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Abstract: This study examines how various rootstocks affect the pomological, biochem-
ical, and aroma contents of the local ‘Sirr1” peach genotype grown in the Lapseki region
of Tiirkiye. The research focused on peach trees grafted onto three distinct rootstocks:
‘Seedling’, ‘GF-677" (P. persica x P. amygdalus), and ‘Rootpac-R’ (P. cerasifera x P. amyg-
dalus). The results showed that peaches from the ‘Seedling” and ‘GF-677" rootstocks had
larger sizes, greater weights, and brighter colors compared to those from ‘Rootpac-R’.
Furthermore, the rootstocks impacted essential quality factors such as soluble solid content,
firmness, fruit—flesh ratio, titratable acidity, and total phenolic content levels. The analysis
of volatile compounds indicated that aldehydes (which varied from 67.02% to 63.74%),
lactones (which changed from 9.14% to 7.99%), and esters (which changed from 12.51% to
11.92%) were the major aroma types in ‘Sirr1” peaches, with the ‘GF-677 rootstock exhibiting
amplified fruity and sweet aromas due to increased lactone levels. Principal Component
Analysis (PCA) revealed the significant effects of rootstocks on both pomological and
biochemical characteristics, with ‘Seedling” showing elevated biophenol levels and ‘GF-677
contributing to a firmer texture. These findings underscore the importance of rootstock
choice in enhancing fruit quality and aroma, indicating that the ‘Sirr1” genotype is highly
suitable for commercial production and future breeding efforts.
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1. Introduction

Peaches (Prunus persica L. Batsch) belong to the genus Prunus L., which is part of the
subfamily Amygdaloideae in the family Rosaceae, under the order Rosales. The subspecies
of this genus is Amygdalus, classified in the section Prunus. It is generally accepted that
peach cultivation originated in China around 8000 BC [1], though the precise date of its
introduction to present-day Tiirkiye remains uncertain. Peaches rank globally among the
most widely cultivated and diverse temperate fruit species due to their natural self-fertility
and adaptability. The species thrive in temperate and subtropical regions between 30° and
45° north and south latitudes [2-6].

According to data from the past decade, global peach and nectarine production
reached 27,077,873 tons in 2023, representing an approximate 24% increase. China, Spain,
and Tiirkiye are the world’s leading producers of peaches [7]. In 2023, Tiirkiye harvested
1,076,852 tons of peaches and nectarines, with the highest production occurring in the
provinces of Mersin, Canakkale, Bursa, Denizli, and Izmir [8].
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The climate of Canakkale creates opportunities for cultivating various fruit species,
leading to rich fruit genotypes and variety biodiversity. In the Canakkale region, especially
in the Lapseki district, the quality of peach cultivation was certified with the ‘Lapseki Peach’
geographical indication, granted on 10 May 2022. In the region, cultivation primarily
utilizes nearly 40 standard commercial varieties, including ‘Early May Crest’, ‘May Crest’,
‘Dixired’, ‘Redhaven’, ‘Gloheaven’, ‘Cresthaven’, ‘O’Henry’, ‘J.H. Hale’, ‘Blake’, ‘Monroe’,
‘Elegant Lady’, “Venus’, ‘Silver King’, ‘Caldesi-2000’, ‘Caldesi-85’, ‘Summer Red’, and
‘Extreme’. Additionally, some local genotypes, such as ‘Abdos” and ‘Sirr1” (unregistered
local genotypes), which have been cultivated for many years and are well adapted to the
region, are grown extensively. Their superior quality sets these local genotypes apart from
other standard peach varieties [9,10].

In modern fruit cultivation, as with many other fruit species, one of the most critical
factors for successful peach cultivation is the selection of rootstocks. The use of specific
rootstocks is driven by various factors, including the requirement to grow peaches under
unfavorable climatic and soil conditions, regulating growth, reducing the juvenile sterility
period, improving fruit quality and yield, facilitating the management of pests and diseases,
and more. In addition to anchoring the plant to the soil, it has been proven that rootstocks
significantly influence many characteristics of the grafted scion, such as fruit yield, quality,
and post-harvest storage, and that these characteristics are transferred to the grafted cultivar.
Considering this information, selecting the right rootstock is one of the most critical aspects
of successful peach cultivation [11].

Fruit quality is a critical factor for market success. Consumers are influenced by
certain factors, such as the appearance, taste, and aroma of fresh fruits both before and
during consumption. These quality parameters are closely related to various chemical
and physical characteristics, such as mineral content, sugar profile, color, pH, fruit size,
weight, skin thickness, and firmness, all of which are significantly affected by the rootstock.
Alongside many quality attributes, fruit aroma plays a vital role in consumer preferences
and arises from the combined effects of numerous volatile compounds. Aroma, along with
sugar content and acidity, is a highly complex trait that constitutes an important quality
attribute of the sensory characteristics of fresh fruits. Peach fruit contains approximately
100 different aroma compounds, including aldehydes, alcohols, esters, terpenoids, ketones,
lactones, and C13 norisoprenoids [12,13]. Among these, aldehydes (‘fresh green’, ‘unripe
fruit’), alcohols, esters (‘fruity’, ‘green’), lactones (‘peach-like’, ‘sweet’), and terpenoids
(‘floral’) are the main components that contribute to the aroma of peaches. Lactones play a
vital role in defining the peach scent. Volatile compounds mainly consist of substances that
can be detected even in tiny amounts, which makes them crucial for consumer preferences.
This critical characteristic significantly influences consumer choice [9,14-19].

