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Introduction

Abstract

Salicylic acid is an important regulator that plays a role in plant
defense mechanisms, promotes the synthesis of secondary metabolites
such as resveratrol, and functions in coordination with other plant
hormones. Moreover, it may contribute to the formation of physiological
and structural connections between the scion and the rootstock by
accumulating at the graft interface.

Although several studies have been reported in the literature on
the role of salicylic acid in plant physiology, its use in grafting
applications remains limited. In this study, the use of salicylic acid in
water stratification was evaluated, and its effectiveness was assessed
according to rootstock sprouting status.

As a result, particularly under non-sprouted rootstock conditions,
the 125 ppm salicylic acid treatment resulted in more favorable graft
performance, including higher callus formation (86.7%) and advanced
callus development (61.7%), with a mean callus level of 65.0% (2.6). This
treatment also improved scion bud sprouting (25.0%) and rooting
(31.7%), while reducing discard rate (28.3%) and showing a basal decay
rate of 66.7%.

These findings indicate that salicylic acid has potential to be used
in the omega bench grafting procedure for cv. Sultani Cekirdeksiz.
Therefore, further research is needed to determine the optimum salicylic
acid dose and appropriate application methods in grafted grapevine
production.

et al, 2024), and contributes to antioxidant
defense by modulating reactive oxygen species

Salicylic acid (SA) is a phenolic acid (ROS) and maintaining  cellular  redox

derived from cinnamic acid, characterized by an
aromatic ring bearing hydroxyl and carboxyl
functional groups, and is recognized as an
important secondary metabolite with hormone-
like functions in plants (Hassoon and
Abduljabbar, 2020). SA is widely described as a
multifunctional signaling molecule involved in
plant defense and stress responses. It plays a
key role in the regulation of wound-induced
defense mechanisms, including the
hypersensitive response and systemic acquired
resistance (Herrera-Vasquez et al,, 2015; Mishra

homeostasis (Herrera-Vasquez et al.,, 2015; Salem
et al, 2021; Yang et al,, 2023).

Salicylic acid enhances plant tolerance to
both biotic and abiotic stresses (Rivas-San
Vicente and Plasencia, 2011; Fu et al.,, 2021; Yang
et al, 2023). It can be transported through both
xylem and phloem tissues, enabling long-
distance signaling within the plant. In grafted
plants, SA has been shown to play a role in
rootstock—scion communication, and to regulate
physiological processes associated with stress
adaptation (Fu et al., 2021).
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The effects of salicylic acid on callus
formation and plant tissue culture systems have
been demonstrated in various plant. Studies
have reported that SA enhances callus growth,
and promotes the accumulation of secondary
metabolites under stress conditions in crops
such as tomato, pepper, and sunflower (Koc,
2013; Farghaly et al., 2021; Golkar et al., 2019).
Furthermore, SA has been shown to stimulate
callus development, organogenesis and somatic
embryogenesis (Shetty et al., 1992; Luo et al.,
2001; Malabadi et al., 2008; Bezirganoglu and
Yazicilar, 2023).

Notably, studies on grapevine (Vitis spp.)
highlight a particularly pronounced role of
salicylic acid in regulating callus formation and
secondary metabolism. In Vitis amurensis cell
cultures, SA was reported to selectively reduce
cytosine DNA methylation of stilbene synthase
genes, thereby  enhancing resveratrol
production (Kiselev et al., 2015). Similarly, in
grapevine callus cultures (Vitis vinifera var.
Isabelle), SA application promoted callus
proliferation (Mihai et al., 2009).

Although salicylic acid is not traditionally
considered a primary callus-inducing hormone,
it has been shown to accumulate at graft
junctions, indicating its involvement in graft
union formation. SA participates in rootstock—
scion interactions and enhances the adaptive
capacity of grafted plants, particularly under
stress conditions (Fu et al., 2021; Zhang et al.,
2022). In addition, SA exhibits coordinated
temporal accumulation with other plant growth
regulators such as auxin, abscisic acid and
jasmonic acid at the graft interface, with
patterns varying depending on the rootstock—
scion combination (Kawaguchi et al., 2024).

Korkutal and Ockun (2015) reported that
SA reduced the discard rate of grafted cuttings
but negatively affected sprouting and rooting.
In contrast, Kok and Bahar (2017) observed
increased sprouting rates and a higher
percentage of callused cuttings following SA
application.  Pavlyuchenko et al. (2021)
demonstrated that low concentrations of SA
promoted callus formation, whereas higher
concentrations inhibited rooting and shoot
development.

In the light of these findings, further
investigation is needed to clarify the effects of
salicylic acid on graft union formation and
physiological responses in grafted grapevine

cuttings. Although salicylic acid has been widely
studied in relation to plant stress responses,
callus formation, and grafting physiology, its
application during water callusing (defined as
the placement of paraffin-treated grafted
cuttings in water-filled containers) of grafted
grapevine cuttings remains largely unexplored.
Therefore, the application of salicylic acid
during water callusing represents a novel
approach in grafted grapevine propagation.
Accordingly, the present study aimed to
evaluate the effects of different salicylic acid
concentrations under different rootstock
sprouting statuses on callusing, rooting,
sprouting, and overall performance of bench-
grafted grapevine cuttings in water callusing
conditions.

Material and Methods

This study was conducted in 2024-2025
at the Viticulture Laboratory. cv. Sultani
Cekirdeksiz scions and cuttings of a grapevine
rootstock morphologically identified as 41B
(Vitis berlandieri x V. riparia) were used as plant
material.

The scions were unburst, while the
rootstock cuttings had two different sprouting
statuses: non-sprouted rootstock (NSR) and
sprouted rootstock (SR). In contrast to Korkutal
and Yidirrm (2011), who used unburst scions
and burst scions combined with non-sprouted
rootstocks, the present study specifically
evaluated the effect of rootstock sprouting
status on graft performance. Grafting was
performed using an omega bench grafting
machine. The grafted cuttings were then
paraffined using a commercial grafting paraffin
with a melting point of 70-80 °C.

Following paraffin  application, the
grafted cuttings were subjected to callusing
under water-based conditions (water
stratification, defined as the placement of
paraffin-treated grafted cuttings in water-filled
containers), hereafter referred to as “water
callusing” (Korkutal and Ockun, 2015). In various
studies, water callusing was forefront about
sappling yield and growing (Maltabar and
Zhdamarova, 1980; Cangi et al., 2000). The
cuttings were placed obliquely in plastic
containers (approximately 30 cm in height, 26
cm bottom diameter, and 30 cm top diameter)
containing 2 L of water; under these conditions,
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approximately the basal 5-10 ¢cm portion of the
cuttings remained submerged in water. And
throughout the experimental period, the water
was renewed every three days to prevent the
accumulation of phenolic compounds and
microbial growth.

