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ABSTRACT
This study presents the first micropropagation protocol for greenberry (Rubus erythroclados), a wild Brazilian 
species with edible green fruits. In the in vitro multiplication stage, three concentrations of benzyladenine 
(BA) were tested (0, 5 and 10 μM), combined with three concentrations of indolebutyric acid (IBA) (0, 3 
and 6 μM) in two subsequent subcultures. In the rooting stage, in and ex vitro rooting were compared after 
pulse treatment of the microcutting for 10 seconds in IBA (0, 2.46, 4.92 and 7.38 mM). For the in vitro trial, 
the microcuttings were maintained in glass bottles with an MS medium under controlled conditions inside a 
growth room. For the ex vitro trial, the microcuttings were planted in styrofoam containers with vermiculite 
and maintained inside a greenhouse with an intermittent mist system. R. erythroclados multiplication was 
obtained with the addition of BA to the culture medium, while IBA reduced the shoot proliferation and in-
creased mortality. The ex vitro rooting showed the best results, reaching 95.8% for rooted and acclimatizated 
plants without IBA. An efficient and simple protocol can be used for R. erythroclados micropropagation with 
5 μM BA for in vitro shoot proliferation and ex vitro rooting of microcuttings with intermittent misting. 
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The greenberry (Rubus erythroclados) is a native plant 
from grassy regions and rain forests in southern Bra-
zil (Cordeiro et al., 2011). Its green fruits (Fig. 1A and 
1B), with high sugar levels and a pleasant taste, drew 
the attention of the local population, revealing their 
marketing potential alongside other small fruits. 
However, the cuttings of this species are difficult to 
root, and there is a lack of published studies on its 
propagation; so, this in vitro research was carried out.

Blackberry plants (Rubus spp.) can be propagated 
with root cuttings, stem cuttings (Maia and Botelho, 
2008; Campagnolo and Pio, 2012) and  tissue cultu-
res (Pasa et al., 2012), of which tissue cultures are the 
surest way to avoid contamination by fungi, bacte-
ria, viruses and nematodes in addition to resulting in  
genetically uniform plants in a short period of time. 
However, the great variability in the in vitro behavior 
requires us to develop specific growing conditions 
since not all Rubus species have a high potential for 
in vitro propagation (Debnath, 2003). For each species 
and cultivar, there is a specific culture medium, and, 
to determine which is the best, several tests should 
be performed.

The plant growth regulators used in blackberry tissue 
cultures include benzyladenine (BA) and indolebu-
tyric acid (IBA) (Lazic and Ruzic, 2007). The rooting 
of  microcuttings can either be performed in vitro, as 
is already widely used (Deng and Donnelly, 1993) or 
ex vitro during acclimatization, directly on the subs-
trate (Jin et al., 1992; Augusto et al., 2006) or in float 
hydroculture (Clapa et al., 2013). Ex vitro rooting 
offers the advantage of reducing difficulties related 
to survival and development of plants cultivated in 
vitro (Augusto et al., 2006; Pelizza et al., 2013) and also 
reduces costs.

The aim of this study was to establish a useful and 
simple greenberry micropropagation protocol with 
satisfactory multiplication, rooting and acclimatiza-
tion rates.

MATERIAL AND METHODS

The initial explants were collected from mother 
plants growing into a greenhouse (Fig. 1C). Nodal 
segments (Fig. 1D) from new shoots were disinfec-
ted and established in vitro. The explants for this 
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study were derived from the multiplication stage 
after three subcultures in vitro with 5 µM BA, and, 
to completely eliminate the effects of this growth 
regulator, the explants were submitted to two sub-
cultures in an MS medium free of plant growth re-
gulators. Each explant was composed of a lateral bud 
with a pair of leaves. The plants were maintained in 
a growth room at 25±2°C with a 16-h photoperiod 
and 20 µmol m-2 s-1 irradiance provided by cool-whi-
te fluorescent bulbs.

