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Abstract

Meeting Indonesia’s high demand for grapes necessitates improving local grape cultivation, which offers
a profitable opportunity due to multiple harvests per year. However, selecting suitable grape varieties for
Indonesia’s climate poses a significant challenge. This study examined the impact of scion-rootstock
combinations (Jupiter and Transfiguration scions grafted onto Isabella, Kober, and Tleki rootstocks) on
growth parameters and grafting success in grapevines. Statistical analysis showed that the scion-
rootstock combinations has significantly affect the shoot length, shoot diameter, and grafting success
but not significantly affect the emergence time and leaf number. Statistical analysis revealed significant
effects of scion-rootstock combinations on shoot length, shoot diameter, and grafting success, but no
significant impact on emergence time or leaf number. The Transfiguration-lsabella combination
outperformed others, yielding the highest grafting success rate (90%) and superior growth performance.
This study’s findings can inform grape variety selection for Indonesian cultivation, helping meet the high
demand for grapes.

1. Introduction

Grapes (Vitis vinifera L.) are climbing plants native to the region between the Caspian and Black Seas,
from where they spread to Europe, America, and Asia (Grassi and De Lorenzis, 2021). Grape cultivation in
Indonesia commenced in the early 19th century, with initial plantings in several locations. Driven by rising
demand and a 1982 policy aimed at reducing grape imports, grape cultivation expanded in Indonesia.
Key grape-producing regions in Indonesia include East Java and Bali, while NTT and NTB show potential
for future grape development (Riaz et al., 2018). Grape productivity differs significantly between tropical
and subtropical regions, with the latter achieving yields of up to 20 tons/ha/year, whereas in Indonesia,
yields average around 10 tons/ha/year (Khadatkar et al., 2025). In contrast to their native regions where
grapes typically produce once a year in spring, tropical regions offer the potential for multiple harvests,
with up to three crops per year, presenting a significant opportunity for grape cultivation. By assessing
spatial variability and vigor levels, vineyard management can be optimized for enhanced sustainability
and production efficiency (Ferro et al., 2023). Domestic grape demand exceeds local production,
necessitating imports. According to BPS-Statistics Indonesia, Indonesian grape production declined by
7.39% from 11,763 tons in 2017 to 10,867 tons in 2018, amidst rising demand (Menezes et al., 2024).
Successful grape cultivation requires quality planting material, suitable location selection, and optimal
maintenance (Mokarram et al., 2023). Several grape varieties have been successfully cultivated in
Indonesia, exhibiting desirable traits like drought resistance (Tan et al., 2025), yet further productivity
enhancements are needed. Grape productivity can be enhanced through grafting, using suitable
rootstock combined with high-quality scion. Grafting combines rootstock and scion, enabling reciprocal
interactions between the stems (Migicovsky et al., 2021). High-quality grafted grapevines require both
suitable rootstock and scions that produce high yields and good fruit quality, necessitating careful
selection and compatibility testing. Grape yield and quality are significantly influenced by rootstock
selection, as evidenced by recent studies (Maj et al., 2025; Migicovsky et al., 2019). Several introduced
grape varieties, including Jupiter, Ninel, Dixon, and Pestrij, have been widely cultivated in Indonesia
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(Pangestuti, R. et al. 2025). Selecting suitable rootstock is a critical strategy for vineyard development,
particularly for large-scale commercial ventures, as it influences disease resistance, productivity, and
ultimately, fruit quality (Oliveira et al., 2024).

