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Abstract
Vanilla planifolia Jacks. ex Andrews is an orchid species of great economic importance is responsible for the production of 
fruits rich in vanillin and has a high global demand. Conventional propagation has limitations for production and contributes 
to pressure on natural populations. In this context, tissue culture emerges as a viable strategy for clonal propagation of Vanilla, 
and temporary immersion bioreactor systems stand out by offering greater efficiency, sustainable management, and conser-
vation potential for the species. The objective of this study was to evaluate the efficiency of the Biotilt™ bioreactor system 
compared to the conventional semi-solid system and to identify the best adjustments of immersion frequency and medium 
volume to optimize the in vitro multiplication of V. planifolia explants. Two experiments were conducted. The first experiment 
assessed the morphophysiological performance of explants cultivated in Biotilt™ (liquid medium) versus the semi-solid sys-
tem, considering growth variables, physiological quality, efficiency indices, and correlation analysis. The second experiment 
investigated combinations of medium volume and immersion frequency in Biotilt™ in a factorial design, aiming to optimize 
culture conditions. Results indicated that Biotilt™ promoted higher explant length, number of shoots, leaves, and roots, as 
well as higher chlorophyll content, thus demonstrating greater multiplication and physiological efficiency. The analysis of 
composite indices reinforced the superiority of the temporary immersion system for explant development. Finally, although 
not statistically significant, the tested combinations of volume and immersion frequency maintained a positive performance 
trend, contributing to future protocols. These results highlighted the potential of Biotilt™ as an efficient alternative for the 
micropropagation of V. planifolia, combining increased productivity with conservation practices.
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Introduction

The genus Vanilla Plum. ex Mill. (Orchidaceae) comprises 
approximately 120 species distributed across the tropics of 
the Americas, Africa, and Asia (Cameron 2018; Karremans 
et al. 2020; Powo 2023). Brazil has the highest diversity 
within the genus, with 30 recorded species, 13 of which 
are endemic (Reflora 2020; Nadal et al. 2025). Only this 
restricted group produces fruits rich in vanillin, mak-
ing Vanilla the most economically relevant genus among 
orchids, with V. planifolia as the main cultivated species, 

followed by the hybrid Vanilla × tahitensis (Flanagan et al. 
2018; Karremans et al. 2020; Perez-Silva et al. 2021).

The increasing demand for natural Vanilla puts pres-
sure on large scale production, reinforcing the ecologi-
cal importance of the genus and the need for conserva-
tion and sustainable management strategies (Simas et al. 
2024). Conventional propagation faces limitations related 
to growth, rooting, and susceptibility to pathogens, in addi-
tion to encouraging the collection of wild plants (Tan and 
Chin 2015; Kadir et al. 2019). In this context, tissue culture 
emerges as an alternative to enable the production of healthy 
and uniform plantlets, ensuring a continuous supply with-
out compromising native populations (Manokari et al. 2021; 
Ramirez-Mosqueda et al. 2022; Rodriguez-Demeneghi et 
al. 2023).

The micropropagation of Vanilla planifolia has been 
widely studied, and new technologies, such as temporary 
immersion bioreactors (TIBs), show potential for large scale 
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production, making in vitro biofactories feasible. These sys-
tems offer advantages, such as pest free plantlets, greater 
shoot multiplication and elongation, improved survival dur-
ing acclimatization, and better explant oxygenation, thus 
reducing hyperhydricity (Ramirez-Mosqueda and Bello-
Bello 2021; Rodriguez-Demeneghi et al. 2022; Baltazar-
Bernal et al. 2024).

TIBs are semi-automated systems that alternate immer-
sion in a nutrient solution for short periods of time with 
exposure to air. Among the various available models, the 
Biotilt™ stands out for its simplicity and efficiency, with 
two interconnected containers that reduce the complexity 
of aseptic cultivation in liquid medium (Plant Cell Technol-
ogy 2025).

Although TIBs offer advantages, new technologies need 
to be compared to validate their efficiency and optimize 
protocols. Considering the importance of Vanilla and the 
challenges of traditional propagation methods, evaluating 
the potential of Biotilt™ as an efficient and simplified solu-
tion is essential not only to advance optimized production 
and reduce dependence on wild plant collection, but also 
to support the conservation and sustainable management of 
this species.

