversifying
agricultural systems and increasing income for small-scale farmers (Koragi et al., 2019). However, the expansion
of its cultivation is often limited by specific climatic requirements, which has led to a growing interest in utilizing
greenhouse technologies to ensure off-season production and superior fruit quality in diverse Iranian provinces
(Shayanmehr et al., 2022).

Cultivar type is one of the important factors affecting the morphological, functional, chemical, and sensory
characteristics of fruit among different cultivars (Leposavié et al., 2013). Cultivar selection is a key determinant
of productivity and fruit quality in protected horticultural systems because genotypic differences can influence
adaptation to environmental conditions and overall yield performance under managed production systems (Gilgin
et al., 2011). The environmental conditions in which plants grow also affect phenological, morphological, and
plant performance traits, mainly flowering, fruiting, maturity, and fruit harvest (Birgi et al., 2019). In controlled-
environment berry production, maintaining suitable temperature and humidity is especially important, as excessive
moisture can increase the risk of Botrytis gray mold and other diseases that reduce marketable yield and fruit
quality (Pritt et al., 1999). More broadly, greenhouse and protected horticulture systems provide opportunities for
improved environmental control and production stability, but their effectiveness depends on matching crop
management and plant material to the specific conditions of the production environment (Huang et al., 2026).
Therefore, evaluating berry cultivars under protected conditions is an important step in identifying genotypes with
stable agronomic performance and commercial potential in environments where climatic and disease pressures
may constrain open-field production (Gulgin et al., 2011).

The four raspberry cultivars evaluated in this study (‘Encore’, ‘Rosana’, ‘Polana’, and ‘Saanich’) were selected
because they represent commercially relevant genotypes with distinct agronomic and phenological characteristics
that may influence their performance under protected cultivation. ‘Polana’ is a widely cultivated
primocane-fruiting cultivar characterized by early ripening, high productivity, and good adaptability to different
production systems, making it popular in European berry production (Danek, 2006; Jennings, 1988). In contrast,
‘Encore’ and ‘Saanich’ are generally classified as floricane-fruiting cultivars valued for their relatively large fruit
size, good fruit quality, and high yield potential under temperate growing conditions (Finn and Clark, 2012; Moore,
2004). ‘Rosana’ has also been reported as a productive cultivar with desirable fruit quality traits in several
European production regions (Leposavi¢ et al., 2013). Because these cultivars differ in fruiting habit, phenological
behavior, and yield potential, they provide a useful genetic and agronomic contrast for evaluating cultivar
adaptability and productivity under greenhouse hydroponic conditions.

Despite the increasing interest in protected berry production systems, there is still a lack of comprehensive
studies comparing the morphological, yield-related, phenological, and biochemical performance of raspberry
cultivars under greenhouse hydroponic conditions. This knowledge gap is particularly evident in Iran, where
raspberry cultivation is still emerging and cultivar suitability for controlled-environment production has not been
systematically evaluated. Addressing this gap is essential for selecting cultivars that can achieve stable yield and
fruit quality under greenhouse hydroponic systems.

2. Materials and Methods

This study was conducted to compare four raspberry cultivars (Encore, Rosana, Polana, and Saanich) under
hydroponic cultivation and greenhouse conditions in Guilan Province. The experiment was carried out in a glass
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greenhouse located at the Faculty of Agricultural Sciences, University of Guilan. The greenhouse was oriented in
an east-west direction to optimize light interception. During the experimental period, environmental conditions
were monitored using digital sensors installed at canopy height. The average daytime temperature inside the
greenhouse was maintained at 24 +2 °C, while nighttime temperature averaged 18 +2 °C. Relative humidity
ranged between 60 and 75%. The average photoperiod during the experiment was approximately 14 h, and natural
solar radiation provided a mean photosynthetically active radiation (PAR) of approximately 350—500 umol m2 s
at canopy level. Environmental data were recorded continuously using an automated greenhouse monitoring
system.

Two-year-old raspberry plants (floricane canes) were ordered and obtained as potted plants from Forouzani
Nursery in Mazandaran Province. All cultivars used in this experiment belonged to red raspberry (Rubus idaeus)
and differed only at the cultivar level. The experiment started with transplanting the plants into 12-L pots on 25
March. Therefore, a total of 48 plants (4 cultivars x 4 replications x 3 plants per replication) were used in the
experiment. The experimental unit was defined as the average of three plants within each replication.
Measurements related to vegetative growth, phenology, yield, and fruit quality were recorded from all plants within
each replicate and averaged prior to statistical analysis. The flowering period of the cultivars occurred
approximately between May—June, and fruit harvesting was carried out from July to August based on physiological
fruit maturity. The total duration of the experiment was approximately 9 months, from transplanting to the end of
the final harvest.

