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ABSTRACT 
 

Banana presents issues with conventional propagation due to a low multiplication rate and diseases. Micropropagation 
allows the mass production of seedlings with better agronomic characteristics under controlled laboratory conditions, it 
uses explants and plant growth regulators (PGR) at different stages. Plant tissue culture (PTC) allows nutrients to be 
provided through the use of bioreactors with a temporary immersion system (TIS), the immersion of the plant material in 
the culture medium periodically prompts better individuals by facilitating the interaction of the plant material with the 
culture medium. The aim of this study was to evaluate the response to micropropagation of banana cv. Williams during 
the multiplication stage using RITA® (Recipient for Automated Temporary Immersion) bioreactors. For this purpose, two 
experiments were carried out: one using different explant density and the other one using different concentrations of 
plant growth regulators. The explants of banana correspond to the fourth subculture obtained from shoot meristems. The 
results obtained after 21 days of culture showed high multiplication rates and highlighted the usefulness of bioreactors 
with temporary immersion systems (TIS) to successfully propagate banana. 
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1. Introduction 
Banana has a rather slow plant propagation, and 
the use of conventional propagation methods 
leads to a low multiplication rate with an impact on 
genetic material, field uniformity and production 
(Hussein, 2012). Micropropagation through plant 
tissue culture allows an explant to be grown into a 
plant under in vitro conditions, overcoming envi-
ronmental and physiological limitations (Nielsen et 
al., 2019; Bhowmik & Rahman, 2020). Individuals 
can be cloned and manipulated using in vitro 
techniques (Ramírez-Mosqueda et al., 2020).  
The culture medium is composed of growth 
regulators, inorganic salts, carbon source and 
gelling agent; amino acids and antibiotics can be 
added. The formulation of the culture medium 
influence explant development (Alvarez et al., 
2019). Liquid culture medium is ideal for the 
temporary immersion system (TIS) due to its 
characteristics (Carvalho et al., 2019). Plant 
growth regulators influence the process of 

obtaining new individuals (Katel et al., 2022), 
moderate the physiological functions of plants and 
are active in small quantities (Kumari et al., 2018). 
Likewise, these compounds affect the conditions 
of metabolism (Sharma et al., 2020).  
The excess of one hormone generates hormonal 
imbalance, having an effect on another hormone 
and its action (Sosnowski et al., 2023; Zhang et 
al., 2022). Furthermore, the addition of hormones 
induces the plant to produce shoots sooner 
(Cardoso et al., 2020). Within plant hormones, 
auxins mainly control cell division and expansion 
(Grieneisen et al., 2007). The most commonly 
used auxin is 2,4-D due to its effectiveness; 
however, regulators such as IAA (Indole-3-butyric 
acid) and IBA (Indole-3-butyric acid) are also 
frequently used (Raghavan, 2004). On the other 
hand, cytokinins promote shoot formation and 
lateral root development; BAP (6-Benzyl-
aminopurine) stands out for its wide use (Wybouw 
& De Rybel, 2018; Lakho et al., 2023). 
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The temporary immersion system (TIS) requires a 
liquid culture medium with periodic immersion of 
the explant where nutrient absorption is directly 
related to the immersion time (Vidal & Sanchez, 
2019); this system allows the production of 
excellent individuals without pests or diseases 
(Bello-Bello et al., 2021). The system increases 
efficiency through uniform contact between the 
plant material and the culture medium (Bozkurt et 
al., 2023). Specifically, bioreactors represent a 
sterile and closed system. These containers have 
an air inlet and outlet and have an automatic or 
semi-automatic control system (Mamun, 2015; 
Krol et al., 2021). The RITA® bioreactor has two 
compartments, the lower compartment contains 
the culture medium and the upper chamber 
encloses the plant material. Due to the pressure 
exerted by the injection of air, the culture medium 
rises to the upper compartment coming into 
contact with the explants and descending when 
the pressure is reached (Teisson et al., 1996). 
Therefore, it is necessary to improve micropro-
pagation in banana, thus optimizing the process. 
Consequently, this study aimed to evaluate the 
response of banana to micropropagation during 
the multiplication stage using RITA® bioreactors 
with a temporary immersion system (TIS) at 
different explant density and different concen-
trations of plant growth regulators. 
 

2. Methodology 
Experiment location and plant material 
In this study, two experiments were conducted at 
the tissue culture laboratory facilities of the 

Institute of Biotechnology, located at the National 
Agrarian University La Molina, Peru. These experi-
ments were carried out consecutively to determine 
the ideal values of explant density and concen-
trations of plant growth regulators necessary to 
obtain the largest number of shoots at a 
temperature of 22 °C and a 16 h photoperiod. 
The explants corresponded to the fourth subcul-
ture of the insertion of plant material obtained from 
shoot meristems of banana cv. Williams. The 
banana explants were placed in the bioreactors 
maintaining asepsis in order to avoid contami-
nation in the experiment. 
 

