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Abstract 

This study examined the impact of five grapevine rootstocks (110 R, 140 Ru, 3309 C, 41 B, and 
FERCAL) on must composition, nitrogen status, and sensory attributes of Vitis vinifera L. cv. 
Assyrtiko wines. Vines were grown under uniform vineyard conditions, and microvinifications were 
conducted consistently across treatments. Rootstock genotype significantly influenced Baumé, 
density, titratable acidity, pH, and yeast-assimilable nitrogen (YAN). Musts from R110 contained the 
highest YAN (227.2 mg/L) and intermediate Baumé (12.5°), whereas 140 Ru exhibited the lowest YAN 
(133.2 mg/L) and Baumé (11.7°). These differences were reflected in fermentation kinetics and final 
wine composition. Wines from R110 contained the highest tannin concentration (0.375 g/L), while 
FERCAL produced the highest ethanol content (13.1 % vol). Sensory evaluation revealed significant 
rootstock effects on colour intensity, aroma intensity, aroma complexity, balance, and overall quality, 
with R110 and 3309 C receiving the highest scores. The findings demonstrate that rootstock selection 
may affect the chemical and sensory profile of Assyrtiko wines, providing a practical tool for 
optimizing wine style and quality across diverse viticultural environments. Further research is 
needed to confirm these findings and explore extra parameters and novel rootstock-scion 
interactions. 

Keywords: Vitis vinifera; grapevine rootstock; nitrogen status; grape composition; wine analysis; 
sensory profile; Assyrtiko  
 

1. Introduction 
The use of American rootstocks in viticulture was introduced as the primary strategy to combat 

the Phylloxera epidemic that nearly destroyed European vineyards during the 19th century. While 
the European grapevine (Vitis vinifera L.) is highly susceptible to the root-feeding form of the insect, 
American species such as V. riparia, V. rupestris, and V. berlandieri exhibit natural resistance due to co-
evolution with the pest [1,2]. Therefore, grafting European grape varieties onto American - often 
interspecific - rootstocks remains the standard and most effective strategy to prevent Phylloxera 
damage [3,4]. However, rootstocks play a broader role as they display multiple properties including 
resistance to soil-borne pests and diseases (such as nematodes and fungal pathogens), adaptation to 
diverse soil conditions (i.e., drought, salinity and excessive CaCO₃), control over vine vigor and 
nutrient uptake, improved compatibility with specific scion varieties and improved fruit composition 
[5–9]. 

Previous studies have shown that rootstocks can significantly influence berry composition, 
particularly the accumulation of flavonoids, anthocyanins, and tannins, which are critical for wine 
color, structure, and aging potential [4,10]. These effects are often linked to rootstock-mediated 
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changes in berry skin development, water status, or nutrient partitioning during ripening. Moreover, 
rootstocks may alter important parameters such as total soluble solids, titratable acidity, and pH in 
the must, thereby shaping the resulting wine profile [11,12]. While nitrogen availability plays a role 
in these outcomes, the impact of rootstock on secondary metabolites - such as phenolics - appears to 
involve broader physiological and metabolic pathways, often interacting with environmental factors 
such as drought and soil composition [13,14]. 

Nitrogen (N) is a key nutrient for vine growth and berry development, but it also has a direct 
impact on wine production by influencing alcoholic fermentation, particularly through its 
contribution to yeast-assimilable nitrogen (YAN), which includes ammonium and amino acids 
essential for the yeast during fermentation [15]. Low YAN concentrations can lead to slow or stuck 
fermentations and the formation of undesirable sulfur compounds, while excessive YAN may 
increase volatile acidity and microbial instability [16]. Although nitrogen can be supplemented to the 
must, either in organic or inorganic form, before or during fermentation to optimize fermentation 
kinetics and enhance wine aroma [17], the naturally occurring nitrogen levels in the vine and grapes 
hold multiple aspects of importance. These nitrogen levels are assumed to be partially dependent on 
the vigor imparted by the rootstock to the scion [18]. However, the mechanisms and overall effects of 
rootstocks on N levels in the vine and grapes have not been yet fully understood [19]. Evidence 
suggests that rootstock genotype can influence nitrogen uptake, transport, and assimilation [20] 
through root-specific gene regulation [21].  

