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Abstract

Blueberries have a high nutritional value and strong antioxidant properties, qualities which
account for their increasing request on the food and pharmaceutical markets. Cultivar ‘Elliot’ has a
balanced content of active substances. 1t is also a late ripening cultivar suitable for long Transylvanian
winters, which makes it a good candidate for large scale cultivation in this region. Because traditional
propagation methods of highbush blueberry have several drawbacks, studies for creating an efficient
micropropagation protocol were initiated. Dormant buds were used as initial explants for shoot
regeneration while axillary and adventitious microshoots were further used for the proliferation stage.
The influence of several plant growth regulators (2-iP, Zeatin, BAP) in relation with the explant
positioning into media was investigated in order to ensure the highest proliferation rate. WPM
supplemented with zeatin 2 mg I and 2-iP 5 mg I’ along with horizontal microshoot positioning gave
the best proliferation rate, with an average of 17.9 shoots/explant. In vitro obtained leaves were tested
for their regeneration capacity. The use of 2-iP 10 mg I produced up to 90% regeneration rate. The
best variant consisted in abaxial leaf positioning which resulted in 50% direct regeneration rate and an
average of 6.5 shoots/initial explant. The maximum proliferation rate was recorded for adaxial
positioning (26 shoots/initial explant). Direct ex vitro acclimatization and rooting in hydroculture were
also tested with very good results.
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Abbreviations

PGRs — plant growth regulators

WPM — Woody Plant Medium (Lloyd and McCown, 1980)
2-iP — 2-isopentenyladenine

BAP — 6-benzylaminopurine

IBA — indole-3-butyric acid

IAA — indole-3-acetic acid

Introduction

Blueberries have a high nutritional value and strong antioxidant properties [1], qualities
which account for their increasing request on the food and pharmaceutical markets. Blueberry
fruits are a rich source of antioxidants, such as total phenols, flavonoids, anthocyanins and
flavan-3-ols [1]. These substances are involved in improving cardiovascular condition and
have anti-aging properties, due to stabilization of cellular membrane [2]. Tests showed that
cultivar ‘Elliot’ has a higher content of the above mentioned components compared to other
well known cultivars [1].

Highbush blueberry cultivars are usually propagated by stem cuttings in order to
maintain their true-to-type morphological characteristics and genetic structure [3]. New
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methods of mass propagation of highbush blueberry using short cuttings were lately
developed [4], but some clear disadvantages could not be resolved. Conventional propagation
methods are time consuming, require high amounts of initial material and large spaces for
nurseries, imply less control regarding pathogen free material and deficiencies in root
induction for certain cultivars. Also, homogeneous progeny are difficult to be obtained [5].

Field performances of two year old highbush blueberries obtained in vitro were
compared to plants obtained from cuttings. /n vitro derived plants grew more uniform and no
morphological variability was observed [6].

Highbush blueberry plants obtained in vifro from axillary and adventitious shoots were
field tested and no differences between the two were noticed [7]; however, significant lower
characteristics were recorded when using material obtained from 11 years old in vitro cultures.
It was concluded that frequent culture establishments (once every two or three years) are
required in order to overcome these effects.

Plants originated from tissue culture have more shoots and a higher vigor compared to
plants obtained from cuttings which, on the other hand, set flowers and fruits one year earlier
and have larger fruits [6, 7]. However, the delay in fruit setting can be an advantage due to the
fact that it will not interfere with the general growth at an early stage.

Because of its well balanced biochemical content, late ripening capacity, suitable for
long Transylvanian winters, high productivity even in the early stages and medium sized
fruits with excellent storability and good flavor, ‘Elliot’ cultivar makes an excellent choice for
large scale cultivation in this region. Also, due to the several drawbacks of traditional
propagation methods and good results obtained for the in vitro derived plants, the objective of
our study was to establish an efficient micropropagation protocol suitable for this cultivar.

Materials and Methods

Plant material and in vitro culture establishment

Midsummer stem cuttings prelevated from 3 years old potted certified plants, were
used for the in vitro culture establishment. The cuttings were washed in a 0.1% commercial
detergent solution for 30 minutes and then kept under running tap water for at least two hours.
One node cuttings were further surface-sterilized for 20 minutes with a 1% (v/v) sodium
hypochlorite (NaOCl) solution containing 2-3 drops of Tween 20 and three times rinsed for
15 minutes in double distilled sterile water. The base of the cuttings was removed and the
explants were incubated in 16/120 mm glass test tubes with 5 ml of media for axillary shoot
induction. The initiation media we used encompassed WPM basal salts and vitamins, 3%
sucrose, 0.8% plant agar and 2-iP 5 mg I"' (Duchefa) [8]. For all micropropagation stages a
5.0 pH level was used [5, 6]. All media variants were autoclaved at 121 °C for 20 minutes.
The growth chamber temperature was set to 24+1 °C while photoperiod, provided by Philips
36 W fluorescent tubes, was fixed to 16/8 hours, with a light intensity of 2000 1x. Because the
experiment was focused more on proliferation and regeneration, no additional tests for culture
establishment were conducted. After a period of six weeks the infection rate and the number
of shoots were recorded.

