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Abstract

Cherry laurel is becoming increasingly popular due to its unique flavor, attractive appear-
ance, and nutritional benefits. However, the morphological, pomological, and biochemical
characteristics of the existing population in the Kaynasl: district of Diizce, Tiirkiye, remain
unclear. To address this, 33 genotypes in this area were systematically characterized in terms
of pomological and biochemical traits and their interrelationships. The results revealed a
wide variation in fruit and bunch characteristics, including fruit weight (ranging from 2.34
to 7.39 g), the number of fruits per bunch (ranging from 3 to 18), and total soluble solids
content (from 10.00% to 22.40%). Notably, the G3 exhibited a superior fruit weight of 7.39 g,
surpassing that of currently registered varieties. The study found that phenolic compounds,
particularly catechin, were dominant across the individuals, along with significant levels of
myricetin, rutin, gallic acid, and syringic acid. Multivariate analyses, including principal
component analysis and hierarchical clustering, confirmed a high level of diversity and
identified eight individuals with superior traits related to fruit size, phenolic content, color,
and astringency. These findings highlight the rich diversity in cherry laurel populations in
the region and provide essential breeding material for future studies.
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1. Introduction

Anatolia serves as a vital genetic reservoir for numerous plant species, situated at the
intersection of three major global gene centers. This remarkable biodiversity facilitates the
cultivation of a wide array of fruit trees, including the cherry laurel (Prunus laurocerasus
L. [1].
distributed across the Balkans, Tiirkiye, and the Caspian region [2]. Historical records

Belonging to the Rosaceae family, wild varieties of cherry laurel are natively

indicate that the species was collected from Tiirkiye as early as 1546 before spreading
throughout Europe [3]. In Tuirkiye, where it is locally known by names such as Taflan or
Laz cherry, it is predominantly grown along the Black Sea coastline and remains a culturally
and economically significant fruit in these regions [4,5].

The cherry laurel is a perennial evergreen that can reach heights of 5-20 m, exhibiting
significant variation in leaf morphology, fruit size, and flavor profiles [6]. The tree typically
flowers in March and April [2], with fruit ripening occurring between June and July [1]. As
the cherry-like drupes mature, their color shifts from red to deep black, accompanied by a
reduction in astringency and an increase in sugar content [1,7]. Beyond its aesthetic value
as an ornamental plant [8], cherry laurel is highly regarded for its diverse applications in
the food industry, ranging from fresh consumption to the production of jams, marmalades,
pickles, and traditional molasses [5,9]. Furthermore, it is recognized as a medicinal plant
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used in the treatment of various ailments [10]. However, caution is required in its utilization,
as the leaves and seeds contain toxic cyanogenic glycosides; consequently, only the ripe
fruit peel and pulp are typically incorporated into human and animal diets [11].

In recent years, the nutritional and pharmacological importance of cherry laurel has
gained international attention, largely due to its rich composition of bioactive compounds.
The fruits are a significant source of vitamins (A, C, and E) and phenolic compounds, includ-
ing flavonoids, anthocyanins, and tannins [12,13]. These phytochemicals provide potent
antioxidant activity, neutralizing free radicals and offering protective health benefits [14].
Despite this potential, cherry laurel remains a relatively “underutilized” crop. In Tiirkiye,
it is primarily grown as border trees or found in wild populations scattered by birds, rather
than in organized commercial orchards [8,15]. Accordingly, standard cultural and tech-
nical practices are rarely applied to its cultivation. To transition from wild populations
to standardized fruit production, selection studies are essential for identifying the fruit
characteristics in the natural populations [16,17]. While two varieties (Alis1 and Odyii) have
already been registered in Tiirkiye [18,19], the vast genetic diversity present in different
ecological niches remains largely uncharacterized. Therefore, selection studies are critically
important to utilize the rich population [20]. Detailed analyses of fruit weight, skin color,
flesh firmness, and chemical composition are critical for determining the breeding potential
of these local populations [7]. Therefore, this study aims to evaluate the morphological and
biochemical fruit characteristics of cherry laurels naturally grown in the Kaynagh (Dtizce)
region, establishing the relationships between these traits to identify promising individuals
for future breeding and cultivation programs.