The influence of rootstocks on grapevine performance and fruit composition has been 
extensively studied only in major international cultivars such as Chardonnay, Pinot Noir, Cabernet 
Sauvignon, and Shiraz [11,22–24], while some additional research exists on varieties like Albariño 
[25]. However, studies on indigenous cultivars remain limited.  

Assyrtiko is an indigenous Greek variety renowned for retaining high acidity under warm and 
dry conditions, primarily associated with the unique volcanic terroir of Santorini [26]. It has recently 
gained wider recognition and cultivation in Greece and abroad due to its viticultural and oenological 
potential [27]. Rootstock effects on Assyrtiko have not been thoroughly explored. Moreover, while 
rootstock effects on vine growth and berry composition are well documented, their influence on 
sensory characteristics and overall wine quality has received comparatively little attention, 
particularly for indigenous varieties. 

The main objective of the present study was to assess the effects of five commonly used 
rootstocks (110 R, 140 Ru, 3309 C, 41 B, and FERCAL) on nitrogen levels, grape and wine composition, 
and sensory attributes of wines produced from Assyrtiko grapes. 

2. Materials and Methods 
2.1. Vineyard Site and Management - Experimental Design 

The study was conducted at the experimental vineyard of the university of West Attica in Egaleo 
Grove (37º59'52"Ν, 23º40'34"Ε). The soil across the entire plot was homogeneous and classified as 
loam, consisting of 50.1% sand, 34.5% silt, and 15.5% clay. It exhibited a pH of 7.3, an organic matter 
content of 1.84%, and a total calcium carbonate (CaCO₃) content of 25.5%. Meteorological conditions 
were uniform across the entire experimental plot. The study was conducted during the 2023–2024 
season that was characterized as a moderate and relatively late-ripening vintage for the Attica region. 
All vines shared the same scion material, grafted with the Assyrtiko cultivar (clone E16), ensuring 
that rootstock was the only experimental variable. Each pair of planting rows was assigned to a 
different rootstock, with each row consisting of 30 vines (60 vines per rootstock). For the experiments, 
a randomized block experimental process was designed [28], with 20 vines per replicate (block) and 
three replicates per rootstock. Vines were trained to a unilateral “Cordon de Royat” system and 
pruned to 8-10 buds per vine. Shoot thinning was carried out twice in each growing season, and shoot 
topping was performed when shoots reached a length of approximately 1.10 m. Drip irrigation was 
applied biweekly (beginning in mid-May) and moderate fertilization with Nutri-Leaf 20-20-20+T.E. 
(Miller, Hanover, PA, USA) was performed twice a year. Grape harvest occurred on the 7th of 
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September 2024, during the morning. Berry sampling involved the random collection of 6–8 berries 
from various parts of randomly selected clusters. Sampling was conducted separately for each 
replicate. 

2.2. Must Preparation and Micro-Vinification 

Grapes were manually crushed and the extracted juice was filtered through a 0.5 mm sieve to 
remove coarse particles. A representative must sample of 250mL from each replicate was kept for the 
oenological analyses. The remaining must was centrifuged at 5000 rpm for 5 minutes. An aliquot part 
of the centrifuged must was transferred into plastic Eppendorf tubes and frozen at -20 °C for later 
analysis of yeast-assimilable nitrogen (YAN). The rest was transferred into new 1.5 L plastic 
fermentation bottles equipped with integrated airlocks. The yeast strain Saccharomyces cerevisiae VIN 
13 was used across all micro-vinifications, as a single inoculum, to verify uniform fermentation 
conditions. Yeast was rehydrated in deionized water (10 g / 100 mL), was stirred using a sterile glass 
stirring rod, and maintained at 30 °C for 30 minutes. Following rehydration, inoculation was 
performed using a graduated pipette, delivering 3 mL of yeast suspension into each must sample to 
achieve a final concentration of 30 g/hL. Bottles were sealed, and airlocks were filled with pure 
ethanol (99.8%). Micro-vinification was conducted in triplicate for each rootstock and each replicate 
had a volume of approximately 1L. Fermentations were carried out at 20 ± 2 °C until the must density 
stabilized, indicating completion. Throughout fermentation, monitoring, visual determination of the 
yeast strain under microscope (Olympus CX21, Tokyo, Japan), and density measurements (Figure 1), 
were conducted on a daily basis. 