The hydroponic system operated as an open drip irrigation system, in which nutrient solution was supplied
through drip emitters and excess solution drained from the bottom of the pots. Drainage was not recirculated and
was discharged outside the system. Irrigation was applied through a fertigation program using a nutrient solution
formulated for raspberry production. Irrigation scheduling was based on plant growth stage and substrate moisture
conditions. Plants were irrigated 2—4 times per day depending on environmental demand. Each irrigation event
was adjusted to maintain a leaching fraction of approximately 15-20% to prevent salt accumulation in the substrate.
A hydroponic growing medium specifically formulated for raspberry was procured from Itoq Blupit Green
Technology Development Company. The substrate contained 40-45% processed wood fiber, 20-25% processed
pine bark fiber, 25-30% processed pumice, 1-2% hardening agent (substrate weight enhancer), and 0.5-1%
wetting agent (water-retaining materials). The pH of the growing medium was approximately neutral (7.5), and its
electrical conductivity (EC) was 0.6 dS/m. Plants were grown in 12-L pots. The experiment was conducted in a
completely randomized design (CRD) with four treatments, corresponding to the four cultivars, and four
replications per treatment. A calculated nutrient solution specifically formulated for hydroponic raspberry
production was applied. The macronutrient composition included potassium (280 mg-L 1), nitrogen (240 mg-LY),
calcium (170 mg-LY), sulfur (103 mg-L?), phosphorus (65 mg-L™), and magnesium (50 mg-L%). The
micronutrient composition included iron (1.7 mg-L1), manganese (1 mg-L), boron (0.5 mg-L1), zinc (0.25 mg-L-
1), molybdenum (0.05 mg-L1), and copper (0.02 mg-L™) (Neocleous et al., 2005). Each time, the nutrient solution
was prepared as 1-L stock solutions at 160-fold concentration (160%) for the preparation of 160 L of irrigation
water.The nutrient solution was prepared as 1-L aliquots of a 160x stock (160-fold) to make 160 L of irrigation
water. To ensure complete dissolution and prevent salt precipitation, the formulation was separated into five stock
solutions: Stock A contained potassium nitrate (KNOs) and calcium chloride (CaClz); Stock B1 contained
manganese sulfate (MnSOa.), ammonium nitrate (NHaNOs), magnesium sulfate (MgSOs), sodium chloride (NaCl),
potassium sulfate (K2SO.), potassium chloride (KCI), and potassium nitrate (KNOs); Stock B2 contained boric
acid (HsBOs), ammonium molybdate ((NH4)sMo0+024), and copper sulfate (CuSO.); Stock B3 contained zinc sulfate
(ZnS0s), monopotassium phosphate (KH2PO.), and dipotassium phosphate (K-HPO.); and Stock C contained an
iron chelate (6% Fe-EDDHA). During each irrigation, 500 mL of the diluted nutrient solution (1% concentration)
was applied per plant. This protocol ensured optimal nutrient availability while minimizing chemical interactions
that could lead to precipitation. In addition to the nutrient solution applied daily, the first irrigation after
transplanting the raspberry plants into new pots was carried out using an amino acid solution at a concentration of
1% (1:1000) to enhance root adaptation to the new growing medium and to reduce transplant stress. During the
growing season, foliar applications of seaweed extract at a concentration of 1.5% and 100% pure potassium
phosphite at a concentration of 2.5% were performed to improve plant performance and minimize potential stress.

Thiophanate-methyl fungicide was applied through irrigation at a concentration of 0.5% to prevent root rot and
systemic diseases. Since aphids and mites are among the major pests causing serious damage to raspberry, and
symptoms of spider mite infestation were repeatedly observed on the leaves, pest control was carried out at 10-day
intervals using malathion and abamectin at a concentration of 2%.

These compounds were applied uniformly to all plants regardless of cultivar in order to maintain optimal plant
health and minimize abiotic stress under greenhouse conditions. Therefore, these applications were not considered
experimental treatments and were not expected to introduce bias in cultivar comparisons.

Vegetative traits were recorded as follows. Plant height was measured at the end of the growing season from
the soil surface (crown/collar region) to the tip of the main cane, and reported in centimeters. The number of
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remaining leaves per plant at the end of the growing season was counted and recorded. Stem diameter was
measured at the crown (collar) on the front side of each plant using a Stainless Hardened caliper and expressed in
millimeters. Internode length was measured for each plant using a measuring tape and reported in centimeters. The
number of suckers per plant (excluding current-season primocanes) was recorded separately for each plant.

Regarding reproductive traits and fruit yield components, fruits were harvested in the morning at physiological
maturity, when they could be easily detached, and the number of fruits per plant was recorded. Inflorescences of
each plant were evaluated separately, and the number of fruits per inflorescence was counted and recorded. The
number of inflorescences per plant was also counted and reported. Fruit weight was recorded in grams using a
balance (Foster et al., 2019). Receptacle diameter was measured at the widest part of the fruit (Robbins and Sjulin,
1989) using a digital caliper and expressed in millimeters (Foster et al., 2019). Receptacle length was measured at
the longest part of the fruit (Robbins and Sjulin, 1989) using a digital caliper and expressed in millimeters (Foster
etal., 2019). The onset of flowering for each cultivar was determined as the date when approximately 10% of buds
had opened (Schmid et al., 2001).

Fruit biochemical traits were determined in the laboratory, including total soluble solids (TSS; fruit sugars)
using a refractometer, antioxidant capacity (Sariburun et al., 2010), total phenolic content (Singleton and Rossi,
1965), anthocyanin content (Nadernejad et al., 2013), and vitamin C content (Adebayo, 2015).

Data collected from vegetative growth, phenological traits, yield components, and fruit biochemical
characteristics were subjected to statistical analysis using analysis of variance (ANOVA). The statistical model
included cultivar as the main fixed factor. Prior to performing ANOVA, the assumptions of normality and
homogeneity of variance were evaluated. Normality of residuals was assessed using the Shapiro—Wilk test, while
homogeneity of variances was evaluated using Levene’s test. When necessary, data transformations were applied
to meet ANOVA assumptions; however, most traits satisfied these assumptions without transformation. Mean
comparisons among cultivars were performed using Honestry significant differences at a significance level of o =
0.05 or a =0.01. All statistical analyses were conducted using statistical software SAS version 9.2.