This study aimed to explore how various rootstocks influence fruit quality (pomologi-
cal and biochemical characteristics), mainly the volatile compound composition of the local
peach genotype ‘Sirr1’.

2. Materials and Methods
2.1. Materials

This study was conducted in the commercial orchards of producers in Umurbey,
Lapseki district, Canakkale province (Figure 1). The material of the study consisted of fruits
harvested on 25 September 2023, from orchards located in the Lapseki district of Canakkale
province. In 2023, it was noted that the climate of the Lapseki region in Canakkale province
was roughly comparable to what is shown in the climate data from many other years [20].
These orchards were established with the ‘Sirr1” peach ecotype grafted onto ‘Seedling’, ‘GF
677’, and ‘Replantpac’ (‘Rootpac-R’) rootstocks, and they were in full-bearing age.
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Figure 1. The commercial orchards where the fruits for the research were harvested.

Peach rootstocks develop uniformly. This is because peaches are primarily self-fertile
and yield pits that grow in a uniform structure. Consequently, peach cultivators frequently
use peach seedlings as rootstocks. The rootstock ‘GF677’, obtained in 1939 by the INRA
Research Organization in France as a natural hybrid of peach and almond (Prunus persica
x Prunus amygdalus), is an ideal rootstock for earliness and high yield. While it is resistant
to drought, high pH, and high salinity, it is also sensitive to biotic conditions such as
nematodes, root rot, and branch cancer. The ‘Replantpac’ (‘Rootpac-R’) rootstock is a hybrid
of plum and almond (Prunus cerasifera x Prunus amygdalus). This highly productive and
versatile new-generation rootstock is ideal for replanting orchards, tolerates challenging
soil conditions, and is compatible with varieties of peach, nectarine, plum, almond, and
apricot [21,22].

‘Sirr1” peach genotype plots in the orchards were established in 2011 at 4.5 x 4 planting
density and pruned according to the free goblet shape system. Standard practices such
as drip irrigation, fertilization, pest control, and summer pruning were routinely applied.
‘Sirr’ is a very late-maturing peach genotype (harvest period: mid-September to early
October), with the fruit characterized by a yellow ground color overlaid with patches
of light red, yellow flesh, and a freestone pit. The fruits of the ‘Sirr1” peach genotype at
the ripening stage were harvested using the tissue integrity and skin ground color as the
maturity indices for the ecotype [23,24]. The study involved eighteen trees, with three
replicates for each rootstock and two trees per replicate. Pomological measurements and
biochemical analyses were carried out on 10 randomly selected fruits collected from various
sides of the trees within the replicate.

2.2. Methods

After harvest, the fruit samples were promptly analyzed at the Pomology Laboratory
(Department of Horticulture, Faculty of Agriculture, Canakkale Onsekiz Mart University).
The pomological traits were evaluated by measuring the fruit width (mm), fruit length
(mm), pit width (mm), pit length (mm), fruit weight (g), pit weight (g), fruit flesh ratio
(%), fruit skin and flesh color (L, hue (h°), chroma (C) (using a CR-400 Chroma Meter
(Konica Minolta Inc., Tokyo, Japan), firmness (kg/ cm?), soluble solid content (SSC) (%),
pH, titratable acidity (TA) (Milwaukee® desktop type pH/Orp Meter, Rocky Mount, NC,
USA) (g/100 mL Malic acid), and total phenolic compound content (nug/100 mL GAE).
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Measurements were taken with precision instruments: a digital caliper (+£0.01 mm), a
Sartorius balance (0.01 g), a digital refractometer (Atago, Tokyo, Japan) for SSC, and a
chromameter for color (L, hue, and chroma). Fruit peel was removed from the mid-plane
of the fruit in two opposite regions and fruit firmness (kg/cm?) was determined using a
Chatillon® penetrometer (5.1 mm tip).

The total phenolic compound content was determined using the method described
by Ekinci et al. [25]. For the analysis, 5 g of peach fruit was weighed, and 20 mL of
an 80% methanol-water mixture was added. The mixture was homogenized by stirring
for 1 min and subsequently filtered using coarse filter paper. A 100 uL aliquot of the
filtrate was mixed with 3400 pL of distilled water, followed by the addition of 2000 pL
of 10% Folin-Ciocalteu reagent (Merck, Darmstadt, Germany) and homogenization for
15 s. Subsequently, 2000 pL of 10% Nap,COj3 (Sigma-Aldrich, St. Louis, MO, USA) solution
was added and mixed again for 15 s. The mixture was then incubated in a water bath
at 40 °C for 30 min. Absorbance measurements were conducted at 765 nm using a UV-
1800 spectrophotometer (Shimadzu Corporation, Kyoto, Japan), with a blank prepared
using distilled water. The total phenolic content was quantified using a calibration curve
generated with gallic acid.