An MS culture medium was used (Murashige and 
Skoog, 1962) supplemented with 30 g L-1 sucrose. The 
pH of the solution was adjusted to 5.8 using 0.1 N 
sodium hydroxide before the addition of 6 g L-1 agar 
and sterilization with autoclaving at 120ºC and a 
pressure of 1.5 atm for 20 min. 30 mL of the culture 
medium were placed in glass bottles, which were sea-
led with a polypropylene cap and plastic film. 

In the trial for multiplication, the experiment design 
was completely randomized in a factorial arrange-
ment (3×3), with three IBA concentrations (0, 3 and 
6 µM), three BA concentrations (0, 5 and 10 µM), 
four replications, 12 plants per experiment plot, and 
six microcuttings per bottle. This experiment was 
evaluated for two subcultures, and the explants of 
each treatment were used in the following treatment 
after 2 months of culture.

The analyzed parameters included the number of 
new shoots per explant with at least 0.3 cm, the 
largest shoot height, the number of new leaves per 
shoot and roots per explant, the percentage of dead 
explants, the hyperhydricity, the explants with callus 
formation, and the rooted explants.

The rooting trials were conducted with a completely 
randomized design in a factorial arrangement (4×2), 
with four IBA concentrations (0, 2.46, 4.92 and 7.38 
mM), two environments (in and ex vitro), four replica-
tions and 12 plants per experiment plot. The culture 
medium and growth room for the in vitro conditions 
were the same as those used in the multiplication 
trial. For the ex vitro rooting, microcuttings were pla-
ced in styrofoam containers with vermiculite in a 
greenhouse with an intermittent mist system.

For these trials, the microcuttings were cultivated in 
a culture medium containing 5 µM BA, and, to elimi-
nate the effects of the plant growth regulator, they 
were submitted to two subcultures with an MS me-
dium free of plant growth regulators.

Each microcutting was held with four leaves and 
about 1 cm in height. The base of each microcutting 
was placed into the respective IBA solution for ten 
seconds and then placed in vitro or ex vitro. The IBA 

Figure 1. 	Aspects of Rubus erythroclados. A. Ripe fruits; B. Branch with apical inflorescences and immature fruits; C. Mother 
plants in a greenhouse; D. Nodal segment with new shoot in vitro; E. Shoot proliferation in the first subculture with 
5 µM BA; F. Shoot proliferation in the second subculture with 5 µM BA; G. Plant rooted ex vitro without a growth 
regulator; H. Acclimatized plants.

A B C D
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was diluted with two different methods using an 
ethanol solution (50% v/v) and some drops of 1 N 
NaOH. The solution pH was adjusted to 7.0 in both 
methods.

These trials were evaluated after 69 d, and the fo-
llowing parameters were analyzed: percentage of 
rooted microcuttings, dead microcuttings, and mi-
crocuttings with a callus (including those rooted), 
number of roots and leaves per plant, length of the 
largest root, and plant growth. 

The data were submitted to Bartlett’s test to check 
for homogeneity in the variances and analyzed fo-
llowing Analysis of Variance (ANOVA). The means 
were compared by using the Tukey test with Sisvar® 
statistical program. The differences between the 
means were significant with a probability of P≤0.05.

RESULTS AND DISCUSSION

Multiplication

The use of 5 µM BA was sufficient to obtain one of 
the higher multiplication rates (Fig. 1E and 1F), 4.6 
and 4.1 for first and second subculture, respectively, 
without a statistical difference (P>0.05) from 10 
µM BA. Whereas, in its absence, multiplication did 
not occur. The use of IBA is dispensable for multi-
plication although its presence significantly decrea-
ses hyperhydricity. These responses were observed in 
either the first (Tab. 1) and second subculture (Tab. 
2). Debnath (2004) also observed only one shoot for-
mation per explant in a culture medium free of cyto-
kines when multiplying the dwarf raspberry (Rubus 
pubescens); this number increased with the addition 
of BA. Erig et al. (2002) reported that 5.1 μM BA  pro-
moted the highest multiplication rate of blackberry 
cv. Tupy, which can be multiplied in vitro without the 
addition of IBA in the culture medium, as observed in 
this study. A commercial micropropagation protocol 
using 3.56 μM BA obtained an average multiplication 
rate of 6.2 shoots per explant with seven blackberries 
cultivars in six subcultures (Oliveira et al., 2008), and, 
in a similar protocol with the same BA concentration 
for four raspberry cultivars, the average multiplica-
tion rate was 4.6 (Oliveira and Nino, 2009).