2. Materials and Methods
2.1. Plant Material

The material for this study consists of cherry laurel accessions (individual trees)
in the Kaynash district of Diizce province. To represent local environmental diversity,
33 individuals aged 10 to 30 years were selected based on pre-selection criteria, which
included healthy trees free from any fungal diseases, fruit-bearing, and attractive fruit
characteristics like shiny peel color. Fruit sampling from selected trees was conducted
consecutively over two years, in 2019 and 2020. The individuals were coded according to
field records (G1-G34), with G18 absent (not included among the 33 evaluated individuals).

Kaynash district is located in a valley that stretches eastward from the Diizce Plain
and runs along the Istanbul-Ankara route, extending westward from the foothills of
Mount Bolu. The district has an elevation of 273 m above sea level and covers an area of
24,240 hectares. Topographically, it is surrounded by hills that are parallel extensions of
the Bolu Mountains to the north and south, with the highest points being Menekse Hill
(1577 m) and the ridges of Bolu Mountain (790 m). The district has a Black Sea climate, with
cool summers and cold winters, and the highest rainfall occurs in spring and autumn. The
district center is surrounded by these hills, which are covered with forests characteristic of
Black Sea vegetation [21].

Climate data for Kaynash (2018-2020) revealed that 2020 was the warmest year, with
summer averages reaching 23.6 °C—approximately 1.9 °C higher than 2019 (Figure 1).
Peak temperatures occurred in July and August 2020 (24.4 °C and 24.2 °C), while winter
temperatures fluctuated between 3-8 °C. Annual precipitation totaled 747.8, 820.0, and
625.5 mm for 2018, 2019, and 2020, respectively. A severe summer drought was noted in
2020, with rainfall dropping to 9.0 mm in July and 0.0 mm in August. Consequently, relative
humidity in summer 2020 (74.3-68.1%) was significantly lower than in 2019 (80.9-83.6%).
Wind speed remained stable across the period, ranging from 1.2 to 2.4 m/s [22] (Figure 1).
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Figure 1. Distribution of monthly average temperature (°C), relative humidity (%), total precipitation
(mm), and wind speed (m-s~1) values in Kaynasl district between 2018-2020.

Fruit samples were collected from clustered fruits between July 30 and August 5.
Fifteen clusters were sampled from each tree, with samples taken from the four cardinal
directions (north, south, east, and west) to ensure a representative selection. Leaf samples
were also collected in a similar manner, consisting of 20 healthy, fully developed leaves
from each tree.

To minimize the degradation of bioactive compounds, all samples were collected
before noon. After harvesting, the fruits were placed in appropriately labeled containers
and transported to the laboratory. For the analysis of phenolic compounds, juice was
extracted from the fruits using a fruit press and stored in tubes at —20 °C in a deep freezer
until analysis could be conducted.

2.2. Morphological and Pomological Characterization

After harvest, the following parameters are evaluated for cherry laurel: bunch length,
bunch weight, number of fruits per cluster, fruit length, fruit weight, fruit width, leaf length,
leaf width, petiole width, petiole length, seed length, seed weight, seed width, total soluble
solids (TSS), pH, TA (titration acidity), fruit color, taste, astringency, and the separation of
the seed from the fruit flesh were determined.