The experimental treatments consisted of
six combinations: non-sprouted rootstock (NSR)
+ control (0 ppm SA), NSR + 125 ppm SA, NSR
+ 250 ppm SA, sprouted rootstock (SR) +
control (0 ppm SA), NSR + 125 ppm SA, and SR
+ 250 ppm SA. Salicylic acid concentrations
were selected based on previous studies
reporting physiological responses of grapevine
grafted cuttings to SA within a relatively wide
concentration range. For example, Korkutal and
Ockun (2015) applied SA at 0, 250, 500, and
1000 ppm in grafted grapevine cuttings.
Considering that higher concentrations may
induce inhibitory or stress-related effects,
intermediate concentrations (125 and 250 ppm)
were selected in the present study to evaluate
dose-dependent responses without causing
potential phytotoxicity.

Salicylic acid (ACS reagent grade, 299.0%
purity; Sigma-Aldrich) solutions were prepared
by directly dissolving 250 mg and 500 mg of
salicylic acid in 2 L of water to obtain final
concentrations of 125 ppm and 250 ppm,
respectively. The solutions were thoroughly
mixed until complete dissolution was achieved.
No organic solvent or additional dissolving
agent was used during solution preparation, as
the concentrations employed in the present
study were well below the reported aqueous
solubility of salicylic acid (approximately 2 g L™
at 20 °C) (Sigma-Aldrich, 2026). Tap water was
used throughout the experiment and renewed
every three days. In the SA treatments, the
solutions were renewed with freshly prepared
SA solutions at each water change. The control
treatment represented the conventional water
callusing practice and consisted of 2 L of water
supplemented with approximately 40 g of
activated charcoal. In the SA treatments,
activated charcoal was omitted and replaced
with SA solutions.

The grafted cuttings were kept in a
callusing room for three weeks. Environmental
conditions were maintained at 28-30 °C during
the first week, 26-28 °C during the second
week, and 24-26 °C during the third week, with
relative humidity maintained at 80-90%. This
was followed by a one-week acclimatization

period at 22-24 °C and 50-55% relative
humidity.

At the end of the callusing period (21
days), the following parameters were evaluated:
percentage of grafted cuttings forming callus
(%), percentage of grafted cuttings with well-
developed callus (levels 3—4), mean callus level
(1-4), distribution of callus levels (%),
percentage of discarded cuttings (levels 0-1),
percentage of grafted cuttings with sprouted
scions (%), shoot length (cm), rooting
percentage (%), root number and root length
(cm), percentage of grafted cuttings with basal
decay (%), and the relationship between callus
level and subsequent development of grafted
cuttings.

The percentage of grafted cuttings
forming callus (%) was calculated as the
proportion of grafted cuttings exhibiting visible
callus formation at the graft union relative to
the total number of grafted cuttings and
expressed as a percentage (Korkutal and Ockun,
2015).

Mean callus level (1-4) was calculated
using a weighted scoring approach. Callus
development at the graft union was assessed
on a 0-4 scale, where 0 = no callus formation
(0%), 1 = unilateral callus formation (25%), 2 =
bilateral callus formation (50%), 3 = three-sided
callus formation (75%), and 4 = complete
circumferential callus formation (100%) around
the graft union. The mean callus level was then
calculated by multiplying the number of grafted
cuttings in each category by their respective
scores, summing the values, and dividing by the
total number of grafted cuttings as follows:
[(Oxng + Txn1 + 2%xNny + 3xn3 + 4xn,) / N] x
100, where ng—n, represent the number of
cuttings in each category and N is the total
number of grafted cuttings (Alco et al.,, 2015).

The percentage of grafted cuttings with
well-developed callus (levels 3-4) was
calculated as the proportion of grafted cuttings
exhibiting three-sided and complete
circumferential callus formation at the graft
union relative to the total number of grafted
cuttings and expressed as a percentage.

The distribution of callus levels (%) was
determined by calculating the percentage of
grafted cuttings in each callus category relative
to the total number of grafted cuttings,
according to the 0-4 scale described above
(Alco et al., 2015).

The percentage of discarded cuttings
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(levels 0-1) was calculated as the proportion of
grafted cuttings showing no callus formation
and unilateral callus formation relative to the
total number of grafted cuttings and expressed
as a percentage (Korkutal and Yildirim, 2011).

The percentage of grafted cuttings with
sprouted scions (%) was calculated as the
proportion of grafted cuttings showing scion
sprouting relative to the total number of
grafted cuttings and expressed as a percentage.
Shoot length (cm) was measured using a ruler,
and the total shoot length values were summed
and divided by the total number of grafted
cuttings to obtain the mean shoot length
(Korkutal and Yildirim, 2011).

The rooting percentage (%) was
calculated as the proportion of grafted cuttings
that formed roots relative to the total number
of grafted cuttings and expressed as a
percentage. Root number was determined by
counting roots with a length of at least 1 cm on
each grafted cutting, and the total number was
divided by the total number of grafted cuttings
to obtain the mean root number. Root length
(cm) was measured using a ruler for roots of at
least 1 cm, and the total root length values were
summed and divided by the total number of
grafted cuttings to obtain the mean root length.

The percentage of grafted cuttings with
basal decay (%) was calculated as the
proportion of grafted cuttings showing
browning and decay in the basal 3-5 cm
portion relative to the total number of grafted
cuttings and expressed as a percentage. Basal
decay was assessed by removing the bark and a
portion of the wood tissue from the basal 3-5
cm of the cutting using a knife, and evaluating
discoloration and tissue degradation in this
region (Korkutal and Yildirim, 2011).

The relationship between callus level and
subsequent development of grafted cuttings
was assessed by quantifying the distribution of
scion sprouting, root formation, and basal
decay across callus levels (0-4).

The experiment was arranged according
to a completely randomized design (CRD) with
three replications, each consisting of 20
cuttings. Statistical analyses were performed
using Minitab 16 software, and mean
differences were determined using Tukey's test
at P < 0.05.

Results and Discussion
Percentage of grafted cuttings forming callus (%)

Callus formation at the graft zone was
significantly affected by rootstock sprouting
status, salicylic acid (SA) treatments and their
interaction. Sprouted rootstocks exhibited a
slightly higher overall mean (79.4%) than non-
sprouted rootstocks (77.8%). Among the
treatments, 125 ppm SA resulted in the highest
overall mean (81.7%). A significant interaction
between factors was observed: in the non-
sprouted 41B/Sultani Seedless graft
combination (NSR), 125 ppm SA gained the
highest percentage of grafted cuttings forming
callus (86.7%), whereas in the sprouted
combination (SR), the highest value was
obtained with 250 ppm SA (85.0%) (Table 1;
Figure 1).