Experimental design 
The experiment was divided into two.  
In the first experiment, a Completely Randomized 
Design (CRD) was used, which consisted of four 
treatments and five repetitions. Since each 
repetition is equivalent to one bioreactor, there 
were 20 bioreactors overall.  
In the second experiment, a Completely Rando-
mized Design (CRD) was used, considering four 
treatments with four repetitions each and, in this 
case, there were 16 bioreactors.  
The plant material was set in a laminar flow 
chamber using sterile instruments. In the RITA® 
bioreactors (capacity of 0.9 L) 200 mL of culture 
medium was added (Figure 1). An immersion 
frequency of 3 hours (8 immersions per day) was 
established and the established immersion time 
was 3 minutes. At the end of the 21 days, the 
seedlings were evaluated (Figure 2).  
 

 

 
 

Figure 1. Diagram of the RITA® bioreactor during air inlet and outlet. (a) three-way solenoid valve, (b) culture chamber 
and (c) medium compartment. 
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Figure 2. (A) RITA® bioreactor with the culture medium 
and (b) RITA® bioreactor with banana seedlings. 
 

In experiment 1, the aim was to determine the 
response to different explant density in banana cv. 
Williams. A liquid culture medium was used, based 
on MS culture medium (Murashige & Skoog, 1962) 
supplemented with 5.0 mgL-1 of IBA, 5.0 mgL-1 of 
BAP and 30 gL-1 of sucrose (Table 1). 
 
Table 1 
Treatments evaluated in explant density experiment 
 

Treatment 
Explant 
density 

Culture medium 

T0 
T1 
T2 
T3 

1.00 
2.00 
4.00 
8.00 

MS + 5.00 mgL-1 BAP + 
5.0 mgL-1 IBA + 30.00 gL-1 
sucrose 

 

In experiment 2, the aim was to determine the 
response to MS liquid culture medium with 
different concentrations of plant growth regulators 
in banana cv. Williams. Four different liquid culture 
media were used from an MS solution and four 
explants were used for each RITA® bioreactor 
(Table 2). 
 
Table 2 
Treatments evaluated in plant growth regulators experiment 
 

Treatment 
Explant 
density 

Culture media 

T0 4.00 MS 

T1 4.00 
MS + 5.00 mgL-1 BAP + 
5.0 mgL-1 IBA + 30.00 gL-1 
sucrose 

T2 4.00 
MS + 6.00 mgL-1 BAP + 
2.0 mgL-1 IAA + 30.00 gL-1 
sucrose 

T3 4.00 
MS + 6.00 mgL-1 BAP + 
2.0 mgL-1 IBA + 30.00 gL-1 
sucrose 

 
Evaluation variables 
These variables were evaluated: shoot multipli-
cation coefficient, calculated from the number of 
final shoots with regard to the number of initial 
shoots; seedling height (cm), calculated taking the 

base of the seedling as a starting point; number of 
leaves per seedling (leaves/seedling), calculated 
counting all the true leaves present in the seedling; 
seedling fresh weight (g), calculated taking the 
plant material from the RITA® bioreactor, which 
was weighed with the use of an analytical balance; 
seedling dry weight (g), calculated placing the 
fresh plant material from the RITA® bioreactor in 
the oven at 70 °C for 3 days and recording the 
weight with the use of an analytical balance. 
 
Statistical evaluation 
For the analysis, the Duncan Multiple Range 
(DMR) test was used with a significance level of 
0.05 for the variables evaluated. The analysis was 
performed using the RStudio software. 

 
3. Results and discussion 
 

The explant can be obtained from different parts 
of the plant. High-quality plant material allows for 
successful bioreactors culture (Coetser et al., 
2022). Numerous types of temporary immersion 
systems (TIS) are often used for clonal 
propagation, with RITA® and TIB (Temporary 
Immersion Bioreactor) being the most common, 
guaranteeing plant material with better agronomic 
characteristics (Thanonkeo et al., 2024).  
 
