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Abstract

The nursery plants supply is one of the most important factors that limites blueberries production in some areas,
due to some propagation difficulties observed on this species. In this way, this study aimed to evaluate substrates
and IBA application methods on ‘Powderblue’ blueberries (Vaccinium ashei) minicuttings rooting, as well as to
verify the rooting development in different periods. The study was divided in two experiments. The first one
aimed to evaluate ‘Powderblue’ blueberry minicuttings rooting in three substrates (pine bark, carbonized rice
husk and vermiculite) in response to two indolebutyric acid (IBA) application methods: 50% alcohol solution
and talc. The second experiment aimed to evaluate ‘Powderblue’ blueberry minicuttings rooting using the best
substrate recorded in the first trial (pine bark) and two IBA application methods associated to three periods of
rooting access, in order to obtain the ideal rooting period and root development. In the first experiment the
rooting percentage presented significant difference among the substrates; the higher percentage of rooted
minicuttings occurred in pine bark substrate (68%). Regarding the methods used to IBA application, the talc
method was more efficient to promote minicuttings rooting. In the second experiment, it was observed an
increase in cutting rooting percentage from 55 to 84%, according to the evaluated seasons; however, the IBA
application method did not influence the rooting percentage. Therefore, to produce ‘Powderblue’ blueberry
plants from minicuttings it is recommended to use pine bark as substrate and talc as method to IBA application,
transplanting the nurseries at 110 days after planting.
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1. Introduction

Blueberries (Vaccinium ashei) production is considered as a substantial crop in several countries, since the fruits
are widely known by its nutraceutical properties. However, a limiting factor that difficult the crop expansion in
new areas is the nursery production due to the difficulties on cuttings rooting, specially from the new cultivars
that presents few propagation material available (Gonzélez et al., 2000; Ostrolucka et al., 2004; Meiners et al.,
2007; Trevisan et al., 2008; Fischer et al., 2012, 2013).

The traditional nursery system production consists in collect cuttings with 10 to 15 cm length, keeping two or
three apical leaves and removing the basal ones. In general, for semihardwood cuttings, the leaves must be cut in
half to avoid water loss and to facilitate the management (Fischer et al., 2008; Trevisan et al., 2008; Ristow et al.,
2009; Marangon & Biasi, 2013). An alternative to optimize the material available to nursery production is to use
in vitro propagation protocols. There are several studies about this technique (Silva et al., 2006, 2007; Schuch et
al., 2008); however, the in vitro propagation requires a complex installation and qualified professionals,
increasing the seedlings production costs. As an alternative, the minicuttings propagation could be applied, since
it requires less investiment and make a better use of propagation materials (Schuch et al., 2007; Pelizza et al.,
2010; Fischer et al., 2013). Nevertheless, few studies are available concerning blueberries minicuttings
propagation.

In addition, it is important to emphasize that some blueberries varieties or cultivars present difficulties on rooting,
and the use of growth regulators as indolebutyric acid (IBA) are required (Schuch et al., 2007; Fischer et al.,
2008, 2013; Pena et al., 2012; Marangon & Biasi, 2013). Associated to growth regulators, the collect cuttings
season, stem types, substrates and other variables can affect the cuttings rooting and root development (Schuch
et al., 2007; Yamamoto et al., 2013; Colombo et al., 2018).
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A widely types of substrates can be used in horticulture to propagate plants, and the results are quite distinct
(Colombo et al., 2017). Among these substrates, there are a lot of commercial mixtures based on composted pine
bark, vermiculite, peat and other materials. On the other hand, some materials considerate as residues in
agricultural exploration can be employed to plant propagation, such as coconut fiber, carbonized rice husk and
tree bark (Yamamoto et al., 2010, 2013; Hussain et al., 2014). These materials present lower cost and are
ecological, which implies in cost reduction in the nurseries production.

Considering these aspects, this study aimed to evaluate substrates and IBA application methods on ‘Powderblue’
blueberries minicuttings rooting as well as to verify the rooting development in different periods.