3. Results

According to the analysis of variance results (Table 1), significant differences at the 1% level were observed
among the genotypes evaluated in this study for morphological traits, including plant height, stem diameter,
internode length, and number of suckers. The ANOVA table also indicated significant differences at the 5% level
among the studied genotypes for leaf number. Mean comparison results (Table 2) indicated that the highest mean
plant height was observed in the cultivar ‘Encore’ (142 cm), whereas the lowest mean plant height was recorded
in ‘Saanich’ (57.75 cm) and ‘Rosana’ (47.75 cm). The cultivar ‘Polana’ showed an intermediate mean plant height
0f 100.75 cm. The highest number of leaves was observed in the cultivar ‘Rosana’, with a mean of 38 leaves, while
the lowest number of leaves was recorded in ‘Saanich’, with a mean of 27 leaves. The cultivars ‘Encore’ and
‘Polana’ showed intermediate values, with mean leaf numbers of 33 and 29.75, respectively. The greatest stem
diameter was observed in the cultivar ‘Encore’ (7.24 mm). No significant differences were found among ‘Polana’
(4.19 mm), ‘Saanich’ (3.64 mm), and ‘Rosana’ (3.20 mm). The cultivar ‘Encore’ showed the greatest internode
length (3.25 cm), whereas ‘Rosana’ had the shortest internode length (1.87 cm). ‘Saanich’ exhibited an
intermediate internode length (2.57 c¢m), and no significant difference was observed between ‘Rosana’ and
‘Polana’. ‘Encore’, with a mean of 3.5 suckers per plant, produced the highest number of suckers. In contrast,
‘Rosana’ and ‘Polana’, each with a mean of 1.5 suckers per plant, showed the lowest number of suckers, with no
significant difference between them. ‘Saanich’, with a mean of 2.5 suckers per plant, was intermediate.

Table 1. Analysis of variance (ANOVA) of morphological traits in raspberry cultivars.
Mean of squares

Source  of Plant height ~ Number of Stem Internode Number  of
variation d.f. leaves diameter length suckers
Cultivar 3 7480.22** 89.39* 13.33** 1.34%* 3.66**

Error 12 157.85 21.72 0.32 0.08 0.33

C.V. (%) 14.43 14.59 12.38 11.98 25.66

Values marked with * and ** are significant at the 5% and 1% probability levels respectively.

According to the analysis of variance for phenological and yield-related traits (Table 3), significant differences
were observed among the genotypes evaluated in this study at the 1% probability level for number of fruits per
plant, number of fruits per inflorescence, number of inflorescences per plant, fruit weight, receptacle diameter, and
days to flowering. In addition, significant differences among the studied genotypes were detected at the 5%
probability level for the phenological trait days to harvest and for receptacle length. The highest mean number of
fruits per plant was recorded in ‘Encore’ (31 fruits), whereas the lowest values were observed in ‘Rosana’ (25.7
fruits) and ‘Saanich’ (8.75 fruits). ‘Polana’ showed an intermediate number of fruits per plant (25.17) (Table 4).
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The number of fruits per inflorescence was higher in ‘Encore’ (6) and ‘Polana’ (5) than in ‘Rosana’ (3) and
‘Saanich’ (3).

Table 2. Mean comparison of morphological traits in raspberry cultivars.

Cultivar Plant height Number of Stemdiameter  Internode Number of
(cm) leaves (mm) length suckers
(cm)
Encore 142a 33ab 7.24a 3.25a 3.5a
Rosana 47.75¢ 38a 3.2b 1.87b 1.5b
Polana 100.75b 29.75ab 4.19b 2.27b 1.5b
Saanich 57.75¢c 27b 3.64b 2.57ab 2.5ab

Values followed by the same letter within each column are not significantly different according to Tukey test.

Regarding the number of inflorescences per plant, ‘Encore’ produced the greatest number (5.25 inflorescences
per plant). ‘Rosana’ (2.5), ‘Saanich’ (3), and ‘Polana’ (3.5) had the lowest numbers of inflorescences per plant;
however, differences among these three cultivars were not significant at the 5% level. ‘Encore’ also had the highest
mean fruit weight (1.4 g). No significant differences were found among ‘Saanich’ (1.01 g), ‘Rosana’ (0.94 g), and
‘Polana’ (0.90 g) in fruit weight. The largest mean receptacle diameter was observed in ‘Encore’ (15.35 mm),
while the smallest was found in ‘Rosana’ (11.36 mm). ‘Polana’ (13.38 mm) and ‘Saanich’ (13.16 mm) showed
intermediate receptacle diameters. Receptacle length was greatest in ‘Saanich’ (13.12 mm) and lowest in ‘Rosana’
(10.61 mm), whereas ‘Encore’ (11.39 mm) and ‘Polana’ (10.76 mm) had intermediate values. In terms of
phenology, ‘Encore’ required more days to reach flowering after transplanting to the greenhouse (19.75 days),
indicating a later flowering time compared with the other cultivars. In contrast, ‘Polana’ (9.25), ‘Rosana’ (12.5),
and ‘Saanich’ (13.75) required fewer days to flowering and therefore reached this stage earlier. For days to harvest,
‘Encore’ had the longest growth period after greenhouse transfer (56.5 days) and thus required the greatest number
of days to harvest, whereas ‘Polana’ showed the shortest period (35.75 days). ‘Rosana’ (45.5 days) and ‘Saanich’
(50.75 days) were intermediate in the number of days required to reach harvest.

Table 3. Analysis of variance (ANOVA) of phenological and yield traits in raspberry cultivars.
Mean of squares

Source Number ~ Number Number Fruit Receptacle Receptacle Days to Days to
of d.f. of fruits of fruits of weight  diameter length flowering  harvest
variation per plant  per clusters
cluster per
plant

Cultivar 3 474.22%*  9** 5.72*%*  0.21** 10.65** 5.30* 77.06**  254.08*
Error 12 6.35 0.66 0.56 0.02 1.24 1.34 4.77 44,95
C.V. (%) 15.69 19.21 21.05 13.33 8.36 10.08 15.81 14.07

Values marked with * and ** are significant at the 5% and 1% probability levels respectively.

Table 4. Mean comparison of phenological and yield traits in raspberry cultivars.

Cultivar Number Number  of Number of Fruit Calyx Calyx Days to Days to
of fruits fruits per inflorescences  weight diameter length flowering  harvest
per plant inflorescence  per plant (9) (mm) (mm)

Encore  3la 6a 5.25a 1.4a 15.35a 11.39ab 19.75a 65.5a

Rosana  7.25c 3b 2.5b 0.94b  11.36b 10.61b  12.5b 45.5ab

Polana  17.25b 5ab 3.5ab 0.9b 13.38ab  10.76ab  9.25b 37.75b

Saanich  8.75c 3b 3b 1.01b  13.16ab  13.12a  13.75ab 5.75ab

Values followed by the same letter within each column are not significantly different according to Tukey test.

