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Abstract

CAB 11E is a rootstock for cherry and sour cherry that has recently been introduced into the country. This
study aimed to optimize its micropropagation. During shoot multiplication, virus-free CAB 11E plantlets were
grown in a factorial experiment arranged in a completely randomized design. The treatments comprised three
basal media (MS, WPM, and DKW) and four plant growth regulator treatments: 0.5, 1, or 2 mg L' BA, or 1
mg L' BA combined with 0.1 mg L' IBA. MS medium supplemented with 1 mg L' BA and 0.1 mg L' IBA
produced the highest multiplication rate (4.4 shoots per explant) and a mean shoot length of 3.5 cm. To assess
the effect of the culture system, plantlets were grown in a temporary immersion bioreactor using the optimal
multiplication medium. The multiplication rate increased to 14.5 shoots per explant. For rooting, plantlets were
grown on media differing in iron source, macronutrient strength, and IBA concentration. The optimal
treatment, containing Fe-EDDHA, half-strength macronutrients, and 0.1 mg L' IBA, resulted in 97% rooting.
These findings indicate that optimizing medium composition and using a temporary immersion bioreactor can
improve the micropropagation of CAB 11E rootstock.
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Introduction

Various species of the genus Prunus are among the most important fruit-bearing plants worldwide. In
modern horticulture, cherry and sour cherry cultivars are typically grafted onto rootstocks. A key
challenge in cherry orchards is excessive vegetative growth on commonly used seedling rootstocks,
mainly derived from Prunus avium. To produce compact, uniform, and high-yielding trees, the use of
dwarf or semi-dwarf rootstocks is necessary. One newly introduced rootstock, CAB 11E, is semi-dwarf,
tolerant to heavy soils, and resistant to Phytophthora, although it is sensitive to drought.

Conventional propagation methods, including cuttings and seed culture, are time-consuming, labor-
intensive, and may result in genetic variability. Micropropagation, based on plant tissue culture, offers an
efficient alternative, providing uniform, virus-free plants and large-scale production from limited mother
plants. Traditional in vitro culture, while effective, remains costly and labor-intensive, leading to the
adoption of bioreactor systems for mechanized, high-efficiency propagation.

Considering the increasing demand for virus-free rootstocks and the limited availability of suitable
materials, the introduction and propagation of CAB 11E is essential. Since this rootstock is recently
developed, data on its micropropagation are limited, highlighting the need to investigate optimal culture

conditions and the efficiency of bioreactor versus conventional in vitro systems.

Materials and Methods

Sterilized explants were transferred to the establishment medium, MS supplemented with 1 mg L' BA.

For shoot multiplication, regenerated explants were cultured on three basal media (MS, DKW, and WPM)
with four hormonal treatments: BA at 0.5, 1, and 2 mg L', and a combination of 1 mg L™ BA with 0.1
mg L' IBA. Cultures were maintained for 20 days at 22 + 2°C under a 16-hour photoperiod. Shoot length
and the number of shoots were recorded at the end of this stage.

In the bioreactor experiment, 30 plantlets were cultured in PLANTFORM temporary immersion
bioreactors using the optimal MS medium from the previous stage, without agar. After 20 days, shoot
growth parameters were evaluated.

For rooting, elongated shoots were cultured on MS and VS (Van der Salm) media, with full or half-
strength macronutrients and IBA at 0.5, 1, or 1.5 mg L. In the VS medium, FeSO. was replaced with the
stronger Fe-EDDHA chelate. After 20 days, root lengths reached 5—-10 mm, and plantlets were transferred
to a substrate containing 35% peat moss, 35% perlite, and 30% cocopeat, with pH 5.5, good drainage, and

low electrical conductivity.

Results and Discussion

The highest proliferation (4.4 shoots per explant) and shoot elongation (3.57 cm) were observed in MS
medium supplemented with 1 mg L' BA and 0.1 mg L' IBA. Among basal media, MS outperformed
DKW and WPM in promoting shoot multiplication.

Comparing culture systems, bioreactor cultivation significantly increased shoot proliferation, 3.55 times

higher than conventional glass culture, although shoot length remained similar. Temporary immersion in
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PLANTFORM bioreactors likely enhanced lateral shoot growth through improved aeration and periodic
nutrient exposure, consistent with previous reports on other woody plants. Plantlets from bioreactors also
acclimatized faster (15 days) compared to conventional cultures (20 days), with 100% survival in both
systems.

Rooting percentage was significantly influenced by culture medium and iron source rather than minor
changes in IBA concentration. VS medium, in which FeSO4 was replaced by the more stable Fe-EDDHA
chelate, combined with half-strength macronutrients and 1 mg L™ IBA, resulted in the highest rooting
rate (97%). The superior rooting in VS is attributed to better iron availability and reduced osmotic stress,
emphasizing the importance of mineral nutrition over small hormonal variations.