Percentage of grafted cuttings with well-
developed callus (Levels 3—4)

The proportion of grafted cuttings with
well-developed callus was significantly affected
by rootstock sprouting status, SA treatments,
and their interaction (Table 1; Figure 1).
Sprouted rootstocks exhibited higher overall
values than non-sprouted rootstocks (55.6% :
48.3%). Among the treatments, 125 ppm SA
resulted in the highest overall mean (57.5%).
Interaction effects indicated that 125 ppm SA
was most effective in NSR (61.7%), whereas
control treatments showed higher values in SR
(65.0%).

Mean callus level (1-4)

The mean callus level was significantly
affected by the interaction between rootstock
sprouting status and SA treatments (Table 1;
Figure 1). In NSR, 125 ppm SA resulted in the
highest mean callus level [2.6 (65.0%)], whereas
the control and 250 ppm SA treatment showed
lower, and similar values [2.0 (50.0%)]. In
contrast, in SR, both SA treatments resulted in
lower values than the control [2.2 (55.0%) and
2.3 (57.5%) vs. 2.5 (62.5%)]. Regarding main
effects, sprouted rootstocks had higher overall
means [24 (60.0%)] than non-sprouted
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Table 1. Effects of salicylic acid (SA) treatments and rootstock sprouting status on callus formation, advanced
callus formation and mean callus level of grafted cuttings (%).

Callus formation

Advanced callus formation Mean callus level

Control 76.7° 41749 50.0 (2.0)

NSR 125 ppm SA 86.7° 61.7° 65.0 (2.6) *

250 ppm SA 70.0 41.7¢ 50.0 (2.0)

Control 767° 65.0° 62.5(2.5) ?

SR 125 ppm SA 76.7° 533° 55.02.2)°

250 ppm SA 85.0° 483 ¢ 57.5(2.3)"

Main effect of Control 7678 5338 57.5(2.3)8
e 125 ppm SA 81.74 57.54 60.0 (2.4) A
250 ppm SA 7758 450¢ 52.5 (2.1) €

Main effect of NSR 7788 4838 55.0 (2.2) ®
sprouting status SR 7944 55.6* 60.0 (2.4)

* Different lowercase letters indicate significant differences among treatments within each sprouting status (p
< 0.05), while uppercase letters indicate significant differences among main effects of treatment.

m Callus formation

m Advanced callus formation

= Mean callus level

30 -

10

Control

Control | 125ppm

SA

250 ppm
SA

125ppm
SA

SR

250 ppm

Control | 125 ppm NSR SR

SA

250 ppm
SA

SA

Main effect of treatment Main effect of

sprouting status

Figure 1. Callus formation, advanced callus formation, and mean callus level of grafted cuttings under
different SA treatments and rootstock sprouting conditions (%).

rootstocks [2.2 (55.0%)], and the highest overall
mean was obtained with 125 ppm SA [24
(60.0%)].

Distribution of callus levels (%)

The percentage distribution across callus
levels (0-4) revealed clear shifts toward higher
callus classes as depending on rootstock
sprouting status and SA treatments (Table 2;
Figure 2). At callus level 4 (complete callusing),
the highest percentages were observed in the
SR control group (40.0%) and in NSR treated
with 125 ppm SA (38.4%). A similar trend was
observed at level 3, where NSR with 125 ppm
SA (23.3%) and the SR control (25.0%) showed
relatively higher proportions. In contrast, lower
callus levels exhibited treatment-specific shifts.

At level 2, 125 ppm SA resulted in the lowest
percentages under both sprouting conditions.
Level 1 was more pronounced in the NSR
control and in SR treated with 250 ppm SA.
Finally, level 0 (no callusing) was reduced in
NSR treated with 125 ppm SA and in SR treated
with 250 ppm SA.

Discarded cuttings (0-1 callus levels)

The sum of the percentages of non-
callused (level 0) and one-sided callused (level
1) grafted cuttings was classified as discarded
cuttings. Similarly, Korkutal and Yildirnm (2011)
determined the percentage of discarded
grafted cuttings by including non-callused
cuttings in  the evaluation. The Ilowest
percentage was observed in 125 ppm SA
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Table 2. Percentage distribution of grafted grapevine cuttings according to callus levels (0-4) at the graft zone
as affected by rootstock sprouting status and salicylic acid treatments (%)

Rootstock sprouting Callus levels
status Treatment 0 1 2 3 4
Control 23.3 cdef 20.0 def9 15.0 9hi 18.3 efoh 23.4 cdef
Non-sprouted (NSR) 125 ppm SA  13.3 9" 15.0 9hi 10.0 ¥ 23.3 cdef 38432
250 ppm SA 300 11,6 hik 16.7 foh 15,0 9h 26.7 bcd
Control 23.3 cdef 6.7 50X 25.0 cde 40.0°
Sprouted (SR) 125 ppm SA  26.7 b 33! 16.7 fohi 20.0 defo 33.3%®
250 ppm SA  15.0 9" 13.3 9 233 cdef 20.0 ¢fo 284 b¢

*Different lowercase letters indicate significant differences among treatments within each sprouting status (p
< 0.05), while uppercase letters indicate significant differences among main effects of treatment.

amn
90% - ' 23,40% 26,70%
20% = ’ 38,40% 33,30%
70% 18,30%
60% | 2 20,00%
s50% | z 23,30% I—-
A40%
30%
20%
10% |
0% = :
Control 125 ppm SA 250 ppm SA Control 125 ppm SA | 250 ppm SA
MNon-sprouted (NSR) Sprouted (SR)

Figure 2. Percentage distribution of grafted grapevine cuttings according to callus levels (0-4) at the graft
zone under different rootstock sprouting statuses and salicylic acid treatments.
*Values represent the percentage distribution of grafted cuttings across callus levels (0—4). NSR: non-sprouted rootstock;

SR: sprouted rootstock; SA: salicylic acid.

treatment in NSR (28.3%), whereas no
statistically significant differences were found
among treatments in SR. Regarding the main
effects, sprouted rootstocks exhibited lower
overall means (28.3%) than non-sprouted
rootstocks (37.8%). Among the treatments, 125
ppm SA resulted in the lowest overall mean
(27.5%) (Table 3; Figure 3).