Grape cultivation in Indonesia primarily relies on cuttings, with few farmers skilled in grafting using
rootstock. However, research consistently shows that grafted grapevines outperform cuttings in terms of
yield quantity and quality (Yin et al., 2025). In Indonesia, several grape varieties developed by the Citrus
and Subtropical Fruit Research Institute have been released as superior varieties, boasting fruit quality
comparable to imports. However, despite their quality, these varieties, including Probolinggo Biru-81, Bali,
and Prabu Bestari, exhibit low productivity, likely due to climate and environmental factors, as well as
limitations in seed type and cultivation practices (Schultz, 2016; Wang et al., 2023). High-quality grape
seedling production depends on variety selection and production processes (Steiner et al., 2021).
Introducing foreign grape varieties, particularly from regions with similar climates like Brazil or India,
offers promising development opportunities in Indonesia. Introduced grape varieties have shown
promise in Indonesia’s climate, producing fruit of decent quality (Guerriero et al., 2024). However, further
research is needed to fully assess their suitability and address knowledge gaps. Grafting is an effective
vegetative propagation method for producing high-quality grape seedlings. This technique combines
cutting and grafting, offering advantages like faster production times, as it utilizes trunk-derived
rootstock rather than seeds. Farmers in Indonesia are increasingly familiar with cultivating Vitis vinifera
and Labrusca species, with Vitis labrusca showing promise as a rootstock due to its adaptability in the
local climate. Successful grapevine grafting relies on scion-rootstock compatibility and quality, as well
as optimal growing media conditions, including porosity, aeration, nutrient content, and water-holding
capacity (Daler et al., 2025). Further research is needed to explore the performance of introduced
grapevine scions grafted onto diverse rootstocks.

This study advances scientific knowledge by exploring grafted grape adaptation, growth, and yield,
shedding light on rootstock-scion interactions and the effects of altitude and season on tropical grape
cultivation. Specific rootstock-scion combinations are expected to demonstrate optimal compatibility
and growth, potentially leading to improved grape development outcomes. This study aims to: (1)
evaluate the compatibility and growth suitability of grafted grape combinations using 2 scions and 3
rootstocks, and (2) assess the growth response of Jupiter and Transfiguration grape varieties on
different rootstocks. A series of experiments were conducted to investigate the adaptation, growth,
compatibility, yield, and fruit quality of introduced grapes subjected to grafting treatments. The findings
will inform the development of compatible and adaptable grape cultivars, serving as a foundation for
future research.

2. Materials and methods

2.1. Materials and tools
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This experiment utilized 3 grape rootstock varieties (Isabella, Kober, and Tleki) and 2 scion cultivars
(Jupiter and Transfiguration) to investigate grafting compatibility and performance. The planting medium
comprised compost, rice husk charcoal, soil, sand, NPK fertilizer, and the fungicides Dithane and Amistar
Top. Stem grafting was employed as the grafting method (Nisar et al., 2012). Tools included polybags
(30 cm x 20 cm), gardening tools, buckets, raffia rope, bamboo, UV plastic, measuring instruments,
cameras, and stationery.

2.2. Factorial design

The study employed a 2x3 factorial experiment in a completely randomized design (CRD) layout
(Woodard, 2023). The 2x3 factorial design consisted of 18 experimental units, each with 3 plants,
resulting in a total of 54 plants observed, with 3 replications per treatment combination. The two factors
were: (1) scion variety (V): V1 (Jupiter), V2 (Transfiguration) and (2) rootstock variety (B): B1 (Isabella),
B2 (Kober), B3 (Tleki). The six treatment combinations were: (1) V1B1 (Jupiter-Isabella), (2) V1B2
(Jupiter-Kober), (3) V1B3 (Jupiter-Tleki), (4) V2B1 (Transfiguration-Isabella), (5) V2B2 (Transfiguration-
Kober), and (6) V2B3 (Transfiguration-Tleki).