The bunch, fruit, and seed weights of cherry laurel individuals were measured on
a precision balance with a sensitivity of 0.01 g (Precica 320XT, Dietikon, Switzerland).
Fruit and seed size, bunch length, and leaf characteristics were measured using a digital
caliper with 0.01 mm sensitivity. Fruit color (L*, a* b* Chroma*, and Hue® was obtained
at two different points on the fruit rind surface using a colorimeter (PCE Instruments
Colorimeter, model PCE-CSM 1, Manchester, England). L*, a*, b*, Chroma*, and Hue® have
been measured. L* is the brightness value, where zero represents black and 100 represents
white. a* represents red, —a* represents green, b* represents yellow, and —b* represents
blue. The Chroma* value represents the intensity and saturation of the color, while the
Hue® value represents the color’s vividness. Bunch weights were measured on 10 bunches
representing each tree, and fruit and seed measurements were performed on 20 fruits each.
The number of fruits in each bunch was determined by counting them. Genotypic and
chemical measurements were performed by a single researcher to maximize consistency
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and eliminate subjective variation and measurement errors that could arise from different
evaluators. Sensory evaluations were conducted by a panel of five experienced researchers.
The final score for each individual was determined by averaging the individual scores from
the five panelists. The following scoring systems were utilized: Taste was rated on a 5-point
scale (1: poor, 5: perfect); Astringency was rated on a 5-point scale (1: very astringent, 5:
not astringent); and Separation from the seed (SFF) was rated on a 3-point scale (1: difficult,
2: intermediate, 3: easy). Fruit juices were used for physicochemical analyses. Total soluble
solids matter content was determined as Brix using a refractometer (Greinorm, Lemgo,
Germany). The pH value was determined at room temperature using a digital pH meter
(Hanna Instruments, HI 9124, Woonsocket, RI, USA). Titratable acidity was determined
by titration; the pH meter probe was immersed in the prepared fruit juice sample, and the
sample was titrated with 0.1 N NaOH to pH 8.1; results were expressed as malic acid.

2.3. Phenolic Compound Analysis

This research determined the phenolic compounds of cherry laurel fruits using the
Pehluvan et al. [23] method with an HPLC system (CTO-20A, Shimadzu Corporation,
Kyoto, Japan). In the fruit samples, 5 g of fruit was homogenized with 10 mL of solvent and
centrifuged at 15,000 rpm for 15 min. Individual phenolic compounds were determined
using chlorogenic acid, caffeic acid, rutin, p-coumaric acid, myricetin, q-coumaric acid,
syringic acid, gallic acid, quercetin, and catechin standards. Readings were made in the
wavelength range of 190-800 nm.

2.4. Data Analysis

Descriptive statistical analysis was performed to determine the relationships between
the fruit traits. Principal component analysis (PCA) and hierarchical clustering were
performed to evaluate relationships among the examined traits and individuals, and a heat
map was generated. Using the Ward’s method. This method was selected to ensure that
samples are divided into the most meaningful, clearly separated, homogeneous groups,
based on the principle of minimizing variance across multiple traits. The main objective
of this study was preliminary screening and characterization under the same ecological
conditions, rather than formal year-to-year stability testing. Although seasonal climatic
differences were observed between 2019 and 2020 (Figure 1), pooling the data from both
years was preferred to represent overall genotypic performance and to reduce the influence
of single-season anomalies. Since cherry laurel is a perennial fruit species, selection studies
prioritize individuals that exhibit stable traits across years. Additionally, Box Plots were
used to visualize the distribution and changes in cherry laurel individuals across the
examined traits (Figure 2). JMP Pro 17.0.0 software was used for all statistical analyses.
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Figure 2. Frequency distribution of examined traits in 33 cherry laurels. (red lines indicate median

L

values and dots represent outliers).

3. Results and Discussion
3.1. Plant Botanical Traits

In this study, the descriptive statistics for 33 morphological, pomological, and bio-
chemical characteristics evaluated revealed significant variability within the population
(Table 1). Bunch weight ranged from 6.00 g to 64.90 g, bunch length from 31.51 mm to
178.13 mm, and the number of fruits per bunch from 3.00 pieces to 18.00 pieces, indicating
substantial diversity among individuals. These ranges are generally consistent with values
reported in previous studies [6,18,19,24-27].

Among bunch characteristics, bunch weight exhibited the highest variability
(CV =58.40%), suggesting strong discriminative power and high breeding potential [28].
In contrast, bunch length showed lower variability (CV = 25.82%), indicating relatively
greater trait stability. Given the strong influence of environmental factors such as altitude,
climate, and soil conditions, variation in bunch traits alone does not necessarily reflect
yield potential [24]. However, the observed bunch weight range differed from the higher
values reported by Beyhan et al. [29] and Karadeniz and Kalkisim [27]. These discrepancies
with the data of Beyhan et al. [29] are specifically addressed and can be explained by the
ecological heterogeneity and genetic divergence within the unique microclimatic context
of the Diizce region, where our study was conducted. Differences in sampling years and
individual origin further contribute to these variations. Similar variability in physical fruit
traits has been widely associated with genotype X environment interactions in cherry
laurel and related fruit species [30,31].