2.3. Chemical Analyses 

2.3.1. Classical Analyses in Musts and Wines 

Sugar Content (°Bé) and Density (g/L) were measured in centrifuged must samples using a 
portable density meter (DMA 35 BASIC, Anton Paar, Graz, Austria). pH in both must and wine 
samples was measured with a pH meter (Hanna Edge HI 2002-02, North Kingstown, RI, USA). 
Ethanol content (alcoholic strength, % vol), titratable acidity (TA, g tartaric acid /L), and volatile 
acidity (VA, g acetic acid /L) were measured according to International Organization of Vine and 
Wine (OIV) methods [29]. Reducing Sugars (RS) in wine samples were determined using the Luff 
method, in accordance with the OIV protocols [29]. 

2.3.2. Total Tannins (TT) 

To determine the total tannin content (TT) in wine samples, the Bate Smith method (or acid 
hydrolysis) was used, whereby tannins (proanthocyanidins) are converted to anthocyanins through 
heating in an acidic environment [30]. Briefly, from each wine sample, two aliquots were taken: one 
was boiled, and the other remained at room temperature. The optical densities (absorbance) of both 
samples were measured at 550 nm using a UV mini 1240 spectrophotometer (Shimadzu, Kyoto, 
Japan), with a 10 mm path length cuvette. To calculate total tannins in g/L of wine, the absorbance 
values were applied in the following formula: 

TT (g/L) = (d₂ − d₁) × k (1)

where: d₁ = absorbance of the unheated sample, d₂ = absorbance of the heated sample and k = 19.35 if 
(d₂ − d₁) > 0.07 or k = 20.83 if (d₂ − d₁) ≤ 0.07. 

2.3.3. Nitrogen Levels Determination 

In must and wine samples, free amino nitrogen (FAN) and ammonium nitrogen concentrations 
were measured using an automatic enzymatic analyzer (Hyperlab, Steroglass), with the appropriate 
enzymatic kits, following the analyzer’s instructions. FAN enzymatic determination was based on 
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the NOPA method [31]. Yeast assimilable nitrogen (YAN, mg N/L) was calculated as the sum of FAN 
and ammonium nitrogen. 
All of the above chemical analyses were conducted in triplicate.  

2.4. Sensory Evaluation 

The organoleptic study took place under optimum conditions in the laboratory of ‘Sensory 
control’ at the Egaleo Park campus of the University of West Attica. The study was conducted by a 
panel of eight (8) experienced accessors (expert panel) consisting of 50% male and 50% female tasters 
aged from 26 to 46 years old. The wines were served in standard ISO wine tasting glasses (INAO 
type), with a capacity of 220 mL, at a serving temperature of 10-11°C. Tasting was blind and 
randomized as wines from different rootstocks were served simultaneously at glasses that displayed 
only a code number. The organoleptic attributes evaluated in the present study were: color intensity, 
aromatic intensity, aromatic complexity, aromatic character, perceived acidity, perceived sweetness, 
astringency, alcohol perception, body/concentration, balance, aftertaste duration, and overall quality. 
Evaluation was based on the judgment of the expert panelists using a 10-point scale for each 
parameter. The entire evaluation was repeated one week after the first one by the same panel. 

2.5. Statistical Analysis 

Statistical analysis was conducted using SPSS v.29 (IBM Chicago, IL, USA). One-Way Analysis 
of Variance (ANOVA) was performed for each parameter to investigate significant differences. One-
Way ANOVA was followed by post-hoc tests to indicate differences among specific rootstocks. 
Tukey’s HSD post-hoc test was primarily used if allowed by assumptions. Prior to analysis, Levene’s 
test was performed to examine the assumption of equal variances. 