Response to explant density 
Considering that the initial explants were quite 
similar, different shoot multiplication coefficients 
were obtained. It is important to standardize the 
number of explants per bioreactor to obtain a 
greater number of shoots. 
Table 3 presents the data obtained for the 
variables at different explant density by applying 
the Duncan test with a significance level of 0.05. 
In this experiment, significant differences were 
observed between treatments. Treatment T2 (4 
explants) obtained a significantly higher value in 
the shoot multiplication coefficient compared to 
the other treatments. However, it obtained a value 
with no significant differences in seedling height 
and number of leaves per seedling compared to 
the other treatments. In these variables, the higher 
values were obtained by treatments T1 (2 
explants) and T3 (8 explants) respectively. In the 
case of the variable seedling fresh weight and 
seedling dry weight, treatment T3 (8 explants) was 
the one that revealed the highest value, being 3.63 
g and 0.26 g respectively. 
Culture time and explant density improve in vitro 
explant culture. Explant density influences the 
quantity and quality of the new shoots obtained.  
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Table 3 
Determination of the response to different explant density 
 

Treatment 
Shoot 

multiplication 
coefficient 

Seedling height 
(cm) 

Number of leaves 
per seedling 

Seedling fresh 
weight (g) 

Seedling dry 
weight (g) 

T0 
T1 
T2 
T3 

5.60 ± 1.14 bc 
4.90 ± 0.65 c 
8.95 ± 0.48 a 
6.55 ± 0.35 b 

4.19 ± 0.30 a 
4.57 ± 0.74 a 
4.29 ± 0.81 a 
4.53 ± 0.39 a 

2.40 ± 0.54 a 
2.50 ± 0.50 a 
2.50 ± 0.40 a 
2.72 ± 0.35 a 

1.90 ± 0.56 b 
3.12 ± 0.58 a 
2.86 ± 0.40 a 
3.63 ± 0.51 a 

0.16 ± 0.03 b 
0.23 ± 0.04 a 
0.22 ± 0.03 a 
0.26 ± 0.04 a 

T0: 1 explant, T1: 2 explants, T2: 4 explants, T3: 8 explants. Means with the same letter in each column are not statistically different 
(p < 0.05). 
 

In addition, it controls physiological aspects during 
micropropagation (Monja-Mio et al., 2021). Low or 
high density is counterproductive for explant 
development due to poor use of resources (Bello-
Bello et al., 2021). It is necessary 21 days of 
culture in temporary immersion bioreactors (TIS) 
for banana and there is an important relationship 
between explant density or number of explants per 
culture recipient in the formation of new shoots 
(Uma et al., 2021).  
The choice of an appropriate volume of culture 
medium for the bioreactor size was essential to 
avoid undesirable characteristics such as 
hyperhydricity and excessive growth (Kikowska et 
al., 2022). The temporary immersion system (TIS) 
solves problems of asphyxia and hyperhydricity 
compared to other systems, highlighting the 
improvement obtained by using liquid medium 
over semi-solid medium (Carvalho et al., 2019; 
San José et al., 2020), making it possible to obtain 
greater biomass for certain species (De Carlo et 
al., 2021). Using TIS, a higher biomass production 
can be obtained. The high presence of secondary 
metabolites such as flavonoids and phenolic acids 
would be a response to temporary immersion and 
oxygen availability (Makowski et al., 2023); and it 
allows to obtain seedlings with a lower incidence 
of chlorosis and necrosis (Bayraktar, 2019). 
The characteristics of the explant culture process 
are related to the volume of the medium, 
immersion time and immersion frequency 
(Melviana et al., 2021). The use of TIS bioreactors 
improves shoot multiplication compared to the 
semisolid system (SS) (Kunakhonnuruk et al., 
2019). This coincides with what has been reported 

using TIS compared to SS in Epipactis flava 
(Kunakhonnuruk et al., 2019) and Stevia rebaudia-
na (Melviana et al., 2021). In the shoot multipli-
cation coefficient variable, the treatment T2 (4 
explants) stood out. Therefore, the treatment T2 
with a value of 8.95 shoots per explant turned out 
to be the best treatment.  
 
Response to plant growth regulators 
The different concentrations used were reflected 
in the characteristics of the explants. An optimal 
culture medium must be established for this 
multiplication stage. Table 4 presents the data 
obtained for the variables at different concen-
trations of plant growth regulators by applying the 
Duncan test with a significance level of 0.05. In 
this experiment, significant differences were 
observed between treatments. Treatment T2 (MS 
+ 6.00 mgL-1 BAP + 2.00 mgL-1 IAA + 30 gL-1 
sucrose) obtained a significantly higher value in 
the shoot multiplication coefficient compared to 
the other treatments. For the variables seedling 
height and number of leaves per seedling, no 
significant statistical differences were found 
between the treatments and the control group, 
however, the treatment T2 (MS + 6.00 mgL-1 BAP 
+ 2.00 mgL-1 IAA + 30 gL-1 sucrose) presented the 
highest value again, 3.56 cm and 2.69 
respectively. On the other hand, for the variables 
seedling fresh weight and seedling dry weight, the 
treatments were statistically different from the 
control group, the treatment T1 (MS + 5.00 mgL-1 
BAP + 5.00 mgL-1 IBA + 30 gL-1 sucrose) being the 
one that exhibited the highest value in both 
variables, 2.64 g and 0.20 g respectively. 