2. Material and Methods
2.1 Experimental Location and Plant Material

The trials were carried out at Londrina, Parana, Brazil (altitude 23°23’ S, longitude 51°11" W and elevation of
566m). The local climate is subtropical humid, e.g. Cfa (Caviglione et al., 2000). Stock plants of ‘Powderblue’
blueberry (Vaccinium ashei) were cultivated in greenhouse using pots with 20 dm® of capacity. Two months
before the installation of the experiments, the plants were pruned in order to form new shoots. Softwood
minicuttings were used with a homogenous size of 5 cm length with a par of leaves cut to half.

2.2 Substrates and IBA on Minicutting Propagation

The first experiment was performed from March to July 2016. The basal portion of each blueberry minicutting
was treated with indolebutyric acid (IBA) in 50% alcohol solution (3000 mg L) for 10 seconds using the
quick-dip method, or with IBA diluted in talc (3000 mg kg™). Then, ten minicuttings per plot were disposed in
perforated plastic boxes (44 x 30 x 7 cm) containing pine bark, carbonized rice husk or vermiculite as rooting
media, and placed in a mist chamber of a greenhouse covered with transparent polyethylene film and 30% of
shading, controlled by an intermittent timer and a solenoid valve. The valve was set to mist for eight seconds
each five minutes. The main physicochemical characteristics of the substrates are described in Table 1, according
to Kémpf et al. (2006).

Table 1. Substrates physicochemical properties

Substrates pH EC (uS cm™) BD (kg m”) WHC (mL L™
Carbonized rice husk 6.7 137.0 149.3 571.7
Vermiculite 7.3 101.5 213.7 493.5
Pine bark 49 81.3 289.1 354.2

Note. Electrical conductivity (EC), bulk density (BD) and water holding capacity (WHC).

The following characteristics were evaluated at 110 days after the experiment beginning: minicutting survival (%
of alive minicuttings, considering those with greenish color); minicutting leaf retention; sprouting minicuttings;
minicuttings with callus; rooting percentage (% of minicuttings with at least 1 root longer than 1 cm); number of
roots per minicutting; root length (total length of all roots per minicutting divided by the total number of roots);
and fresh and dry mass of roots per minicutting (mg). The root dry mass was obtained by the drying method in
oven using forced air at 55 °C until constant mass.

The Complete Randomized Design was used as statistical model in a 2 x 3 factorial arrangement, and the
evaluated factors were two IBA application methods vs. three types of substrate. The dataset was submitted to
analysis of variance (ANOVA) and the means were compared by Tukey’s test at p < 0.05 level.

2.3 Rooting Time and IBA on Minicutting Propagation

The substrate that promoted the best minicutings rooting performance in the first experiment was employed in
the second one, which was carried out from September to December 2016. ‘Powderblue’ blueberry minicuttings
were treated with IBA 50% alcohol solution or talc as described in the first experiment, and disposed in perforate
plastic boxes filled with pine bark as substrate and placed in a mist chamber, being each plot composed by ten
minicuttings.

The same evaluations previously described in the first experiment were performed in three periods, at 70, 90 and
110 days after the experiment installation (DAEI).
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The Complete Randomized Design was used as statistical model in a 2 x 3 factorial arrangement, and the
evaluated factors were two IBA application methods vs. three rooting evaluation periods. The data recorded were
submitted to analysis of variance (ANOVA) and the means were compared by Tukey’s test at p < 0.05 level.

3. Results
3.1 Substrates and IBA on Minicutting Propagation

A significant interaction between factors was observed in the first experiment for minicutting survival percentage
(Table 2). In carbonized rice husk and vermiculite substrates, the minicuttings treated with IBA in talc presented
higher survival percentage than those exposed to IBA in alcohol solution. However, the minicuttings kept in pine
bark substrate were not affected by the method of IBA application.

Table 2. Survival percentage of ‘Powderblue’ blueberry minicuttings in response to different substrates and
application methods of IBA at 3000 ppm

Minicutting survival (%)

Substrates Talc Alcohol
Carbonized rice husk 100 Aa 88 Ba
Vermiculite 98 Aa 52 Bb
Pine bark 98 Aa 90 Aa
V(%) 102

Note. Means followed by the same uppercase letter in the line or lowercase letter in the column are significantly
equivalent according to Tukey’s test (p < 0.05). CV = Coefficient of variation.