3. Results and Discussion 

3.1. Chemical Composition and Nitrogen status of Assyrtiko Must 

Rootstock genotype overall presented a strong influence on must composition. Baumé degrees 
and must density differed significantly among rootstocks (Table 1), indicating rootstock-based effects 
on appearance time of phenological stages including ripeness. Corso et al. [32] reported that rootstock 
selection may affect ripeness levels by modulating auxin-related genes, as ripeness is regulated by a 
multipart network of mobile signals including auxins and other hormones. In the present study, 
Baumé ranged from 11.7° in 140Ru (significantly lowest) to 12.8° in FERCAL (significantly highest), 
with R110 and 3309C occupying intermediate positions and 41B intermediate high. As expected, 
density followed a similar pattern as 41B and FERCAL showed the highest mean densities (1.0955 
and 1.0950 g/L, respectively), while 140Ru had the lowest (1.0866 g/L). Such rootstock-driven shifts 
in ripening and soluble solids are commonly attributed to differences in water relations, nutrient 
uptake and vigor mediated by the rootstock [33]. As previously reported, rootstocks that confer high 
vigour to the scion can extend the vegetative growth cycle, thereby delaying ripening [32,34]. 

Total titratable acidity also differed among rootstocks (Table 1). 41B, Fercal and 140Ru were 
grouped among the higher-acidity musts (4.93, 4.90 and 4.88 g/L, respectively), whereas 3309C 
produced the lowest TA (4.48 g/L). Correspondingly, pH varied significantly, R110 musts had the 
highest pH (4.25), while 41B presented the lowest pH (4.01). The inverse relationship between TA 
and pH across rootstocks suggests differences in acid accumulation and cation (notably K⁺) uptake, 
processes known to be modulated by rootstock genotype and to influence must buffering capacity 
and subsequent wine stability. These rootstock effects on acidity are in line with prior observations 
in other cultivars [11,33,35]. 

Table 1. Must composition of Assyrtiko grafted onto five different rootstocks. Each value represents mean ± SE. 
Different letters within the same column indicate statistically significant differences (p < 0.05) among rootstocks. 
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Rootstock ˚Baume 
Density  

(g/L) 

Titratable acidity  

(g/L) 
pH 

R110 12.5±0.0c 1.0925±0.02b 4.70±0.1ab 4.25±0.00a 

140Ru 11.7±0.0d 1.0866±0.01c 4,88±0.1a 4.13±0.01b 

3309C 12.4±0.0c 1.0927±0.02b 4.48±0.1b 4.07±0.00c 

41B 12.6±0.0b 1.0955±0.01a 4.93±0.2a 4.01±0.01d 

FERCAL 12.8±0.0a 1.0950±0.01a 4.90±0.0a 4.07±0.01c 

p-value ˂ 0.00001 ˂ 0.00001 0.0089 ˂ 0.00001 

Nitrogen status (FAN, ammoniacal N and YAN) presented rootstock effect. Musts from R110 
contained the highest concentrations of α-amino nitrogen (FAN = 128.1 mg/L) and ammoniacal 
nitrogen (NH₄⁺ = 98.7 mg/L), resulting in a mean YAN of 226.8 mg/L, significantly greater than all the 
other rootstocks (Table 2). In contrast, 140Ru produced the lowest YAN (132.6 6 mg/L), with 3309C, 
41B and FERCAL occupying intermediate positions (Table 2). In a previous study, R110 also 
produced grapes with higher YAN compared to a low vigour rootstock (420A, V. berlandieri × V. 
riparia) in Cabernet Sauvignon [35]. However, in a more recent study, R110 resulted in lower YAN 
and FAN compared to other rootstocks in Pinot noir [28]. 

Rootstock effects on nitrogen levels recorded on the plant and grapes may derive from variations 
in root system architecture, nutrient uptake efficiency, and the allocation and remobilization of 
nitrogen within the vine. These differences can influence both the timing of ripening and the overall 
nutrient balance of the scion, reflecting broader impacts on nutrient dynamics and vine physiological 
status [36,37]. 

Table 2. Nitrogen grape juice status of Assyrtiko grafted onto five different rootstocks. Each value represents 
mean ± SE. Different letters within the same column indicate statistically significant differences (p < 0.05) among 
rootstocks. 