3.2. External Fruit Quality Traits

Fruit weight among the examined individuals ranged from 2.34 to 7.39 g (Table 1),
which is generally consistent with previously reported values for cherry laurel [25,27,29,32].
However, the maximum fruit weight observed in this study (7.39 g) exceeded the ranges
reported for the registered cultivars ‘Alis1’ (4.16-6.23 g) and ‘Odu” (2.03-3.90 g) [18,19],
highlighting the presence of individuals with superior potential for fresh consumption.
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Fruit weight is considered one of the most important quality traits in table fruits, and recent
breeding efforts have prioritized the development of large-fruited genotypes [15,19]. One
of the most significant findings of this research is the identification of genotype “G3,” which
achieved a fruit weight of 7.39 g. This weight is heavier than that of previously reported
genotypes and cultivars, making G3 a strong candidate for use as breeding material for the
fresh consumption of cherry laurel.

Table 1. Descriptive statistics of the investigated characteristics of the examined cherry laurels.

Traits Abbreviation Unit Mean +Std Dev Min Max %CV
Bunch length BL mm 83.27 21.50 31.51 178.13  25.82
Bunch weight BW g 20.13 11.76 6.00 64.90 58.40
Number of fruits in the bunch ~ NFB pieces 5.20 2.46 3.00 18.00 47.28
Fruit length FL mm 19.17 1.81 13.16 24.01 9.46
Fruit weight FW g 4.85 0.82 2.34 7.39 17.00
Fruit width FWT mm 20.21 2.08 13.33 24.71 10.27
Leaf length LL mm 130.27 24.94 49.70 195.69 19.14
Leaf width LWT mm 48.83 10.02 25.65 98.00 20.52
Petiole width PWT mm 2.02 0.34 1.03 3.05 16.58
Petiole length PL mm 11.11 2.17 4.45 18.56 19.56
pH pH - 4.73 0.29 4.05 5.33 6.07
Seed length SL mm 11.65 1.79 2.88 16.15 15.38
Seed weight SW g 0.40 0.07 0.23 0.68 17.29
Seed width SWT mm 8.87 0.90 5.40 10.71 10.18
Titratable acidity TA Y% 0.22 0.11 0.12 0.58 48.73
Total soluble solids TSS Y%o 15.66 2.65 10.00 22.40 16.94
Lightness L* - 19.27 11.31 1.12 39.69 58.69
a* (red-green axis) a* - 13.25 12.23 1.66 87.53 92.32
b* (yellow -blue axis) b* - 12.39 12.36 1.00 39.23 99.79
Chroma* (color saturation) Chroma* - 12.87 11.14 1.52 36.60 86.54
Hue® (hue angle) Hue® - 13.72 12.50 0.95 48.70 91.11
Gallic GAL mg~L_1 33.42 6.49 19.40 64.04 19.43
Catechin CAT mgL~1  155.14 74.73 11.45 378.44  48.17
Chlorogenic CHL mgL~1 1169 10.54 3.40 70.64 90.16
Caffeic CAF mgL-1 588 3.52 2.08 21.24 59.77
Syringic SYR mg-L-1  21.04 20.61 3.04 93.03 97.97
p-coumaric p-CMR mg-L-! 883 17.45 1.77 114.35  197.63
Rutin RT mg-L-1  22.30 15.57 3.04 68.91 69.80
g-coumaric 4-CMR mgL~!l 494 5.57 1.14 2659  112.94
Myricetin MYR mg~L_1 40.32 37.47 6.94 178.39 9293
Quercetin QRC mg L~ 10.94 7.18 4.06 4874  65.65
Taste TAT - 3.88 0.72 3.00 5.00 18.45
Astringency AST - 414 0.82 2.00 5.00 19.76

The state of separation of the

seed from the flesh of the fruit SFF ) 250 0.57 1.00 3.00 22.88

L*, a* b*, and Chroma* represent CIELAB color space parameters. Hue® represents the hue angle.