The concentration of 5 μM BA also provided the 
greatest shoot growth in both subcultures (Tab. 1 
and 2). However, this plant growth regulator did not 

influence the number of leaves formed by shoots in 
the first subculture alone;  the response was different 
in the second one, where the absence of the regulator 
did not allow for the formation of new shoots. For 
the ‘Xavante’ blackberry, 3.56 μM BA promoted the 
number of leaves and the height of the shoots (Pasa 
et al., 2012). 

The absence of growth regulators, as well the presen-
ce of BA alone, did not induce callus formation, but, 
when the culture medium was supplemented with 
IBA, there was a high callus percentage considering 
the first subculture (Tab. 1). However, in the second 
subculture, there was no callus formation in any of 
the treatments. In a study with 32 different Rubus 
genotypes that tested BA, zeatin, and kinetin for mi-
cropropagation, it was found that both kinetin and 
zeatin induced callus formation, but failed to pro-
mote shoot multiplication or shoot elongation. BA 
was effective in the promotion of shoot development 
across the wide range of genotypes used in this study. 
The lower concentration of BA (4.4 μM) worked for 
most hybrid berries, boysenberries (R. idaeus × R. ur-
sinus), some raspberries (R. idaeus) and blackberries 
during in vitro propagation trials. Tripling the BA con-
centration (13.31 μM) promoted shoot development 
in the more recalcitrant Rubus cultivars and selections 
(Wu et al., 2009). This concentration, 4.4 μM BA, was 
also the best one for multiplication of blackberry (R. 
glaucos), with 7.5 shoots per explant (Sigarroa-Rieche 
and García-Delgado, 2011).

In a trial with BA, 2iP and zeatin, it was also observed 
that a culture medium supplemented with BA was 
better for the multiplication of ‘Xavante’ blackberry 
and ‘Batum’ raspberry with 13 and 12 μM, respecti-
vely, but, for improving the shoot height, zeatin and 
2iP were more efficient (Leitzke et al., 2010).

There was no hyperhydricity when the medium cul-
ture was free of growth regulators or when it was su-
pplemented with only IBA. When BA was used alone, 
the hyperhydricity was very high, more than 81% in 
the first subculture (Tab. 1). This problem was dras-
tically reduced with the increased IBA concentration. 
In the second subculture, the effect of BA was decrea-
sed by half, but was still observable (Tab. 2). This re-
duction may have occurred because the better plants 
were selected for the second subculture. Moreover, 
Oliveira et al. (2008) observed that hyperhydricity in-
creased in every subculture in seven cultivars of blac-
kberry for six subcultures.
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Table 1. 	 Number of shoots, greater shoot height, leaves per shoot, percentage of explants with callus formation, hyperhydri-
city, rooting, mortality, and number of roots of Rubus erythroclados explants treated with different concentrations of 
IBA and BA in the first subculture.

IBA BA (µM)
(µM) 0 5 10

Shoots per explant
0 1.0 aB 4.6 aA 5.6 aA
3 0.2 bB 2.7 abA 3.2 bA
6 1.0 aA 1.6 bA 1.0 cA

CV (%) 20.2
Height of the greatest shoot (cm)

0 0.5 aB 0.7 aA 0.5 abB
3 0.0 bB 0.8 aA 0.7 aA
6 0.4 aB 0.7 aA 0.3 bB

CV (%) 6.11
Number of leaves per shoot

0 1.8 aA 1.9 aA 1.8 aA
3 0.4 bB 1.9 aA 1.9 aA
6 1.6 aA 1.9 aA 1.4 aA

CV (%) 19.2
Explants with callus (%)

0 0.0 bA 0.0 cA 0.0 bA
3 0.0 bB 41.7 bA 62.5 aA
6 29.2 aB 93.7 aA 6.2 bC

CV (%) 32.21
Hyperhydricity (%)

0 0.0 aB 91.7 aA 81.2 aA
3 0.0 aB 29.2 bA 43.7 bA
6 0.0 aB 10.4 cA 0.0 cB

CV (%) 19.8
Rooting (%)

