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ABSTRACT
 Micropropagation of small fruits such as blackberry has been employed due to the need to obtain plants with high phytosanitary quality. 
Bioreactor technology has been used to improve efficiency in seedling production. Thus, the objective of this work was to evaluate 
the best culture medium volume and sucrose concentration for blackberry micropropagation in a temporary immersion bioreactor. 
In vitro blackberry shoots were segmented containing two buds and an internode (1.0 cm) and placed into MS medium supplemented 
with inositol (0.1 g L-1), BAP (1 mg L-1) and sucrose (10, 20, 30 or 40 g L-1) at different medium volumes (150, 175 and 200 mL). The total 
length, number of leaves, number of shoots, and number of hyperhydric shoots were evaluated 56 days after start of the project. For 
blackberry development and propagation in a bioreactor system, the best results were shown at a medium volume of 175 ml and a 
sucrose concentration of 20 g L-1.

Index terms: Rubus spp.; clonal propagation; hyperhydricity. 

RESUMO
 O uso de micropropagação de pequenos frutos como a amoreira-preta tem sido empregado devido à necessidade de obtenção de plantas 
com alta qualidade fitossanitária. A tecnologia de biorreatores tem sido usada para melhorar a eficiência na produção de mudas. Assim, 
o objetivo deste trabalho foi avaliar a melhor quantidade de meio de cultura e a concentração ideal de sacarose para micropropagação 
de amoreira-preta em um biorreator de imersão temporária. Brotações in vitro de amoreira-preta foram segmentadas contendo duas 
gemas com internódio (1.0cm) e colocadas em meio MS suplementado com inositol (0.1 g L-1), BAP (1 mg L-1), sacarose (10, 20, 30 ou 40 
g L-1) e volume de meio (150, 175 e 200 mL). Foram avaliados aos 56 dias, o comprimento total, número de folhas, número de brotações 
e brotações hiper-hídricas. O volume de 175 mL e a concentração de 20 g L-1 apresentaram os melhores resultados e são os mais 
recomendados para o desenvolvimento e propagação de amora-preta em um sistema de biorreatores.

Termos de indexação: Rubus spp.; propagação clonal; hiperidricidade.

INTRODUCTION
The blackberry (Rubus spp.) belongs to the small 

fruit group, and its production in Brazil is concentrated 
in the South and Southeast regions. Its nutraceutical 
properties, low production cost and low supply in the 
market result in an increase in fruit demand and good 
sale value. (Augusto; Biasi; Telles, 2006; Silva et al., 
2016; Tullio; Ayub, 2013). However, as with most fruits, 

the purchase of plants represents the highest cost for 
orchards, and it is necessary to use techniques to reduce 
expenses in the production process (Attilio; Boliani; 
Tarsitano, 2009).

Among the techniques used for plant production, 
micropropagation is a very important contributor to the 
development of healthy plants, as this technique maintains 
genetic and phytosanitary quality. The conventional 
technique of micropropagation requires high labour, the 
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use of a large quantity of containers (Teixeira, 2011) 
and semi-solid culture medium, which, in addition to 
sucrose, low light intensity and high relative humidity in 
the containers, can reduce the photosynthetic potential 
and stomatal functionality, generating a lower rate of 
multiplication and biomass, thus making the technique 
more expensive (Hazarika, 2006; Lemos, 2013).

With this perspective, another option for in 
vitro plant development is the use of liquid medium, 
allowing greater contact of the medium with the explant 
and providing greater nutrient absorption (Rodrigues et 
al., 2006). Moreover, using liquid medium enables the 
automation of the process, presenting advantages for 
reducing labour and production costs (Silva et al., 2007; 
Teixeira, 2011; Georgiev et al., 2014). However, the use of 
liquid medium should be optimized for each species and 
condition, since it is more propitious to water accumulation 
in the plant’s apoplast, which decreases gas exchange with 
the external environment and causes oxidative stress and, 
as a consequence of the plant morphology, generates a 
vitreous state (Rojas-Martínez; Visser; Klerk, 2010; Dries 
et al., 2013). 