Rootstock 
α-Amino nitrogen 

(FAN) (mg/L)  

Ammoniacal N 

(NH₄⁺) (mg/L) 

YAN (FAN + 

NH₄⁺) (mg/L)   

R110 128.1±0.7a 98.7±0.3a 226.80±0.99a 

140Ru 65.3±0.9b 67.3±0.4d 132.60±0.46c 

3309C 76.19±10.0b 75.8±2.9c 151.99±12.87bc 

41B 77.5±8.9b 90.7±0.3b 122.20±8.66bc 

FERCAL 88.78±8.53b 89.9±1.1b 178.68±9.63b 

p-value  0.0009 ˂ 0.00001 0.0001 

3.2. Fermentation Duration and Kinetics 

Fermentation kinetics varied among rootstocks. Although alcoholic fermentation progressed 
smoothly to dryness in all treatments, speed and duration differed according to rootstock. For each 
rootstock, the three biological replicates showed remarkable consistency with each other, both in rate 
and duration (Figure 1). R110 and 3309C displayed the most rapid fermentations, reaching 
completion in approximately 9-10 days, while 41B and FERCAL required slightly longer (11-12 days). 
In contrast, 140Ru exhibited the slowest fermentation dynamics, extending to roughly 14 days. 
Differences in fermentation speed are likely to reflect the combined influence of yeast-assimilable 
nitrogen and sugar concentration as well as possible variations in the micronutrient profile imparted 
by each rootstock. Higher YAN levels, as observed in R110 musts, are generally associated with faster 
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yeast growth and shorter fermentation times, whereas lower YAN, such as in 140Ru, can limit 
fermentation rate and result in prolonged completion [15,16,38]. 

 

Figure 1. Fermentation durations and kinetics of Assyrtiko microvinifications, from grapes that derived from 
the rootstocks: R110 (A), 140Ru (B), 3309C (C), 41B (D) and FERCAL (E). 

3.3. Wine Composition, Tannins and Nitrogen Status 

Differences were detected on the chemical profile of the finished wines (Table 3) and on residual 
nitrogen pools after fermentation (Table 4). Alcoholic strength varied significantly among rootstocks, 
with wines from FERCAL showing the highest ethanol content (13.1 % vol) and those from 140Ru the 
lowest (10.2 % vol), with corresponding results in wine density. These differences are consistent with 
the variation in must sugar content at harvest and are likely to reflect rootstock effects on ripening 
rate and berry composition [4,20]. Residual sugar levels were generally low across all treatments, 
indicating that alcoholic fermentation progressed to completion in most cases. Acid-base attributes 
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in the wines followed patterns already evident in the musts. Wines from 140Ru displayed the highest 
titratable acidity and lowest pH, while R110 wines exhibited the lowest acidity and highest pH. Such 
differences may be linked to rootstock-mediated variation in potassium uptake [2]. Volatile acidity 
was distinctly higher in 140Ru wines, which may be associated with its lower initial YAN and sugar 
concentrations, conditions that may challenge yeast metabolism and increase acetic acid production 
(Table 3).  

Total tannin concentration in the finished wines was significantly influenced by rootstock. R110 
wines contained the highest tannin level (0.375 g/L), whereas 41B and 140Ru produced the lowest 
tannin concentrations (0.167 g/L and 0.208 g/L, respectively). In a previous study, the levels of tannins 
in musts from own-rooted vines were significantly higher compared to all rootstocks but did not vary 
significantly among different rootstocks [11]. As Assyrtiko is considered a white variety with 
remarkably high levels of tannins and total phenolics, the concentration of tannins as a result of 
vineyard conditions - including rootstock selection - is viticulturally and enologically meaningful. 
Differences in concentrations of tannins may arise from altered berry structure or phenolic 
biosynthesis. It is known that tannins and other phenolic compounds affect mouthfeel, oxidative 
stability and the potential for ageing [39–41]. 

Table 3. Oenological analyses of Assyrtiko wines from plants grafted onto five different rootstocks. Each value 
represents mean ± SE. Different letters within the same column indicate statistically significant differences (p < 
0.05) among rootstocks. 

