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ABSTRACT 

Temporary Immersion System (TIS) has emerged as an efficient platform for micropropagation and 

conservation of medicinal and horticultural plants. Periodic immersion can facilitate nutrient uptake and gas 

exchange, with reported effects on shoot multiplication, rooting, and plantlet quality varying according to 

plant species and culture protocols. Key technical factors, including immersion frequency, immersion 

duration, bioreactor type, medium volume, explant density, and plant growth regulators, can substantially 

influence micropropagation efficiency. TIS offers potential for scalable propagation and labor reduction, 

although hyperhydricity may remain a challenge depending on system configuration and culture conditions. 

Applications range from high value horticultural crops to medicinal plants, supporting uniform propagation, 

germplasm conservation, and nursery scale production. Current bottlenecks include standardization of 

operational parameters, hyperhydricity management, acclimatization success, and integration of 

technological innovations such as automation, sensors, and data driven control. Future research should focus 

on optimizing these parameters for diverse species, developing smart TIS systems, and evaluating long term 

genetic stability and physiological performance to improve its applicability in commercial propagation and 

conservation. Overall, TIS represents a promising tool for advancing plant tissue culture efficiency and 

sustainable propagation strategies.   

 

Keywords: Acclimatization; Bioreactor; Micropropagation; Plant Tissue Culture; Temporary Immersion 

System  

 

1. INTRODUCTION 

The global horticultural industry continues to face increasing demand for high-quality, 

uniform, and disease-free planting materials. This demand is driven by the need to improve 

productivity, maintain crop quality, and meet domestic and export standards, particularly for 

horticultural and medicinal crops. However, conventional propagation methods are often 

constrained by seasonal dependence, relatively low multiplication rates, variability in plant quality, 

and the potential transmission of pathogens across generations. Repeated vegetative propagation 

can facilitate pathogen accumulation and transmission, potentially compromising the health and 
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quality of planting materials over time. Therefore, advanced propagation technologies are needed 

to support the rapid, efficient, and large-scale production of healthy planting materials (Shah et al., 

2020). 

Plant tissue culture has become an important biotechnological approach for producing 

disease-free and genetically uniform plantlets under aseptic conditions. Micropropagation allows 

rapid multiplication of elite genotypes, supports conservation of valuable germplasm, and provides 

planting materials with better uniformity and quality. This technique is widely applied in 

horticultural and medicinal plants because it can overcome several limitations of conventional 

propagation and support mass production in limited space and time (Kunakhonnuruk et al., 2019; 

Swaraz et al., 2020; Zafarullah et al., 2021). However, conventional micropropagation systems still 

require large numbers of culture vessels, semi-solid media, and intensive manual handling. These 

requirements increase labor demand and production costs, making large-scale commercial 

application less efficient without further technological improvement (Rico et al., 2022). 

Semi-solid culture systems using agar or other gelling agents also contribute to production 

costs during commercial micropropagation. In addition, conventional culture vessels can limit 

automation and reduce the flexibility of medium replacement and culture handling (Zhang et al., 

2018; Kim et al., 2020). Liquid culture systems have been introduced to improve nutrient 

availability while eliminating the need for agar or other gelling agents. However, continuous 

exposure of plant tissues to liquid medium may induce physiological disorders such as 

hyperhydricity, depending on the plant species and culture conditions. Hyperhydric plantlets 

generally exhibit abnormal morphology, weak tissue structure, and reduced acclimatization 

capacity. These limitations highlight the need for culture systems that combine the advantages of 

liquid media with controlled exposure to the medium, adequate aeration, and reduced physiological 

stress. 

The Temporary Immersion System (TIS) was developed as a bioreactor-based culture 

system to address some of the limitations associated with semi-solid and continuous liquid culture. 

In TIS, explants are periodically immersed in liquid medium and subsequently exposed to air 

during the drainage phase. This alternating immersion and drainage process provides intermittent 

access to liquid nutrients while allowing periods of aeration. Depending on the plant species, 

vessel configuration, and operating conditions, TIS can improve culture aeration and gas exchange 

and may help reduce the risk of hyperhydricity compared with continuous liquid culture (Kim et 

al., 2020; De Carlo et al., 2021). TIS may also facilitate contact between explants and the culture 

medium; however, the uniformity of medium distribution depends on factors such as vessel 
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geometry, explant loading, and immersion conditions. In some systems, improved control of the 

culture environment may also influence the accumulation of phenolic compounds and other 

metabolites. These characteristics have contributed to the potential of TIS as an alternative 

platform for large-scale plant micropropagation. 