2.3. Planting procedures

The planting medium consisted of a 1:1:1:1 (v/v) mixture of soil, rice husk charcoal, goat manure
compost, and sand, thoroughly mixed and placed in polybags under a paranet shade to prevent sunburn
(Gianluca et al., 2025). The grafted plants, consisting of connected scion and rootstock stems, were then
planted in polybags filled with the prepared planting medium. Plants were randomly arranged in each
block and labeled for identification. Maintenance included daily watering with 900 mL of water per
polybag, administered using a measuring cup. NPK 15-15-15 fertilizer, containing balanced N-P-K, was
applied every 2 weeks at 250 mL/polybag. Disease control involved applying Dithane (6 g/L water) as
needed based on infestation severity, and Amistar Top (1 mL/L water) weekly for fungal diseases,
adjusted according to severity. Plant maintenance followed the standard operating procedures of local
grape farmers (Chibanda et al., 2020). This research was conducted in Serua Village, Bojong Sari District,
Depok City, West Java, from January 2024 to July 2025.

2.4. Observation

Developmental observations of grafted grapevines as shown in Fig. 1 were conducted 7-60 days after
planting (DAP), with 3 sample plants per treatment combination. Data from three replicate observations
per combination were averaged. The observed parameters included days to sprouting (DAP) from
planting to emergence of shoots with fully formed leaves, shoot length (cm) measured from base to tip
at the end of the study, shoot diameter (mm) measured at the midpoint using a caliper, number of leaves
counted weekly considering only fully opened leaves, and grafting success rate (%) calculated as the
percentage of live plants per treatment combination. Plants were evaluated based on root and shoot
growth criteria at the end of the study. The grafting success rate was determined using the formula:
Grafting success rate (%) = (Number of successful grafts / Total number of grafts) x 100%.
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2.5. Data analysis

Statistical analysis of emergence time, shoot length, shoot diameter, leaf number, and grafting success
was conducted using Microsoft Excel, with triplicate combinations used to calculate average values.
Observation data were analyzed using factorial ANOVA with a CRD (Andrade, 2024; Gerami, 2008).
Statistical significance was determined using a two-way ANOVA with the CRD method, with P <0.05
considered significant (Alibabaei et al., 2021). If a significant interaction between scion and rootstock
factors was detected, Duncan’s Multiple Range Test (DMRT) was used to identify the best scion-
rootstock combination. DMRT is a post-hoc statistical test used to identify specific significant
differences between group means following a significant one-way ANOVA (Agbangba et al., 2024). If no
significant interaction was found, DMRT was applied to compare the main effects of each factor. The
relationship between variables was examined using Pearson’s correlation analysis (Miot, 2018). Data
analysis was performed using the Statistical Package for Social Science (SPSS) version 22 and
OriginPro (IBM Corp., Armonk, NY).

3. Results and discussion
3.1. ANOVA results

Grafting Jupiter and Transfiguration scions onto Isabella, Kober, and Tleki rootstocks enhances grape
cultivation in Indonesia, with significant growth performance improvements observed in V1B1, V1B2,
V1B3, V2B1, V2B2, and V2B3 graft combinations. ANOVA was used to compare the means of five
dependent variables - emergence time, shoot length, shoot diameter, leaf number, and grafting success -
to determine significant differences, as per Djenar et al. (2024. Table 1 presents between-subjects
effects analysis for five dependent variables (emergence time, shoot length, shoot diameter, leaf number,
and grafting success) across six graft combinations (V1B1 to V2B3), based on observations from 7 to
60 days. This analysis statistically explores differences between means of dependent variables
(emergence time, shoot length, shoot diameter, leaf number, and grafting success) while controlling the
family-wise error rate. These five dependent variables evaluated two aspects: (1) individual effects of
scions and rootstocks, and (2) combined effects of grafting Jupiter and Transfiguration scions onto
Isabella, Kober, and Tleki rootstocks. The F-value indicates whether the means of two (or more) variables
differ significantly, evaluating the impact of different parameter inputs on multivariate data. The P-value
evaluates the probability of obtaining results at least as extreme as the observed data, assuming the null
hypothesis is true, thereby assessing the potential of scion-rootstock combinations in the new grape
grafting system. ANOVA results, based on F-values and P-values (indicated in Table 1), confirm
significant effects of parameter inputs on grape grafting outcomes. For significant impact on grape
cultivation, parameter inputs that have an impact on the growth performance of scion-rootstock
combinations into the grape cultivation should have the P-value of less than 0.05.
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Table 1
Tests of between-subjects effects