3.3. Internal Fruit Quality Traits

Sensory traits exhibited moderate variability, with coefficients of variation ranging
from 18.45% to 22.88%. Significant differences were observed for taste, astringency, and
the ease of separation of the seed from the flesh (Table 1). The presence of individu-
als combining good taste with low astringency, in agreement with previously reported
ranges [24,26,27,33], indicates variation relevant to consumer preference and processing
suitability. Fruit astringency is primarily associated with phenolic compound composi-
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tion [34], while ease of seed separation represents an important criterion for both fresh
consumption and industrial use.

Fruit color parameters possessed a pronounced diversity, with values ranging from
1.12-39.69 for L*, 1.66-87.53 for a*, 1.00-39.23 for b*, 1.52-36.60 for Chroma, and 0.95-48.70
for hue® angle. All color traits exhibited very high variability (CV > 86%), exceeding
previously reported ranges [35]. The highest variation was observed in b*, a*, and hue®,
indicating substantial heterogeneity in fruit tone and color saturation. This level of color
diversity is fundamental, as fruit color is a significant determinant of consumer acceptance
and market appeal [36]. Similar trends linking color variation with differences in antho-
cyanin content have been reported for cherry laurel genotypes [37], confirming the value of
the studied population as genetic material for future breeding programs.

3.4. Fruit Bioactive Substances and Biochemical Properties

This study provides a systematic and comprehensive evaluation of the phenolic
composition of cherry laurel individuals in the region. By documenting these bioactive
profiles in detail, this research contributes to a better understanding of the nutritional
potential of local genetic resources in the region. The total soluble solids content of the
examined individuals ranged from 10.00% to 22.40%, indicating moderate variability
(CV =16.94%) and generally agreeing with previously reported values [25,29]. Titratable
acidity showed markedly higher variation (0.12-0.58%, CV = 48.73%) than pH (4.05-5.33,
CV =6.07%), suggesting that TA is a more discriminative trait for differentiating individuals
based on sourness and processing suitability, while pH appears to be relatively stable and
genetically controlled [33,35].

The phenolic compound profiles revealed substantial genotypic diversity. Catechin
was the dominant phenolic compound (11.45-378.44 mg-L~!), in contrast to some previous
reports that identified chlorogenic acid as the major compound [14]. However, the markedly
higher catechin levels observed in this study highlight the biochemical richness of the
examined individuals. Other phenolics, including myricetin (6.94-178.39 mg-L~1), p-
coumaric acid (1.77-114.35 mg-L~1), gallic acid (19.40-64.04 mg-L~!), and syringic acid
(3.04-93.03 mg-L '), were present at considerable levels, whereas g-coumaric and caffeic
acids occurred at lower concentrations.

Among phenolic compounds, p-coumaric acid exhibited the highest variability
(CV > 197%), followed by syringic, myricetin, g-coumaric, and chlorogenic acids (CV
> 90%), indicating strong discriminatory power among genotypes. In contrast, gallic acid
showed relatively low variability (CV = 19.43%), suggesting greater stability. The wide
variation observed in phenolic composition is consistent with findings that both geno-
typic factors and environmental conditions strongly influence phenolic accumulation in
fruits [34,38,39]. Additionally, in the study conducted by Todorova et al. [40], significant
variations in phenolic content and antioxidant activity were similarly reported across
different extracts, demonstrating the biochemical profile diversity of cherry laurel fruits.