The skin and flesh colors of the fruit were measured from two opposite sides in the
equatorial region of the fruit. When determining the colors of the fruit, a higher L value
indicates increased brightness, while an increase in the chroma value signifies greater color
intensity, making the color appear more vibrant. The hue angle, on the other hand, reflects
different color tones: as it approaches 0, the color becomes dark burgundy; nearing 45, it
shifts to a bright red; closer to 60, it appears orange; and approaching 90, it transitions
to yellow.

The qualitative and quantitative analyses of the volatile compounds were conducted
using a GC-MS system (QP2010 Plus, Shimadzu Corporation, Kyoto, Japan). For quali-
tative analysis (identification of compounds), the WILEY and NIST libraries were used
in conjunction with a mass spectrometer. To extract volatile compounds, 50 g of fruit
purees was treated with 100 mL of diethyl ether in an Erlenmeyer flask. The solvents
were then concentrated to 1 mL using centrifugation and a concentrator. Additionally,
4-Nonanol (Sigma Aldrich, St Quentin Fallavier, France) was used as the internal standard
for quantitative analysis [26,27].

For compound separation, a DB wax capillary column (30 m x 0.25 mm x 0.25 pm;
Agilent Technologies, Santa Clara, CA, USA), featuring polyethylene glycol (PEG) as the
stationary phase and helium gas as the mobile phase, was employed. The aroma profiles
were determined using a 1:50 split injection mode at an injection temperature of 280 °C,
with the ion and interface temperatures set at 250 °C and 230 °C, respectively. Compounds
were identified in the detector with a mass range of 40-350 amu (11/z), a scan rate of
666 amu/s, and an ionization energy of 70 eV. The oven temperature program began with
a 1 min hold at 40 °C, followed by a ramp up to 60 °C at a rate of 4 °C/min, and then a
1 min hold. The temperature subsequently increased to 200 °C at the same rate of 4 °C/min,
followed by a 2 min hold, and finally ramped up to 250 °C at 10 °C/min for 10 min. The
total analysis time was 59 min.

2.3. Statistical Analyses

In this research, a randomized complete block design with three replications was
utilized. The data collected at the end of the study were analyzed using analysis of variance
(ANOVA) with the statistical software package ‘SAS® ver. 9.0’. The mean values for
the treatments were assessed at a significance level of p < 0.05 using the Tukey multiple
comparison test. Biplot graphs were created using the ‘Minitab ver. 16" statistical program.
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3. Results and Discussion

The fruit quality characteristics of the ‘Sirr1’ peach genotype varied significantly among
the rootstocks (Table 1). Overall, it was found that the fruits of the ‘Sirr1” genotype cultivated
on the ‘GF-677" and ‘Seedling’ rootstocks were larger and heavier, and their skin shone more
brightly. When examined pomologically, the fruit width ranged from 79.92 to 74.12 mm,
and the length varied from 78.58 to 72.46 mm. The fruits with the highest weight were
found on cultivars grafted onto the ‘Seedling’ rootstock (284.40 g), whereas the lightest
fruits were noted on those grafted onto the ‘Rootpac-R’ rootstock (221.18 g).

Table 1. Pomological characteristics of the fruits of the ‘Sirr1” peach genotype cultivated on
various rootstocks.

Parameters Rootpac® R GF-677 Seedling MSD ! (p < 0.05)
Fruit width (mm) 7412 +2.10 B 2 78.86 £1.73 A 7992 £220 A 2.0371
Fruit length (mm) 7246 £ 242 B 77.85 £2.09 A 7858 £ 3.79 A 2.5866
Fruit weight (g) 221.18 £16.61C 259.80 £16.32B 284.40 £+ 18.66 A 17.05
- L 32.70 £4.00 B 4649 +1.74 A 4535+ 344 A 2.9123
SES he 3415+ 462 B 53.67 + 4.28 A 51.54 & 546 A 4.5417
IR C° 26.55 £3.26 B 28.61 125 A 27.59 £1.32 AB 1.9181
o n L 63.66 £ 2.21 65.10 £ 1.60 63.97 £+ 2.39 N.S.
29 % h° 95.12 £ 1.59 95.09 £ 1.68 95.46 £ 1.89 N.S.
o C° 31.88 £1.39B 3357 £116 A 31.02+1.44B 1.2218
Pit width (mm) 15.62 £0.97C 2232+ 0.78 A 2012 £1.20B 0.9434
Pit length (mm) 38.00 £1.60C 4595 +£1.62 A 43.81 £1.87B 1.6284
Pit weight (g) 730£055C 11.44 £ 0.58 A 10.37 £ 0.67 B 0.6772
Firmness (kg/cmz) 279 £1.30B 387+129A 2.90 £+ 0.53 AB 1.0319
Fruit-Flesh Ratio (%) 96.68 £ 0.30 A 95.58 £0.32C 96.35 £ 0.30 B 0.2931
SSC (%) 11.10 £ 0.36 C 1193+ 0.21 B 12.57 £ 0.06 A 0.6079
pH 3.74 £+ 0.05 3.77 £0.03 3.72 £0.02 N.S.
TA (g/100 mL) 0.599 £ 0.0052 AB 0.587 £ 0.0014 B 0.677+ 0.0007 A 0.079
Total Phenolic Cont. (mg/kg GAE) 62.81 £ 0.52B 60.01 £ 0.38 C 65.92 £0.37 A 0.8629