This study aimed to evaluate the efficiency of the Bio-
tilt™ system using liquid medium compared to the conven-
tional semi-solid system. In addition, it sought to identify 
the best combinations of immersion frequency and medium 
volume to optimize the in vitro multiplication of V. plani-
folia explants.

Materials and methods

Plant Material and Cultivation Conditions  Nodal segments 
of Vanilla planifolia were collected from in vitro estab-
lished plants. The explants were standardized to an average 
length of 1.5 ± 0.3 cm and randomly distributed across the 
evaluated culture systems. The culture medium used was 
Murashige and Skoog (MS; Murashige and Skoog 1962), 
supplemented with B5 vitamins (1.0 mL L⁻1), myo-inositol 
(100.0 mg L⁻1), 2iP (2iP (2.5 mg L⁻1, obtained by adding 
2.5 mL L⁻1 of a 1 mg mL⁻1 stock solution)), and sucrose 
(30.0 g L⁻1), with the pH adjusted to 5.7. For cultivation in 
semi-solid medium, 2.5 g L⁻1 of Phytagel™ (Sigma-Aldrich, 
St. Louis, MO) was added prior to autoclaving. All treat-
ments were maintained in a growth chamber (Percival Sci-
entific, Perry, IA) at 25 ± 2 °C under a 16 h light/8 h dark 
photoperiod, with an irradiance of 50 µmol m⁻2 s⁻1 provided 
by cool white fluorescent lamps (General Electric, Boston, 
MA).

Comparison between Different Culture Systems  To assess 
the viability of the temporary immersion system BioTilt™ 

(Plant Cell Technology, Washington, DC), two types of cul-
ture systems were tested. These included a semi-solid (con-
ventional method) medium with Phytagel (Sigma-Aldrich) 
and a liquid medium using the BioTilt™ system.

The BioTilt™ system (Fig. 1) operated with an immersion 
frequency of 5 min every 2 h, as reported by Baltazar-Bernal 
et al. (2024) for orchid micropropagation, using 150 mL of 
culture medium per vessel (37.5 mL per explant). In the 
conventional system, explants were individually cultivated 
in glass bottles ("baby food jars"), with 45 mL of culture 
medium per jar. Both systems were maintained under the 
environmental conditions previously described, and explants 
remained in culture for a period of 40 days (d).

Culture Medium Volume and Immersion Frequency in the 
BioTilt™ System  To evaluate the combined effect of culture 
medium volume and immersion frequency on explant per-
formance, a 2 × 2 factorial experiment was conducted using 
the BioTilt™ system. Treatments consisted of two cul-
ture medium volumes, 150 mL (37.5 mL per explant) and 
300 mL (75 mL per explant), combined with two immersion 
frequencies: every 1 h and every 3 h, totaling four treatment 
combinations. The immersion duration was fixed at 5 min 
for all treatments. All other experimental conditions, includ-
ing medium composition, cultivation environment, and total 
cultivation period (40 d), were kept constant.

Analyzed Variables, Experimental Design, and Statistical 
Analysis  At the end of the 40-day experimental period, 
multiplication rate, propagation efficiency, and physiologi-
cal quality of the explants were evaluated in all treatments 
to compare the efficacy of the culture systems. Morphomet-
ric parameters were measured through image analysis using 
ImageJ software (Schneider et al. 2012), including explant 
length and number of leaves; number, length, and diameter 
of shoots; and number and length of roots. In addition, strati-
fied samples from each system were used to determine fresh 
and dry biomass, as well as chlorophyll content using a port-
able SPAD-502 chlorophyllmeter (SPAD-502, Minolta Co., 
Ltd., Osaka, Japan).

All experiments were conducted in a randomized com-
plete block design, with four explants per block and five 
blocks per treatment, totaling 20 explants per treatment. The 
data were subjected to analysis of variance (ANOVA), and 
the assumptions of normality and homogeneity were veri-
fied using the Shapiro–Wilk and Bartlett tests, respectively. 
When significant differences were detected, means were 
compared using Tukey’s test at a 5% probability level.

Additionally, a Pearson correlation analysis was per-
formed to assess linear relationships among the evaluated 
traits across culture systems. Three composite indices were 
also calculated to summarize treatment performance: i) a 
multiplication index, based on normalized means of the 
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number of shoots, leaves, and roots; ii) a physiological 
quality index, composed of shoot length and diameter, root 
and explant length, chlorophyll content, and fresh and dry 
weight; and iii) a global index, integrating all assessed mor-
phophysiological variables. All values were standardized 
(z-score) to prevent distortion caused by different measure-
ment scales.