Overall, the study demonstrates that MS medium with optimized BA and IBA promotes efficient shoot
proliferation, temporary immersion bioreactors significantly enhance multiplication rates, and VS
medium with Fe-EDDHA ensures high rooting success. These findings provide a practical framework for
large-scale clonal propagation of the newly introduced CAB 11E cherry rootstock, ensuring uniform,

healthy, and virus-free plantlets.

Conclusion

Overall, this study demonstrates that successful micropropagation of the CAB 11E rootstock depends on
the simultaneous optimization of culture medium composition and growth regulator balance. The results
highlight the crucial role of selecting an appropriate basal medium and iron source, combined with an
efficient propagation system, in achieving high multiplication rates and uniform, high-quality plantlets.
Notably, using a bioreactor enhances proliferation efficiency and shortens acclimatization time. The
optimized protocol provides a reliable and scalable approach for commercial micropropagation of CAB
11E, enabling rapid production of virus-free, high-quality planting material for cherry and sour cherry

orchards.
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Table 1- Basal culture media and plant growth regulator
combinations used during the shoot multiplication stage of the
CAB 11E rootstock

Culture Medium BA (mg L") IBA (mg L)

MS 0.5 0
1 0
1 0.1
0
WPM 0.5 0
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1 0.1
2 0
DKW 0.5 0
1 0
1 0.1
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Figure 1- Cultivation of CAB 11E rootstock plantlets in the
PLANTFORM bioreactor system
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Table 2- Analysis of variance for the effects of culture medium and hormone composition on shoot length and shoot proliferation rate

Shoot length Multiplication rate
Source of variation df  Mean Square F-value P-value Mean Square F-value  P-value
Culture medium 2 8.77 175.39 8.55x10% 10.89 32.84 <0.001
Hormone 3 1.24 24.96 7.06x1071° 3.08 9.29 <0.001
Culture medium x Hormone 6 0.92 18.54 5.17x10™ 2.40 7.25 <0.001
Error 48 0.05 - - 0.33 - -
Total 59 - - - - - -
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Figure 2- Shoot multiplication rate (a) and shoot length (b) of CAB 11E rootstock plantlets cultured on MS, WPM, and DKW multiplication
media containing different concentrations of BA and IBA. Within each basal medium, codes 1—4 correspond to 0.5, 1, 1, and 2 mg L' BA
combined with 0, 0, 0.1, and 0 mg L' IBA, respectively. Error bars represent standard deviation (SD), and different letters indicate statistically

significant differences among treatments according to Duncan’s multiple range test at P<0.01.
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Table 3- Analysis of variance for the effect of culture system (bioreactor and conventional culture) on shoot length and shoot

proliferation rate

Shoot length Multiplication rate
Source of variation df Mean Square F-value P-value Mean Square F-value P-value
Culture system 1 0.003 0.07 0.81 217.01 34.90 0.001
Error 6 0.049 - - 6.21 - -
Total 7 - - - - - -
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Figure 4- Shoot proliferation rate in the bioreactor and
conventional culture systems. Data are presented as mean +
standard deviation (SD). Different letters indicate statistically
significant differences among means according to Duncan’s
multiple range test at P<0.01.
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Figure 5- CAB 11E rootstock plantlets cultured in the
PLANTFORM bioreactor system
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Figure 7- Rooting of CAB 11E rootstock plantlets in VS

medium containing half-strength macronutrients and 1 mg

L' IBA (RHalfVS2)
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Table 4- Analysis of variance for the effects of MS and VS
media with full- and half-strength macronutrients and IBA

concentration on rooting percentage of CAB 11E rootstock

Source of Mean F- P-
. df
variation Square value value
Culture medium 3 5800.21 103.31 <0.001
IBA 2 3499.21 62.33  <0.001
Culture medium
« IBA 6 715.99 12.75  <0.001
Error 48 56.14 - -
Total 59 - - -
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Figure 6- Rooting percentage of CAB 11E rootstock plantlets
cultured on MS and VS media containing full- and half-
strength macronutrients and different concentrations of IBA.
The codes RMSI1-RMS3, RVSI1-RVS3, RHalfMS1-
RHalfMS3, and RHalfVS1-RHalfVS3 represent MS and VS
media with full- and half-strength macronutrients,
respectively, supplemented with 0.5, 1, and 1.5 mg L' IBA.
Error bars represent standard deviation (SD), and different
letters indicate statistically significant differences among
treatments according to Duncan’s multiple range test at

P<0.01.
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Figure 8- Acclimatized CAB 11E rootstock plantlets under
greenhouse conditions
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