The higher minicuttings mortality rate (48%) was recorded in vermiculite substrate, when the minicuttings were
treated with IBA alcohol solution (Table 2). On the other hand, the minicuttings treated with talc presented
higher survival rates in all substrates, ranged from 98 to 100%.

Regarding the other analyzed characteristics, such as, minicutting leaves retention, sprouting minicuttings and
rooting percentage, it was observed that the minicuttings treated with IBA in alcohol solution presented lower
means in relation to those treated with talc (Table 3). Concerning to rooting percentage, a significant difference
was verified among substrates; the higher percentage of rooted minicuttings occurred in pine bark substrate
(68%).

Table 3. Biometrics characteristics of ‘Powderblue’ blueberry minicuttings in response to different substrates and
application methods of IBA at 3000 ppm

Substrate Sprouting minicuttings (%) Leaf retention (%)  Rooting (%) Minicuttings with callus (%)
Carbonized rice husk 44 a S58a 41b Sla
Vermiculite 19b 36b 39b 35ab
Pine bark 48 a 71la 68 a 26 b

Methods
Talc 47 a 71a 67a 3la
Alcohol 27b 39b 32b 43 a

ooy 4642 2593 251 4601
Substrate Root number Root length (cm) Roots fresh mass (mg)  Roots dry mass (mg)
Carbonized rice husk 3.56 ns 5.78b 94.28 b 11.31b
Vermiculite 3.98 5.65b 92.55b 11.83 b
Pine bark 5.05 6.99 a 22349 a 27.01a

Methods )
Talc 3.79 6.38a 153.67 a 18.67 a
Alcohol 4.59 591a 119.88 a 14.76 a

oo 402 144 5343 sse7

Note. ns = non-significant (p < 0.05); CV = Coefficient of variation. Means followed by the same letter in the
column are significantly equivalent according to Tukey’s test (p < 0.05).
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On the other hand, there was not observed significant differences among the treatments for number of roots per
minicutting, ranging from 3.5 to 5; however, the higher root length was observed in pine bark substrate, and it
can be related to the physical properties of this material.

The means of fresh and dry roots mass recorded in this trial presented significant differences regarding the
substrates. The minicuttings cultivated in pine bark presented higher means than those cultivated in carbonized
rice husk and vermiculite (Table 3 and Figure 1). This emphasizes the importance of choose a suitable substrate
to provide an adequate root system development. In contrast, the IBA application methods did not affect
statistically these characteristics.

Figure 1. Rooting of ‘Powderblue’ blueberry minicuttings (Vaccinium ashei) in response to different substrates
and IBA (3000 ppm) application methods. (a) vermiculite + IBA 50% alcohol solution; (b) vermiculite + IBA talc
powder; (¢) carbonized rice husk + IBA 50% alcohol solution; (d) carbonized rice husk + IBA talc powder; (e) pine

bark + IBA 50% alcohol solution; and (f) pine bark + IBA talc powder
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3.2 Rooting Time and IBA on Minicutting Propagation

In this trial, no significant interaction was verified between the factors (Tables 4 and 5), except for fresh and dry
of roots mass (Table 6). The minicuttings survival percentage ranged from 99 to 100%, and no significant
difference among the treatments was observed. In relation to minicutting leaf retention, there was observed a
decrease between the second and third evaluation period. On the other hand, a gradual and significant increase
was recorded along the periods for sprouting minicuttings. Similar results were found for rooting percentage,
which ranged from 55 to 84%.

Table 4. Biometrics characteristics of ‘Powderblue’ blueberry minicuttings in different periods (days) after the
experiment installation (DAEI) and in response to IBA (3000 ppm) application methods

Seasons (days) Minicutting survival (%)  Sprouted minicuttings (%) Leaves retention (%)  Minicuttings with callus (%)
70 DAEI 100 ns 34b 79 a 15a
90 DAEI 99 45 ab 83a 12 ab
110 DAEI 99 60 a 56b 5b

CMethods
Talc 100 Sla 77a 5b
Alcohol 99 4l a 68a 16a

ov%) 260 36 2397 7655

Note. Means followed by the same letter in the column are significantly equivalent according to Tukey’s test (p <
0.05). ns = non-significant (p < 0.05); CV = Coefficient of variation.