The application of TIS offers important operational and economic benefits for plant tissue 

culture. The system can reduce manual labor because explants do not need to be carefully 

positioned on gelled media, and liquid medium can be replenished more easily. TIS also supports 

automation, scale-up, longer subculture intervals, and improved production efficiency, making it 

attractive for commercial micropropagation (Ramírez-Mosqueda et al., 2016; De Carlo et al., 

2021). Nevertheless, several challenges remain, including the optimization of immersion frequency 

and duration, medium volume, explant density, bioreactor type, plant growth regulators, and 

acclimatization protocols. Species-specific responses and limited standardization across different 

TIS platforms also make it difficult to establish universal protocols. 

Therefore, this review aims to synthesize recent studies on Temporary Immersion System 

for plant micropropagation and conservation, with emphasis on bioreactor types, operational 

mechanisms, technical factors, growth performance, regeneration, plantlet quality, applications, 

bottlenecks, and future technological innovations. This review is expected to provide a 

comprehensive understanding of TIS as a strategy to improve the efficiency of mass propagation 

and production of high-quality planting materials in horticultural and medicinal plants. 

  

2. RESEARCH METHOD 

The literature search for this review was conducted using Google Scholar and four 

academic databases: Scopus, ScienceDirect, SpringerLink, and Web of Science. The search was 

conducted on 12 Juni 2026 using combinations of the following keywords: ―temporary immersion 

system,‖ ―temporary immersion bioreactor,‖ ―TIS,‖ ―TIB,‖ ―plant tissue culture,‖ 

―micropropagation,‖ ―medicinal plants,‖ ―horticultural crops,‖ ―hyperhydricity,‖ and 

―acclimatization.‖ The search strategy was designed to identify literature addressing the 

application and development of temporary immersion systems in plant tissue culture, particularly 

for micropropagation, conservation, biomass production, plantlet regeneration, and improvement 

of in vitro culture efficiency. 

Publications from 2016 to 2026 were prioritized to capture recent developments and 

current applications of temporary immersion systems. However, older foundational studies were 

retained when they provided important information on the development, principles, mechanisms, 
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or early applications of TIS. Thus, the 2016–2026 period was used as the primary range for recent 

evidence rather than as an absolute exclusion criterion for earlier literature. 

Eligibility and Study Selection 

The inclusion criteria comprised original research articles, review papers, book chapters, 

and conference proceedings that addressed temporary immersion systems in plant tissue culture, 

particularly those related to micropropagation, conservation, biomass production, plantlet 

regeneration, and in vitro culture efficiency. Studies were prioritized when they reported technical 

parameters or outcomes relevant to TIS performance, including immersion frequency, immersion 

duration, aeration, medium volume, explant density, plant growth regulators, bioreactor type, 

plantlet quality, hyperhydricity, and acclimatization. 

Studies focusing on medicinal and horticultural plants were prioritized. Studies involving 

other plant species were included when they provided comparative or mechanistic information 

considered relevant to TIS-based micropropagation. Publications were excluded when they were 

unrelated to plant tissue culture or temporary immersion systems, did not provide information 

relevant to the objectives of this review, or were duplicate records. 

The retrieved literature was screened based on title and abstract, followed by assessment of 

the full text for studies considered potentially relevant. The final selection was based on the 

relevance of each publication to the objectives and scope of the review. 

Data Extraction and Synthesis 

Relevant information from the selected literature was extracted and organized according to 

plant species, culture objective, TIS or bioreactor configuration, immersion frequency and 

duration, aeration conditions, culture medium, plant growth regulators, explant type, and reported 

outcomes. Particular attention was given to shoot multiplication, rooting, biomass production, 

hyperhydricity, acclimatization, and plantlet quality. The findings were synthesized descriptively 

by comparing reported TIS configurations, operational parameters, plant responses, limitations, 

and technological developments across studies. Because TIS responses are influenced by plant 

species and culture conditions, reported effects and optimal parameters were interpreted as study-

specific rather than as universally applicable settings. 