Shoot proliferation

In order to investigate shoot proliferation of the microshoots, the following
components were analyzed: PGRs concentration, microshoot positioning and interaction of
these two factors. Various types of vessels were also used (16/120 mm test tubes, Magenta
GA7 with polypropylene lids and different sizes of glass jars). Because previous tests showed
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that glass tubes induce a higher proliferation, the majority of the experiments were performed
using this type of vessel.

The media used for proliferation consisted of full- or half-strength WPM salts and
vitamins, and was supplemented with 100 mg "' FeNaEDDHA (Sequestrene 138), 3%
sucrose and 0.8% plant agar. This composition will be further referred to as full or %2 woody
plant modified medium (WPMM). Various phytohormones were used in different
concentrations: 2 WPMM and 0 hormones as control (Al), /2 WPMM and BAP 0.2 mg I
(A2), WPMM and BAP 0.2 mg I"' (A3), WPMM and BAP 0.5 mg I"' (A4), WPMM and 2-iP
5 mg 1" (A5), WPMM and zeatin 2 mg "' (A6). Half-strength media was tested for the BAP
0.2 mg 1" variant, as a possibility for reducing costs.

Microshoot cuttings of 10 mm in length were placed vertically (B1) or horizontally
(B2), in order to observe if significant differences occur. Also, the highest shoot of each
explant was measured and correlations between proliferation and shoot length were calculated.

For each variant, at least ten explants were analyzed and three replicates were made.

Because highbush blueberry is a slow in vitro growing species [9], data were collected
after two months. The results were subjected to analysis of variance (ANOVA) and means
were compared using Duncan’s test (p<0.05).

Leaf regeneration

Besides analyzing the proliferation rate of the regenerated shoots, the influence of leaf
positioning onto media with regards to type of regeneration (direct or through a callus phase)
was also determined. The risk of inducing phenotypic anomalies, when high amounts of
hormones are used, was also evaluated. WPMM with 0 hormones variant generated larger
leaves which were used as primary explants. Whole leaves were put with their abaxial or
adaxial side onto WPMM media supplemented with 2-iP 10 mg I"' and without FeNaEDDHA
(no clear benefits were observed in the microshoot proliferation experiment). Two leaves
were placed in every vessel and at least 10 replicates were performed for each variant. No
special lighting conditions were applied. After a period of two months, 20 explants of each
variant were randomly selected and the regeneration rate was calculated. The explants were
further subcultivated on media supplemented with 2 mg 1" zeatin for shoot elongation and
proliferation. Proliferation rate was calculated after another two months, taking into account
only the shoots longer than 2 mm. The highest shoot was also measured for each explant.

Rooting and acclimatization

Hydroculture was used for ex vitro rooting and acclimatization [10]. The basal part of
the proliferated explants was removed and the microshoots were put in small plastic or glass
vessels without lids. The tap water used for hydroculture had its pH adjusted to 4 and no
hormonal treatments were performed. When necessary, anti-fungal treatments were carried
out. The process of acclimatization and rooting was considered completed after a period of
two months, when the survival rate and the number of rooted plantlets were recorded.

Results and Discussions

In vitro culture establishment

Different opinions regarding optimal media composition, PGRs and irradiance
conditions are present in the literature [e.g. 3, 6, 8, 9, 11, 12, 13]. However, the results
reported by these studies were not significantly better compared to those obtained in our
previous experiments, reason why the original establishment protocol was maintained [8].

In this study, a rate of 75% infection-free material was obtained during the culture
establishment stage. Also, most of the cuttings produced viable shoots. All these are
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considered to be satisfactory results, especially because midsummer cuttings were used as
initial explants. Similar results were confirmed only by REED [14]. Because few sources
mention the infection or regeneration rate, an accurate comparison is difficult to be made.

Although zeatin is widely used for culture establishment, our results indicate that 2-iP
5 mg I"' represents a very good alternative for increasing efficiency and lowering costs.

Shoot proliferation

Media in which zeatin, considered to be a heat sensitive hormone, was added after
autoclavation produced no significant differences compared to the variant where zeatin was
autoclaved at 121 °C for 20 minutes (data not presented), reason why, for this study, the latter
method was employed. LITWINCZUK and WADAS [9] studied the influence of auxins (IAA
and IBA) in combination with 2-iP. However, due to rather unclear positive influence of
auxins, we focused only on citokinins influence.

Results were recorded after a period of two months, but a significant increase in shoot
length could be noticed when subcultures were maintained for three months (Figure 1). This
observation however, should be subjected to further analysis.

The experiment regarding the influence of culture vessels resulted in a distinct
significant positive difference for test tubes compared to glass jars or Magenta GA7 vessels
(data not presented); however, in the test tube variant, the length of the shoots was also
diminished, so finally, a similar multiplication rate was obtained for all types of culture vessels.

When using BAP, no statistical difference between full or half salt content was
observed resulting a good opportunity for lowering the costs in given situations.