0 22.9 bA 0.0 aB 2.1 bB
3 68.7 aA 0.0 aB 0.0 bB
6 35.4 bA 0.0 aB 50.0 aA

CV (%) 34.4
Number of roots per explant

0 1.3 bA 0.0 aB 0.5 bB
3 4.2 aA 0.0 aB 0.0 bB
6 5.2 aA 0.0 aB 4.3 aA

CV (%) 15.7
Mortality (%) Average

0 52.1 8.3 14.6 25.0 b
3 31.2 18.7 31.2 27.1 ab
6 64.6 27.1 41.7 44.4 a

Average 49.3 A 18.1 B 29.2 B
CV (%) 39.4

Means followed by the same lower case letter in the column and capital letter in the row do not differ statistically according to the Tukey test (P≤0.05).
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Table 2. 	 Number of shoots, greater shoot height (cm), leaves per shoot, percentage of explants with callus formation, hyperhy-
dricity, rooting, mortality, and number of roots of Rubus erythroclados explants treated with different concentrations 
of IBA and BA in the second subculture.

IBA BA (µM)
(µM) 0 5 10

Shoots per explant
0 0.0 aC 4.1 aA 1.7 aB
3 0.0 aB 2.5 abA 3.2 aA
6 0.0 aB 1.3 bA 0.0 bB

CV (%) 22.7
Height of the greatest shoot (cm)

0 0.0 aB 1.1 aA 0.7 aA
3 0.0 aB 0.8 abA 0.9 aA
6 0.0 aB 0.6 bA 0.0 bB

CV (%) 11.3
Number of leaves per shoot

0 0.0 aB 4.8 abA 4.0 aA
3 0.0 aB 5.4 aA 5.7 aA
6 0.0 aB 3.4 bA 0.0 bB

CV (%) 19.8
Explants with callus (%)

0 0.0 0.0 0.0
3 0.0 7.5 0.0
6 0.0 0.0 0.0

CV (%) 95.0
Hyperhydricity (%)

0 0.0 aB 35.4 aA 43.7 aA
3 0.0 aB 14.6 aB 50.0 aA
6 0.0 aA 8.3 aA 0.0 bA

CV (%) 62.3
Rooting (%)

0 0.0 bA 0.0 aA 0.0 aA
3 8.5 aA 0.0 aB 0.0 aB
6 0.0 bA 0.0 aA 0.0 aA

CV (%) 2.3
Number of roots per explant

0 0.0 bA 0.0 aA 0.0 aA
3 4.0 aA 0.0 aB 0.0 aB
6 0.0 bA 0.0 aA 0.0 aA

CV (%) 14.0
Mortality (%) Average

0 100.0 33.3 56.2 63.2 ab
3 91.5 25.2 33.3 50.0 b
6 100.0 60.4 100.0 86.8 a

Average 97.2 A 39.6 B 63.2 B
CV (%) 31.97

Means followed by the same lower case letter in the column and capital letter in the row do not differ statistically according to the Tukey test (P≤0.05).
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The concentration of 3 μM IBA when used alone 
provided the highest percentage of rooting (68.7%) 
in the first subculture (Tab. 1). This concentration 
also provided one of the greater number of roots per 
explant, around 4, in both subcultures (Tab. 1 and 2). 
In the second subculture, rooting was absent; with 
only 3 μM IBA, few rooted plants were found. The 
mortality was higher in the second subculture, main-
ly with the treatments without BA, where almost all 
of the explants died (Tab. 2). The beneficial effects of 
BA may be due to the fact that cytokinins promote 
cell division, elongation and differentiation and are 
also responsible for delaying the senescence of plants 
(Taiz and Zeiger, 2013). 

The increased mortality and decreased rooting in the 
second subculture may be related to the nutritio-
nal requirements of this species. In a future phase, 
the optimization of the mineral composition of the 
culture medium should be studied to improve the 
growth of R. erythroclados. High quality shoots were 
obtained for red raspberry with higher concentra-
tions of CaCl2, MgSO4, and KH2PO4 in an MS me-
dium (Poothong and Reed, 2015).