Percentage of grafted cuttings with sprouted
scion (%)

The percentage of grafted cuttings with
sprouted scions varied depending on
treatments and sprouting status. The highest
percentage was observed in 125 ppm SA
treatment in NSR (25.0%). In SR, 250 ppm SA
treatment and the control were statistically
similar (16.7% and 15.0%, respectively), whereas
125 ppm SA treatment showed the lowest
percentage (6.7%). Considering the main

effects, NSR cuttings exhibited higher overall
means (18.3%) than SR cuttings (12.8%).
However, differences among the treatments
were not statistically significant (Table 3; Figure
3).

Shoot length of grafted cuttings

Scion shoot length did not differ
significantly among treatments or according to
rootstock sprouting status. Values ranged from
0.3 to 0.5 cm with no statistically significant
differences among treatments (n.s.).

Percentage of grafted cuttings rooting (%)

The highest percentage was obtained
with 125 ppm SA in NSR (31.7%). Although SA
treatments resulted in higher percentages in SR,
differences among treatments were not
statistically significant. Considering the main
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Table 3. Effects of salicylic acid (SA) treatments and rootstock sprouting status on discarded cuttings, scion
sprouting, rooting, and basal decay in grafted cuttings (%).

Discarded cuttings  Sprouted scion  Rooting Basal decay
Control 433° 16.7° 16.7° 71.7%
NSR 125 ppm SA 28.3° 25.0° 31.7° 66.7 °
250 ppm SA 417" 13.3° 10.0° 80.0°
Control 30.0°2 15.0° 10.0° 717
SR 125 ppm SA 26.7°2 6.7°¢ 16.7° 73.3%
250 ppm SA 28.3° 16.7° 13.3° 71.7%
. Control 36.7°8 15.8 "= 1338 71.7%8
M:r'za‘:rfic;t"f 125 ppm SA 2754 15.8 " 2424 7002
250 ppm SA 3508 15.0 "= 1178 7588
Main effect of NSR 37868 1834 19.4 A 728"+
sprouting status SR 2834 12.88 1338 722"

* Different lowercase letters indicate significant differences among treatments within each sprouting status
(p < 0.05). while uppercase letters indicate significant differences among main effects of treatment.

effects, NSR cuttings exhibited higher overall
means (19.4%) than SR cuttings (13.3%). Among
the treatments, 125 ppm SA produced the
highest overall mean (24.2%) (Table 3; Figure 3).

Root number

The root number of grafted cuttings did
not differ significantly among treatments or
according to rootstock sprouting status. Values
ranged from 0.5 to 3.6 number with no
statistically significant differences observed
(n.s.).

Root length

Grafted cuttings treated with 125 ppm SA

had the highest mean root length in NSR (1.8
c¢m). Although the mean root lengths of SA
treatments were higher than the control in SR,
differences were not statistically significant.
Considering the main effects, NSR and SR were
statistically similar. Among the treatments, the
highest overall mean root length was observed
with 125 ppm SA (14 cm), followed by the
control (0.7 cm) (Table 4).

Percentage of grafted cuttings with basal decay
(%)

The lowest basal decay was observed in
the 125 ppm SA treatment in NSR (66.7%),
whereas the highest value was recorded in the
250 ppm SA treatment in NSR (80.0%), while no

o0

@A Dizcarded cuttings

B0

@ sprouted scion

B Rooting O EBasal decay

M5R SR

Main effect of
sprouting status

Main effect of treatment

Figure 3. Effects of salicylic acid (SA) treatments and rootstock sprouting status on discarded cuttings, scion
sprouting, rooting, and basal decay in grafted cuttings (%).
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Table 4. Root length average of the grafted cuttings (cm)

Rootstock sprouting status Control 125Tpr§?:22nt 250 ppm SA Main effect of sprouting status
Non-sprouted (NSR) 06" 182 02°b 029ns.
Sprouted (SR) 09°° 10 07 09"
Main effect of treatment 0.7 "8 14A 0458

*Different lowercase letters indicate significant differences among treatments within each sprouting status (p <
0.05), while uppercase letters indicate significant differences among main effects of treatment.

significant differences were observed among At higher callus levels (3 and 4), the
treatments in SR. Considering the main effects, number of grafted cuttings showing scion
NSR and SR were statistically similar. Among sprouting and root formation increased.

the treatments, 125 ppm SA was in the same Callus level 4 showed the highest counts
statistical group as the control (Table 3; Figure for grafted cuttings, scion sprouting and root
3). formation in both NSR and SR groups.

Among the treatments, 125 ppm SA was
associated with relatively higher counts of
grafted cuttings with scion sprouting and root
formation at callus level 4, particularly in NSR

Relationship between callus level and subsequent
development of grafted cuttings

As the number of cuttings within each
callus level differed among treatments, the data group.
were presented as counts rather than
percentages (Figure 4).

At the lowest callus levels (0 and 1), scion
sprouting was absent or very limited in both
rootstock sprouting groups (NSR and SR). Root
formation was also minimal at these levels,
whereas basal decay was more frequently
observed.

At intermediate callus level (2), the first
instances of scion sprouting and root formation
were observed, although their frequency
remained low. Basal decay was still present at

Salicylic acid (SA) application exerted
treatment-dependent  effects that were
influenced by the physiological status of the
rootstock. In the present study, the 125 ppm SA
treatment under NSR conditions promoted
higher callus development, as reflected by
increased proportions of advanced callus
formation (levels 3-4) and higher mean callus
scores. In contrast, under SR conditions, SA
treatments, particularly at 250 ppm, did not
consistently enhance callus development and in
some cases showed values similar to or lower
than the control. These findings suggest that

this level. . - .
the response to SA is closely associated with
9
8
) AN\
6 ==Grafted cuttings ==Scion sprouting ==Root formation ==Basal decay /\ / \
N
; _ / VA
+ NN\ / \ /Y
W YN ~ N /
> N\ VNN 2 DA/ 7 N/
1 V. \\ /N A\ 4
\ b I / N
0 1t b | ] o \7
518 & & 3 & & TEETE B T F S T F 3 TEFE T FE G TEF|T S
€ 5§ £ E §E £ € E £ E|E E E E E E E E E E £ EE E E E E E|§ E E
£ sggdzg S=2gd8zg 32232z 3223822 3S& 238 &z
w o n o wn o wn (=] w (=] w o wn o n o wn o wn (=]
~ wn o~ wn o~ ] o~ wn ~ wn ~ wn ~ wn o~ wn o~ ] o~ wn
- ~ - ~ - o~ - ~ - o~ - ~ - ~ - ~ - o~ - o~
NSR SR NSR SR NSR SR NSR SR NSR SR
1] 1 2 3 4

Figure 4. Total number of grafted cuttings and numbers showing scion sprouting, rooting, and basal decay at
each callus level.
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the physiological condition of the rootstock and
its capacity for callus formation.