To highlight the overall performance trend of each com-
bination of immersion frequency and medium volume, a 
heatmap was generated based on the standardized means 
(z-scores) of the morphophysiological variables. All statisti-
cal analyses were performed using R software (R Core Team 
2025).

Results

Comparison Between BioTilt™ and the Semi‑solid Sys‑
tem  Analysis of variance (ANOVA), followed by Tukey’s 
test, revealed significant differences (p < 0.05) among the 
culture systems. These differences were observed for explant 
length, number of shoots, number of leaves, number of roots, 
and chlorophyll content (Table 1).

The BioTilt™ temporary immersion bioreactor demon-
strated superior performance across all significantly affected 

variables compared to the traditional semi-solid system. 
Although some traits exhibited higher standard error in this 
system compared to the semi-solid medium, for example, 
number of leaves (SE = 0.39 vs. 0.33), the elevated means 
reflected a substantial improvement in explant development, 

Figure 1.   Biotilt™ temporary immersion bioreactor system containing Vanilla planifolia Jacks. ex Andrews explants.

Table 1.   Mean ± standard error (SE) of morphophysiological vari-
ables of Vanilla planifolia Jacks. ex Andrews explants grown in tem-
porary immersion bioreactor system (BioTilt™) and semi-solid sys-
tem (Phytagel™)

a Different letters within the same row indicate significant differences 
between treatments according to Tukey’s test at 5% probability

Variables Treatments

Temporary immer-
sion bioreactor

Semi-solid system

Explant length (cm) 8.85 ± 0.69 a 3.50 ± 0.31 ba

Number of shoots 5.25 ± 0.71 a 2.82 ± 0.30 b
Shoot length (cm) 1.41 ± 0.26 a 1.58 ± 0.25 a
Shoot diameter (cm) 0.28 ± 0.04 a 0.28 ± 0.04 a
Number of roots 4.80 ± 0.29 a 1.95 ± 0.29 b
Root length (cm) 1.76 ± 0.32 a 2.11 ± 0.21 a
Number of leaves 3.30 ± 0.39 a 1.00 ± 0.33 b
Chlorophyll (SPAD) 20.18 ± 1.18 a 13.52 ± 1.84 b
Fresh weight (g) 1.90 ± 0.56 a 1.12 ± 0.27 a
Dry weight (g) 0.19 ± 0.05 a 0.10 ± 0.02 a
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confirming the efficiency of the temporary immersion sys-
tem for the micropropagation of V. planifolia.

The data revealed that the number of roots (4.80), 
number of shoots (5.25), and explant length (8.85 cm) 
per explant were markedly higher in the BioTilt™ sys-
tem compared to the semi-solid system, which showed 
values of 1.95, 2.82, and 3.50, respectively. Figure 2 illus-
trates how growth differences between treatments were 
evident not only in quantitative terms but also visually 
perceptible.

To identify possible associations among the analyzed 
variables, a Pearson correlation analysis was performed. 
Figure 3 presents the correlation coefficients, allowing the 
observation of positive and negative relationship patterns 
among the evaluated parameters.

The analysis revealed values indicating strong and con-
sistent correlations. Biomass variables (fresh and dry) 
showed highly significant correlations (r = 0.99), indicating 
proportional biomass accumulation. The number of shoots 
was strongly correlated with dry biomass (r = 0.87) and 
chlorophyll content (r = 0.82), suggesting a direct associa-
tion between physiological activity, shoot proliferation, and 
biomass accumulation.

The number of leaves was also positively correlated with 
explant length (r = 0.89) and number of roots (r = 0.82), 
indicating that a more developed aerial part tends to sup-
port greater root formation. However, a potential trade-
off between root and shoot development was observed, as 
root length was negatively correlated with explant length 
(r = −0.47) and number of leaves (r = −0.53).

Overall, the results indicate a strong interdependence 
among the morphophysiological parameters, reinforcing 
the consistency of the observed responses. The standard-
ized multiplication, physiological quality, and global indices 
presented in Fig. 4 summarize all variable based results and 
support the overall assessment of each system’s effectiveness 
in the micropropagation of V. planifolia.