The analysis of variance for biochemical traits (Table 5) revealed significant differences among the raspberry
cultivars at the 5% probability level for fruit soluble solids content (TSS). Significant differences were also
detected at the 1% probability level for total phenolics, anthocyanin content, and vitamin C. However, no
significant differences were observed among the raspberry genotypes for antioxidant capacity. The highest TSS
was recorded in ‘Polana’ (8.87), whereas the lowest value was observed in ‘Rosana’ (8.02). ‘Encore’ (8.20) and
‘Saanich’ (8.12) showed intermediate TSS values compared with the other cultivars (Table 6). The highest total
phenolic content among the evaluated cultivars was found in ‘Saanich’ (55.45) and ‘Polana’ (53.85), while the
lowest phenolic content was recorded in ‘Encore’ (29.78) and ‘Rosana’ (37.84). The highest anthocyanin content
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was observed in ‘Rosana’ (30.83), and the lowest in ‘Saanich’ (23.15); ‘Encore’ (23.69) and ‘Polana’ (27.54) had
intermediate anthocyanin contents. The highest vitamin C content was recorded in ‘Encore’ and ‘Polana’ (11.66),
whereas ‘Saanich’ had the lowest vitamin C content (8.28). Among the tested cultivars, ‘Rosana’ (10.44) showed
an intermediate value. Growing location and contrasting climatic conditions can markedly affect the measured
biochemical traits and confirm the existence of variability among cultivars (Maro et al., 2013). In the present
experiment, the results likewise indicated that except for antioxidant capacity, for which no significant differences
were detected among the four raspberry genotypes significant cultivar differences existed for other biochemical
attributes, including fruit total soluble solid (TSS), total phenolics, anthocyanins, and vitamin C.

Table 5. Analysis of variance (ANOVA) of biochemical traits in raspberry cultivars.
Mean of squares

Source  of TSS Antioxidant Total Anthocyanin Vit. C
variation d.f. phenol

Cultivar 3 0.59* 1.86ns 624.16**  51.69** 10.14**
Error 12 0.16 1.71 20.18 7.72 0.79
C.V. (%) 4.86 1.53 10.15 10.56 8.48

Values marked with ns, * and ** are non-significant, significant at the 5% and 1% probability levels respectively

Table 6. Mean comparison of biochemical traits in raspberry cultivars.

Cultivar TSS Antioxidant Total phenol Anthocyanin Vit. C
(° brix) (% inhibition) (mg GA/100 g (mg C3G/100g (mg AA/100 g
FW) FW) FW)
Encore 8.2ab 84.72a 29.78b 23.69ab 11.66a
Rosana 8.02b 85.86a 37.84b 30.83a 10.44ab
Polana 8.87a 84.96a 53.85a 27.54ab 11.66a
Saanich 8.12ab 86.13a 55.45a 23.15b 8.28b

Values followed by the same letter within each column are not significantly different according to Tukey test.
4. Discussion

The results of this study reflect the comparative performance of raspberry cultivars under greenhouse
hydroponic conditions. Since the experiment did not include an open-field control treatment, the findings should
not be interpreted as evidence that greenhouse cultivation inherently improves productivity or fruit quality. Rather,
the study highlights how different cultivars respond to controlled-environment production systems. Studying
different raspberry cultivars, evaluating their yield, and comparing their morphological, phenological, and
biochemical traits can provide valuable information for growers to better meet consumer demands (Titirica et al.,
2023). Previous research has reported substantial differences among raspberry genotypes in all morphological
characteristics, across measurement dates, across years of floricane and primocane growth, and across harvests
(Robbins and Sjulin, 1989), which is consistent with the results obtained in the present study. Similarly, studies on
raspberry in Pakistan have shown significant variation among collected accessions in plant height, leaf length and
width, number of canes and suckers per plant, and fruit length, width, and weight (Ahmed et al., 2014), supporting
our findings. Because strong genotype-dependent interactions exist among fruit production, cane length, node
number, and leaf area per plant, morphological variables help explain how plants grow and how they influence
other traits such as yield and the quality of harvested fruits (Birgi et al., 2019). Raspberry fruit morphological traits
also vary among cultivars (Skrovankova et al., 2015). These traits are influenced by multiple factors, including
environmental conditions (temperature, rainfall, and soil type), irrigation regime, yield efficiency, harvest maturity,
and the agricultural practices employed (Canan et al., 2016). Raspberry flowering and growth exhibit pronounced
responses to temperature; under higher temperatures, both node number and shoot length tend to increase
(Sensteby and Heide, 2008). Conversely, when plants experience leaf loss, leaf breakage, or reductions in leaf area
due to factors such as temperature stress or wind, the leaf area index and consequently plant productivity declines
(Fischer, 2000). In general, longer and more vigorous canes produce higher yields; however, excessive cane length
may reduce bud formation and increase the risk of winter injury, a challenge that can be more effectively managed
under greenhouse conditions (Martin et al., 1980). Therefore, morphological traits, which are strongly affected by
temperature and wind, directly influence fruit production, node number, and leaf area, and their management is
more feasible in greenhouse systems (Birgi et al., 2019). The observed differences in vegetative growth among the
raspberry cultivars may be associated with cultivar-specific vigor and differences in carbon assimilation and
assimilate allocation. The superior plant height, stem diameter, and sucker production observed in ‘Encore’ suggest
a stronger vegetative growth capacity, which may enhance photosynthetic surface area and increase the availability
of assimilates for both vegetative and reproductive development. In raspberry, cane vigor and node formation play
a crucial role in determining the potential number of fruiting sites, which directly influences yield performance.
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Therefore, cultivars with greater cane elongation and thicker stems generally exhibit higher productivity due to
improved resource transport and structural support for fruit-bearing laterals. In contrast, cultivars with shorter
canes or reduced vegetative growth, such as ‘Rosana’ and ‘Saanich’, may allocate fewer resources to canopy
expansion, potentially limiting the number of productive nodes and inflorescences. These differences are often
genetically controlled but can be further influenced by environmental factors such as temperature, light availability,
and nutrient supply under greenhouse conditions. In hydroponic systems, where nutrient availability is optimized,
genotypic differences in growth potential may become more evident because environmental limitations are
reduced. Consequently, cultivars with inherently stronger vegetative vigor may exhibit greater yield potential under
controlled greenhouse cultivation. Therefore, based on the findings of the present study and previous research
conducted in other countries, selecting a cultivar that performs best in growth and morphological traits under
greenhouse conditions can lead to the highest yield and best fruit quality. Among the cultivars evaluated in this
study, ‘Rosana’ produced a higher mean number of leaves; however, under greenhouse and hydroponic growing
conditions, ‘Encore’ showed superior vegetative growth and morphological performance compared with the other
cultivars, including plant height, stem diameter, internode length, sucker production, and even the number of lateral
leaves.