The higher grafting success observed in
non-sprouted rootstocks (NSR) under 125 ppm
salicylic acid (SA) treatment may be associated
with the maintenance of carbohydrate reserves
and a more favorable physiological status for
callus initiation and graft union formation (Pina
and Errea, 2005; Hartmann et al,, 2011). In NSR
cuttings, the absence of shoot development
likely allowed a greater allocation of assimilates
toward callus formation and graft union
development between the rootstock and scion.
In addition, SA is known to function as a key
signaling molecule that modulates stress-
related pathways and enhances antioxidant
defense systems, thereby improving cellular
protection and tissue regeneration at wound
sites (Vlot et al., 2009; Hayat et al., 2010), which
may further support graft union development.
In contrast, the limited response of sprouted
rootstocks (SR) to SA application may be
explained by the depletion of carbohydrate
reserves due to active shoot growth and the
resulting competition between shoot
development and graft union formation (Taiz et
al., 2015; Keller, 2020). Furthermore, the altered

endogenous  hormonal  balance  during
sprouting, particularly involving auxin and
cytokinin  redistribution, may reduce the

effectiveness of SA-mediated stimulation of
callus development, as hormonal signaling is
strongly associated with vascular differentiation
and cambial activity during graft union
formation (Aloni et al, 2010). These
physiological constraints in sprouted rootstocks
(SR) may therefore diminish the positive effects
of SA observed in non-sprouted rootstocks
(NSR). Overall, the differential response
between NSR and SR rootstocks can be
attributed to source—sink relationships and the
interaction  between SA  signaling and
endogenous phytohormonal balance, where SA
acts as a regulatory signal rather than a growth
hormone interacting within the auxin—cytokinin
network (Vlot et al., 2009; Rivas-San Vicente and
Plasencia, 2011).

Callus development plays a critical role in
graft union formation. Advanced callus
formation (levels 3-4) indicates improved
cambial contact, enhanced cell division, and the
initiation of vascular connections between the
scion and rootstock. In contrast, low callus

levels (0—2) were generally associated with basal
decay and reduced graft success, indicating
insufficient tissue regeneration at the graft
interface. These results highlight the importance
of adequate callus formation for successful graft
union development and subsequent nursery
plant establishment.

The present findings are in agreement
with previous studies reporting the effects of SA
on callus formation. Korkutal and Ockun (2015)
reported that 250 ppm SA increased callus
formation when applied directly to the graft
interface of grafted cuttings before paraffin
treatment. Similarly, Kok and Bahar (2017)
found that SA treatments (2.5-10 mM) applied
after grafting increased the percentage of
callused grafted cuttings. Pavlyuchenko et al.
(2021) reported that dipping the upper part of
rootstock cuttings in salicylic acid solutions
(102,107, 107%, and 1078) for 2-3 seconds prior
to grafting influenced callus formation with the
10™® concentration showing more pronounced
callus activity. These studies, together with the
present results, indicate that both SA
concentration and application timing are
important factors affecting graft performance.

Salicylic acid is known to function as a
key signaling molecule involved in plant
defense responses and stress regulation. It may
enhance tolerance to the wounding stress
associated with grafting, and contribute to
improved healing processes (Prachi et al., 2002;
Kog, 2013; Maksimov et al., 2014; Fu et al,, 2021;
Ahmed et al., 2025). SA may also accumulate at
the graft union and play a role in regulating
cellular activities during tissue regeneration
(Kawaguchi et al., 2024).

In addition to its role in modulating
growth and hormonal signaling, salicylic acid
(SA) may also have contributed to alleviating
hypoxia-related stress conditions induced by
the water stratification system. Prolonged
immersion of grafted cuttings in water can
restrict oxygen availability, leading to hypoxic
conditions and subsequent oxidative stress due
to the accumulation of reactive oxygen species
(ROS) (Bailey-Serres and Voesenek, 2008;
Sasidharan et al., 2017). Salicylic acid is known
to enhance antioxidant defense mechanisms
through the stimulation of enzymes such as
superoxide dismutase, catalase, and peroxidase,
thereby reducing oxidative damage and
improving stress tolerance under adverse
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environmental conditions (Hayat et al, 2010;
Khan et al., 2015). Therefore, SA application may
have contributed to protecting the developing
callus bridge and maintaining cellular integrity
under hypoxia-prone stratification conditions.

In addition, SA has been reported to
influence phenolic metabolism and secondary
metabolite pathways, which are closely
associated with callus formation and graft
compatibility (Ibrahim et al, 2014; Ghasimi
Hagh et al,, 2018; Khan et al,, 2019; Nazir et al.,
2021; Tarigholizadeh et al, 2021). One
important mechanism is the stimulation of
stilbene biosynthesis. In Vitis amurensis cell
cultures, SA treatment reduced cytosine DNA
methylation, which activated stilbene synthase
expression, and increased resveratrol
production (Kiselev et al, 2015). Since
resveratrol is associated with plant defense and
stress tolerance, this pathway may contribute to
improved graft union formation and tissue
stability.

Furthermore, SA has been reported to
promote callus development and tissue
differentiation processes that are essential for
successful graft union formation (Shetty et al.,
1992; Luo et al, 2001; Malabadi et al., 2008;
Mihai et al., 2009; Bezirganoglu and Yazicilar,
2023). In particular, SA has been shown to
enhance callus proliferation in grapevine calli
(Vitis vinifera var. Isabelle), highlighting its role
in tissue regeneration (Mihai et al, 2009). The
combined effects of these physiological and
molecular mechanisms may explain the
improved  graft performance  observed,
particularly under the 125 ppm SA treatment in
NSR conditions.

Regarding graft performance, SA
application generally reduced the percentage of
discarded cuttings with the most favorable
results observed in the NSR condition under
125 ppm SA. This treatment also resulted in
higher values for scion sprouting and rooting.
In SR conditions, SA treatments did not
significantly enhance scion bud sprouting,
although some increases in rooting were
observed; these differences, however, were not
statistically significant. Basal decay was not
significantly affected by SA treatments in either
rootstock condition, suggesting that SA
primarily influences regenerative processes
rather than decay under the conditions of this
study.