Cloudberry (Rubus chamaemorus) was the first 
species of the genus Rubus studied in a bioreactor 
using a permanent immersion system (Debnath, 2007; 
Debnath, 2011), and raspberry (Rubus idaeus) was 
studied using a temporary immersion system (Debnath, 
2014). For blackberry, at present, there are no reports 
using a bioreactor system for seedling production. 
Therefore, this study aims to evaluate blackberry 
micropropagation in a temporary immersion bioreactor 
by adjusting the culture medium volume and sucrose 
concentration.

MATERIAL AND METHODS

Plant material

Blackberry (Rubus spp.) cultivar Tupy was 
previously cultivated in vitro in semi-solid Murashige and 
Skoog (1962) medium (MS) supplemented with 0.1 g L-1 

inositol, 1 mg L-1 6-benzylaminopurine (BAP), 30 g L-1 
sucrose and 6 g L-1 agar. The pH was adjusted to 5.8. After 
60 days, the shoots were used for the experiments. Shoot 
segments 1 cm long with 2 buds were used as explants 
from the entire plant.

Bioreactor system

The bioreactor used was based on a line system and 
is divided into two modules (logical and physical). The 

logic module is responsible for configurating, managing 
and monitoring the bioreactor and consists of two levels. 
The first level is executed by software, which communicates 
with the second level, consisting of a microcontroller. The 
second level interacts directly with the physical module, 
sending instructions that are performed by the bioreactor 
pneumatically. These instructions consist of opening and 
closing solenoids, and through these actions, the culture 
medium is transferred between the containers (Zanlorenzi 
Junior et al., 2017) (patent deposit BR202017008054 – 0, 
19 Apr. 2017).

A double container system (Figure 1), one for the 
explants and the other for the culture medium liquid, was 
also used. The medium was transferred every 4 hours 
between the containers and remained in the explant 
container for 20 seconds. After the culture medium was 
added to the containers, they were autoclaved at 120 °C 
for 20 minutes before experimental installation under 
laminar flow.

Figure 1: Bioreactor with dual container system (500 
mL capacity).

Experiment 1: Volume of liquid medium

In the bioreactor system, 3 pairs of containers (1 
L total capacity) were used to test three volumes of liquid 
medium: 150, 175 and 200 mL. The liquid medium was 
MS supplemented with 0.1 g L-1 inositol, 30 g L-1 sucrose 
and 1 mg L-1 BAP, with the pH adjusted to 5.8. All 
chemicals were obtained from Sigma®. In each container, 
20 explants (1.0 cm) of blackberry were fixed in phenolic 
foam, and after 56 days, the number of leaves, number 
of shoots, plant total length, plant fresh weight and root 
length were evaluated.
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Experiment 2: Sucrose concentration

In the bioreactor system, 4 pairs of containers 
(500 mL total capacity) were used to test four sucrose 
concentrations: 10, 20, 30 and 40 g L-1. The liquid medium 
was MS supplemented with 0.1 g L-1 inositol and 1 mg L-1 
BAP, with the pH adjusted to 5.8. In each container, 10 
explants of blackberry were fixed in phenolic foam and 
90 mL of culture medium, which was proportional to the 
best amount of medium obtained in experiment 1. After 
56 days, the number of roots, rooting rate, length of the 
largest root, total length, number of shoots, length of the 
largest shoot, total number of leaves, number of healthy 
leaves, number of dead leaves, number of hyperhydric 
leaves, number of hyperhydric shoots and plant fresh 
weight were evaluated.

Growth conditions

For all experiments described below, the growth 
room was set to 25 ± 2 °C with a 16-hour photoperiod 
and a white light photon flux density of 27 μmol m-2s-1.

Statistical design

All experiments were performed in a completely 
randomized design with 4 replicates. The data were 
subjected to analysis of variance (ANOVA), the Scott-
Knott test and polynomial regression using the statistical 
program Sisvar (Ferreira, 2014). The maximum point was 
calculated through regression derivation of the obtained 
functions.

RESULTS AND DISCUSSION
In the experiment evaluating the amount of culture 

medium, the number of shoots (Figure 2 A) per explant 
was 44% and 35% higher using 175 mL than using 150 and 
200 mL, respectively. The number of leaves per explant, 
total plant length, and plant fresh weight (Figure 2 B, C 
and D) were significantly different by the Scott-Knott test 
as well. These results indicate greater efficiency in plant 
multiplication and development using 175 mL of culture 
medium.