Nevertheless, these traits should be considered alongside the available greenhouse space for vegetative growth
and the production of new shoots and leaves. In greenhouse production, plant height and the extent of lateral
branching and foliage are important factors in determining the required growing space. In addition, receptacle
length and diameter, which contribute to fruit appearance and marketability, may also influence the grower’s
choice of cultivar. Since ‘Encore’ exhibited more favorable vegetative characteristics, it appears to have suitable
growth potential for raspberry production under hydroponic and greenhouse conditions in Guilan Province. Studies
on raspberry have shown considerable differences among raspberry genotypes in fruit length, width, and weight
across collected samples (Ahmed et al., 2014), which is consistent with the findings of the present study. The effect
of the growth environment on raspberry developmental stages and flowering, red raspberry fruit production under
greenhouse conditions was reported to be 42% higher than in open-field cultivation (Sensteby et al., 2009).
Similarly, another greenhouse study found that the average productivity of raspberry plants in the greenhouse was
65% higher than that of plants grown outdoors, and that open-field cultivation resulted in an approximately 90%
reduction in yield (Birgi et al., 2019). One major reason for this difference is that, under open-field conditions,
wind movement stimulates the shoots and can inhibit fruit growth, mainly through inhibitory signals that reduce
leaf size (Fischer, 2000). Among different raspberry cultivars, substantial variation exists in growth and yield
habits, flowering time, fruit set, fruit ripening time, and even fruit shape and color. Significant differences have
also been reported for phenological traits, including days to flowering and days to harvest, among collected
raspberry samples (Ahmed et al., 2014). Accordingly, cultivar type is considered one of the key factors affecting
morphological and yield-related traits as well as the chemical and sensory characteristics of the fruit among
different cultivars (Leposavié et al., 2013). The environmental conditions under which plants grow also influence
phenological and morphological traits and overall performance, particularly flowering, fruiting, fruit maturation,
and harvest timing. Moreover, greenhouse-grown raspberries tend to have a longer bud development period, and
phenological phases such as flowering, fruiting, fruit maturation, and harvesting are generally extended (Birgi et
al., 2019). Given that fresh raspberry fruit has a very short shelf life and that demand for off-season fresh raspberry
production has recently increased, obtaining information on the physical, chemical, and morphological properties
of raspberry during crop management and harvest operations is essential (Augspole et al., 2021). This is particularly
important because greenhouse-grown raspberry plants can continue fruit production over a prolonged period (Birgi
etal., 2019). Among the cultivars evaluated in this study, all of which were grown under the same nutritional and
environmental conditions, ‘Polana’ reached flowering and fruiting earlier than the other three cultivars, while
‘Rosana’ and ‘Saanich’ showed the longest harvesting period compared with the other two cultivars. However,
considering the economic importance of raspberry production for growers, the results indicated that cultivation of
‘Encore’ would be more advantageous than the other cultivars under hydroponic greenhouse conditions in Guilan
Province, due to its higher fruit production, superior yield performance, and greater mean fruit weight. In fact, an
inverse relationship was observed between the time required to reach fruit production and the overall crop load.
Since comparing cultivars and selecting the superior one based on yield-related and phenological traits can help
identify cultivars with earlier flowering and, consequently, earlier harvest, the cultivation of ‘Encore’ is
recommended among the four raspberry cultivars evaluated in this study for greenhouse hydroponic production in
Guilan Province.

The lack of a significant difference in antioxidant capacity can be explained by compensatory changes among
the indices contributing to antioxidant potential; in other words, a decrease in one parameter in a given cultivar
may be offset by an increase in another, resulting in similar overall antioxidant capacity across cultivars (Glindesli
et al., 2019). Previous reports have also shown a direct relationship between antioxidant activity and both total
phenolic content and anthocyanin concentration in raspberry (Sariburun et al., 2010; Chen et al., 2013).
Information on the chemical properties of raspberry fruit is essential during postharvest operations such as
harvesting, transportation, sorting, grading, packaging, and storage, and is therefore of high practical importance
(Augspole et al., 2021). Based on experiments conducted in the Horticultural Science Laboratory of the University
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of Guilan, since all plants were grown under uniform conditions greenhouse cultivation in a hydroponic substrate
using a raspberry specific nutrient solution the measured biochemical values across cultivars were relatively close.
Nevertheless, in terms of bioactive compounds, ‘Polana’ and ‘Rosana’ can be considered superior to ‘Encore” and
‘Saanich’, noting that these traits are influenced by multiple environmental and genetic factors as well as
postharvest conditions, and may also vary between growing seasons and cane types (primocanes vs. floricanes).
Other studies have similarly reported significant differences among cultivars in polyphenol content and
antioxidant-related traits, which may be affected by ecological factors, fruit maturity stage, and soil conditions
(Glindesli et al., 2019), supporting the present findings. Genetic factors have been shown to significantly influence
fruit quality (Milivojevic et al., 2011). Moreover, studies on raspberry plants collected from 17 different regions
of Lithuania and subsequently cultivated in a research field demonstrated that environmental conditions and
genetic background play key roles in the accumulation of bioactive compounds in raspberry fruits (Dvaranauskaité
et al., 2006).