1 MSD: minimum significant difference; N.S.: not significant; SSC: soluble solid content; and TA: titratable acidity.
2 According to the Tukey multiple comparison test, means with different letters in the same line are significantly
different at the 5% level (Tukey p < 0.05).

Giir and Pirlak [28] conducted a study in Egirdir using 16 different peach cultivars
grafted onto the peach ‘Seedling’ rootstock. Consequently, they found that the fruit weights
of the peach cultivars ranged from 133.40 g to 252.40 g, while the fruit widths varied from
88.00 mm to 63.40 mm. Seker et al. [29] conducted a study using the ‘Cresthaven’ cultivar,
which was grafted onto five different rootstocks: ‘Uzunoglu Seedling’ (Prunus persica),
‘GF677 (P. persica x P. dulcis), ‘Nemaguard’ (P. persica x P. davidiana), ‘Cadaman’ (P. persica
x P. davidiana), and ‘St. Julien GF 655/2" (P. insititia). They observed the highest fruit
weight on the ‘Cadaman’ rootstock (211.61 & 6.06 g) and the lowest fruit weight on the ‘St.
Julien GF 655/2" rootstock (178.70 £ 3.01 g). The variations in fruit weight observed among
different rootstocks in their study align with the findings of the current study, emphasizing
the substantial impact of rootstock selection on fruit size and weight.

Fruits grown on the ‘GF-677" rootstock had the highest width (22.32 mm), length
(45.95 mm), and weight (11.44 g) of pits, while those grown on the “‘Rootpac-R’ rootstock
had the pits with the smallest width, length, and weight (15.62 mm, 38.00 mm, and 7.30 g,
respectively) (Table 1). Caliskan et al. [30] reported pit weights ranging from 5.0to 119 g
in a study on five peach and five nectarine cultivars grafted onto ‘Seedling’ rootstocks.
Turkmen [31] reported pit weight values between 3.71 g and 4.21 g in a study with six
peach and seven nectarine cultivars. It was observed that the ‘GF-677" rootstock increased
pit size, while the Rootpac-R rootstock decreased it. This variation affected the flesh ratios
of fruits. The highest flesh ratio was achieved with the ‘Rootpac-R’ rootstock at 96.68%,
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while the ‘GF-677" rootstock had a slightly lower ratio of 95.58%. Giir et al. [23] reported
that the fruit—flesh ratios of peach varieties grafted onto the ‘GF-677" rootstock ranged
from 91.92% to 97.12%, with the ‘Sirr1” genotype exhibiting the highest flesh ratio. When
examining the skin colors of the fruits, it was observed that fruits grafted onto the ‘GF-677
and ‘Seedling’ rootstocks had brighter skin colors (46.49 and 45.35, respectively) and more
orange hues (53.67 and 51.54, respectively). In contrast, fruits grafted onto the ‘Rootpac-R’
rootstock displayed lower brightness (32.70) and more red-colored skin (34.15). Regarding
chroma, which indicates color intensity, fruits on the ‘“GF-677" rootstock showed the highest
value (28.61), whereas those on Rootpac-R had the lowest (26.55) (Table 1).

The rootstock did not significantly affect the fruit flesh’s brightness (L*) or hue values,
as all rootstocks showed similar brightness and hue values. However, the fruits grown on
the ‘GF-677’ rootstock showed a more intense color tone (chroma), with a value of 33.57. In
contrast, the ‘Rootpac-R” and ‘Seedling’ rootstocks had similar chroma values of 31.88 and
31.02, respectively (Table 1).

Yildiz [32] examined the color characteristics of 11 processing peach cultivars grafted
onto the ‘GF-677" rootstock. The study revealed that the L* values, which indicate fruit
brightness, ranged from 81.44 to 72.02 on the fruit skin. The chroma values ranged from
21.71 to 9.85, and the hue angle values varied from 107.61 to 85.51. Similarly, Giir et al. [23]
conducted a study that found that the L* values, which represent fruit brightness, ranged
from 19.54 to 57.29 on the fruit skin, while the chroma values ranged from 17.42 to 48.93.
Furthermore, the L* values in the fruit flesh ranged from 47.78 to 59.22, while the chroma
values varied from 26.51 to 49.28.