Figure 2: Number of shoots per explant (A), number of leaves per explant (B), length of shoots (C) and plant fresh 
weight (D) by culture medium volume for blackberry micropropagation in a temporary immersion bioreactor. 
Means followed by the same lowercase letters do not differ statistically between treatments by the Scott-Knott 
test (p≤0.05).
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The multiplication rate in temporary immersion 
systems is one of the micropropagation variables that 
determines the success of the technique, because this 
technique is expected to obtain a high number of 
shoots per explant. Erig, Ross and Forte (2002) used 
1 mg L-1 BAP in the Tupy cultivar and obtained 3.23 
shoots per explant using MS solid medium. Hunková, 
Libiaková and Gajdosová (2016) obtained 2.34, 2.9, 
3.6 and 4.0 shoots per explant for Rubus sp. cultivars 
Black Jewel, Tayberry, Tulameen, and Blacksatin, 
respectively, using MS semisolid medium with 1 mg 
L-1 BAP and 0.2 mg L-1 IBA. Welander et al. (2014) 
studied Rubus idaeus in a temporary immersion 
bioreactor and obtained 3.74 shoots per explant. In our 
experiment with the amount of culture medium, the 
5.4 shoots / explant obtained (Figure 2A) was higher 
than the values reported in these studies, while in 
the sucrose experiment, our results were similar (3.9 
shoots / explant).

Obtaining the best average number of shoots per 
explant with 175 mL medium can be explained by the 
equilibrium generated in the moisture of the container, 
without the rapid loss of water by the explants, without 
toxicity caused by the increase in nutrient concentration, 
and without water accumulation in the plant tissues, as 
observed in the other treatments. These factors added to 
the consistency of the medium, which favours greater 
absorption of nutrients and leads to greater plant growth 
(Rodrigues et al., 2006).

In the experiment evaluating the sucrose 
concentration, root formation in the plants was minimal 
because there was no addition of auxin to the culture 
medium. However, a sucrose concentration of 20 g L-1 
had the highest rooting percentage (23%), while 10 g 
L-1 had the highest number of roots per explant (0.6) 
(Figure 3) but also a higher number of hyperhydric 
shoots per explant (1.1).

With 10 g L-1 sucrose, there was a decrease in root 
development, number of shoots, shoot length, total length, 
total number of leaves, number of leaves and fresh weight 
(Figure 4). The lowest performance of these variables was 
observed with 40 g L-1 sucrose (Figure 4).

Culture medium sucrose availability is considered 
a factor that may influence explant growth (Lemes et al., 
2016; Ribeiro et al., 2008). Its importance is related to 
the fact that the explant depends on a source of energy to 
enable the normal activity of the physiological functions 
of the cell, such as respiration. This dependence occurs 
because the photosynthesis process does not occur 
normally due to the lack of CO2.

By analysing the results presented in Figure 4, it 
was verified that the number of shoots of blackberry plants 
(Figure 4A) was highest when 10 g L-1 sucrose was used. 
Above this concentration of sucrose, there was a decline 
in the number of shoots. Lemes et al. (2016) found no 
beneficial effects on the number of shoots when sucrose 
was used in Miltonia flavescens culture medium.

When analysing the length of the largest shoot 
(Figure 4B) and total length (Figure 4C), the best growth 
result for blackberry plants was obtained with 20 g L-1 

Figure 3: Sucrose influence on blackberry root 
development. (A) Number of roots per explant, (B) 
rooting rate and (C) length of the largest root during 
micropropagation in a temporary immersion bioreactor.
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sucrose in the culture medium. Meanwhile, the total 
number of leaves (Figure 4D) was highest when 20-30 g 
L-1 sucrose was adopted. Thus, the best response regarding 
the development of blackberry plants was provided with 
the lower concentrations of sucrose.

