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ABSTRACT

The objective of this work was to determine the most adequate substrate and indolbutyric acid (IBA) concentration for the
ex vitro rooting of the “Xavante” and “Tupy” blackberry and the “Heritage” and “Fall Gold” raspberry mini-cuttings. Explants
were transferred to a laminar flow chamber and placed in a MS nutrient medium, giving origin to mini-cuttings whose bases
immersed in four different IAC concentrations (0 mg.L?, 1000 mg.L, 2000 mg.L", 3000 mg.L"). Next, they were placed
in transparent and articulated Sampack® (10 x 13 x 20) plastic bags with two types of substrates (vermiculite and vermiculite
+ coconut fiber, in the proportion of 1:1 v/v). For the number of roots variable, vermiculite substrate associated with coconut
fiber showed representative results for the Tupy cultivar. However, for the Heritage cultivar, satisfactory results were obtained
for the same variable with vermiculite substrate. One point of maximum efficiency was observed with the 1800 mg.L* IBA
concentration. Results showed that the ex vitro rooting of blackberry and raspberry mini-cuttings may be realized without
immersion in an IBA solution. Therefore, the use of vermiculite associated with coconut fibber is the most recommended.
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INTRODUCTION

Fruit world production is estimated in 800 million tons/year. Brazil is ranked third among key producing countries,
behind China and India (Reetz et al., 2015). In Brazil, this agricultural segment stands out for its social, economic
and food characteristics and for its important role in fixing man in the field, constituting a source of production as
well as of fruit storage, processing and commercialization.

Currently, small fruit are increasingly occupying a place among fruit species in several regions around the world.
In Brazil, blackberries and raspberries have been selected by family growers as a potentially profitable alternative and
by consumers as components of a healthy diet (Leitzke et al., 2009).

Blackberry and raspberry propagation is usually done through root cuttings, which, under vegetative rest, are
prepared and placed in plastic bags (Leitzke et al.,2010). Tissues culture through micro-propagation is an alternative
for seedlings production.

Plant micropropagation stages include in vitro setting, multiplication, rooting and acclimatization (Pelizza et al.,
2013). However, ex vitro rooting is most advantageous since, besides reducing cost and seedling time, the need for
specialized labor is also low (Feyissa et al., 2007); however, there are several factors that may interfere in a successful
ex vitro rooting such as temperature, relative humidity, substrate and the growth regulator (Pelizza et al., 2013).

Auxins comprise a large family of substances, which share the capacity to produce cellular growth and to promote
cellular division in tissue culture (Krikorian 1991). They have are also used to stimulate adventitious roots. Among
them, the IAB is widely used since it does not cause explants phytotoxicity in a large concentration range and is
efficient with a large variety of species (Hartmann et al., 1997).

'The objective of the present work is to determine more adequate substrate and indolbutyric (IBA) concentration
for the ex vitro rooting of mini-cuttings from the blackberries ‘Xavante’and “Tupy’ blackberries and the ‘Heritage’

and ‘Fall Gold’ raspberries.

MATERIAL AND METHODS

'The experiment was carried out at the Fruit Plants Propagation Laboratory from March to December 2013, at
Faculdade de Agronomia Eliseu Maciel (FAEM), Universidade Federal de Pelotas (UFPel), Pelotas, Rio Grande do
Sul, Brazil.

'The experimental design was completely randomized in a 4x2 factorial scheme, with four levels of idolbutyric acid
concentration (IAB) (0 mg.LL*,1000 mg.L?,2000 mg.L*, and 3000 mg.L!) and two levels of substrate ( vermiculite
+ Amafibra® coconut fiber, in the proportion of 1:1 v/v), resulting in eight treatments with four replications. Each
replication included five micro-cuttings.
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In the lab, explants from two blackberry cultivars (Xavante and Tupy) and two raspberry cultivars ( Heritage and
Fall Gold), originated from the 5th in vitro subculture, were transferred to a laminar flow chamber and placed in
transparent glass flasks with capacity for 30 mL, containing MS (Murashige and Skoog 1962) nutritive medium.
In addition to the salts and vitamins characteristic of the culture medium, 0.1 g.L'* of myo-inositol, 30 g.L* of
sucrose 0,8 mg.L! were added to the 6- benzylaminopurine (BAP) growth regulator. Culture medium pH was
adjusted to 5.8 before the inclusion of agar, in the concentration of 6.0 g.LL, followed by culture medium autoclave
at 121°C and 1.5 atm of pressure, for 20 minutes.

At 50 days after multiplication, the inoculated explants gave origin to two-centimeters long mini-cuttings with
two buds, four leaves and no roots. Then, the mini-cuttings were removed from the flasks and their bases immersed
for 10 seconds in four different concentrations of IAB. Next, they were placed inside Sampack® articulated plastic
bags with the two types of substrates humidified with water. The expanded vermiculite used in this experiment
showed medium granulometry. The substrate used was sterilized in autoclave at 120°C and 1.5 atm of pressure,
for 30 minutes. Soon after, they were transferred to a greenhouse, at the controlled temperature of 25 + 2°C, and
were kept on countertops. During rooting, whenever needed, water was sprayed on the closed packages to prevent
dehydration.

At 60 days, we evaluated the percentage of surviving seedlings, rooting percentage, aerial part length (cm), number
of roots, greater root length (cm), fresh weight mass and dry weight for both aerial part and root (g).

Results were submitted to the ANOVA analysis of variance. Means, when significant, were compared by the Tukey
test (p< 0.05). Regressions among established variables were considered significant whenever p< 0.05.