Conclusion

The results of the present study clearly demonstrate that hydroponic greenhouse cultivation of red raspberry is
technically feasible under the environmental conditions of Guilan Province, Iran. Significant differences among
cultivars were observed for most morphological, phenological, yield-related, and biochemical traits, confirming
the strong influence of genotype on plant performance under controlled conditions. Among the four evaluated
cultivars, ‘Encore’ exhibited superior vegetative vigor and yield performance. It produced the tallest plants, the
greatest stem diameter, the highest number of suckers, and the longest internodes, which were accompanied by
significantly higher fruit number per plant, more inflorescences, greater fruit weight, and larger receptacle
diameter. Although ‘Encore’ required a longer period to flowering and harvest, its higher crop load and superior
yield components make it the most economically promising cultivar for greenhouse hydroponic production in the
region. In contrast, ‘Polana’ demonstrated earlier flowering and harvesting, along with higher total soluble solids
and elevated phenolic content, indicating its potential suitability for early-season production and markets
emphasizing fruit quality and sweetness. ‘Rosana’ showed the highest anthocyanin content, while ‘Saanich’ and
‘Polana’ were superior in total phenolics. However, these biochemical advantages were not accompanied by
superior yield components under the tested conditions. Overall, the findings suggest that cultivar selection is a
decisive factor for successful raspberry production in protected hydroponic systems. Considering the combined
evaluation of vegetative growth, yield components, and fruit quality, ‘Encore’ can be recommended as the most
suitable cultivar for commercial hydroponic greenhouse production in Guilan Province. Nevertheless, multi-season
trials and economic analyses are recommended to further validate long-term productivity, stability, and market
profitability of the tested cultivars under controlled-environment agriculture systems.

References

Adebayo, E., 2015. The titrimetric and spectrophotometric determination of ascorbic acid levels in selected
Nigerian fruits. IOSR Journal of Environmental Science, Toxicology and Food Technology, 9: 44-46. DOI:
10.9790/2402-091014446

Alibabic, V., Skender, A., Orascanin, M., Sertovic, E., Bajric, E., 2018. Evaluation of morphological, chemical,
and sensory characteristics of raspberry cultivars grown in Bosnia and Herzegovina. Turkish Journal of
Agriculture and Forestry, 42(1): 67-74. DOI: 10.3906/tar-1702-59

Anttonen, M. J., Karjalainen, R. O., 2005. Environmental and genetic variation of phenolic compounds in red
raspberry. Journal of Food Composition and Analysis, 18(8): 759- 769.
http://dx.doi.org/10.1016/j.jfca.2004.11.003

Augspole, 1., Romanova, 1., Linina, A., Dimins, F., 2021. Characterization of red raspberry (Rubus idaeus L.) for
their physicochemical and morphological properties.https://doi.org/10.15159/AR.21.077

Birgi, J., Peri, P. L., Gargaglione, V., 2019. Raspberries and gooseberries in south Patagonia: Production, fruit
quality, morphology and phenology in two environmental conditions. Scientia Horticulturae, 258: 108574.
DOI:10.1016/j.scienta.2019.108574

Bobinaité, R., Viskelis, P., Venskutonis, P. R., 2012. Variation of total phenolics, anthocyanins, ellagic acid and
radical scavenging capacity in various raspberry (Rubus spp.) cultivars. Food Chemistry, 132(3): 1495-1501.
DOI:10.1016/j.foodchem.2011.11.137

Boivin, D., Blanchette, M., Barrette, S., Moghrabi, A., Beliveau, R., 2007. Inhibition of cancer cell proliferation
and suppression of TNF-induced activation of NFkB by edible berry juice. Anticancer research, 27(2): 937-
948.

Bowen-Forbes, C. S., Zhang, Y., Nair, M. G., 2010. Anthocyanin content, antioxidant, anti-inflammatory and
anticancer properties of blackberry and raspberry fruits. Journal of Food Composition and Analysis, 23(6):
554-560. DOI:10.1016/j.jfca.2009.08.012

Greenhouse Plant Production Journal 3(2) (2026) 31-40



- Haghparast et al.

Calvano, A., lzuora, K., Oh, E. C., Ebersole, J. L., Lyons, T. J., Basu, A., 2019. Dietary berries, insulin resistance

and type 2 diabetes: An overview of human feeding trials. Food and function, 10(10):  6227-6243.
DOI: 10.1039/c9fo01426

Canan, 1., Giindogdu, M., Seday, U., Oluk, C. A., Karasahin, Z., Eroglu, E. C., Unlii, M., 2016. Determination of
antioxidant, total phenolic, total carotenoid, lycopene, ascorbic acid, and sugar contents of Citrus species and
mandarin hybrids. Turkish Journal of Agriculture and Forestry, 40(6): 894-899. DOI:10.3906/tar-1606-83

Chen, L., Xin, X., Zhang, H., Yuan, Q., 2013. Phytochemical properties and antioxidant capacities of commercial
raspberry varieties. Journal of Functional Foods, 5(1): 508-515. DOI: 10.1016/j.jff.2012.10.009

Danek, J., 2006. Breeding and cultivation of primocane fruiting raspberries in Europe. Acta Horticulturae, 777,
241-246.