The composite indices reinforced the superior perfor-
mance of the BioTilt™ bioreactor compared to the semi-
solid system. The multiplication index was the most promi-
nent in distinguishing between the systems, with a score 
of 0.8 for BioTilt™ and −0.8 for the semi-solid system. 
Subsequently, the global and physiological quality indices 
further highlighted the overall effectiveness of the temporary 
immersion bioreactor, with positive scores of 0.54 and 0.29, 
respectively. These results demonstrated the consistency 
between the evaluated indices and the observed performance 
patterns across the systems.

Medium Volume and Immersion Frequency in the BioTilt™ 
System  Based on the factorial analysis, significant differ-
ences were observed for explant length, shoot diameter, and 
chlorophyll content. These differences were influenced by 
both the medium volume and the immersion frequency fac-
tors (Fig. 5).

The explant length was influenced by frequency and 
medium volume individually, since the interaction between 
the factors was not significant. The frequency of 3 h was 
superior to 1 h, and the volume of 300 mL was superior to 
150 mL. Similarly, the interaction between the factors was 

Figure 2.   Growth of Vanilla planifolia Jacks. ex Andrews explants after 40 d of culture in the Temporary Immersion Bioreactor (a) and Semi-
Solid (b). The image represents the five experimental blocks of each system. Scale bar = 2 cm.
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not significant for shoot diameter; however, individually, 
both factors showed significant differences.

The variable root length was influenced only by the 
medium volume, with the longest lengths observed in 
the treatments with 150 mL. Meanwhile, the chlorophyll 
content showed a significant effect only for the immer-
sion frequency. It was observed that the correlation was 
not significant, and for the frequency factor, there was no 
significant difference.

Although the other variables did not show significant 
differences (Table 2), the overall analysis of the means, 
summarized in the heatmap (Fig.  6), enabled a com-
parative evaluation of treatment performance that goes 
beyond isolated statistical significance. It is observed that 

although there are isolated points in the other treatments 
indicating good values, the treatments with immersions 
every 3 h stood out, especially the treatment with a vol-
ume of 300 mL, which showed a consistency of higher 
means, except for shoot length, which stood out at the 1 h 
frequency.

The results observed in the heatmap indicated that the com-
bination of longer immersion frequency (every 3 h) and higher 
medium volume may favor the overall performance of the 
explants, which was a particularly and highly relevant result for 
practical purposes in defining more efficient protocols. How-
ever, most of the evaluated variables did not show statistically 
significant differences. Therefore, these observations should be 
interpreted as trends rather than conclusive results.

Figure  3.   Pearson correlation matrix between morphophysiological 
variables of Vanilla planifolia Jacks. ex Andrews explants cultivated 
under both culture systems. The values indicate the Pearson correla-

tion coefficient (r), ranging from –1 to 1. Darker red tones represent 
stronger positive correlations, and blue tones represent negative cor-
relations.
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Discussion

Performance of the Biotilt™ System Versus Semi‑solid 
Medium  The superior performance of the explants in the 
temporary immersion system (Table 1) indicated greater 
physiological and multiplicative efficiency of the protocol. 
This performance is possibly explained by the greater con-
tact surface between the explant and the nutrients, allowing 
better absorption by all tissues that were in interaction with 
the medium. In the semi-solid system, on the other hand, 
the availability of nutrients was restricted to the base of the 
explant, since only this part remained in direct contact with 
the culture medium (Ramírez-Mosqueda and Bello-Bello 
2021; Vendrame et al. 2023; Cabrera et al. 2024).

Shoot length and shoot production per explant were the 
variables that stood out the most in the Biotilt™ system, 
presenting mean values more than twice as high for length 
and almost double for the number of shoots compared to the 

semi-solid system. Similar patterns of superiority of tem-
porary immersion systems were also observed in Epipactis 
flava Seidenf., which promoted significant increases in the 
multiplication rate and shoot elongation (Kunakhonnuruk 
et al. 2019).

In line with this, Ramírez-Mosqueda (2021) reported 
comparable gains in Vanilla using SETIS™ bioreactors, 
attributing such results to the greater availability of nutrients 
and to the design of each bioreactor in relation to light avail-
ability. Similarly, Leyva-Ovalle et al. (2020) concluded that 
the temporary immersion system in Guarianthe skinneri was 
efficient for generating a higher number of shoots, standing 
out as a potential protocol to meet the commercial demand 
for ornamental and conservation purposes.