 

3. RESULTS AND DISCUSSION 

Conceptual Framework of Temporary Immersion System in Plant Tissue Culture 

Temporary Immersion Systems (TIS) represent a bioreactor-based approach in plant tissue 

culture that combines the use of liquid culture medium with intermittent exposure of explants to 
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air. In TIS, explants are periodically immersed in liquid nutrient medium and subsequently 

exposed to air during the drainage phase. This alternating immersion and drainage process can 

facilitate nutrient delivery while providing periods of aeration. Depending on plant species, vessel 

configuration, and operating conditions, TIS has been reported to influence nutrient uptake, gas 

exchange, plantlet development, and the occurrence of physiological disorders such as 

hyperhydricity (Ahmadian et al., 2017; Mirzabe et al., 2022). The intermittent exposure of explants 

to the culture medium may also influence the distribution of nutrients within the vessel; however, 

the uniformity of medium contact depends on factors such as vessel geometry, explant loading, and 

immersion conditions. 

The conceptual basis of TIS lies in balancing nutrient delivery with adequate aeration and 

controlled exposure of plant tissues to liquid medium. Continuous or excessive exposure to liquid 

medium can restrict gas exchange and increase the risk of physiological abnormalities under 

certain culture conditions, whereas programmed immersion and drainage cycles provide alternating 

periods of liquid contact and air exposure. These conditions may support shoot proliferation, 

rooting, biomass accumulation, and plantlet development, although responses vary according to 

plant species, explant type, culture medium, plant growth regulators, and TIS operating parameters 

(Baltazar et al., 2026; Nongdam et al., 2023). Therefore, TIS should be considered a flexible 

culture platform whose effectiveness depends on appropriate optimization of system configuration 

and operating conditions rather than as a universally superior alternative to conventional semi-solid 

culture. 

Historically, the adoption of TIS emerged from the need to improve productivity and 

scalability of in vitro propagation. Early bioreactor designs progressed from simple liquid 

immersion to more sophisticated systems that control immersion frequency, duration, and aeration 

patterns. The development of variants such as twin flask, automated air pressure systems, and 

integrated nutrient reservoirs illustrates the evolution of TIS technology toward higher efficiency 

and reduced labor input, particularly for commercial applications (Baltazar-Bernal et al., 2024; 

Etienne et al., 2002; Mirzabe et al., 2022).   

The general workflow of TIS‑based micropropagation is captured in Figure 1, beginning 

with explant selection and placement into the bioreactor, followed by programmed cycles of 

immersion and aeration that encourage nutrient uptake and controlled growth. After sufficient 

shoot multiplication and rooting, plantlets are typically acclimatized to ex vitro conditions, a phase 

where TIS derived plantlets often display improved survival due to better physiological 

conditioning during in vitro culture (Baltazar et al., 2026; Nongdam et al., 2023). 
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Figure 1. General workflow of a Temporary Immersion System (TIS) in plant tissue culture. 

Adapted from Gomes et al., (2025); Hwang et al., (2022) 

Types of Temporary Immersion Bioreactors and Operational Mechanisms 

Temporary immersion systems have been developed in different bioreactor designs to 

improve nutrient delivery, aeration, and handling efficiency during in vitro plant propagation. 

Although all TIS platforms work through intermittent contact between explants and liquid medium, 

each system differs in vessel structure, liquid movement, aeration control, culture capacity, and 

operational complexity. Several commonly used TIS bioreactors include RITA®, SETIS™, 

Plantform™, twin-flask or BIT systems, and modified low-cost TIBs, each with specific 

operational strengths and limitations. 

RITA® is one of the most widely reported TIS bioreactors because it allows liquid 

medium to rise periodically and immerse the explants before draining back to the reservoir. This 

design supports controlled immersion and reduces continuous exposure of tissues to liquid 

medium, which may contribute to maintaining plantlet quality under appropriate culture conditions 

(Hwang et al., 2022; Ramírez-Mosqueda et al., 2016). However, the occurrence of hyperhydricity 

is influenced by immersion frequency, immersion duration, plant species, and other culture 

conditions. Inappropriate immersion regimes may increase the risk of hyperhydricity in susceptible 

species, particularly when exposure to liquid medium is excessive (Hwang et al., 2022; Ramírez-

Mosqueda et al., 2016). SETIS™ works through an air-pressure mechanism that regulates 

immersion and aeration in connected culture vessels. Its larger culture capacity and improved 

aeration may facilitate scale-up, although the system requires appropriate equipment control and 

strict sterilization procedures (Bello-Bello et al., 2021; Ramírez-Mosqueda et al., 2016). 