Rootstock Density  
(g/L) 

Titratable   
acidity (g/L) 

pH Volatile acidity 
(g/L) 

Alcohol   
(%vol) 

Reducing 
sugars (g/L) 

Total Tannins 
(g/L) 

R110 0.9896±0.01b 3.93±0.1c 4.20±0.00a 0.27±0.01c 12.8±0.0b 1.2±0.0abc 0.375±0.00a 
140Ru 0.9951±0.01a 5.23±0.1a 3.80±0.00e 0.98±0.00a 10.2±0.1c 1.3±0.1ab 0.208±0.00c 
3309C 0.9883±0.01c 3.45±0.1c 3.90±0.00d 0.31±0.01b 12.7±0.1b 1.4±0.1a 0.292±0.00b 

41B 0.9893±0.02b 4.68±0.2ab 3.97±0.00b 0.23±0.00d 12.9±0.0ab 1.1±0.0bc 0.167±0.00d 
FERCAL 0.9883±0.00c 4.55±0.1b 3.95±0.00c 0.20±0.01e 13.1±0.1a 1.0±0.1c 0.220±0.02c 
p-values ˂ 0.00001 ˂ 0.00001 ˂ 0.00001 ˂ 0.00001 ˂ 0.00001 0.0087 ˂ 0.00001 

Residual nitrogen in the wines mirrored must nitrogen status and differed by rootstock (Table 
4). R110 wines retained the highest residual FAN (57.7 mg/L) and YAN (62.7 mg/L), while FERCAL 
wines retained the lowest residual nitrogen. These values reflect dynamics of nitrogen assimilation 
by yeast during fermentation as R110 had substantially higher initial YAN in the must, which 
explains both the fast fermentation rate and the larger residual pools after fermentation. The 
magnitude and timing of nitrogen uptake by yeast influence fermentation kinetics, aromatic 
compound formation and the risk of fermentation problems (Gobert et al., 2019; Onnetti et al., 2024). 
Overall, rootstocks that produced musts with higher YAN and sugar (e.g., R110 and 3309C) 
supported faster, more complete fermentations and yielded wines with higher alcohol, lower volatile 
acidity and greater residual FAN, while 140Ru -characterized by lower Baume and low must YAN - 
exhibited slower fermentation kinetics, lower alcohol and substantially elevated volatile acidity.  

Table 4. Nitrogen status of wines from Assyrtiko grafted onto five different rootstocks. Each value represents 
mean ± SE. Different letters within the same column indicate statistically significant differences (p < 0.05) among 
rootstocks. 

Rootstock 
α-Amino nitrogen 

(FAN) (mg/L)  

Ammoniacal N 

(NH₄⁺) (mg/L) 

YAN (FAN + 

NH₄⁺) (mg/L)   

R110  57.73±0.37a 4.94±0.16a 62.67±0.53a 

140Ru 41.09±5.54b 2.51±0.23c 43.60±5.31b 

3309C 32.73±2.43bc 3.79±0.21b 36.52±2.21bc 

41B 27.07±3.86bc 3.62±0.10b 30.69±3.94bc 

FERCAL 18.25±0.83c 4.76±0.01a 23.02±0.83c 
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p-value  0.00007 ˂ 0.00001 0.00005 

3.4. Sensory Profile 

The sensory evaluation revealed significant differences in several wine organoleptic attributes. 
Colour intensity differed markedly among treatments (p < 0.00001), with wines from 140Ru clearly 
presenting a darker - brownish hue compared to all other wines. Aroma intensity (p = 0.0104) and 
aroma complexity (p = 0.0044) also varied significantly, with R110 and 3309C wines consistently 
achieving higher scores compared to the other rootstocks (Figure 2). In contrast, perception of acidity 
(F₄,₇₅ = 0.751, p = 0.5607) and perceived sweetness (F₄,₇₅ = 0.669, p = 0.9076) did not differ significantly, 
indicating that these parameters were perceived by the panel as equally pronounced among different 
rootstocks, despite the measurable chemical differences detected in wine analysis (Figure 3). 