Fruits grown on the ‘GF-677" rootstock exhibited firmer flesh (3.87 kg/cm?) compared
to those cultivated on the other two rootstocks, potentially enhancing their post-harvest
durability. Fruits grown on the ‘Seedling’ rootstock showed the highest SSC (12.57%), which,
while indicative of more intense sweetness, also serves as a criterion for more advanced
ripeness. Giir et al. [23] reported that the soluble solid content in 16 peach cultivars ranged
from 7.53% to 14.50%. Additionally, the ‘Sirr1” peach genotype grafted onto the ‘GF-677"
rootstock was measured at 13.10% = 0.27. These findings were comparable to those of the
earlier study. The SSC and TA contents of the fruit vary not only according to genotype,
but also due to environmental and seasonal conditions, yield, sunlight exposure, and
ripeness [22]. Fruit firmness not only relates to mass, but also to cell structure, cell wall
components, and the maturity level of the fruit. For instance, the highest soluble solid
content (SSC) was noted in fruit grown on the ‘Seedling’ rootstock. Elevated SSC values
typically indicate a more advanced level of ripeness, which may result in a decrease in
fruit firmness. Kader [33] explains that a higher soluble solid content (SSC) is usually
linked to advanced ripening, which subsequently results in decreased fruit firmness due
to the breakdown of the cell wall components. This supports the notion that the observed
variation in firmness may not solely stem from fruit weight, but could also be influenced
by differences in the biochemical composition and ripening stage.

The impact of rootstock on fruit pH was not statistically significant, as all rootstocks
displayed similar pH values. Giir [28] reported fruit firmness values of 1.90 kg and 1.43 kg,
along with pH values of 3.80 and 3.71 for the ‘Vesuvio” and ‘Muir’ cultivars, respectively.
In terms of malic acid content, fruits grown on the ‘Seedling” rootstock exhibited the lowest
value (0.587), while those on the ‘GF-677 rootstock showed the highest acidity (0.677). Seker
et al. [29] reported that the malic acid content of the ‘Cresthaven’ peach cultivar grown with
different rootstocks varied between 0.35 and 0.65 g/100 g. According to Gur et al. [23], the
citric acid content of the ‘Sirr1” peach variety was 0.89 g/100 mL (0.85 g/100 mL malic acid).

The results indicate that rootstocks significantly influence various characteristics of
peach fruits. While the ‘GF-677" and ‘Seedling’ rootstocks generally produce larger and
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heavier fruits, the ‘Rootpac-R’ rootstock results in higher fruit—flesh ratios. Different
rootstocks play a crucial role in determining several quality traits.

This study found a statistically significant difference in the total phenolic compound
content of the fruits from the ‘Sirr1” genotype grown on different rootstocks. The total phe-
nolic content was measured at 65.92 mg/kg GAE for the ‘Seedling’ rootstock, 62.81 mg/kg
GAE for the ‘Rootpac-R’ rootstock, and 60.01 mg/kg GAE for the ‘GF-677" rootstock
(Table 1). Significantly, the total phenolic content of the ‘Sirr1” fruit genotype grafted
onto the ‘Seedling’ rootstock was higher than that of the other rootstocks. Crisosto and
Valero [34,35] reported that the total phenolic content for California peach cultivars ranged
from 28 to 111 mg/100 g FW for white-fleshed peaches and from 21 to 61 mg/100 g FW
for yellow-fleshed peaches, while other European cultivars had a content between 38 and
240 mg/100 g FW. Researchers also noted that the phenolic content in peach fruits influ-
ences visual appearance (color), taste (astringency), and antioxidant properties related to
health [34,36].

In the study examining the effects of rootstocks grafted onto the ‘Sirr1” genotype on
the aroma compounds in fruits, the identified aroma compounds are represented by their
relative amounts (%) in the overall aroma profile (Table 2). It was found that they influenced
the total proportions of aldehydes, which are the desired group of volatile compounds
in peaches (67.02% for ‘GF-677’, 66.56% for ‘Rootpac-R’, and 63.74% for ‘Seedling’). No-
tably, hexanal (34.33% for ‘Rootpac-R’, 33.01% for ‘GF-677’, and 32.31% for ‘Seedling’)
and (E)-2-hexenal (28.59% for ‘GF-677’, 27.78% for ‘Rootpac-R’, and 26.63% for ‘Seedlin’)
were statistically significant. Additionally, statistically significant changes were found
in hydrocarbons, which are generally undesired aroma compound groups in fruits, as
well as in hexane, the only hydrocarbon detected in this group. Regarding other aroma
compounds, which were found at a lesser level, the influence of the rootstocks did not
show a statistical difference in the fruit genotype.