Six, eight and six larvae per box were used for the second, third and fifth instar, respectively. 100 uL. of solution
was applied per pot to the second and third instars and 200 pL to fifth instar. After spraying, pots with treated
larvae were maintened in environmental chambers (25 + 2°C, 70% + 10% UR) until adult emergence. Mortality
was assessed one and five days after spraying (das). Occurrence of deformations was assessed after adult emergence.

A completely randomized design was used with six replicates. Analysis of variance was achieved by Kruskal-Wallis
test and means compared by the Student-Newman-Keuls test (p<0.05).

RESULTS AND DISCUSSION

'The surviving seedlings percentage and rooting percentages variables had no significant effect on any of the tested
cultivars. Survival rate was 100% and all the surviving seedlings grew roots with and without the use of a growth
regulator (IAB). The analysis of variance showed an interaction between IAB concentration and the substrates for
the aerial part and greater root length variables for the Xavante cultivar. As for the Tupy cultivar, the interaction
between these factors occurred for number of roots and greater root length.

In regards to the Xavante cultivar aerial part length, significant results were found for the vermiculite substrate
associated with coconut fiber. As for the IAB concentration, there was a reduction in aerial part length with its
increase (Figure 1A). This was probably due to the cultivar’s own characteristics, since the same tests were applied
to the Tupy cultivar without significant results.

For number of roots, the Tupy cultivar showed significant results for the vermiculite substrate associated with
coconut fiber, reaching 13.8 roots per seedling (Figure 1B). We believe that these results are related to the genotype
physiological condition, since, under the same conditions, the Xavante cultivar showed no significant differences
for the same testes variable. According to Pelizza et al. (2013), there was a quadratic answer for the number of roots
mean, in which the maximum efficiency point was obtained with the use of 320 mg.L* of IAB, producing 6.1 roots
per seedling, for the ex vifro rooting of the Xavante blackberry seedlings.

For greater root length, the vermiculite substrate stood out in the Xavante cultivar, showing roots up to 5 cm long
(Figure 1C). However, in the Tupy cultivar, the greater root length was obtained with the use of the vermiculite
substrate associated with coconut fiber, with roots 10.2 cm long (Figure 1D). This fact is justified since the addition
of vermiculite to coconut fiber tends to give the substrate more porosity, increasing aeration space and, consequently,
root growth. Pelizza et al. (2012) also obtained similar results for the Bluebelle blueberry cultivar, using Plantmax®
+ vermiculite expanded from medium granulometry.

'The analysis of variance showed, for the Heritage raspberry, an interaction between IAB concentration x substrate
factors for the aerial part and number of roots variables. In the Fall Gold cultivar, the interaction between these
factors occurred only for the greater root length variable.

In regards to the aerial part length, the vermiculite substrate x coconut fiber associated to IAB showed significant
results for the Heritage cultivar, reaching 7 cm of length (Figure 2A). This result can be related to the cultivar used,
since the Fall Gold cultivar showed no significant difference for the tested substrate and IAB concentration.
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Figure 1. Aerial part length (A) and greater root length (C) of Xavante’ mini-cuttings, number of roots(B)
and greater root length (D) of “Tupy’ mini-cuttings, in function of different IAB concentrations in the different
substrate. Pelotas, RS — 2014.

For number of roots, the vermiculite substrate showed significant results (Figure 3) for the Heritage cultivar. For
the IAB growth regulator, maximum efficiency point was obtained with the use of 1800 mg.L-1 (Figure 2B),
arriving at 10.35 roots per seedling. There were no significant results for substrate and IAB concentration for Fall
Gold. The substrate used for the seedlings and the genotype are relevant factors for the definition of number of
roots, as verified by Pelizza et al. (2012) during blueberry rooting.

As for greater root length, vermiculite associated with coconut fiber showed significant results for the Fall Gold
cultivar (Figure 2C). An increasing linear response due to an increase in the IAB dosages was also observed. There
was no significant difference for substrate and IAB concentration for the Heritage cultivar. According to Damiani
and Schuch (2009), the vermiculite shows similar behavior towards the perlite and the agar+ activated coal, when
used in a culture medium for rooting blueberry in a greenhouse to evaluate greater root length.

In regards to aerial part fresh weight, root fresh weight, aerial part dry weight and root dry weight, there was
no significant difference in regards to the tested treatment. Pelizza et al. (2013), in an experiment with ex vitro
mulberry rooting observed that an increase in IBA dosages led to an increase in fresh weight.

These results show the superiority of vermiculite associated with coconut fiber for promoting greater porous
space for better blackberry and raspberry plants development (Figures 3A, 3B, 3C and 3D). The use of IAB was

indispensable for these seedlings rooting.
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Figure 2. Aerial part length (A) and number of roots (B) of ‘Heritage’ mini-cuttings, and greater root length (C)
of ‘Fall Gold” mini-cuttings, in function of different concentrations of IAB in the different substrates. Pelotas, RS
-2014.

Figure 3. Xavante (A) and Tupy (B) blackberry and the 'Heritage' (C) e 'Fall Gold' (D) raspberry seedlings growth

in vermiculite substrate associated with coconut fiber. Pelotas, RS — 2014.
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CONCLUSION

'The ex vitro rooting of mini-cuttings from the blackberry Xavante’ and “Tupy’ and the raspberry ‘Heritage’ and
‘Fall Gold’ cultivars can be realized without being immersed in the IAB solution, being the vermiculite and coconut
fiber mix the recommended substrate.
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