Source Type lll Sum of Squares df Meansquare F

Dependent Variable: shoot emergence

Corrected Model 17,778" 5 3.556 2.462
Scion 3.556 1 3.556 2.462
Rootstocks 8.444 2 4.222 2.923
Scion-Rootstocks  5.778 2 2.889 2.000
Error 17.333 12 1.444

Corrected Total 35.111 17

Remarks that “r" represents R squared = 0.506 (Adjusted R squared = 0.301)

Dependent Variable: shoot length

Corrected Model 85,778 5 17.156 5.719
Scion 18.000 1 18.000 6.000
Rootstocks 41.444 2 20.722 6.907
Scion-Rootstocks  26.333 2 13.167 4.389
Error 36.000 12 3.000

Corrected Total 121.778 17

Remarks that “r” represents R squared = 0.704 (Adjusted R squared = 0.581)

Dependent Variable: shoot diameter

Corrected Model 4 395¢ 5 265 6.913
Scion .534 1 .534 13.928
Rootstocks .253 2 127 3.304
Scion-Rootstocks  .538 2 .269 7.014
Error 460 12 .038

Corrected Total 1.785 17

Remarks that “r" represents R squared = 0.742 (Adjusted R squared = 0.635)
Dependent Variable: leaf number

Corrected Model g5 111" 5 13.022 5.581
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Significance

0.093

0.143
0.092
0.178

0.006

0.031
0.010
0.037

0.003

0.003
0.072
0.010

0.007




Source Type lll Sum of Squares df Meansquare F Significance

Scion 43.556 1 43.556 18.667  0.001
Rootstocks 6.778 2 3.389 1.452 0.272
Scion-Rootstocks  14.778 2 7.389 3.167 0.079
Error 28.000 12 2.333

Corrected Total 93.111 17

Remarks that “r" represents R squared = 0.699 (Adjusted R squared = 0.574)

Dependent Variable: grafting success

Corrected Model 5133,333" 5 1026.667 19.978 0.000
Scion 3755.556 1 3755.556 73.081  0.000
Rootstocks 508.333 2 254.167 4.946 0.027
Scion-Rootstocks  869.444 2 434.722 8.459 0.005
Error 616.667 12 51.389

Corrected Total 5750.000 17

Remarks that “r” represents R squared = 0.893 (Adjusted R squared = 0.848)

The ANOVA results in Table 1 revealed significant effects of Jupiter and Transfiguration scions grafted
onto Isabella, Kober, and Tleki rootstocks on shoot length, shoot diameter, and grafting success, with P-
values of 0.037, 0.010, and 0.005, respectively, all below the 0.05 threshold. However, the effects of
Jupiter and Transfiguration scions grafted onto Isabella, Kober, and Tleki rootstocks on emergence time
and leaf number were not significant (P > 0.05), with P-values of 0.178 and 0.079, respectively (see
Table 1), indicating no substantial influence on grape grafting growth performance.

3.2. Performance of scion-rootstock combinations

This study evaluated the performance of scion-rootstock combinations in grape cultivation, focusing on
key parameters such as shoot emergence time, shoot length, shoot diameter, leaf number, and grafting
success, to inform effective grape production practices in Indonesia.