These findings are consistent with
previous studies reporting that SA can
modulate grafting success parameters in

grapevine and other species. For instance,
Korkutal and Ockun (2015) reported that SA
reduced discard rates but negatively affected
sprouting, shoot length, and rooting, while
increasing basal decay in grafted cuttings.
Similarly, Kok and Bahar (2017) observed that
SA did not improve bud viability or shoot
length but increased sprouting at certain
concentrations. In contrast, Pavlyuchenko et al.
(2021) demonstrated concentration-dependent
effects of SA, with some treatments initially
suppressing early growth parameters but
enhancing plant performance traits after
nursery establishment.

The superior performance of the 125
ppm SA treatment compared with 250 ppm SA
suggests a dose-dependent response. Salicylic
acid functions as a signaling molecule at
relatively low concentrations, where it can
enhance stress tolerance, antioxidant activity,
and tissue regeneration processes (Hayat et al,,
2010; Rivas-San Vicente & Plasencia, 2011).
However, increasing SA concentrations may
alter cellular homeostasis and induce inhibitory
effects, as frequently reported for plant growth
regulators and signaling compounds exhibiting
concentration-dependent responses (Hayat et
al., 2010; Khan et al., 2015). Therefore, while 125
ppm SA may have promoted physiological
processes  associated with graft union
formation, the 250 ppm treatment may have
approached a physiological threshold at which
the beneficial effects of SA were reduced,
resulting in less pronounced improvements in
grafting traits.

Overall, the results indicate that higher
callus development is closely associated with
improved graft performance. Advanced callus
formation was linked to increased scion
sprouting and rooting, whereas low callus levels
were associated with basal decay and reduced
graft success. These findings suggest that
optimizing SA concentration, together with
considering rootstock physiological status, is
important for achieving successful graft union
formation and subsequent nursery plant
establishment.

It should be noted that activated charcoal
was applied only in the control treatment as
part of the conventional water callusing
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practice, whereas activated charcoal was
omitted from the SA treatments and replaced
with salicylic acid solutions. Therefore, the
present study compared the conventional water
callusing method with SA-treated water
callusing. Future studies including (a) water-
only, (b) activated charcoal-only, (c) SA-only,
and (d) combined activated charcoal + SA
treatments would provide further insight into
their individual and interactive effects.

Conclusion

The application of salicylic acid (SA) in
the stratification medium was evaluated for its
potential to enhance stress tolerance and
physiological activity during graft union
formation. The results demonstrated that SA
treatments improved several parameters
associated with graft success in grapevine
cuttings. Among the tested concentrations, 125
ppm SA generally provided more favorable
results than both the control and 250 ppm SA,
indicating a concentration-dependent response
in grafted cuttings consisting of cv. Sultani
Cekirdeksiz scions and 41B rootstock.

In addition, rootstock sprouting status
significantly influenced graft performance. SA

application was more effective in grafted
cuttings  with  non-sprouted  rootstocks,
suggesting  that rootstock  physiological

condition affects the response to SA treatment.

Overall, the findings indicate that salicylic
acid has potential for use in omega bench
grafting of cv. Sultani Cekirdeksiz. Among the
tested concentrations, 125 ppm SA provided

the most favorable results, particularly in non-
sprouted rootstocks. Therefore, under the
conditions of the present study, the application
of 125 ppm SA during the water stratification
stage may be considered a promising practical
approach for improving graft union formation
and reducing propagation losses in commercial
grapevine nurseries. Nevertheless, further
studies are required to optimize SA
concentrations and application methods under
different propagation conditions.

Ethical Approval

Ethics certificate is not

required.

committee

Acknowledgments

The author would like to thank all editors,
reviewers who read and contributed to the final
version of the text.

Conflicts of Interest

The authors declare that there is no
conflict of interest.

Author Contribution

All authors contributed equally to the

study conception, design, data collection,
analysis, and manuscript preparation. All
authors read and approved the final
manuscript.



60 Arik et al. / Viticulture Studies (VIS) 2026, 6(2): 49-62

REFERENCES

Ahmed, Z. S, Salim, A. M., Al-Dur, E. T. H., Al-Chalabi, A. T. M., Sanam, M. A, Dargiri, S. A., & Meftahizade, H.
(2025). Optimizing micropropagation and microcorm induction in saffron (Crocus sativus L.) using PGRs
(NAA and BAP) and elicitor salicylic acid. BMC Plant Biology, 25(1), 877. https://doi.org/
10.1186/s12870-025-06900-4.

Alco, T, Dardeniz, A, Saglam, M., Ozer, C. & Acikbas, B. (2015). Asili asma fidani Gretiminde farkli cesit/anac
kombinasyonlarinin asi odasi randimani ile kallus gelisim dlzeyi Uzerine etkileri. Selcuk Tarim ve Guda
Bilimleri Dergisi, 27, 8-16.

Aloni, R, Aloni, E,, Langhans, M., & Ullrich, C. I. (2006). Role of cytokinin and auxin in shaping root architecture:
regulating vascular differentiation, lateral root initiation, root apical dominance and root gravitropism.
Annals of botany, 97(5), 883-893. https://doi.org/10.1093/aob/mcl027.

Bailey-Serres, J., & Voesenek, L. A. C. J. (2008). Flooding stress: Acclimations and genetic diversity. Annual
Review of Plant Biology, 59, 313-339. https://doi.org/10.1146/annurev.arplant.59.032607.092752.
Bezirganoglu, I, & Yazicilar, B. (2023). Salicylic acid improves somatic embryogenesis system in triticale using

mature embryos. Eurasian Journal of Molecular and Biochemical Sciences, 2(1), 14-18.

Cangi, R, Balta, F., Dogan, A. (2000). Asili asma fidani Uretiminde kullanilan katlama ortamlarinin fidan
randiman ve kalitesi lzerine etkilerinin anatomik ve histolojik olarak incelenmesi. Turkish Journal of
Agriculture and Forestry, 24(3), 393-398.

Farghaly, F. A, Salam, H. K, Hamada, A. M., & Radi, A. A. (2021). The role of benzoic acid, gallic acid and
salicylic acid in protecting tomato callus cells from excessive boron stress. Scientia Horticulturae, 278,
109867. https://doi.org/10.1016/j.scienta.2020.109867.

Fu, X, Feng, Y. Q, Zhang, X. W., Zhang, Y. Y., Bi, H. G., & Ai, X. Z. (2021). Salicylic acid is involved in rootstock—
scion communication in improving the chilling tolerance of grafted cucumber. Frontiers in Plant
Science, 12, 693344. https://doi.org/10.3389/fpls.2021.693344.