3.5. Multivariate Analysis of Traits (PCA and HCA)
3.5.1. Principal Component Analysis (PCA)

Principal Component Analysis (PCA) results showed significant differences among the
cherry laurel individuals studied. The first eight components explained 73.04% of the total
variance, with PC1 (20.42%), PC2 (12.58%), and PC3 (10.23%) being important (Table 2). PC1
reflects the balance between genotypic and biochemical differences, specifically separating
fruit/seed dimensions from bunch characteristics. In PC1, seed weight (SW), fruit length
(FL), and seed length (SL) have negative loadings, while number of fruits in the bunch
(NFB), chroma, and bunch weight (BW) have positive loadings. PC2 is primarily related
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to fruit size and phenolic compounds; fruit width (FW) and weight (FWT) are positively
loaded, while some phenolic compounds (§-CMR, QRC) and brightness (L*) are negatively
loaded. PC3 is related to fruit ripeness and leaf characteristics, dominated by pH and
TSS. This may guide the selection of individuals with large fruits but different phenolic
content. Furthermore, it has been observed that fruit size genes generally overlap with
seed numbers and that the balance between yield and quality is controlled by genes [41].
These findings are highly consistent with the results of Macit [33]’s study (PC1 22.1%, PC2
12.9%) and those of Sayinci et al. [42], allowing us to conclude that this study successfully
models genotypic variation with an adequate number of principal components.

Table 2. Eigen statistics and vectors for eight PCs.

Traits PC1 PC2 PC3 PC4 PC5 PCe PC7 PC8
SW —-0.79 0.28 0.10 0.06 0.06 —0.16 0.27 —0.04
FL —-0.77 0.25 —0.02 —0.23 0.23 —0.23 0.12 0.21

NFB 0.72 —0.22 0.37 —0.15 0.35 —0.08 —0.14 0.08
Chroma* 0.71 —0.14 0.35 —0.03 —0.11 0.09 0.41 0.10
SL —0.69 —0.10 —0.25 —0.26 0.35 —0.01 0.19 0.16
BW 0.65 0.02 0.36 —-0.22 0.44 -0.15 —-0.23 0.05
AST 0.61 0.36 0.10 —0.24 —0.03 0.36 —-0.25 —0.30

LWT 0.58 0.17 —-0.41 0.43 0.11 —0.15 0.07 0.08

TA 0.57 0.43 —0.15 —0.02 0.03 0.38 0.25 —-0.25
SYR —0.57 —0.39 —0.08 0.40 0.04 0.05 0.04 —0.24

Hue® 0.56 —0.34 0.30 —0.14 —0.08 0.30 0.37 0.08
a* 0.55 0.26 0.01 —0.01 —0.12 0.05 0.32 0.00
LL 0.52 0.48 —0.46 0.15 —0.02 —0.21 —0.03 0.01
PL 0.45 0.02 —0.33 0.27 —0.26 —0.12 —0.04 0.26

FWT —0.28 0.80 0.16 0.04 0.01 —0.20 0.09 0.03

g-CMR —0.20 -0.71 —0.07 0.34 0.09 -0.15 —0.01 —0.38
FW —0.44 0.67 0.30 —0.11 —0.01 —0.22 0.09 —0.09

GAL —-0.27 0.49 0.34 —-0.07 0.01 0.26 —0.15 0.44
BL 0.16 —0.46 0.14 —0.16 —0.15 —0.06 —0.36 0.15
pH -0.19 0.05 —0.78 —0.05 —0.06 0.26 0.17 0.18
L* —0.02 —0.46 0.56 —0.07 —0.38 —0.10 0.20 0.12
TSS —0.03 0.08 —0.55 —0.14 —-0.29 0.45 -0.19 0.25

CAT —0.13 0.20 0.53 0.38 0.17 0.31 0.07 0.01
QRC —-0.21 —0.44 —0.06 0.68 —0.04 —0.03 -0.27 —0.10
CAF —0.08 —0.18 0.28 0.51 0.37 0.31 0.36 0.33
p-CMR —0.23 0.12 0.46 0.50 0.07 0.24 —0.27 0.29
TAT —0.38 0.13 0.15 —0.46 0.08 0.03 —-0.39 —0.18
RT —0.49 —0.05 0.30 —0.04 —0.62 0.28 —-0.15 0.05
b* 0.42 0.17 —0.09 0.22 0.53 —0.05 —0.19 —0.05