3.1. Shoot emergence

LA ey A |

The time to shoot emergence for grafted grape plants is presented in Table 2. Letters (‘a’, 'b’, ’¢’, 'p’, ‘q")
following the mean values represent DMRT results. According to the DMRT test, same letters (e.g., ‘@', 'b’)
indicate no significant difference. Since both scions (Jupiter and Transfiguration, marked ‘p’) and
rootstocks (Isabella, Kober, Tleki, marked ‘a’) share the same letter within their respective groups, shoot
emergence time is not significantly influenced by scion or rootstock type. According to Table 2, neither
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scion nor rootstock alone significantly affected grape shoot emergence time. Shoot emergence times
averaged 10.67 + 1.32 d for Jupiter and 9.78 + 1.48 d for Transfiguration, with no significant difference (P
=0.178). Shoot emergence times averaged 9.33 + 1.63 d for Isabella, 11.00 + 1.41 d for Kober, and 10.33
+0.82 d for Tleki rootstocks. Although Isabella rootstock tended to accelerate shoot emergence and
Kober was slower, the differences between rootstocks were not statistically significant, as indicated by
the same letter ‘a’ in column means. All scion-rootstock combinations promoted relatively uniform bud
emergence, indicating that scion or rootstock selection did not significantly impact budbreak
acceleration in grafted grapes. Shoot emergence timing is linked to physiological factors like hormones
and nutrient reserves, which promote root and shoot growth, suggesting the importance of healthy, well-
developed planting material for rootstock and scion (Feng et al., 2024). The compatibility between
Isabella (Vitis labrusca) rootstock and Transfiguration grape scion (Vitis vinifera) likely facilitated faster
shoot emergence (8.67 + 2.08 d; see Table. 2), indicating quicker callus formation and subsequent shoot
growth. A well-formed callus bridge enhances scion-rootstock compatibility, facilitating efficient nutrient
and water translocation to support scion growth (Rasool et al. 2020). According to Pina and Errea
(2009), scion-rootstock incompatibility can manifest weeks after grafting, characterized by poor vascular
connections and phloem degeneration at the graft junction. Disrupted vascular fusion can impede water,
nutrient, and assimilate transport, leading to further damage and compromising plant growth (Yang et
al., 2025). The effect of scion-rootstock combinations on days to shoot emergence is illustrated in Fig. 2.
Figure 2 presents the average shoot emergence times for Jupiter and Transfiguration scions grafted
onto Isabella, Kober, and Teleki rootstocks, highlighting the effect of scion-rootstock combinations.
Notably, Transfiguration scion on Isabella rootstock showed effective performance with shorter days to
sprouting.
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Table 2
Effects of scion and rootstock varieties on growth parameters and grafting performance of grapevines

Scion variety Unit

Shoot emergence

Jupiter d
Transfiguration d
Average d

Length of grape shoots

Jupiter cm
Transfiguration cm
Average cm

Diameter of grape shoots

Jupiter mm
Transfiguration mm
Average mm

Number of grape leaves
Jupiter -
Transfiguration -
Average -

Success of grape grafting

Jupiter %
Transfiguration %
Average %

Rootstock variety

Isabella

10.00+1.00

8.67+2.08

9.33+1.63(®

8.33+1.530

13.67 +3.21@
11.00 +3.69

1.20+0.10®

2.03+0.21@
1.62 +0.48

7.67+1.15

13.33+2.08

10.50 + 3.450@

41.67 +7.64©)

90.00 +
10.00@

65.83 +27.64

Kober

12.00+1.00
10.00+1.00

11.00 +
1.410)

7.00 +1.00®)

8.00+1.00®
7.50+1.05

1.33+0.15®

1.43+0.21®)
1.38+0.17

9.00+2.00

10.67 +£1.53

9.83+1.830

43.33+
7.64©)

65.00 +
5.000

54.17+13.2

Tleki

10.00 +£1.00
10.67 +£0.58

10.33 +
0.82@

8.33+1.530

8.00 +1.00®
8.17+1.17

1.30+0.20®

1.40+0.26®
1.35+0.22

8.00+1.00

10.00+1.00

9.00+1.41@

46.67 +
5.77©)

63.33 +
5.77®

55.00+10.49

Average

10.67 +1.320

9.78 +1.48P
P=0.178

7.89+1.36
9.89+3.33

P=0.037

1.28+0.15
1.62+0.37

P=0.010

8.22 +1.39(@

11.33+2.06P
P=0.079

43.89 +6.51

72.78 +14.39

P=0.005

Remarked that the numbers displayed are the mean + standard deviation, the mean number followed
by a different letter indicates a significant difference based on the DMRT at a 95% confidence level.