Table 2. Identified and determined volatile compounds (%) in the fruits of the ‘Sirr1” peach genotype
cultivated on different rootstocks.

Volatile Compounds Rootpac® R GF-677 Seedling MSD ! (p < 0.05)

Hexanal 3433+ 057 A2 33.01 £ 0.39 AB 3231 +0.61B 1.3328

(E)-2-Hexenal 2778 £ 055 A 28.59 + 0.37 A 26.63 + 0.39 B 1.1121
Benzaldehyde 2.64 £ 0.39 3414051 3.03 £ 0.52 N.S.
(E)-2-Pentenal 1.81 £0.22 2.01 +0.23 1.77 £0.23 N.S.

Total Aldehydes 66.56 £ 0.85 AB 67.02 + 1.50 A 63.74 +1.36 B 3.1774
8-Decalactone 453 + 0.46 4.74 + 0.35 4.09 + 042 N.S.
v-Decalactone 2.71 +£0.32 2.59 +0.38 2.34 +0.37 N.S.
8-Octalactone 097 £0.1 1.01 +0.13 0.88 £0.11 N.S.
v-Hexalactone 0.75 +0.15 0.79 £ 0.18 0.68 + 0.11 N.S.
Total Lactones 8.96 + 0.63 9.14 + 1.04 7.99 £ 1.00 N.S.
(Z)-3-Hexen-1-o0l 248 + 047 223+ 0.32 2.59 + 0.42 N.S.
1-Hexanol 0.85+0.15 0.88 +£0.13 1+0.16 N.S.
(E)-2-Hexen-1-o0l 0.81 +0.19 0.76 = 0.19 0.86 = 0.14 N.S.
Total Alcohols 4.14 + 0.81 3.88 + 0.60 444 + 0.72 N.S.
Ethyl Acetate 349 +04 3.63 £0.39 3.15+0.36 N.S.
Hexyl Acetate 2.72+0.19 2.58 + 0.34 2.84 +0.22 N.S.
(Z)-3-Hexyl Acetate 251 +0.15 2.62 +0.15 227 +0.13 N.S.
2-Hexyl Acetate 2.23 +0.08 214 +0.11 2.34 + 0.08 N.S.
Hexyl Butanoate 147 +0.23 1.54 + 0.15 1.32+0.18 N.S.
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Table 2. Cont.

Volatile Compounds Rootpac® R GF-677 Seedling MSD ! (p < 0.05)

Total Esters 12.41 4 1.05 12.51 + 1.14 11.92 + 0.97 N.S.
Linalool 2.34 £0.17 2.45+0.21 211 £0.12 N.S.
D-Limonene 1.84 +0.14 1.75+0.15 1.92+0.18 N.S.
Ocimene 149 +0.3 1.56 +0.15 1.33+0.13 N.S.
Total Terpenoids 5.67 £ 0.61 5.76 & 0.51 5.37 & 0.43 N.S.

Hexane 225+028B 170+ 0.22B 6.53 £0.50 A 0.8846

TotalHydrocarbons 225+ 028B 1.70 £ 0.22 B 6.53 £ 0.50 A 0.8846

Total Ratio 100% 100% 100% -

1 MSD: minimum significant difference; N.S.: not significant. > According to the Tukey multiple comparison test,
means with different letters in the same line are significantly different at the 5% level (Tukey p < 0.05).

In this study, the effects of rootstocks on aroma compounds were investigated. Four
aldehyde aroma compounds were identified: hexanal, (E)-2-hexenal, benzaldehyde, and (E)-
2-pentenal; four important lactone compounds for peaches: 5-decalactone, y-decalactone,
d-octalactone, and y-hexalactone; three alcohol compounds: (Z)-3-hexenol, 1-hexanol,
and (E)-2-hexenol; five ester compounds: ethyl acetate, hexyl acetate, (Z)-3-hexyl acetate,
(E)-2-hexyl acetate, and butyric acid hexyl ester; three terpenoid compounds: linalool,
D-limonene, and ocimene; and one hydrocarbon compound: hexane (Table 2).

In this study, the effects of rootstocks on the aroma of the ‘Sirr1’” genotype were
found to be comparable. The key aroma compounds in peaches are aldehyde and lactone
groups. The rootstocks used for the ‘Sirr1” genotype influenced these two aroma groups.
In their exploration of aromatic compounds in peach and nectarine cultivars grown in the
ecological conditions of Canakkale, Seker et al. [26] noted that aldehyde and lactone groups
were important aroma compounds. In another study conducted by Seker et al. [29], they
investigated volatile compounds in the ‘Cresthaven’ peach cultivar grown on five different
rootstocks and identified similar aroma compounds. They also reported that different
rootstocks affected the aroma compounds of the cultivars.