Ghasimi Hagh, Z,, Jokar, S., Bodaghi, H., & Modarres, M. (2018). Effect of salicylic acid and methyl jasmonate on
the production of rosmarinic acid and caffeic acid in callus culture of Salvia lerrifolia Benth. Journal of
Plant Biological Sciences, 10(1), 67-80.

Golkar, P., Taghizadeh, M., & Yousefian, Z. (2019). The effects of chitosan and salicylic acid on elicitation of
secondary metabolites and antioxidant activity of safflower under in vitro salinity stress. Plant Cell,
Tissue and Organ Culture (PCTOC), 137(3), 575-585. https://doi.org/10.1007/s11240-019-01592-9.

Hartmann, H.T., Kester, D.E., Davies Jr., F.T. & Geneve, R.L. (2011) Plant Propagation: Principles and Practices.
8th Edition, Prentice Hall, New Jersey, 915 p.

Hassoon, A. S., & Abduljabbar, I. A. (2020). Review on the role of salicylic acid in plants. In M. Hasanuzzaman,
M. C. M. Teixeira Filho, M. Fujita, T. A. R. Nogueira (eds.) Sustainable Crop Production, p. 1-13. Intech
Open. https://doi.org/10.5772/intechopen.89107.

Hayat, Q, Hayat, S, Irfan, M, & Ahmad, A. (2010). Effect of exogenous salicylic acid under changing
environment: a review. Environmental —and  experimental  botany, 68(1), 14-25.
https://doi.org/10.1016/j.envexpbot.2009.08.005.

Herrera-Vasquez, A, Salinas, P., & Holuigue, L. (2015). Salicylic acid and reactive oxygen species interplay in the
transcriptional control of defense genes expression. Frontiers in plant science, 6, 171.
https://doi.org/10.3389/fpls.2015.00171.

Ibrahim, K. M., Khierallah, H. S., & Hussein, N. H. (2014). Callus growth and somatic embryogenesis as affected
by putrescine and salicylic acid in date palm bream cv. In Proceedings of the Fifth International Date
Palm Conference (pp. 225-229).

Kawaguchi, K., Notaguchi, M., Okayasu, K. Sawai, Y., Kojima, M., Takebayashi, Y., Sakakibara, H., Otagaki, S.,
Matsumoto, S., & Shiratake, K. (2024). Plant hormone profiling of scion and rootstock incision sites and
intra-and inter-family graft junctions in Nicotiana benthamiana. Plant Signaling & Behavior, 19(1),
2331358. https://doi.org/10.1080/15592324.2024.2331358.

Keller, M. (2020). The Science of Grapevines. Third Edition, Cambridge, Massachussetts: Academic Press, 541p.

Khan, M. I. R, Fatma, M., Per, T. S, Anjum, N. A, & Khan, N. A. (2015). Salicylic acid-induced abiotic stress
tolerance and underlying mechanisms in plants. Frontiers in plant science, 6, 462.
https://doi.org/10.3389/fpls.2015.00462.

Khan, T., Khan, T,, Hano, C., & Abbasi, B. H. (2019). Effects of chitosan and salicylic acid on the production of
pharmacologically attractive secondary metabolites in callus cultures of Fagonia indica. Industrial Crops
and Products, 129, 525-535. https://doi.org/10.1016/j.indcrop.2018.12.048.

Kiselev, K. V., Tyunin, A. P, & Karetin, Y. A. (2015). Salicylic acid induces alterations in the methylation pattern
of the VaSTS1, VaSTS2, and VaSTS10 genes in Vitis amurensis Rupr. cell cultures. Plant cell
reports, 34(2), 311-320. https://doi.org/10.1007/s00299-014-1708-2.



https://doi.org/%2010.1186/s12870-025-06900-4.
https://doi.org/%2010.1186/s12870-025-06900-4.
https://doi.org/10.1093/aob/mcl027
https://doi.org/10.1146/annurev.arplant.59.032607.092752
https://doi.org/10.1016/j.scienta.2020.109867.
https://doi.org/10.3389/fpls.2021.693344
https://doi.org/10.1007/s11240-019-01592-9
https://doi.org/10.5772/intechopen.89107.
https://doi.org/10.1016/j.envexpbot.2009.08.005.
https://doi.org/10.3389/fpls.2015.00171
https://doi.org/10.1080/15592324.2024.2331358
https://doi.org/10.3389/fpls.2015.00462
https://doi.org/10.1016/j.indcrop.2018.12.048
https://doi.org/10.1007/s00299-014-1708-2.

Arik et al. / Viticulture Studies (VIS) 2026, 6(2): 49-62 61

Kog, E., 2013. The effect of exogenous proline and salicylic acid application on proline and apoplastic protein
in cold tolerance of pepper callus cultures. International Journal of Agriculture & Biology, 15, 382-385.

Kok, D., & Bahar, E. (2017). Callus formation and shoot characteristics in grafted cuttings of Chardonnay/99R
combination as affected by different doses of salicylic acid and putrescine treatments. In Proceedings
of the 2nd International Balkan Agriculture Congress (p. 636). Tekirdag, Turkiye.

Korkutal, i. ve Ockun, M.A,, 2015, Bagcilikta metil jasmonat (Meja), jasmonik asit (JA) ve salisilik asitin (SA)
asida kallus olusumu Uzerine etkileri. Selcuk Tarum ve Gida Bilimleri Dergisi-A, 27 (Tlirkiye 8. Bagculik ve
Teknolojileri Sempozyumu Ozel Sayist), 217-230.

Korkutal, I, & Yildinm, G. (2011). Asmada asi kaynasma zellikleri Gizerine bazi sitokinin uygulamalarinin etkisi.
Akdeniz Universitesi Ziraat Fakiiltesi Dergisi, 24(1), 1-8. https://izlik.org/JA38KL59WX.

Luo, J. P, Jiang, S. T., & Pan, L. J. (2001). Enhanced somatic embryogenesis by salicylic acid of Astragalus
adsurgens Pall.: relationship with H202 production and H202-metabolizing enzyme activities. Plant
Science, 161(1), 125-132. https://doi.org/10.1016/50168-9452(01)00401-0.

Maksimov, I, Troshina, N., Surina, O., & Cherepanova, E. (2014). Salicylic acid increases the defense reaction
against bunt and smut pathogens in wheat calli. Journal of Plant Interactions, 9(1), 306-314.
https://doi.org/10.1080/17429145.2013.832424.

Malabadi, R. B., Teixeira da Silva, J. A, & Nataraja, K. (2008). Salicylic acid induces somatic embryogenesis
from mature trees of Pinus roxburghii (Chir pine) using TCL technology. Tree and Forestry Science and
Biotechnology, 2(1), 34-39.