3.2. Length of grape shoots
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Grape shoot length following grafting with various rootstocks is presented in Table 2. Different letters (‘a’,
‘b’) denote significant differences in shoot length. The Transfiguration-Isabella combination (marked with
‘a’) produced significantly longer shoots, while other combinations (marked with ‘b’) had shorter shoots
with no significant differences among them. The results (Table 2) reveal a significant scion-rootstock
interaction effect on grafted grape shoot length (Nicolosi et al., 2020). Transfiguration scions grafted
onto Isabella rootstock produced the longest shoots (13.67 + 3.21 cm), significantly outperforming other
combinations, while Jupiter scions yielded shorter, more uniform shoots (7.00-8.33 cm) across all
rootstocks. Isabella rootstock promoted longer shoots, particularly with Transfiguration scions, whereas
Kober and Tleki rootstocks did not (see Fig. 3). This indicates that optimal shoot growth depends on the
specific scion-rootstock combination (Carvalho et al., 2021), with Transfiguration-Isabella being the most
effective. With a P value of 0.037, the differences in shoot length among grafting combinations are
statistically significant at the 95% confidence level (He et al., 2025). This study highlights the genetic
influence of rootstock on scion growth, provided compatibility is achieved (Shivran et al., 2022). Previous
research by Karabulut and Celik (2022) supports this, identifying promising rootstock varieties in
Indonesia, such as Alphonso Lavalle (Vitis vinifera), Isabella (Vitis labrusca), and Red Master (Vitis
riparia). Grape shoot length after grafting with different rootstocks is illustrated in Fig. 3. Figure 3 shows
that Jupiter scion grafted onto Isabella and Tleki rootstocks had slightly longer average shoot lengths
(8.33 cm) than Kober rootstock (7.00 cm). In contrast, Transfiguration scion on Isabella rootstock had a
significantly longer average shoot length (13.67 cm) compared to Kober and Tleki rootstocks (8.00 cm).
Notably, the Transfiguration scion on Isabella rootstock exhibited superior performance with significantly
longer grape shoots.

3.3. Diameter of grape shoots

Grape shoot diameter following grafting with various rootstocks is presented in Table 2. Letter ‘@’
indicates the Transfiguration-Isabella combination had significantly larger shoot diameters, while letter
‘b’ denotes other combinations with smaller, statistically similar diameters, highlighting a significant
interaction effect between Transfiguration scion and Isabella rootstock. Experimental evidence (Table 2)
shows a significant scion-rootstock interaction effect on grafted grape shoot diameter (Nicolosi et al.,
2020). Transfiguration scions on Isabella rootstock had the largest shoot diameters (2.03 £ 0.21 mm),
significantly surpassing other combinations, while Jupiter scions produced smaller diameters (1.20-
1.33 mm) with less variation across rootstocks (see Table 2). Isabella rootstock promoted larger shoot
diameters, especially with Transfiguration scions, whereas Kober and Tleki rootstocks had less impact.
This suggests that shoot diameter is determined by the specific scion-rootstock interaction rather than
individual components (Warschefsky et al., 2016). A P-value of 0.010 indicates that the differences in
shoot diameter among grafting combinations are statistically significant at the 95% confidence level.
Earlier callus formation likely facilitated compatibility between Transfiguration scions and Isabella
rootstocks, contributing to enhanced growth (Warschefsky et al., 2016). Compatibility between scion and
rootstock facilitates nutrient and water translocation, supporting metabolic processes in grape plants
(Chitarra et al., 2017). Shoot diameters for grafted grapevines with different rootstocks are shown in
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Fig. 4. Kober rootstocks, with their large-diameter pith, facilitate the implantation of ultra-high frequency
transponders in grapevines (Luvisi et al., 2012). Figure 4 reveals contrasting trends: Jupiter scion had
narrower average shoot diameters on Isabella (1.20 mm) compared to Kober (1.33 mm) and Tleki (1.30
mm) rootstocks, whereas Transfiguration scion on Isabella rootstock had significantly larger diameters
(2.03 mm) than on Kober (1.43 mm) and Tleki (1.40 mm) rootstocks. Transfiguration on Isabella
rootstock excelled with significantly larger shoot diameters.