Rooting

The ex vitro rooting of R. erythroclados (Fig. 2E, 2F, 2G 
and 2H) was more efficient when compared to the in 

vitro rooting (Fig. 2A, 2B, 2C and 2D). High rooting 
percentages were found in the control without IBA, 
89.6 and 95.8% (Tab. 3 and 4). The percentage of roo-
ted plants increased with the in vitro IBA treatment, 
but achieved less than half with the  ex vitro rates. In 
this case, when IBA was diluted in ethanol, the use of 
higher concentrations decreased the rooting percen-
tage (Tab. 3), and, when it was diluted in NaOH, the 
concentrations did not differ (Tab. 4). The dilution of 
IBA in NaOH or ethanol did not present differences 
in the cutting propagation of olives (Oliveira et al., 
2009).

The mortality of the microcuttings was significantly 
lower when the cuttings were placed on the environ-
ment ex vitro, only 2.1 and 6.2% in the control of both 
trials (Tab. 3 and 4). It was observed that the morta-
lity of the microcuttings increased with the IBA con-
centration when this growth regulator was diluted in 
ethanol with 4.92 and 7.38 mM (Tab. 3).

Callus formation was not observed in any ex vitro 
plant as observed with blackberry after five minutes 
of immersion and ex vitro rooting (Pelizza et al., 2013).  
The callus formation reached 58.3% in vitro with IBA 
diluted in ethanol (Tab. 3), but only 4.2% when IBA 
was diluted in NaOH. This result could indicate that 
the salts that make up the culture medium may affect 
cell differentiation and change the morphogenetic 
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Figure 2.	 Aspect of Rubus erythroclados microcuttings under different IBA pulse treatments diluted in NaOH. A, B, C, D: culti-
vated in vitro and treated with 0, 2.46, 4.92 and 7.38 mM IBA, respectively. E, F, G, H: cultivated ex vitro and treated 
with 0, 2.46, 4.92 and 7.38 mM IBA, respectively.

A B C D

E F G H



Table 3. 	 Rooting, length of the highest root, number of leaves per plant, mortality, percentage of callus formation, number of 
roots per microcutting, growth and number of leaves per Rubus erythroaclados plant treated with different concen-
trations of IBA diluted in ethanol (50% v/v) and placed in and ex vitro.

IBA (mM)
0 2.46 4.92 7.38

Rooting (%)(1)

In vitro 0.0 bC 41.7 bA 14.6 bB 39.6 aA
Ex vitro 95.8 aA 89.6 aAB 64.6 aB 39.6 aC
CV (%) 11.9

Largest root length (cm)
In vitro 0.0 bB 0.6 bA 0.5 bA 0.5 bA
Ex vitro 3.1 aAB 3.3 aA 2.7 aAB 2.4 aB
CV (%) 7.1

Mortality (%)
In vitro 89.6 aA 39.6 aC 77.1 aAB 47.9 aBC
Ex vitro 2.1 bB 8.3 bB 35.4 bA 58.3 aA
CV (%) 16.8

Callus formation (%)
In vitro 0.0 aC 58.3 aA 22.9 aB 52.1 aA
Ex vitro 0.0 aA 0.0 bA 0.0 bA 0.0 bA
CV (%) 32.9

Roots per microcutting Average
In vitro 0.0 4.5 5.2 4.2 3.5 b
Ex vitro 4.6 12.5 7.9 10.7 8.9 a
Average 2.3 B 8.5 A 6.5 A 7.4 A
CV (%) 25.4

Plant growth (cm) Average
In vitro 0.1 0.1 0.0 0.0 0.1 b
Ex vitro 0.8 0.6 0.2 0.3 0.5 a
Average 0.4 A 0.4 A 0.1 A 0.1 A
CV (%) 13.8

Leaves per plant Average
In vitro 1.2 0.5 0.1 0.0 0.4 b
Ex vitro 3.1 1.4 0.7 0.2 1.3 a
Average 2.1 A 0.9 B 0.4 BC 0.1 C
CV (%) 19.6

Means followed by the same lower case letter in the column and capital letter in the row do not differ statistically according to the Tukey test (P≤0.05).

route, leading to higher callus formation than in 
roots. Leitzke et al. (2009) observed that the MS me-
dium provided a lower rooting rate and lower num-
ber and length of roots than WPM with in ‘Xavante’ 
blackberry. Welander (1985), Del Castillo and Zerda 
(1990) obtained 100%  Rubus spp. rooting in vitro by 
removing 1/5 of the MS macronutrients and adding 
0.05 µM IBA. Other auxins should be tested, such as 
naphthalene acetic acid (NAA), which showed good 
results for blackberries (Villa et al., 2008).