 
Table 4 
Determination of the response to different concentrations of plant growth regulators 
 

Treatment 
Shoot multiplication 

coefficient 
Seedling height 

(cm) 
Number of leaves 

per seedling 
Seedling fresh 

weight (g) 
Seedling dry weight 

(g) 

T0 
T1 
T2 
T3 

4.19 ± 0.63 c 
7.38 ± 1.33 ab 
8.62 ± 0.49 a 
6.19 ± 0.66 b 

2.92 ± 0.38 a 
3.06 ± 0.29 a 
3.56 ± 0.46 a 
3.36 ± 0.60 a 

2.12 ± 0.32 a 
2.31± 0.24 a 
2.69 ± 0.43 a 
2.62 ± 0.14 a 

1.46 ± 0.22 b 
2.64 ± 0.45 a 
2.51 ± 0.33 a 
2.55 ± 0.16 a 

0.12 ± 0.01 b 
0.20 ± 0.02 a 
0.18 ± 0.01 a 
0.19 ± 0.004 a 

T0: MS, T1: MS + 5.00 mgL-1 BAP + 5.00 mgL-1 IBA + 30 gL-1 sucrose, T2: MS + 6.00 mgL-1 BAP+ 2.00 mgL-1 IAA+ 30 gL-1 sucrose, 
T3: MS + 6.00 mgL-1 BAP+ 2.00 mgL-1 IBA+ 30 gL-1 sucrose. Means with the same letter in each column are not statistically different 
(p < 0.05).
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Explant density, immersion frequency, and plant 
growth regulators influence the success of TIS. 
Regarding PGR, using the cytokinin BAP 
guarantees better results in TIB compared to 
traditional methods (Thanonkeo et al., 2024). 
Plant hormones can promote or inhibit 
development and growth in plants. Cytokinins 
promote shoot growth and auxins shoot 
elongation. Their use has the adverse effect of 
presenting a greater number of phenolic com-
pounds; yet they have a widespread use and ways 
of application (Sosnowski et al., 2023). The 
importance of the culture system, regulators, and 
genotype in the production of phenolic compounds 
is highlighted (Clapa et al., 2022). 
Seedlings exhibit genetic similarity. The impor-
tance of using BAP for shoot production was 
demonstrated (Ramírez-Mosqueda et al., 2016). 
The non-use of IBA allows to obtain seedlings with 
better characteristics such as number of shoots, 
number of leaves and vigor (Khafri et al., 2023; 
Husen et al., 2024). Applying IBA in rooting had 
little relevance (Capaci et al., 2024). The presence 
of sucrose directly influences shoot multiplication 
and the importance of using bioreactors for later 
stages in micropropagation (Gago et al., 2022). 
Temporary immersion bioreactors induce the 
formation of a high number of new banana shoots 
and achieve a high ex vitro survival (Uma et al., 
2023). Totipotency capacity of plants due to 
somatic embryogenesis and suggests a 
relationship with growth regulators (Su et al., 
2021). This is consistent with what has been 
reported using TIS compared to SS in Cannabis 
sativa (Rico et al., 2022) and Chrysanthemum 
morifolium (Hwang et al., 2022). 
In the shoot multiplication coefficient variable, the 
treatment T2 (MS+ 6.00 mgL-1 BAP+ 2.00 mgL-1 
IAA+ 30 gL-1 sucrose) stood out, with this 
treatment finally being the best treatment with an 
average of 8.62 shoots per explant. 

 
4. Conclusions 
 

The use of temporary immersion systems (TIS) 
compared to other systems guarantees better 
results in the micropropagation of numerous 
species, including banana. The initial density of 
explants influences the proliferation of shoots 
during the multiplication stage, as well as the 
availability of oxygen and consequently affects the 
biochemical reactions. On the other hand, the 
amount of plant growth regulators (PGR) used to 
prepare the liquid culture medium affects their 
impact on banana explants. Auxins and cytokinins 

have an effect on the development of explants and 
their concentration influences their action, there-
fore it is important to consider the ratio for optimal 
development. Future studies should address the 
influence of hyperhydricity and phenolization on 
the optimization of micropropagation. 
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