Plantform™ bioreactors use support grids and automated liquid movement to expose 

explants uniformly to the medium. This system is useful for commercial micropropagation because 

it improves nutrient contact and reduces labor compared with conventional semi-solid culture 
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(Hwang et al., 2022; Nongdam et al., 2023). However, its efficiency still depends on immersion 

frequency, medium volume, and explant density. Twin-flask or BIT systems use two connected 

vessels to separate the explants from the medium, with liquid transfer controlled by air pressure 

during immersion cycles. This system is simpler and more flexible for laboratory-scale 

optimization, but it is generally less standardized than commercial bioreactors (De Carlo et al., 

2021; Uma et al., 2021). 

Modified or low-cost TIB systems have also been developed to reduce production costs 

and adapt TIS technology to species-specific protocols. These systems commonly use bottles, 

tubes, pumps, timers, or air pressure to control immersion cycles. They are useful for laboratories 

with limited facilities and can support large-scale propagation when the immersion cycle, medium 

volume, and explant density are properly adjusted (Bello-Bello et al., 2021; Thanonkeo et al., 

2024; Uma et al., 2021). However, reproducibility and contamination control remain major 

limitations because each laboratory may use different vessel designs and sterilization procedures. 

Technical Factors Affecting Micropropagation Efficiency in TIS 

The efficiency of micropropagation in temporary immersion systems is strongly influenced 

by operational and culture-related factors. Unlike conventional semi-solid culture, TIS requires 

precise control of immersion frequency, immersion duration, medium volume, aeration, explant 

density, plant growth regulators, and vessel design. The main technical factors affecting plant 

growth and regeneration in temporary immersion systems are summarized in Table 1. 

Table 1. Technical factors affecting plant growth and regeneration in temporary immersion 

systems 

Technical 

Factor 

Common Setting Effect on Culture Performance Reference 

Immersion 

frequency & 

duration 

1–2 min per immersion; 

reported frequencies vary 

among studies, including 2–

3 immersions per day or 

approximately every 6–8 h 

Supports shoot proliferation, 

rooting, and ex vitro 

acclimatization; effects on 

hyperhydricity depend on 

immersion regime and culture 

conditions 

Thanonkeo et 

al., (2024); 

Uma et al., 

(2021) 

Medium 

volume & 

composition 

250 mL liquid medium; 

0.5% sucrose, 2 µM meta-

topolin 

Adequate nutrients improve 

shoot growth, leaf number, and 

rooting response 

Rico et al., 

(2022); Uma 

et al., (2023) 

Plant growth 

regulators 

(PGRs) 

BAP 7.5 mg/L for shoot 

multiplication and IBA 0.5 

mg/L for rooting, as 

reported for the specific 

plant species/cultivar 

studied 

May enhance shoot 

multiplication, shoot 

development, and rooting 

efficiency depending on plant 

species, cultivar, PGR type, and 

concentration 

Thanonkeo et 

al., (2024) 
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Explant 

density 

loading 

5–8 explants per vessel, as 

reported in specific studies; 

appropriate loading varies 

according to bioreactor type, 

vessel capacity, plant 

species, and explant 

characteristics 

Appropriate explant density may 

support shoot multiplication and 

biomass production, whereas 

excessive loading may increase 

competition for nutrients and 

space and may contribute to 

reduced growth or tissue necrosis 

Bello-Bello et 

al., (2021); 

Rico et al., 

(2022) 

Bioreactor 

design & 

immersion 

control 

RITA®, Plantform™, TIB, 

or low-cost modified 

system; immersion adjusted 

by timer/air pressure 

Ensures uniform nutrient contact, 

reduces labor, controls 

hyperhydricity, and supports 

plantlet quality 

Hwang et al., 

(2022); 

Ramírez-

Mosqueda et 

al., (2016) 

Immersion frequency and medium volume are among the important parameters in TIS-

based micropropagation. Uma et al. (2021) reported that banana explants cultured in a temporary 

immersion bioreactor with 250 mL of liquid medium and 2 min immersion every 6 h showed 

efficient shoot proliferation and rooting. These findings demonstrate that the reported immersion 

regime supported shoot multiplication and rooting under the conditions tested. Although periodic 

exposure to liquid medium may facilitate access to nutrients and water, direct enhancement of 

nutrient uptake should not be inferred unless nutrient uptake was specifically measured. Therefore, 

immersion conditions should be carefully regulated because excessive exposure to liquid medium 

may increase the risk of hyperhydricity and negatively affect plantlet quality, depending on the 

plant species and culture protocol. 