3.4. Number of grape leaves

Number of leaves on grapevines grafted with different rootstocks is presented in Table 2. Letters ‘p’ and
‘q’ denote significant differences in leaf number between scions, with Transfiguration producing more
leaves than Jupiter. The rootstocks (Isabella, Kober, Tleki) showed no significant difference (same letter
‘a’), indicating scion type is the dominant factor influencing leaf number. Table 2 shows that neither scion
nor rootstock significantly influenced the number of leaves in grafted grape plants. Transfiguration
scions averaged more leaves (11.33 = 2.06) than Jupiter scions (8.22 + 1.39), but the difference was not
statistically significant (P = 0.079). Rootstock comparison showed similar leaf numbers: Isabella (10.50
+ 3.45), Kober (9.83 + 1.83), and Tleki (9.00  1.41), with no significant differences (same letter notation).
The tested scion and rootstock varieties showed uniform effects on leaf growth, with neither
significantly influencing the number of leaves in grafted grape plants. Previous research by Somkuwar et
al. (2015) highlights the role of rootstock in supporting scion vegetative growth. Buesa et al. (2023)
found that Vitis riparia rootstocks enhanced vegetative growth and yield in Vitis vinifera scions by
promoting shoot growth, leaf number, and leaf area. Number of leaves on grapevines grafted with
different rootstocks is illustrated in Fig. 5. Figure 5 reveals that Jupiter scion had fewer leaves on
Isabella (7.67 + 1.15) compared to Tleki (8.00 + 1.00) and Kober (9.00 * 2.00) rootstocks. In contrast,
Transfiguration scion had more leaves on Isabella (13.33 + 2.08) than on Kober (10.67 + 1.53) and Tleki
(10.00 + 1.00) rootstocks. Transfiguration scion on Isabella rootstock exhibited strong performance with
a higher number of grape leaves, although the difference was not statistically significant.

3.5. Success of grape grafting

Grafting success rates for grapevines with different rootstocks are presented in Table 2. Letters ‘@', ‘b,
and ‘c’ denote significant differences in grafting success. Transfiguration-lsabella (marked with ‘a’)
showed the highest success rate, followed by Transfiguration-Kober and Transfiguration-Tleki (marked
with ‘b’), while Jupiter combinations (marked with ‘c’) had the lowest success rates, indicating scion type
strongly influences grafting success, with rootstock playing a secondary role. The results (Table 2) reveal
a significant scion-rootstock interaction effect on the success rate of grape grafting (Tedesco et al.,
2021). Transfiguration scions grafted onto Isabella rootstocks (V2B1) achieved the highest success rate
(90.00 £ 10.00%), significantly outperforming other combinations. Transfiguration scions on Kober
(V2B2) and Tleki (V2B3) rootstocks had lower grafting success rates of 63.33% and 65.00%, respectively.
In contrast, Jupiter scions had the lowest success rates, ranging from 41.67% to 46.67%, across all
rootstocks. Isabella rootstock significantly enhances grafting success with Transfiguration scions,
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outperforming Kober and Tleki rootstocks. With a P-value of 0.005, the grafting success rates differ
significantly between combinations (Yuan et al., 2016), highlighting the importance of scion-rootstock
selection. Scion-rootstock selection plays a crucial role in determining grape grafting success.
Krishankumar et al. (2025) showed Vitis riparia rootstocks outperformed Vitis vinifera in grafting
success, highlighting the impact of genetic and environmental factors on grafting outcomes. Grafting
success rates for grapevines with different rootstocks are illustrated in Fig. 6. Figure 6 reveals that
Jupiter scions had lower grafting success rates on Isabella (41.67%), Kober (43.33%), and Tleki (46.67%)
rootstocks. In contrast, Transfiguration scions on Isabella rootstocks achieved a significantly higher
grafting success rate of 90.00%, outperforming Kober (65.00%) and Tleki (63.33%) rootstocks. This
study indicates that Transfiguration scions grafted onto Isabella, Kober, and Tleki rootstocks outperform
Jupiter scions, demonstrating promising potential for grape cultivation in Indonesia. Transfiguration
scions on Isabella rootstocks showed exceptional performance with a notably higher grafting success
rate. The role of grafting technique in mitigating abiotic stresses and enhancing yield and quality of
grape production could aid farmers in improving grape cultivation quality under stress conditions
(Bahadur et al., 2024).