An increase in sucrose availability up to 40 g L-1 
was detrimental to shoot development in the blackberry 
explants (Figure 4A, 4B, 4C and 4D). In the in vitro 
culture, excess sucrose can inhibit chlorophyll synthesis 
and reduce the photosynthetic crop capacity (Yamada Sato, 

1978), favouring the development of fungi and bacteria 
(Sousa et al., 2007).

Thus, according to the maximum point of the 
polynomial function estimation, 20.34 g L-1 sucrose is the 
most appropriate concentration (Figure 4). The highest 
numbers of shoots per explant (3.9) and leaves (26) 
occurred in the treatment with 10 g L-1 sucrose; however, 
the largest total length (21 mm), length of the largest shoot 
(13 mm) and fresh weight (0.32 g) were obtained with 30 
g L-1 sucrose.

Figure 4: Sucrose influence on blackberry microshoot development in a temporary immersion bioreactor. A - 
number of shoots per explant, B - length of largest shoot, C - total length, D - total number of leaves per explant, 
E – number of healthy leaves per explant, F - plant fresh weight.
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The influence of sucrose on the number of 
hyperhydric shoots can be seen in Figure 5 A, B and 
C. On the other hand, the liquid culture medium can 
induce hyperhydricity. This condition was frequently 
observed with 200 mL of medium (data not shown) 
and 10 g L-1 sucrose. In this sense, hyperhydricity 
may have occurred due to the high humidity, the 
liquid consistency of the medium (Vasconcelos et al., 
2012), low transpiration (Dries et al., 2013) and high 
water potential. Ramírez-Mosqueda et al. (2016) also 
observed a high incidence of hyperhydricity, which 
was associated with the temporary immersion system. 
Debnath (2007) worked with Rubus chamaemorus clones 
and reported a 20 and 30% incidence of this disorder in 
two clones, which was attributed to the consistency of 
the culture medium. In the sucrose experiment, 34,71 g 
L-1 was estimated as the minimum point and refers to 
the ideal amount for this phenomenon not occurring; 
this value is very close to 30 g L-1, the concentration 
normally used.

Leaf mortality per explant is shown in Figure 6 
D. In relation to dead leaves, the higher incidence in 
the hyperhydric shoots can be explained by the low gas 
exchange, which hinders ethylene exit, thus concentrating 
it in the cells and inducing foliar senescence. As noted 

by Ayub et al. (2017) in blueberry, silver thiosulfate, 
an ethylene receptor blocker, reduced senescence foliar 
symptoms, indicating that ethylene concentration in the 
container affects plant development. According to the 
minimum point of the polynomial function estimation, 
34,71 g L-1 sucrose induced the worst hyperhydric 
conditions.

The lowest averages observed for hyperhydric 
shoot quantity, hyperhydric shoot length, number 
of hyperhydric leaves/explant and number of dead 
leaves/explant using 40 g L-1 sucrose (Figure 6) were 
in accord with Bandinelli et al. (2013), who verified 
that an increased sucrose concentration reduced the 
leaf number and the number of internodes in potato 
plants. Increasing the sucrose concentration also 
reduces the water potential gradient, which may 
have impaired the absorption of water and nutrients, 
thus explaining the lower medium and the absence 
of hyperhydric shoots. A sucrose concentration of 20 
g L-1 is indicated for the cultivation of blackberry, 
as confirmed by the concentration estimated through 
the derivative of the equations of the main variables 
(20.34 g L-1). Values close to 15 g L-1 were obtained 
for raspberry (Arencibia et al., 2013) and pineapple 
(Silva et al., 2012).

Figure 5: Hyperhydric shoots obtained with 10 g L-1 sucrose (A and B) compared with normal shoots obtained 
with 20 g L-1 sucrose (C) in a blackberry temporary immersion bioreactor. In the red circle, translucent leaves and 
hyperhydricity symptoms.
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CONCLUSIONS
A volume of liquid medium of 175 mL and a 

sucrose concentration of 20 g L-1 are recommended 
for blackberry cultivation in a temporary immersion 
bioreactor, while 10 g L-1 sucrose induces the phenomenon 
of hyperhydricity and is not indicated for cultivation. New 
studies should be performed to adjust the plant density and 
compare conventional micropropagation in solid medium 
with that in a bioreactor system.
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