The number of roots was also higher ex vitro in both 
methods of dilution. The IBA concentrations did not 
differ from each other, but they were higher than 
the control. The number of ‘Xavante’ blackberry 
roots also increased with IBA, up to 1.6 mM during 
the ex vitro rooting (Pelizza et al., 2013). Besides the 
number of roots, their length was also higher ex vitro. 
The absence of the growth regulator promoted the 
same root length as the other treatments ex vitro di-
luted with ethanol (Tab. 3). When the dilution was 
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in NaOH, the growth regulator did not influence the 
root growth length (Tab. 4). Leitzke et al. (2009) ob-
served that, when increasing the IBA concentration, 
there was a reduction in the root length of blackbe-
rries and raspberries.

In general, the ex vitro rooting formed higher plants 
with more new leaves, but the highest IBA concen-
trations (4.92 and 7.38 mM) were detrimental to the 
growth when IBA was diluted in ethanol (Tab. 3).

The high rates of rooting ex vitro in the absence 
of growth regulators show that this technique is 

Table 4. 	 Rooting, length of the highest root, number of leaves per plant, mortality, percentage of callus formation, number of 
roots per microcutting, growth and number of leaves per Rubus erythroaclados plant treated with different concen-
trations of IBA diluted in NaOH (0.1 N) and placed in and ex vitro.

IBA (mM)
0 2.46 4.92 7.38

Rooting (%)
In vitro 6.2 bC 10.4 bBC 22.9 bAB 39.6 bA
Ex vitro 89.6 aA 97.9 aA 87.5 aA 89.6 aA
CV (%) 14.7

Largest root length (cm)
In vitro 0.8 bA 0.4 bA 0.7 bA 0.8 bA
Ex vitro 3.1 aA 3.8 aA 4.3 aA 3.2 aA
CV (%) 24.8

Mortality (%) Average
In vitro 60.4 87.5 75.0 54.2 69.3 a
Ex vitro 6.2 2.1 8.3 4.2 5.2 b
Average 4.8 A 5.3 A 5.5 A 4.5 A
CV (%) 28.3

Callus formation (%)ns

In vitro 0.0 0.0 4.2 2.1
Ex vitro 0.0 0.0 0.0 0.0
CV (%) 66.2

Roots per microcutting Average
In vitro 2.0 4.2 6.2 6.9 4.8 b
Ex vitro 5.3 8.4 6.3 8.7 7.2 a
Average 3.6 B 6.3 AB 6.2 AB 7.8 A
CV (%) 18.1

Plant growth (cm)
In vitro 0.3 aAB 0.0 bB 0.2 aAB 0.4 aA
Ex vitro 0.7 aA 0.9 aA 0.4 aA 0.8 aA
CV (%) 12.9

Leaves per plant
In vitro 2.8 aA 0.0 bB 1.6 aA 2.0 aA
Ex vitro 2.8 aAB 3.4 aA 1.3 aB 2.0 aAB
CV (%) 20.0

Means followed by the same lower case letter in the column and capital letter in the row do not differ statistically according to the Tukey test (P≤0.05).  
ns: not significant.

promising for the species in question and that in vitro 
rooting is not suitable. Thus, the in vitro multiplica-
tion and ex vitro rooting and acclimatization of the 
greenberry are recommended.

CONCLUSIONS

An efficient and simple protocol can be used for R. 
erythroclados micropropagation with 5 μM BA for in 
vitro shoot proliferation and ex vitro rooting of micro-
cuttings using intermittent misting without the ad-
dition of a growth regulator.
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