De Ancos, B., Gonzélez, E. M., Cano, M. P., 2000. Ellagic acid, vitamin C, and total phenolic contents and radical
scavenging capacity affected by freezing and frozen storage in raspberry fruit. Journal of Agricultural and Food
Chemistry, 48(10): 4565-4570. DOI: 10.1021/jf0001684

Dvaranauskaité, A., Venskutonis, P. R., Labokas, J., 2006. Radical scavenging activity of raspberry (Rubus idaeus
L.) fruit extracts. Acta Alimentaria, 35(1): 73-83. DOI:10.1556/AAlim.35.2006.1.9

FAOSTAT., 2023. Food and Agriculture Organization of the United Nations: Production Statistics of Berries.

Finn, C. E., Clark, J. R., 2012. Raspberry cultivars and breeding. In: Badenes, M. L., Byrne, D. H. (Eds.), Fruit
Breeding. Springer.

Fischer, G., 2000. Ecofisiologia en frutales de clima frio moderado. http://hdl.handle.net/20.500.12324/16773

Foster, T. M., Bassil, N. V., Dossett, M., Leigh Worthington, M., Graham, J. 2019. Genetic and genomic resources
for Rubus breeding: a roadmap for the future. Horticulture Research, 6: 122. DOI: 10.1038/s41438-019-0199-
2

Fu, Y., Zhou, X., Chen, S., Sun, Y., Shen, Y., Ye, X., 2015. Chemical composition and antioxidant activity of
Chinese wild raspberry (Rubus hirsutus Thunb.). LWT-Food Science and Technology, 60(2): 1262-1268.
DOI:10.1016/j.lwt.2014.09.002

Gotame, T., Andersen, L., Petersen, K. K., Pedersen, H. L., Ottosen, C. O., Graham, J., 2013. Chlorophyll
fluorescence and flowering behaviour of annual-fruiting raspberry cultivars under elevated temperature
regimes. European Journal of Horticultural Science, 78(5): 193-202. DOI:10.17660/eJHS.2013/4044272

Gilgin, I., Topal, F., Cakmake1, R., Bilsel, M., Goéren, A. C., Erdogan, U., 2011. Pomological features, nutritional
quality, polyphenol content analysis, and antioxidant properties of domesticated and 3 wild ecotype forms of
raspberries (Rubus idaeus L.).Journal of food science, 76(4): C585-C593. doi: 10.1111/j.1750-
3841.2011.02142.x

Giindesli, M. A., Korkmaz, N., Okatan, V., 2019. Polyphenol content and antioxidant capacity of berries: A review.
International Journal of Agriculture Forestry and Life Sciences, 3(2): 350-361.

Huang, I. Y., Beacham, A. M., Vickers, L. H., Mu, H., Tremma, O., Maritan, E., Monaghan, J. M., 2026. Drivers,
barriers and grower perspectives of innovation adoption in the UK controlled environment agriculture sector.
Smart Agricultural Technology, 13: 101748. DOI:10.1016/j.atech.2025.101748

Ishkeh, S. R., Shirzad, H., Asghari, M., Alirezalu, A., Pateiro, M., Lorenzo, J. M., 2021. Effect of chitosan

nanoemulsion on enhancing the phytochemical contents, health-promoting components, and shelf life of raspberry

(Rubus sanctus Schreber). Applied Sciences, 11(5): 2224. https://doi.org/10.3390/app11052224

Jennings, D. L., 1988. Raspberries and Blackberries: Their Breeding, Diseases and Growth. Academic Press.

Kempler, C., Hall, H., Finn, C. E., 2011. Raspberry. In Fruit breeding (pp. 263-304). Boston, MA: Springer US.

Koragi, H., Durmishi, N., Rizani, K. L., Rizani, S., 2019. Chemical composition and nutritional value of Raspberry
fruit (Rubus idaeus L.). UBT International Conference, 397. DOI:10.33107/ubt-ic.2019.397

Krsti¢, D., Vukojevi¢, V., Muti¢, J., Fotiri¢ Aksi¢, M., Li¢ina, V., Milojkovi¢-Opsenica, D., Trifkovié, J., 2019.
Distribution of elements in seeds of some wild and cultivated fruits. Nutrition and authenticity aspects. Journal
of the Science of Food and Agriculture, 99(2): 546-554. DOI: 10.1002/jsfa.9213

Leposavi¢, A., Jankovi¢, M., PBurovié, D., Veljkovi¢, B., Keserovi¢, Z., Popovi¢, B., Mitrovi¢, O., 2013. Fruit
quality of red raspberry cultivars and selections grown in Western Serbia. Horticultural Science (Zahradnictvi),
40(4): 154-161. DOI:10.17221/267/2012-HORTSCI

Leposavi¢, A., Leposavi¢, A., Milivojevi¢, J. 2013. Influence of cultivar on fruit quality traits of raspberry. Journal
of Agricultural Sciences, 58: 45-55.

Magsood Ahmed, M. A., Anjum, M. A., Kashif Khagan, K. K., Sajjad Hussain, S. H., 2014. Biodiversity in
morphological and physico-chemical characteristics of wild raspberry (Rubus idaeus L.) germplasm collected
from temperate region of Azad Jammu and Kashmir (Pakistan).

Maro, L. A. C., Pio, R., Guedes, M. N. S., de Abreu, C. M. P., Curi, P. N., 2013. Bioactive compounds, antioxidant
activity and mineral composition of fruits of raspberry cultivars grown in subtropical areas in Brazil. Fruits,
68(3): 209-217.DOI:10.1051/fruits/2013068

Martin, L. W., Nelson, E., Chaplin, M. H., 1980. Plant and fruit measurements of ‘Meeker’ red raspberry related
to pruning height and nitrogen application. Symposium on Breeding and Machine Harvesting of Rubus, 112:
157-162. DOI:10.17660/ActaHortic.1980.112.21

Greenhouse Plant Production Journal 3(2) (2026) 31-40


https://doi.org/10.1556/AAlim.35.2006.1.9
http://hdl.handle.net/20.500.12324/16773
https://doi.org/10.1051/fruits/2013068

Feasibility of Raspberry (Rubus idaeus L.) Cultivar Cultivation... -

Mazur, S. P., Nes, A., Wold, A. B., Remberg, S. F., Aaby, K. 2014. Quality and chemical composition of ten red
raspberry (Rubus idaeus L.) genotypes during three harvests seasons. Food Chemistry, 160: 233-240. DOI:
10.1016/j.foodchem.2014.02.174

Milivojevic, J. M., Nikolic, M. D., Maksimovic, J. J. D., Radivojevic, D. D. 2011. Generative and fruit quality
characteristics of primocane fruiting red raspberry cultivars. Turkish Journal of Agriculture and Forestry, 35(3):
289-296.D0I:10.3906/tar-1001-617

Moore, P. P., 2004. Raspberry breeding and genetics. Plant Breeding Reviews, 24: 33-63.