Table 5. Biometrics characteristics of ‘Powderblue’ blueberry minicuttings at different periods (days) after the
experiment installation (DAEI) and in response to IBA (3000 ppm) application methods

Seasons (days) Rooting (%) Root number Root length (cm)

70 DAEI 55b 6.84 ns 351b

90 DAEI 70 ab 7.20 525a

110 DAEI 84 a 7.06 553a
Methods

Talc 73 a 7.55 491 a

Alcohol 66 a 6.52 4.61a
V& 270 3231 1204

Note. Means followed by the same letter in the column are significantly equivalent according to Tukey’s test (p <
0.05). ns = non-significant (p < 0.05); CV = Coefficient of variation.

Concerning the IBA application methods, minicuttings treated with talc rooted 10% more than the minicuttings
treated with 50% alcohol solution, and the minicuttings treated with 50% alcohol solution presented around 10%
more callus than those treated with talc. Significant differences were record only for percentage of minicuttings
with callus.

Significant interaction between evaluation periods and IBA application methods are shown in Table 6 for fresh
and dry roots mass. It is possible to observe similar results for both characteristics, i.e., higher fresh and dry roots
mass was noticed on the longest period for minicuttings treated with IBA in talc. Comparing IBA application
methods to dry root mass, the minicuttings treated with talc presented almost two times more dry mass than
those treated with IBA in alcohol solution, resulting in better quality of root system.
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Table 6. Biometrics characteristics of ‘Powderblue’ blueberry minicuttings at different periods (days) after the
experiment installation (DAEI) and in response to IBA (3000 ppm) application methods

Roots fresh mass (mg) Roots dry mass (mg)
Seasons (days) Talc Alcohol Talc Alcohol
70 DAEI 122.65 Ab 75.49 Ab 13.90 Ab 12.16 Ab
90 DAEI 156.33 Ab 187.71 Aa 25.32 Aa 26.19 Aa
110 DAEI 263.01 Aa 147.55 Bab 32.06 Aa 17.46 Bab
V%) 397t 318

Note. Means followed by the same uppercase letter in the line or lowercase letter in the column are significantly
equivalent according to Tukey’s test (p < 0.05). CV = Coefficient of variation.

The rooting potential can be related to the period that the minicuttings are kept in contact with the substrate
(Figure 2); and this fact can be proved by a decrease in the percentage of cuttings with callus, once these
characteristics were inversely proportional. No significant difference was observed among the treatments
regarding the root number per minicutting, as previously reported in the first trial. The root length increased
between the first and second periods due to the higher period that minicuttings were kept on pine bark substrate.

Figure 2. Rooting of ‘Powderblue’ blueberry minicuttings (Vaccinium ashei) at different periods (days) after the
experiment installation (DAEI) and in response to IBA (3000 ppm) application methods. (a) 70 DAEI + IBA 50%
alcohol solution; (b) 70 DAEI + IBA talc powder; (c) 90 DAEI + IBA 50% alcohol solution; (d) 90 DAEI + IBA

talc powder; (e) 110 DAEI + IBA 50% alcohol solution; and (f) 110 DAEI + IBA talc powder
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4. Discussion

The different results on blueberries rooting percentage recorded by some authors for the same species or
cultivars can be related to growth regulators use (type, concentration and application methods); collection season
and vegetative stage of stock plants; substrates (since different materials presents different physicochemical
properties); and period to access the rooting performance, as observed in the second trial.

The rooting percentage of ‘Climax’ blueberry cuttings ranged from 34.6 to 50.6% in experiments carried out by
Hoffmann et al. (1995) and Pefia et al. (2012), respectively; and according to Pefia et al. (2012) the differences
observed are due to the period that the rooting was accessed. However, for the same cultivar, regardless the IBA
use, 19 and 82% of rooting was recorded by Trevisan et al. (2008) and Fischer et al. (2008), respectively. So,
these results can confirm the complexity involved on cutting rooting and shows the need for more enlightening
and complete studies.