Plant growth regulators and explant density are important factors affecting plantlet 

multiplication in TIS. In banana cv. Kluai Numwa Pakchong 50, Thanonkeo et al. (2024) reported 

that 7.5 mg/L BAP supported shoot multiplication, whereas 0.5 mg/L IBA was used to promote 

rooting under the conditions tested. The study also evaluated explant density and reported 

differences in multiplication response among the tested loading levels. These findings suggest that 

PGR concentration and explant loading should be optimized together according to the plant 

species, cultivar, and culture conditions to support effective plantlet development. 

Bioreactor type and explant loading further influence culture performance. Rico et al. 

(2022) demonstrated that RITA® and Plantform™ bioreactors could support axillary shoot 

proliferation of Cannabis sativa, with differences in explant capacity and immersion settings 

between the systems. Their study also reported that 1 min immersion three times per day, 

combined with 0.5% sucrose and 2 µM meta-topolin, supported shoot proliferation under the 

conditions tested. These findings suggest that TIS performance depends not only on the immersion 

cycle but also on vessel capacity, carbon source, cytokinin type, and other culture conditions. 
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Culture system design is another important factor, especially for laboratories aiming to 

reduce production costs. Modified or low-cost TIS/TIB systems can improve scalability and reduce 

labor compared with conventional semi-solid culture, but they require careful control of 

contamination and reproducibility (Bello-Bello et al., 2021; Pożoga et al., 2024). In addition, 

immersion control remains essential for limiting excessive liquid exposure and improving plantlet 

quality, particularly in species that are sensitive to hyperhydricity (Hwang et al., 2022; Ramírez-

Mosqueda et al., 2016). 

Growth Performance, Regeneration, and Plantlet Quality in TIS 

Growth performance is one of the main indicators used to evaluate the effectiveness of 

Temporary Immersion Systems in plant micropropagation. In TIS, periodic contact with liquid 

medium can improve nutrient uptake, water availability, and culture uniformity, which may 

increase shoot multiplication, shoot elongation, rooting, and biomass accumulation. However, 

improved growth is not only determined by the availability of liquid medium, but also by the 

ability of the system to maintain normal morphology and avoid excessive tissue hydration. 

Therefore, plantlet quality should be evaluated together with multiplication rate and regeneration 

response. 

Several recent studies indicate that TIS can improve shoot proliferation and plantlet 

development in horticultural and ornamental species. In Sorbus domestica, the use of TIS was 

reported as an innovative approach for in vitro propagation, supporting its potential for the 

propagation of underutilized fruit tree species (Gianguzzi & Sottile, 2024). In Crocus sativus, TIS 

produced higher growth parameters than semi-solid medium, including microcorm, shoot, and root 

number, suggesting that temporary immersion can enhance regeneration and biomass formation in 

high-value horticultural crops (Tarraf et al., 2024). Similar benefits were reported in Colocasia 

esculenta, where different semi-automated bioreactors were compared for in vitro propagation, 

highlighting the importance of bioreactor choice in determining multiplication and plantlet 

performance (Mancilla-álvarez et al., 2021). 

Plantlet quality is another important outcome in TIS-based micropropagation. High shoot 

number alone is not sufficient if regenerated plantlets show weak rooting, abnormal morphology, 

or low survival after transfer to ex vitro conditions. In Anthurium andreanum, temporary 

immersion improved in vitro multiplication and acclimatization, showing that TIS can support both 

propagation efficiency and post-culture establishment (Martínez-Estrada et al., 2019). For 

ornamental grasses such as Pennisetum × advena ‗Rubrum‘, TIS also supported efficient plant 

production and was associated with lower production costs compared with agar-based culture, 
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indicating that improved plantlet production can be linked with practical scalability (Pożoga et al., 

2024). 

Applications of TIS in Medicinal and Horticultural Plants 

Temporary Immersion System has been applied to different plant groups, including 

medicinal plants, horticultural crops, and ornamental species. Its main applications include shoot 

multiplication, rooting, biomass production, plantlet quality improvement, and large-scale 

propagation. The applications of TIS in medicinal and horticultural plants are summarized in Table 

2. 