Nadernejad, N., Ahmadimoghadam, A., Hossyinifard, J., and Poorseyedi, S., 2013. Study of the rootstock and
cultivar effect in PAL activity, production of phenolic and flavonoid compounds on flower, leaf and fruit in
Pistachio (Pistacia vera L.). Journal of Plant Biology, 15: 95-110.

Neocleous, D., Papadopoulos, 1., Vasilakakis, M., 2005. Growing red raspberry in soilless culture under different
chilling treatments for early summer production. Small Fruits Review, 4(4): 37-48.
https://doi.org/10.1300/J301v04n04_06

Pritts, M. P., Langhans, R. W., Whitlow, T., Roberts, A., 1999. Winter raspberry production in greenhouses.
HortTechnology, 9(1): 13-15. DOI:10.21273/HORTTECH.9.1.13

Robbins, J., Sjulin, T. M., 1989. Fruit morphology of red raspberry and its relationship to fruit strength.
HortScience, 24(5): 776-778. DOI: 10.21273/HORTSCI.24.5.776

Samofalov, D., 2025. Trends in the fruit and berry market: features of the manifestation at the global level and in
Ukraine. Business Navigator. DOI:10.32782/business-navigator.83-35

Sariburun, E., Sahin, S., Demir, C., Tirkben, C., Uylaser, V., 2010. Phenolic content and antioxidant activity of
raspberry and blackberry cultivars. Journal of Food Science, 75(4): C328-C335. https://doi.org/10.1111/j.1750-
3841.2010.01571.x

Schmid, K., Hohn, H., Graf, B., Hopli, H., 2001. Phenological growth stages of raspberry (Rubus idaeus L.).

Shayanmehr, S., Rastegari Henneberry, S., Baba Ali, E., Sabouhi Sabouni, M., Shahnoushi Foroushani, N. 2022.
Climate change, food security, and sustainable production: a comparison between arid and semi-arid
environments of Iran. Environment, Development and Sustainability. DOI:10.1007/s10668-022-02712-w

Shoukat, S., Mahmudiono, T., Al-Shawi, S. G., Abdelbasset, W. K., Yasin, G., Shichiyakh, R. A., Al-rekaby, H.
Q., 2022. Determination of the antioxidant and mineral contents of raspberry varieties. Food Science and
Technology, 42: €118521.https://doi.org/10.1590/fst.118521

Singleton, V. L., Rossi Jr, J. A., 1965. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. American Journal of Enology and Viticulture, 16(3): 144-158. DOI: 10.5344/ajev.1965.16.3.144

Skrovankova, S., Sumczynski, D., Mlcek, J., Jurikova, T., Sochor, J., 2015. Bioactive compounds and antioxidant
activity in different types of berries. International Journal of Molecular Sciences, 16(10): 24673-
24706. https://doi.org/10.3390/ijms161024673

Smith, J. A., Jones, R., 2023. Water use efficiency and productivity in hydroponic mulberry cultivation. Journal of
Sustainable Agriculture, 45(4): 300-315. https://doi.org/10.1080/10440046.2022.2137876

Sgnsteby, A., Heide, O. M., 2008. Environmental control of growth and flowering of Rubus idaeus L. cv. Glen
Ample. Scientia Horticulturae, 117(3): 249-256. https://doi.org/10.1016/j.scienta.2008.05.003

Sgnsteby, A., Myrheim, U., Heiberg, N., Heide, O. M., 2009. Production of high yielding red raspberry long canes
in a Northern climate. Scientia Horticulturae, 121(3): 289-297. https://doi.org/10.1016/j.scienta.2009.02.016

Szajdek, A., Borowska, E. J., 2008. Bioactive compounds and health-promoting properties of berry fruits: A
review. Plant Foods for Human Nutrition, 63(4): 147-156. DOI: 10.1007/s11130-008-0097-5

Talcott, S. T., 2007. Chemical components of berry fruits. Food Science and Technology-New York-Marcel
Dekker, 168: 51. DOI: 10.1201/9781420006148.ch2

Titirica, 1., Roman, I. A., Nicola, C., Sturzeanu, M., Iurea, E., Botu, M., Sestras, A. F., 2023. The main
morphological characteristics and chemical components of fruits and the possibilities of their improvement in
raspberry breeding. Horticulturae, 9(1): 50. https://doi.org/10.3390/horticulturae9010050

Urbina-Suarez, N. A., Barajas-Solano, A. F., Garcia-Martinez, J. B., Lopez-Barrera, G. L., Gonzalez-Delgado, A.
D., 2021. Cultivation of Chlorella sp. for biodiesel production using two farming wastewaters in eastern
Colombia. Journal of Water and Land Development, (50). DOI: 10.24425/jwld.2021.138169

Weber, C., Liu, R. H., 2001. Antioxidant capacity and anticancer properties of red raspberry. VIII International
Rubus and Ribes Symposium, 585: 451-457. DOI:10.17660/ActaHortic.2002.585.73

Greenhouse Plant Production Journal 3(2) (2026) 31-40


https://doi.org/10.1111/j.1750-3841.2010.01571.x
https://doi.org/10.1111/j.1750-3841.2010.01571.x
https://doi.org/10.1590/fst.118521
https://doi.org/10.1016/j.scienta.2008.05.003