This capacity to amplify plant material in a shorter time 
is highly desirable in micropropagation, since each shoot 
is a potential unit for the formation of new plants. In this 
same context, the positive correlation between the number of 

Figure 4.   Mean values of three composite indices for Vanilla plani-
folia Jacks. ex Andrews cultured in two systems. The Multiplication 
Index reflects propagation capacity, the Physiological Quality Index 

represents morphophysiological vigor, and the Global Index inte-
grates all measured variables.
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Figure 5.   Explants of Vanilla planifolia Jacks. ex Andrews cultured 
under different immersion frequencies (1  h and 3  h) and medium 
volumes (150 mL and 300 mL). (A–B) Explant length, (C–D) shoot 

diameter, (E) chlorophyll content, and (F) root length. Treatments fol-
lowed by different letters differ significantly according to Tukey’s test 
at 5% probability. Error bars represent the standard error.
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shoots, leaves, and chlorophyll content shows that these char-
acteristics together reinforce multiplication efficiency, as they 
indicate metabolically active explants capable of photosyn-
thetic activity (Fig. 4). Studies with orchids, such as Spatho-
glottis plicata, highlight that temporary immersion systems 
can enhance this performance by optimizing the efficiency 
of photosynthetic pigments. This set of characteristics can 
directly contribute to the survival and quality of the plantlets 
during the acclimatization process (Shekhawat et al. 2021).

Additionally, there was also a positive correlation of 
these variables with the number of roots and biomass, 
which demonstrated vigorous initial growth. Such a pattern 
reinforced the physiological efficiency of the temporary 
immersion system, which has proven effective in promoting 
greater vigor in ornamental plants. For example, Zhang et 
al. (2022) demonstrated that the use of temporary immer-
sion resulted in greater plant biomass accumulation in 
Dendrobium nobile, while Martínez-Estrada et al. (2019) 

Table 2.   Mean ± standard error 
(SE) of morphophysiological 
variables of Vanilla planifolia 
Jacks. ex Andrews cultivated 
in the BioTilt™ system under 
different medium volumes (150 
and 300 mL) and immersion 
frequencies (1 h and 3 h)

a Refers to the main effects of immersion frequency (A), medium volume (B), and the interaction between 
them (A × B). (*): significant at 5% (p < 0.05); (**): significant at 1% (p < 0.01); (ns): not significant

Variables Treatments

Frequency 1 h Frequency 3 h Significancea

(A/B/A × B)
150 mL 300 mL 150 mL 300 mL

Number of shoots 3.50 ± 0.74 4.65 ± 0.95 5.15 ± 0.74 4.85 ± 0.29 ns/ns/ns
Shoot length (cm) 1.58 ± 0.20 1.87 ± 0.35 1.69 ± 0.12 1.62 ± 0.04 ns/ns/ns
Number of roots 3.95 ± 0.33 2.80 ± 0.15 3.00 ± 0.61 3.60 ± 0.43 ns/ns/ns
Number of leaves 3.00 ± 0.41 4.00 ± 0.27 3.95 ± 0.31 3.85 ± 0.17 ns/ns/ns
Fresh weight (g) 4.63 ± 0.88 4.70 ± 0.63 4.28 ± 0.55 5.34 ± 0.36 ns/ns/ns
Dry weight (g) 0.42 ± 0.07 0.45 ± 0.06 0.39 ± 0.04 0.52 ± 0.03 ns/ns/ns

Figure  6.   Overall performance of temporary immersion bioreactor 
treatments based on standardized Z-scores of variables measured in 
Vanilla planifolia Jacks. ex Andrews. Positive values (dark green) 

indicate performance above the global mean, while negative values 
(light green) represent below-average performance.
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reported significant improvements in the micropropagation 
of Anthurium andreanum, in terms of rooting and physi-
ological aspects, using the same principle.

The calculated composite indices reinforced the superior 
performance of the temporary immersion system compared 
to the semi-solid system (Fig. 5). The multiplication index 
was the main discriminating factor between the systems, 
which consolidated the greater multiplicative potential of 
the Biotilt™ system for the propagation of Vanilla planifo-
lia. Additionally, the global and physiological indices com-
plemented these results, demonstrating that this system also 
promoted better physiological quality of the explants.

Several studies have already demonstrated the perfor-
mance of the temporary immersion system for Vanilla propa-
gation (Ramírez‑Mosqueda et al. 2019; Ramírez-Mosqueda 
and Bello-Bello 2021; Spinoso‑Castillo and Bello‑Bello 
2023). However, it is worth noting that this is the first report 
on the use of the Biotilt™ bioreactor model for Vanilla. Con-
sidering practical implications, conventional micropropaga-
tion tends to be more laborious and costly compared to this 
system, as it requires the maintenance of many culture ves-
sels and the use of gelling agents in semi-solid media. These 
agents increase the costs of in vitro production and still limit 
the potential for large scale automation.