PWT 0.24 0.25 0.03 0.46 —0.26 —0.52 0.06 0.32

MYR —0.24 0.28 —0.24 0.44 0.17 0.49 —-0.25 —0.01

SWT —0.19 0.42 0.26 0.27 —0.11 0.16 0.27 —0.56

CHL —0.26 —0.35 —0.09 —0.26 0.40 0.21 0.09 0.16
SFF 0.19 0.36 0.33 0.25 —0.14 —0.10 —-0.39 0.00

Eigenvalue 6.94 4.28 3.48 2.88 1.99 1.95 1.79 1.53
Variance (%) 20.42 12.58 10.23 8.47 5.86 5.72 525 4.50
Cumulative (%) 20.42 33.00 43.23 51.70 57.56 63.29 68.54 73.04

L*, a* b*, and Chroma* represent CIELAB color space parameters. Hue® represents the hue angle.

In the biplot graph (Figure 3), fruit weight, fruit width, and seed width are positioned
close to each other. Taste characteristics such as acidity (TA) and astringency (AST) are also
closely related. Phenolic compounds (g-CMR, QRC) and fruit size (FW, FWT) vectors are
positioned opposite each other, indicating a negative relationship between phenolic content

https:/ /doi.org/10.3390/d18020124


https://doi.org/10.3390/d18020124

Diversity 2026, 18, 124

9of 14

and fruit size. As fruit size increases, brightness (L*) decreases, while color intensity and
red hue increase. Indeed, there is a relationship between fruit size, ripeness, and color [43].
Similarly, fruit size and sensory characteristics are linearly related [33]. The number of
fruits in the bunch is inversely related to fruit weight and width, consistent with similar
negative relationships reported in the literature [7,44].

PC2 (126

0
PC1 (205%)

Figure 3. Principal components analysis biplot plot showing relationships between cherry laurel
individuals and traits. The asterisk (*) symbols represent CIELAB color space parameters, and the
red dashed lines indicate the origin axes.

From a selection perspective, the G34 exhibits strong positive correlations with high
NFB and bunch weight (BW), making it a unique resource for yield-oriented breeding.
The G9 (TSS), G21 (TA and AST), and G28 (TA) stand out as specific selection targets for
industrial or sensory-based quality. The G3, G5, G7, and G10 are positioned close to the
fruit size (FW, FWT) vectors and stand out for their large fruit, making them ideal for fresh
consumption. Vector analysis confirmed inverse relationships between bunch yield (NFB,
BW) and fruit quality. Additionally, a strong negative correlation was observed between
fruit size and phenolic compounds. These findings are highly consistent with the results of
Macit [33]’s study (PC1 22.1%, PC2 12.9%) and those of Sayinci et al. [42], allowing us to
conclude that this study successfully models genotypic variation with an adequate number
of principal components. The main source of genotypic variation among individuals is the
interaction between genotype and environment, as widely accepted in the literature [33,45].
The PCA loadings matrix provides a strategic interpretation for future breeding programs.
PC1 primarily represents the trade-off between fruit size and yield traits, indicating that
selection for larger fruit weight may require careful balancing with bunch productivity.
The PCA results reveal a critical negative correlation between yield-related traits (bunch
weight) and fruit quality parameters (phenolic content). On the other hand, PC2 reflects the
strong relationship between phenolic compounds and fruit color intensity. This finding is
innovative as it provides a strategic roadmap for breeders, suggesting that a balance must
be struck between productivity and bioactive richness during selection.
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3.5.2. Hierarchical Cluster Analysis (HCA)

The results of the heat map hierarchical clustering analysis are presented in Figure 4.
The dendrogram separated the 33 cherry laurel individuals into two main clusters (A and B),
which were further subdivided into four subclusters (A1, A2, B1, and B2). Most individuals
were grouped in cluster A (subclusters Al and A2), whereas cluster B comprised subclusters
B1 and B2; notably, G34 formed a distinct single-individual subgroup (B2), indicating a

markedly different multivariate profile.

X
Figure 4. Hierarchical clustering analysis results show the relationships between cherry laurel
individuals and traits. The heatmap illustrates similarities and differences between samples and
traits using color coding, where red indicates higher values and blue indicates lower values. The
asterisk (*) symbols represent CIELAB color space parameters.