Table 2. Applications of temporary immersion systems in medicinal and horticultural plants 

Plant Group Example 

Species 

TIS Application Main Outcome Reference 

Medicinal plants Cannabis 

sativa 

Shoot multiplication in 

RITA® and 

Plantform™ 

bioreactors 

Shoot multiplication using 

RITA® and Plantform™ 

bioreactors Shoot 

proliferation and rooting 

responses under the tested 

TIS configurations, with 

differences observed 

between bioreactor types 

and culture conditions 

Rico et al., 

(2022) 

Medicinal plants Agave 

angustifolia 

 

Shoot multiplication 

using low-cost TIS 

 

Increased shoot 

proliferation and improved 

physiological quality 

Monja-Mio 

et al., (2021) 

Horticulture crops Musa spp. 

(banana) 

 

Multiplication in TIB 

system with controlled 

immersion and PGR 

Improved shoot 

multiplication, uniform 

rooting, successful ex vitro 

acclimatization 

Uma et al., 

(2021) 

Horticulture crops Hylocereus 

undatus 

(pitahaya) 

Mass propagation using 

automated TIS 

 

Reduced hyperhydricity, 

higher multiplication rates, 

uniform plantlets 

Bello-Bello 

et al., (2021) 

Ornamental plants Vanilla 

planifolia 

 

Multiplication using 

SETIS™ bioreactor 

Higher shoot number, 

improved shoot length, 

scalable propagation 

Ramírez-

Mosqueda et 

al., (2016) 

Woody/biomass 

species 

Salix 

viminalis 

 

Micropropagation in 

RITA® 

Shoot proliferation and 

growth responses under 

temporary immersion 

culture, as reported under 

the tested culture 

conditions 

Regueira et 

al., (2018) 

As shown in Table 2, TIS has strong potential for medicinal plant micropropagation. In 

Cannabis sativa, the use of RITA® and Plantform™ bioreactors improved shoot multiplication, 

rooting, and plantlet quality compared with semi-solid culture (Rico et al., 2022). Similar benefits 

were observed in Agave angustifolia, where a low-cost TIS increased shoot proliferation and 

improved physiological quality (Monja-Mio et al., 2021). These findings indicate that TIS can 
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support the propagation of medicinal plants that require uniform, vigorous, and high-quality 

planting material.  

TIS is also widely used in horticultural crops that need rapid and large-scale 

multiplication. In Musa spp., controlled immersion combined with plant growth regulators 

improved shoot multiplication, rooting uniformity, and ex vitro acclimatization (Uma et al., 2023). 

In pitahaya (Hylocereus undatus), automated TIS supported mass propagation by increasing 

multiplication rates, reducing hyperhydricity, and producing uniform plantlets (Bello-Bello et al., 

2021). These results show that TIS can improve propagation efficiency in crops where 

conventional micropropagation is often labor-intensive and costly. 

For ornamental and multipurpose plants, TIS also provides advantages in culture 

uniformity and production scalability. In Vanilla planifolia, the SETIS™ bioreactor increased 

shoot number and shoot length, showing its potential for scalable propagation of high-value 

ornamental and horticultural species (Ramírez-Mosqueda et al., 2016). In Salix viminalis, RITA® 

supported uniform shoot multiplication and faster growth, indicating that TIS can also be applied 

to woody plants with medicinal, horticultural, or biomass-related value (Regueira et al., 2018). 

Bottlenecks and Future Technological Innovations 

Despite its advantages, Temporary Immersion System still faces several bottlenecks that 

limit its broader application in commercial micropropagation (Sota et al., 2025). The key factors 

and bottlenecks influencing TIS-based micropropagation are summarized in Figure 2. The most 

common technical constraints include hyperhydricity, contamination risk, high initial equipment 

cost, limited protocol standardization, and species-specific responses. Hyperhydricity remains a 

major problem because excessive immersion or poor aeration can increase water uptake and 

produce abnormal plantlets. Therefore, immersion frequency, immersion duration, vessel design, 

aeration, and medium volume must be optimized carefully for each species (Carvalho et al., 2019; 