The coherence between the composite indices and the 
data obtained from individual variables reinforced the reli-
ability of the results, providing an integrated view of the 
performance of the tested systems. These findings not 
only highlighted the superiority of the temporary immer-
sion based protocol but also strengthened its applicabil-
ity as a more efficient, practical, and economically viable 
alternative.

In addition, the Biotilt™ system also shows potential for 
broader applicability, as it can be used for other orchid spe-
cies and even for different plant groups that benefit from 
temporary immersion, such as Phalaenopsis, Dendrobium, 
or Anthurium. Due to its simple design, with fewer structural 
components and low maintenance requirements, it offers 
practical advantages compared to more complex temporary 
immersion systems, which generally require higher opera-
tional costs and technical adjustments. Therefore, it repre-
sents an alternative particularly suitable for laboratories or 
commercial facilities seeking scalable, user friendly bioreac-
tors that optimize production and research processes.

Medium Volume and Immersion Frequency in the BioTilt™ 
System  The medium volume and immersion time were 
essential parameters in this type of protocol, as they directly 
influenced the exposure of the explants to nutrients, growth 
regulators, and adequate oxygenation. Inadequate immer-
sion frequencies may result in hyperhydricity and asphyxia, 
while excessive or insufficient medium volumes compromise 
explant formation, reducing their growth and vigor (Murthy 

et al. 2023; Nongdam et al. 2023). However, in this study, 
hyperhydricity and asphyxia were not observed as problems, 
since these events did not occur, even though they are com-
monly reported in the literature.

In general, when analyzing the results through the heatmap, 
a trend of better performance was observed with the three 
hours frequency. In other reports with Vanilla, better perfor-
mances were obtained with four hours frequencies compared 
to longer frequencies, but under different experimental con-
ditions and using other types of media and systems, such as 
SETIS™ and RITA® (Ramos-Castellá et al. 2014; Ramírez-
Mosqueda and Iglesias-Andreu 2016; Ramírez-Mosqueda et 
al. 2022). Thus, the three hours frequency tested in this study 
represents a promising alternative, especially since it concerns 
a relatively new bioreactor model, whose results revealed 
superior trends, particularly when compared to those observed 
in the conventional semi-solid system.

Furthermore, the heatmap analysis with standardized 
values (z-score) showed that, within the three hours fre-
quency, the volumes of 150 and 300 mL presented similar 
performance (Fig. 6). However, a greater intensity of values 
was observed for 300 mL (75 mL per explant), indicating a 
trend toward a better response with this medium volume. It 
is important to emphasize that the ideal volume may vary 
according to the bioreactor model and the species culti-
vated. For example, for Vanilla in the SETIS™, Ramírez-
Mosqueda et al. (2021) reported better performance with 
50 mL per explant; for Phalaenopsis protocorms, success 
was achieved with 10.5  mL per explant in the RITA® 
(Mohammadpour Barough et al. 2024), while for Agave, also 
using the RITA®, the ideal volume was 10 mL per explant 
(Monja-Mio et al. 2021).

It is important to note that, despite the observed tenden-
cies, several variables did not reach statistical significance in 
the factorial analysis. The heatmap interpretation therefore 
serves mainly to visualize the overall behavior of treatments 
rather than to confirm statistically supported differences. 
This limitation highlights the need for further experiments 
with larger sample sizes or additional replicates to reinforce 
these preliminary findings. Considering that the treatments 
showed similar performance for most variables, the choice of 
the most suitable protocol may consider factors such as cost, 
medium availability, and operational practicality.

Conclusion

The Biotilt™ temporary immersion system, with a fre-
quency of 3 h and 300 mL of medium, proved to be a prac-
tical, efficient, and economically viable alternative when 
compared to conventional micropropagation for the mul-
tiplication of Vanilla planifolia. The results reinforced the 
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system’s potential to produce new plants, offering greater 
operational flexibility and the possibility of automation, in 
addition to reducing costs associated with gelling agents 
and individual culture vessels. This study provided new 
evidence for the use of temporary immersion systems, 
strengthening their practical applicability and opening 
perspectives for future advances in the production of high-
quality planting material.
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