In the first experiment, there was recorded for vermiculite that the minicuttings treated with IBA alcohol solution
presented higher mortality rate, and this result can reflect directly on the rooting percentage results. On the other
hand, the higher rooting percentage was verified on pine bark substrate when the minicuttings were treated with
IBA in talc. In the second experiment, the rooting percentage reached 84% at 110 days after the experiment
installation, regardless the IBA application method. However, the IBA concentration used in this study may have
caused some phytotoxic effect on ‘Powderblue’ minicuttings, since the concentration of 2000 mgL™" provided 96
to 98% of minicuttings rooting for the same cultivar (Fischer et al., 2013).

Regardless substrates and IBA application methods, there was observed in the first trial a positive and high
correlation between minicuttings leaf retention and rooting percentage (+0.83). This information is important
since some authors have reported that the leaf retention can support the cuttings rooting; according to them,
leaves can transport auxins and other metabolic compounds to cuttings basal portion and stimulate the rooting
process (Fachinello et al., 2005; Hartmann et al., 2011). The leaves that remain in the cuttings are also
responsible to increase the transpiration rates, and this process can keep the cuttings in high hydration levels
once there is available water in the substrates, due to the capillary water movement in the xylem vessels,
maintaining active the cuttings metabolic activities (Ristow et al., 2011; Fischer et al., 2013).

Besides the rooting percentage, there are other characteristics that should be considered for plants propagation of
high quality, such as sprouting cuttings and roots system development. In both experiments, the percentage of
sprouting cuttings was around 50-60% when cultivated in pine bark substrate. For Vaccinium ashei ‘Climax’ and
Vaccinium ashei ‘Florida’ blueberries, the sprouting cuttings percentage was close to 50%, regardless IBA
concentration and application methods (Pefia et al., 2012).

A well-developed root system is important to reduce the nursery mortality in the field, soon after the transplant
operation. The number of roots per cutting recorded in both experiments are in agreement to those reported by
Maragon and Biasi (2013), 7.5 roots per cuttings, in similar periods when this characteristic was accessed.

Regarding the root length obtained in the first experiment, the mean was slightly higher than those observed in
the second one. On the other hand, the number of roots recorded in the second experiment was higher than the
first one; it occurred possibly due to compensation between the number of roots and root length.

In the present study, there was higher water content available in the substrates because of the mist chamber
system adopted, and the carbonized rice husk and vermiculite presented higher water hold capacity than pine
bark (Table 1). However, a good root development also depends on the physicochemical substrates properties
and its management. According to Verdonck et al. (1981), and Couvillon (1998), an ideal substrate is one which
retains a sufficient water content to avoid the cuttings base dehydratation and, once saturated, presents adequate
pore space to facilitate rooting and prevent diseases growth. Similarly, it is important to provide a substrate with
adequate chemical properties such as pH, as long as substrates acidity or alkalinity may interact with the cuttings
base and promotes different responses (Hartmann et al., 2011). In study ranging sand pH values from 3.5 to 6.5
to promote Myrciaria jaboticaba rooting, there was observed a substantial cutting rooting in pH 4.5 to 5.5
(Pereira et al., 2005). Therefore, among other factors, the air/water ratio and the pH (4.9) recorded for pine bark
were better to promote minicuttings rooting comparing to vermiculite and carbonized rice husk.

It is also important to highlight that minicuttings are an excellent alternative to maximize the use of propagation
material, since it presents a reduced size in relation to conventional cuttings. Regarding the IBA application
method, the powder (talc) can be more efficient because it promotes longer adherence of the growth regulator on
the cuttings base. Also, the talc adherence permits to verify if the growth regulator was applied on the cuttings, in
case of the cuttings do not rooting.
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5. Conclusion

To produce ‘Powderblue’ blueberry nursery from minicuttings, it is recommended to use pine bark as substrate
and talc powder as IBA (3000 ppm) application method. At 110 days after the planting, the minicuttings rooted
in pine bark presents a well-developed root system.
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