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Salicylic Acid in Water Stratification Affects Omega Grafting Traits 

in cv. Sultani Çekirdeksiz 

Introduction  

 

Salicylic acid (SA) is a phenolic acid 

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-Vásquez et al., 2015; Mishra 

et al., 2024), and contributes to antioxidant 

defense by modulating reactive oxygen species 

(ROS) and maintaining cellular redox 

homeostasis (Herrera-Vásquez 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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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 Çekirdeksiz. 

Therefore, further research is needed to determine the optimum salicylic 

acid dose and appropriate application methods in grafted grapevine 

production. 
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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 (Koç, 

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 

Yazıcılar, 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 Oçkun (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 

Çekirdeksiz scions and cuttings of a grapevine 

rootstock morphologically identified as 41B 

(Vitis berlandieri × 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 Yıldırım (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 Oçkun, 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 

Oçkun (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, ≥99.0% 

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⁻¹ 

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 Oçkun, 

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: 

[(0×n₀ + 1×n₁ + 2×n₂ + 3×n₃ + 4×n₄) / N] × 

100, where n₀–n₄ represent the number of 

cuttings in each category and N is the total 

number of grafted cuttings (Alço 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 

(Alço 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 Yıldırım, 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 Yıldırım, 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 Yıldırım, 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 [2.4 (60.0%)] than non-sprouted 
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rootstocks [2.2 (55.0%)], and the highest overall 

mean was obtained with 125 ppm SA [2.4 

(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 Yıldırım (2011) 

determined the percentage of discarded 

grafted cuttings by including non-callused 

cuttings in the evaluation. The lowest 

percentage was observed in 125 ppm SA 

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  

NSR 

Control 76.7 b 41.7 d 50.0 (2.0) c 

125 ppm SA 86.7 a 61.7 a 65.0 (2.6) a 

250 ppm SA 70.0 c 41.7 d 50.0 (2.0) c 

SR 

Control 76.7 b 65.0 a 62.5(2.5) a 

125 ppm SA 76.7 b 53.3 b 55.0(2.2) b 

250 ppm SA 85.0 a 48.3 c 57.5 (2.3) b 

Main effect of 

treatment 

Control 76.7 B 53.3 B 57.5 (2.3) B 

125 ppm SA 81.7 A 57.5 A 60.0 (2.4) A 

250 ppm SA 77.5 B 45.0 C 52.5 (2.1) C 

Main effect of 

sprouting status 

NSR 77.8 B 48.3 B 55.0 (2.2) B 

SR 79.4 A 55.6 A 60.0 (2.4) A 

* 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. 

 

Figure 1. Callus formation, advanced callus formation, and mean callus level of grafted cuttings under 

different SA treatments and rootstock sprouting conditions (%). 
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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 

status 
Treatment 

Callus levels 

0 1 2 3 4 

Non-sprouted (NSR) 

Control 23.3 cdef 20.0 defg 15.0 ghi 18.3 efgh 23.4 cdef 

125 ppm SA 13.3 ghij 15.0 ghi 10.0 ijkl 23.3 cdef 38.4 a 

250 ppm SA 30.0 bc 11.6 hijk 16.7 fghi 15.0 ghi 26.7 bcd 

Sprouted (SR) 

Control 23.3 cdef 6.7 jkl 5.0 kl 25.0 cde 40.0 a 

125 ppm SA 26.7 bcd 3.3 l 16.7 fghi 20.0 defg 33.3 ab 

250 ppm SA 15.0 ghi 13.3 ghij 23.3 cdef 20.0 defg 28.4 bc 

*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. 

 

 

 

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 

NSR 

Control 43.3 b 16.7 b 16.7 b 71.7 ab 

125 ppm SA 28.3 a 25.0 a 31.7 a 66.7 a 

250 ppm SA 41.7 b 13.3 b 10.0 b 80.0 b 

SR 

Control 30.0 a 15.0 b 10.0 b 71.7 ab 

125 ppm SA 26.7 a 6.7 c 16.7 b 73.3 ab 

250 ppm SA 28.3 a 16.7 b 13.3 b 71.7 ab 

Main effect of 

treatment 

Control 36.7 B 15.8 n.s. 13.3 B 71.7 AB 

125 ppm SA 27.5 A 15.8 n.s. 24.2 A 70.0 A 

250 ppm SA 35.0 B 15.0 n.s. 11.7 B 75.8 B 

Main effect of 

sprouting status 

NSR 37.8 B 18.3 A 19.4 A 72.8 n.s. 

SR 28.3 A 12.8 B 13.3 B 72.2 n.s. 

* 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. 

 

Figure 3. Effects of salicylic acid (SA) treatments and rootstock sprouting status on discarded cuttings, scion 

sprouting, rooting, and basal decay in grafted cuttings (%). 

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 

cm). 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 (1.4 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 
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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 

this level. 

At higher callus levels (3 and 4), the 

number of grafted cuttings showing scion 

sprouting and root formation increased. 

Callus level 4 showed the highest counts 

for grafted cuttings, scion sprouting and root 

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 

group. 

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 

the response to SA is closely associated with 

Table 4. Root length average of the grafted cuttings (cm) 

Rootstock sprouting status 
Treatment 

Main effect of sprouting status 
Control 125 ppm SA 250 ppm SA 

Non-sprouted (NSR) 0.6 b 1.8 a 0.2 b 0.9 n.s. 

Sprouted (SR) 0.9 ab 1.0 ab 0.7 ab 0.9 n.s. 

Main effect of treatment 0.7 AB 1.4 A 0.4 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. 

significant differences were observed among 

treatments in SR. Considering the main effects, 

NSR and SR were statistically similar. Among 

the treatments, 125 ppm SA was in the same 

statistical group as the control (Table 3; Figure 

3). 
 

Relationship between callus level and subsequent 

development of grafted cuttings 

 

As the number of cuttings within each 

callus level differed among treatments, the data 

were presented as counts rather than 

percentages (Figure 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 Oçkun (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 

(10⁻², 10⁻⁴, 10⁻⁶, and 10⁻⁸) for 2–3 seconds prior 

to grafting influenced callus formation with the 

10⁻⁶ 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; 

Koç, 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 Yazıcılar, 

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 Oçkun (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 

Çekirdeksiz 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 Çekirdeksiz. 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. 
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