Grafting success shows a strong positive correlation with shoot growth variables (see Fig. 7). Grafting
success strongly correlates with shoot diameter (r = 0.77), number of leaves (r = 0.82), and shoot length
(r=0.66), suggesting that enhanced shoot growth and leaf development boost grafting success (Suresh
and Muneer, 2025). Time of shoot emergence negatively correlates with grafting success (r =-0.49),
suggesting earlier emergence supports better grafting outcomes. Shoot growth variables like shoot
length and diameter (r = 0.79) and shoot diameter and leaf number (r = 0.64) show strong positive
correlations, reinforcing the importance of optimal vegetative growth for grafting success. Enhancing
shoot growth and leaf number can be a key strategy for improving grafting success. These findings
enhance understanding of growth parameters and grafting success in valuable grapevine hybrids,
contributing to improved grape cultivation programs (Filimon et al., 2019). In vitro micropropagation is an
excellent choice for the long-term conservation of grape germplasm, allowing access to actively growing
plant materials without seasonal restrictions (Celebi-Toprak and Kayhan, 2012). This study recommends
the V2B1 scion-rootstock combination for grape cultivation in Indonesia, potentially meeting the growing
demand for grapes.

4. Conclusions

This study revealed significant effects of scion-rootstock combinations on shoot length (P = 0.037),
shoot diameter (P = 0.010), and grafting success (P = 0.005), but not on emergence time (P =0.178) or
leaf number (P =0.079), as the latter two exceeded the 0.05 significance threshold. Although not
statistically significant, the Transfiguration-lsabella combination showed a trend toward accelerated
shoot emergence (8.67 + 2.08 d) and increased leaf number (13.33 + 2.08). The Transfiguration-Isabella
combination exhibited notable shoot length (13.67 cm) and shoot diameter (2.03 cm), highlighting the
significant impact of grafting on grape cultivation outcomes. The Transfiguration-lsabella combination
achieved a 90% grafting success rate, correlated with increased shoot length and diameter. Grafting
Page 12/21



success in Transfiguration-Isabella (V2B1) combinations, influenced by accelerated shoot emergence,
increased shoot length, shoot diameter, and leaf number, indicates strong compatibility due to enhanced
shoot growth. This study’s findings can aid farmers in selecting suitable grape seedlings, potentially
boosting grape production in Indonesia.
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Figure 1 Development stages of grafted grapevines: (a) initial shoot emergence, (b) shoot growth
and alignment, and (c) successful grafting with established seedlings
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Figure 2 Shoot emergence time of grafted grapevines with different scion-rootstock
combinations
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Figure 3 Shoot length of grafted grapevines with different scion-rootstock combinations
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Figure 4 Shoot diameter of grafted grapevines with different scion-rootstock combinations
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Figure 5 Shoot leave number of grafted grapevines with different scion-rootstock combinations
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Figure 6 Grafting success of grafted grapevines with different scion-rootstock combinations
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