Maltabar, L. M., Zhdamarova, A. G. (1980). Effect of stratification methods on graft quality and transplant
production. Sadovodstvo, Vinogradarstvo i Vinodelie Moldavii, 4, 29-31.

Mihai, R, Brezeanu, A., & Cogalniceanu, G. (2009). Aspects of some elicitors influence on nonmorphogenic
callus of Vitis vinifera var. Isabelle. Romanian Biotechnological Letters, 14(4), 4511-4518.

Mishra, S., Roychowdhury, R., Ray, S., Hada, A., Kumar, A., Sarker, U,, ... & Das, R. (2024). Salicylic acid (SA)-
mediated plant immunity against biotic stresses: an insight on molecular components and signaling
mechanism. Plant Stress, 11, 100427. https://doi.org/10.1016/j.stress.2024.100427.

Nazir, S., Jan, H., Zaman, G., Ahmed, N., Drouet, S., Hano, C., & Abbasi, B. H. (2021). Synergistic effects of
salicylic acid and light stress on bioactive metabolites in basil callus cultures. Biocatalysis and
agricultural biotechnology, 37, 102176. https://doi.org/10.1016/j.bcab.2021.102176.

Pavlyuchenko, N., Zimina, N., Melnikova, S., & Kolesnikova, O. (2021). The effect of salicylic acid on qualitative
and quantitative characteristics of grafted grapevine seedlings. In E3S Web of Conferences (EDP
Sciences),273, 01014. https://doi.org/10.1051/e3sconf/202127301014.

Pina, A, & Errea, P. (2005). A review of new advances in mechanism of graft compatibility-incompatibility.
Scientia Horticulturae, 106(1), 1-11. https://doi.org/10.1016/j.scienta.2005.04.003.

Prachi, Sharma, T. R, & Singh, B. M. (2002). Salicylic Acid Induced Insensitivity to Culture Filtrate of Fusarium
oxysporum f. sp. zingiberi in the Calli of Zingiber officinale Roscoe. European Journal of Plant
Pathology, 108(1), 31-39. https://doi.org/10.1023/A:1013915013127.

Rivas-San Vicente, M., & Plasencia, J. (2011). Salicylic acid beyond defence: its role in plant growth and
development. Journal of Experimental Botany, 62(10), 3321-3338. https://doi.org/10.1093/jxb/err031.

Saleem, M., Fariduddin, Q., & Castroverde, C. D. M. (2021). Salicylic acid: A key regulator of redox signalling
and plant immunity. Plant Physiology and Biochemistry, 168, 381-397.
https://doi.org/10.1016/j.plaphy.2021.10.011

Sasidharan, R., Bailey-Serres, J., Ashikari, M., Atwell, B. J., Colmer, T. D., Fagerstedt, K, Fukao, T., Geigenberger,
P., Hebelstrup, K. H., Hill, R. D., Holdsworth, M. J., Ismail, A. M., Licausi, F., Mustroph, A., Nakazono, M.,
Pedersen, O. Perata, P., Sauter, M. Shih, M.-C, .. Voesenek, L. A. C. J. (2017). Community
recommendations on terminology and procedures used in flooding and low oxygen stress research.
New Phytologist, 214(4), 1403-1407. https://doi.org/10.1111/nph.14519.

Shetty, K, Shetty, G. A, Nakazaki, Y., Yoshioka, K, Asano, Y, & Oosawa, K. (1992). Stimulation of
benzyladenine-induced in vitro shoot organogenesis in Cucumis melo L. by proline, salicylic acid and
aspirin. Plant Science, 84(2), 193-199. https://doi.org/10.1016/0168-9452(92)90134-8.

Sigma-Aldrich. (2026). Salicylic acid (CAS No. 69-72-7): Product specifications and physicochemical properties.
Sigma-Aldrich. https://www.sigmaaldrich.com/TR/en/product/mm/818731.

Taiz, L, Zeiger, E., Mgller, I. M., & Murphy, A. (2015). Plant Physiology and Development. 6.ed. Sunderland:
Sinauer Associates, 761p.

Tarigholizadeh, S., Motafakkerazad, R. Kosari-Nasab, M. Movafeghi, A, Mohammadi, S., Sabzi, M., &
Talebpour, A. H. (2021). Influence of plant growth regulators and salicylic acid on the production of
some secondary metabolites in callus and cell suspension culture of Satureja sahendica Bornm. Acta
Agriculturae Slovenica, 117(4), 1-12. https://doi.org/10.14720/aas.2021.117.4.773.



https://doi.org/10.1016/S0168-9452(01)00401-0
https://doi.org/10.1016/S0168-9452(01)00401-0
https://doi.org/10.1080/17429145.2013.832424.
https://doi.org/10.1016/j.stress.2024.100427
https://doi.org/10.1016/j.bcab.2021.102176.
https://doi.org/10.1051/e3sconf/202127301014.
https://doi.org/10.1016/j.scienta.2005.04.003
https://doi.org/10.1023/A:1013915013127.
https://doi.org/10.1093/jxb/err031
https://doi.org/10.1016/j.plaphy.2021.10.011
https://doi.org/10.1111/nph.14519.
https://doi.org/10.1016/0168-9452(92)90134-8
https://www.sigmaaldrich.com/TR/en/product/mm/818731
https://doi.org/10.14720/aas.2021.117.4.773

62 Arik et al. / Viticulture Studies (VIS) 2026, 6(2): 49-62

Viot, A. C., Dempsey, D. M. A, & Klessig, D. F. (2009). Salicylic acid, a multifaceted hormone to combat disease
Annual

review of phytopathology, 47(1), 177-206.
https://doi.org/10.1146/annurev.phyto.050908.135202.

Yang, H., Fang, R, Luo, L, Yang, W., Huang, Q., Yang, C., Hui, W., Gong, Q., & Wang, J. (2023). Uncovering the
mechanisms of salicylic acid-mediated abiotic stress tolerance in horticultural crops. Frontiers in plant

science, 14, 1226041. https://doi.org/10.3389/fpls.2023.1226041.

Zhang, Y. Fu, X, Feng, Y., Zhang, X, Bi, H., & Ai, X. (2022). Abscisic acid mediates salicylic acid induced chilling

tolerance of grafted cucumber by activating H202 biosynthesis and accumulation. International Journal
of Molecular Sciences, 23(24), 16057. https://doi.org/10.3390/ijms232416057.



https://doi.org/10.1146/annurev.phyto.050908.135202
https://doi.org/10.3389/fpls.2023.1226041
https://doi.org/10.3390/ijms232416057

	Conclusion