Aldehydes are among the primary volatile groups contributing to peach aroma, with
the total aldehyde content varying from 63.74% in ‘Seedling’ rootstock fruits to 67.02%
in those from the ‘GF-677’ rootstock. Among the most common aldehydes, hexanal and
(E)-2-hexenal enhance the fruit’s green and fresh characteristic scent. Benzaldehyde, which
imparts an almond-like odor profile, had the highest concentration in fruits from the ‘GF-
677’ rootstock (3.41%). Similarly, (E)-2-pentenal was found at relatively consistent levels
across the rootstocks. These variations indicate that the choice of rootstock may influence
the strength of the fruit’s green and fresh aroma [29,37].

Lactones, particularly 5-decalactone and y-decalactone, play a significant role in
creating the distinctive sweet and fruity flavor of peaches. The total lactone content was
highest in fruits of the ‘GF-677" rootstock at 9.14% and lowest in those of the ‘Seedling’
rootstock at 7.99%. 6-decalactone, a key compound in peach aroma, was found in the
highest concentration in fruits of the ‘GF-677’ rootstock, while it was lowest in those of the
‘Seedling’ rootstock. This suggests that the choice of rootstock may influence the sweet and
fruity flavor of the fruit [29,37].

Alcohols, especially (Z)-3-hexen-1-ol and (E)-2-hexen-1-ol, are associated with the
fruit’s green and slightly floral aroma [37]. Total alcohol content did not vary significantly
among rootstocks, ranging from 3.88% in ‘GF-677’ to 4.44% in ‘Seedling’.

Esters also play a significant role in the sweet and fruity aroma of the fruit. The
total ester content was slightly higher in ‘GF-677" rootstock fruits at 12.51% compared
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to ‘Rootpac-R’ fruits at 12.41% and ‘Seedling’ fruits at 11.92%. Among the esters, ethyl
acetate and hexyl acetate were the most dominant compounds, significantly enhancing the
characteristic fruity flavors of the peach aroma.

Terpenoids and hydrocarbons are volatile compounds that influence the floral and
herbal scent of the fruit and show considerable variation among rootstocks [37]. Although
the total terpenoid content was relatively similar among the three rootstocks (5.37-5.76%),
the total hydrocarbon content (6.53%) was significantly higher in ‘Seedling’ rootstock fruits
compared to those from ‘Rootpac-R’ (2.25%) and ‘GF-677" (1.7%). Fruits from the ‘Seedling’
rootstock were generally richer in hydrocarbons that contain undesirable flavor components.

In conclusion, the data indicate that rootstock selection significantly affects the volatile
compound profiles of peach fruits. The ‘GF-677" rootstock imparts a fresher and fruitier
flavor profile, with higher aldehyde and lactone contents, whereas ‘Rootpac-R’ presents
a more balanced distribution of volatile compounds. In contrast, the ‘Seedling” rootstock
can yield a more complex flavor profile, particularly due to its elevated hydrocarbon levels.
Understanding these differences is crucial for peach cultivation, in order to optimize fruit
quality and develop aroma profiles that align with consumer preferences.

Gur [38] reported that rootstocks can significantly influence aroma composition and
the ratios of volatile compounds through different carbohydrate and fatty acid metabolism
pathways. Therefore, various rootstocks should be utilized to enhance specific aroma
compounds in fruits.

The biplot graph was constructed to evaluate the effects of different rootstocks on
the pomological and biochemical characteristics of peach fruits and was visualized using
Principal Component Analysis (PCA). The graph shows the distribution of variables and
rootstocks along two principal component axes (PC-1 and PC-2). PC-1 explains 52.6% of
the total variance, and PC-2 explains 47.4%. These high explanatory ratios suggest that
the studied characteristics of peach fruits are represented mainly by these two principal
component axes (Figure 2).

Biplot Graph of Parameteors Influenced by Rootstocks
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Figure 2. Biplot graph of parameters affected by rootstocks.

The graph displays three different rootstocks (‘Rootpac-R’, ‘GF-677’, and ‘Seedling’)
indicated by red symbols, analyzing their relationships with fruit characteristics. The
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‘GF-677’ rootstock shows a negative correlation with variables such as fruit flesh hue, fruit
skin chroma, and pit width. The ‘Seedling’ rootstock exhibits a stronger relationship with
biochemical components, including total hydrocarbon, total alcohol, and total phenolic
compound content. The ‘Rootpac-R’ rootstock demonstrates a powerful relationship with
the fruit—flesh ratio, suggesting that this rootstock has a higher fruit—flesh ratio compared
to the others.

The directions and lengths of the vectors representing the variables illustrate the con-
tributions of the respective traits to the principal components. Pomological characteristics,
such as fruit size, weight, and pit parameters, are more prominent in the PC-1 direction,
whereas biochemical components like phenolic compounds, esters, and terpenoids vary
in the PC-2 direction. The positive position of the ‘Seedling’ rootstock on the PC-1 axis
indicates that it has higher values, particularly regarding total phenolic compound content
and hydrocarbons. Conversely, the negative position of the ‘GF-677" rootstock on the PC-1
axis shows that this rootstock has a strong negative relationship with characteristics such
as fruit flesh color, pit width, and fruit skin color.