 

Figure 2. Fermentation Sensory evaluation regarding Color Intensity, Aroma Intensity, and Aroma Complexity 
of Assyrtiko wines from five different rootstocks. Box plots depict the distribution of panel scores on a 1–10 scale, 
with the × symbol representing the mean value. Outliers are plotted as individual points. Different lowercase 
letters denote statistically significant differences among rootstocks for each parameter (p < 0.05). 
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Figure 3. Sensory evaluation regarding perceived Acidity and Sweetness of Assyrtiko wines from five different 
rootstocks. Box plots depict the distribution of panel scores on a 1–10 scale, with the × symbol representing the 
mean value. Outliers are plotted as individual points. Different lowercase letters denote statistically significant 
differences among rootstocks for each parameter (p < 0.05). 

Astringency (F₄,₇₅ = 0.518, p = 0.7230), perceived alcohol (F₄,₇₅ = 1.352, p = 0.2589), and aftertaste 
(F₄,₇₅ = 0.411, p = 0.8001) also showed no significant variation among rootstocks (Figure 4). The same 
case was recorded in the perception of body/mouthfeel/viscosity (F₄,₇₅ = 2.232, p = 0.0734), with R110 
and 3309C scoring slightly higher. Significant effects were recorded for balance and overall quality 
(P < 0.00001), where R110 and 3309C again ranked highest, suggesting a consistent panel preference 
for these wines (Figure 5).  

Wine organoleptic parameters in relation to different grapevine rootstocks have not been 
extensively studied and further examination is required to draw accurate conclusions. However, 
rootstock genotype seems to play an indirect - thought important - role in several wine characteristics. 
These characteristics unavoidably affect the sensory profile of the final wines [42]. Therefore, certain 
rootstocks can serve as valuable tools in optimizing wine quality in specific winegrape cultivars. 
Assyrtiko is well-known for producing exceptional white wines, as own-rooted, in the volcanic 
terroir of Santorini [27]. However, the effect of different rootstocks on its quality attributes had not 
been investigated. In the present study, while 140Ru produced Assyrtiko wines with comparatively 
lower scores for aroma and balance, wines from R110 and 3309C consistently scored highest for 
overall quality. Panelists also detected greater aromatic complexity and balance in R110 wines. 
Although consistently performs poorly in yield components, R 110 seems to enhance grape and wine 
quality. This evidence is also supported by the study of Olarte Mantilla et al. [24] who found that 
Syrah wines from R110 presented greater sensory characteristics compared to other rootstocks and 
own-rooted vines. Overall, these results align with recent findings showing that rootstock selection 
may influence sensory outcomes by modulating grape composition, acid-sugar balance, and phenolic 
content, key parameters shaping aromatic expression, structural harmony, and perceived quality [42–
44].  
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Figure 4. Sensory evaluation regarding Astrigency, Alcohol, and Body (mouthfeel/viscosity) of Assyrtiko wines 
from five different rootstocks. Box plots depict the distribution of panel scores on a 1–10 scale, with the × symbol 
representing the mean value. Outliers are plotted as individual points. Different lowercase letters denote 
statistically significant differences among rootstocks for each parameter (p < 0.05). 

 

Figure 5. Sensory evaluation regarding Balance, Aftertaste, and Overall Quality of Assyrtiko wines from five 
different rootstocks. Box plots depict the distribution of panel scores on a 1–10 scale, with the × symbol 
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representing the mean value. Outliers are plotted as individual points. Different lowercase letters denote 
statistically significant differences among rootstocks for each parameter (p < 0.05). 

5. Conclusions 
Rootstock genotype had a marked effect on the nitrogen status and chemical composition of 

musts and wines from Vitis vinifera cv. Assyrtiko, as well as on certain sensory attributes of the 
resulting wines. Assyrtiko is renowned for producing world-class wines when grown on its own 
roots in the phylloxera-resistant volcanic terroir of Santorini. However, as its cultivation expands to 
diverse regions in Greece and abroad, there is an increasing need to assess its compatibility and 
interactions with phylloxera-resistant American rootstocks. The findings of this study highlight 
rootstock selection as a valuable viticultural tool for shaping wine style and ensuring the high-quality 
standards associated with Assyrtiko. Further research is needed to broaden the range of tested 
combinations and explore rootstock-scion interactions that may underline the chemical and sensory 
outcomes documented in the present study. 
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