Trait patterns on the heatmap indicated that A1 was generally associated with higher
values for key pomological traits and seed-related measurements (FL, FW, FWT, SL, SW,
SWT) and with ease of seed separation (SFF), as well as with higher gallic acid (GAL) levels.
In contrast, A2 was characterized by the prominence of specific phenolics, particularly g-
coumaric acid (3-CMR) and quercetin (QRC). In B1, individuals were mainly distinguished
by a combination of quality-related traits, including colorimetric parameters, titratable
acidity (TA), astringency (AST), and several leaf traits. The separation of G34 (B2) was
primarily driven by its distinctive bunch-related traits (BW and NFB), along with color-
and sensory-related variables, supporting its value as a unique candidate for selection.

At the variable level, the examined traits were also separated into two major groups (X
and Y), reflecting the covariation of pomological/seed attributes and biochemical-quality
attributes within the dataset. Overall, the observed clustering agrees with the existence
of clearly differentiated groups reported in previous multivariate studies of cherry laurel
accessions [42]. Moreover, since phenotypic and biochemical traits can be influenced by
microenvironmental conditions, harvest-related factors, and stress responses, the formation
of distinct clusters is consistent with the influence of genotype x environment effects
reported in the literature [33]. Importantly, recent SSR-based studies have also confirmed
substantial genetic differentiation within cherry laurel populations [46,47], supporting
the interpretation that the phenotypic diversity observed here reflects a broad genetic
background that is valuable for future breeding and conservation efforts.
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4. Conclusions

The cherry laurel fruit is a lesser-known fruit that has been the focus of research in
recent years. This study examined 34 different traits from 33 cherry laurel individuals
grown in Kaynasli, Tiirkiye. The results offer three significant contributions: a systematic
evaluation of phenolic profiles, the identification of the superior individual “G3”, and a
strategic PCA-based roadmap for cherry laurel breeding.

The findings reveal a wide variation among individuals, suggesting a rich genetic
diversity. Given the limited existing literature on this species, the discovery of superior
individuals within local populations, and the identification of new variety candidates by
studying the traits of these individuals over many years, breeding programs can gain
valuable insights.

In this research, the G34 was distinguished from the other individuals based on the
examined traits, using PCA and hierarchical clustering analyses. Notably, G3, G6, G1,
G15, G33, and G22 were recognized as prominent individuals for phenolic compounds.
Meanwhile, G3 and G22 excelled in fruit weight, G34 in number of fruits per bunch and
bunch weight, and G21 showed strong results for color-related traits.

Since research on cherry laurel is limited, these results may guide future studies. These
eight individuals primarily form a basis for future breeding efforts, while large-fruited
individuals such as G3 stand out as valuable genetic material. Because climatic conditions
differed between 2019 and 2020, some biochemical traits may show seasonal variability;
therefore, the superior individuals identified in this study should be validated through
further multi-year and multi-location trials to confirm their stability before potential cultivar
release. While G3 stands out as a promising candidate for breeding due to its high fruit
weight, it should be noted that pomological traits can fluctuate depending on annual
climatic variations. Therefore, the long-term performance and stability of these superior
individuals must be validated through further trials in diverse locations and successive
years before any formal cultivar release.
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Abbreviations

The following abbreviations are used in this manuscript:

Bunch length BL
Bunch weight BW
Number of fruits in the bunch NFB
Fruit length FL
Fruit weight FwW
Fruit width FWT
Leaf length LL
Leaf width LWT
Petiole width PWT
Petiole length PL
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pH pH
Seed length SL
Seed weight SW
Seed width SWT
Titratable acidity TA
Total soluble solids TSS
Lightness L*

a* (red-green axis) a*

b* (yellow -blue axis) b*
Chroma* (color saturation) Chroma*
Hue® (hue angle) hue
Gallic GAL
Catechin CAT
Chlorogenic CHL
Caffeic CAF
Syringic SYR
p-coumaric p-CMR
Rutin RT
g-coumaric g-CMR
Myricetin MYR
Quercetin QRC
Taste TAT
Astringency AST
The state of separation of the seed from the flesh of the Fruit SFF
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