When the distribution of biochemical characteristics was analyzed, it was observed
that traits such as total phenolic compound content, total alcohol, and hydrocarbons varied
along the PC-2 axis. The ‘Rootpac-R’ rootstock showed a positive correlation with the fruit—
flesh ratio and several volatile compounds. A high fruit—flesh ratio may be an important
quality criterion that may directly affect consumer preferences. Additionally, the ‘GF-677
rootstock was more closely correlated with characteristics like pH and pit width, but
exhibited a weaker relationship with volatile compounds.

This analysis demonstrates that selecting the right rootstock in peach cultivation signif-
icantly impacts both the pomological and biochemical characteristics of the fruit. Rootstocks
appear to play a crucial role in determining fruit size, fruit flesh ratio, biochemical char-
acteristics, and aroma composition. These findings can assist growers and researchers in
choosing the most suitable rootstocks by focusing on specific quality attributes. This is
especially important in commercial production, where selecting rootstocks that provide
taste, aroma, and textural qualities that align with consumer expectations is essential.

4. Conclusions

The results of studying the effects of rootstocks on the pomological, biochemical, and
volatile components of the ‘Sirr1” peach genotype can be summarized as follows:

Grafting onto various rootstocks significantly influenced the fruit characteristics of the
‘Sirr1” peach genotype. Depending on the grafted rootstock, traits such as fruit size, weight,
peel color, pit structure, firmness, SSC, and TA varied notably.

Trees grafted onto ‘GF-677 and ‘Seedling’ rootstocks produced larger, heavier, and
shinier fruits. This can be attributed to the positive effects of rootstocks on fruit development
and nutrient delivery. The heaviest fruits were from the ‘Seedling’ rootstock, while the
lightest fruits were sourced from ‘Rootpac-R’ rootstock. Likewise, in terms of pit size,
‘GF-677" produced the largest and heaviest pits, whereas ‘Rootpac-R’ generated the smallest
ones. These differences highlight the direct influence of rootstocks on fruit anatomy.

The brightness and color of the fruit skin also varied based on the rootstock. ‘GF-
677" and ‘Seedling’ rootstocks yielded brighter and more orange tones, while ‘Rootpac-R’
produced a duller and more red hue. In terms of color intensity, the highest value was
recorded for ‘GF-677’, while the lowest was noted for ‘Rootpac-R’.

Although rootstocks did not significantly impact flesh brightness and hue values,
‘GF-677" excelled in fruit firmness. This presents a crucial advantage for the post-harvest
durability of the fruits. Regarding SSC, the ‘Seedling’ rootstock yielded higher levels, which
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may influence fruit quality and consumer preferences. Additionally, the ‘GF-677" rootstock
produced larger pits, while ‘Rootpac-R’ offered a greater fruit-flesh ratio.

In conclusion, grafting onto different rootstocks significantly influenced various traits
that determine the fruit quality and market value of the ‘Sirr1” peach genotype, revealing
notable differences in factors such as pit size, fruit firmness, skin brightness, and SSC.

At the end of the research, a total of 20 volatile compounds were identified in all
rootstocks of the ‘Sirr1” peach genotype. In a study examining the effects of rootstocks on
the aroma volatile compounds of the ‘Sirr1” peach genotype, aldehydes were identified
as the most prevalent among all detected aroma compounds, followed by esters and
lactones. Regarding volatile compounds, no significant differences were observed between
the rootstocks, excluding hexanal, (E)-2-hexenal, total aldehydes, and hexane compounds.
The genotype known as ‘Sirr1’ is highly promising for the region due to its very late
ripening period, which coincides with the end of the peach and nectarine harvest season.
Additionally, this genotype is often preferred in the region because of its suitability for
transportation and post-harvest storage. This genotype attracts attention as promising in
terms of many characteristics. More research should be carried out on it, and it should be
registered as a variety and popularized in the South Marmara region of Ttirkiye. This study
examined the effects of different rootstocks on the pomological, biochemical, and volatile
components of the ‘Sirr1” peach genotype. Fruits grafted onto the ‘GF-677" and ‘Seedling’
rootstocks were generally larger and heavier, and had shinier skin, while those on ‘Rootpac-
R” were smaller and duller. Rootstocks influenced pit size and pit weight, with ‘GF-677’
producing the largest pits and ‘Rootpac-R’ the smallest. Fruit flesh firmness was highest in
‘GF-677" rootstocks, while ‘Seedling” resulted in the highest soluble solid content. In this
study, 20 volatile compounds were identified, with aldehydes being the most dominant.
While most aroma compounds were unaffected by rootstocks, some variations were noted
for their C-6 compounds such as hexanal, (E)-2-hexenal, and hexane.

Based on previous experiences from production orchards, as well as the results pre-
sented in this study, it would be beneficial for the examined genotype to enter the registra-
tion and recognition processes as a cultivar.
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