Mirzabe et al., 2022; Bello-Bello et al., 2025). 
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Figure 2. Key Factors and Bottlenecks Influencing TIS-Based Micropropagation 

Although the Temporary Immersion System (TIS) offers advantages for large-scale plant 

propagation, including enhanced shoot multiplication and the potential to reduce labor/input costs, 

several challenges may limit its application under commercial conditions (De Carlo et al., 2021; 

Mirzabe et al., 2022). Hyperhydricity represents a major bottleneck and is a physiological disorder 

associated with excessive water uptake or an imbalance in tissue water relations, resulting in 

translucent, brittle, and morphologically abnormal tissues. Its occurrence is strongly influenced by 

immersion frequency and duration, as excessive exposure to liquid medium may disrupt water 

relations and gas exchange within the culture system (Mirzabe et al., 2022). Ramírez-Mosqueda et 

al. (2016) demonstrated that a 2-min immersion every 8 h in a RITA® system resulted in the 

highest shoot multiplication of Stevia rebaudiana, highlighting the importance of optimizing the 

immersion regime. In addition to hyperhydricity, liquid culture systems require appropriate control 

of immersion and aeration conditions to maintain adequate oxygen availability and nutrient supply 

for explant growth (De Carlo et al., 2021). Excessive or insufficient immersion may affect water 

relations, gas exchange, and nutrient availability, thereby compromising shoot development. The 

importance of optimizing TIS operating conditions has also been demonstrated in Bletilla striata 

and Cannabis sativa, where appropriate culture parameters improved propagation performance 

(Zhang et al., 2018; Rico et al., 2022). Therefore, precise control of immersion frequency, 

immersion duration, and aeration is essential for maximizing multiplication efficiency while 

minimizing hyperhydricity and other physiological abnormalities. 

Future development of TIS technology is increasingly focused on improving bioreactor 

design, process control, sterilization, and scalability. Computational Fluid Dynamics (CFD) has 



Vol. 10 No. 1September 2026 

 

Page |  

 
                 

 AGRICULTURAL SCIENCE 
Journal Of Agricultural Science And Agriculture Engineering 

Faculty of Agriculture, Merdeka University Surabaya,Indonesia 
Available on : 

https://agriculturalscience.unmerbaya.ac.id/index.php/agriscience/index 

 

 

 Copyright (c) 2026 Author(s)        

 

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License 

been proposed to optimize bioreactor configuration and fluid distribution, while improved 

sterilization approaches and hybrid systems combining TIS with other bioreactor configurations, 

such as mist bioreactors, have been identified as potential directions for future development 

(Mirzabe et al., 2022). In parallel, sensor-based monitoring and automated control may provide 

greater control over culture conditions and improve process reproducibility. The use of easily 

sterilizable or disposable components and advanced LED lighting may also offer opportunities to 

simplify operation and improve environmental control; however, these approaches require further 

validation of their effects on propagation efficiency and production costs. Thus, although some 

engineering approaches have been explored, several of these innovations remain prospective rather 

than established features of TIS technology, highlighting the need for further research to integrate 

engineering advances with biological optimization for efficient and scalable plant propagation (De 

Carlo et al., 2021; Mirzabe et al., 2022). Overall, the future of TIS in plant micropropagation lies in 

integrating automation, digital sensors, CFD modeling, and next-generation bioreactor designs to 

reduce hyperhydricity, improve aeration, and facilitate industrial-scale culture management, 

positioning TIS as a major platform for mass, economical production of high-quality, disease-free 

planting materials. 

 

4. CONCLUSIONS 

Temporary Immersion System (TIS) is a promising platform for the efficient and scalable 

micropropagation of medicinal and horticultural plants. Its performance is species- and protocol-

dependent and is influenced by bioreactor configuration, immersion frequency and duration, 

culture medium composition, explant density, and plant growth regulator concentration. 

Appropriate optimization of these factors is essential to achieve effective shoot multiplication, 

rooting, plantlet development, and acclimatization while managing physiological disorders such as 

hyperhydricity. Although TIS has demonstrated potential for large-scale propagation and biomass 

production, its advantages cannot be generalized across species or culture conditions. Further 

research should prioritize species-specific optimization, improved bioreactor design, process 

automation and monitoring, and evaluation of long-term genetic stability and physiological 

performance. These efforts are important for establishing reliable and reproducible TIS protocols 

for commercial propagation and plant conservation. 
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