Regardless of shoot positioning, the control had a similar proliferation rate compared
to the variant with BAP 0.5 mg 1" and a higher one compared to the results obtained by
GAJDOSOVA et al. for cv. ‘Duke’ when using zeatin 0.5 mg I'' [11]. Low doses of BAP
produced significant differences on the proliferation rate compared to the control, while the

best variants were those with zeatin and 2-iP, with higher values for the former (Table 1).
Table 1. PGRs influence on shoot proliferation

Variant' Proliferation” (shoots/explant) Significance Ranking
Al 3.10a Control Al
A2 6.85ab * A4
A3 6.85b * A3
A4 5.55b - A2
A5 12.20c oAk A5
A6 14.85¢ ok A6

DL (p 5%) 2.96 DL (p 1%) 3.97 DL (p 0.1%) 5.19

' A1-1/2 WPMM, 0 PGRs, control; A2-1/2 WPMM, BAP 0.2 mg I''; A3-WPMM, BAP 0.2 mg I''; A4-
WPMM, BAP 0.5 mg I"'; A5-WPMM, 2-iP 5 mg I''; A6- WPMM, zeatin 2 mg 1.

? Letters next to values in columns indicate significant difference at p<0.05 by Duncan’s test.

Our experiments shown that horizontal positioning of the microshoots give
significantly better results than those obtained for vertical positioning (Table 2).

Table 2. Microshoot positioning influence on proliferation

Positioning’ Proliferation (shoots/explant) > Significance ﬁlv;rrggﬁ;gzg?s(tz%
Bl 6.82a Control 0
B2 9.65b *x 41.5
DL (p 5%) 174 DL (p 1%) 232 DL(p0.1%) 3.02

'BI - vertical positioning into media; B2 — horizontal positioning onto media.
? Letters next to values in columns indicate significant difference at p<0.05 by Duncan’s test.
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One of the best hormonal variants mentioned in the literature combines zeatin 2 mg 1"
with vertical positioning of the shoots [6]. We also tested this variant along with other
variants using low doses of BAP and horizontal positioning and the results show no
statistically differences (Table 3). However, zeatin combined with horizontal positioning can
increase the proliferation rate with more than 100% compared with the best BAP variant.

The best variants, B2A5 and B2A6, were not statistically different. However,
phenotypic changes were observed in the 2-iP variant, which induced leaf elongation. At the
same time, when 2-iP was used, random leaf regeneration onto proliferation media was
observed, reason why this PGR was further used for the regeneration experiment. Due to high
cost of zeatin (20-30 times higher than 2-iP), the financial aspect should also be considered
when the protocol is intended to be used for the large scale production. The horizontal
microshoot positioning produced the longest shoots for both zeatin (average of 4.88 cm and
6.5 cm highest shoot) and 2-iP (average of 5.39 cm and 8 cm highest shoot) compared to the
vertical positioning. For both types of shoot positioning, no clear correlations were found
between shoot length and proliferation (0.138 and 0.58 correlation coefficient, not supported
by correlation diagram).

Table 3. PGRs & positioning influence on shoot proliferation

— Average length of the highest Mean proliferation”
No. Variant shoot (cm) (shoots/explant)

1 B1A1 4.35 2.50a

2 B2A1 2.85 3.70ab

3 B2A4 3.70 5.00abc
4 B1A2 3.10 5.10abc
5 B1A4 3.55 6.10abc
6 BIA3 3.28 6.30abc
7 B2A3 4.70 7.40bcd
8 B2A2 3.89 8.60cd
9 BIAS 4.05 9.10cd
10 B1A6 5.39 11.80de
11 B2AS 3.83 15.30ef
12 B2A6 4.88 17.90f

'A — hormonal variants; B — positioning into media variants.

*Letters next to values indicate significant difference at p<0.05 by Duncan’s test.

The variant with the best proliferation rate and the highest proliferation per initial
explant (17.9 and 32 shoots, respectively) was compared to other results from the literature.
The protocol we employed on cv. ‘Elliot’ generated higher proliferation rates compared to all
cited literature on highbush blueberry micropropagation.

FIRA et al. [8] obtained the best results for all tested cultivars when using zeatin 2 mg
I"'. An exception was cv. ‘Blue Crop’, where no significant differences were noticed between
zeatin 2 mg "' and 2-iP 5 mg I"'. We encountered the same lack of differences between the
two PGRs in the case of cv. ‘Elliot’. FIRA et al. [8] obtained the highest proliferation rate for
cv. ‘Elliot’ (9.53 shoots/explant) and lowest rate for ‘Duke’ (5.37), when using Magenta
vessels and vertical positioning of the microshoots. Since the media and cultivar used in our
study were the same, the higher proliferation can be explained by using different types of
vessels and horizontal positioning of the explants.

NOE et al. [12] obtained the highest number of shoots for cv. ‘Atlantic’ (10.4), when
using PNM medium supplemented with 2-iP 7.5 mg 1I"'. OSTROLUCKA et al. [6] obtained an
average of 10.16—15.23 shoots per initial explant when using zeatin 2 mg/l, with the highest
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number of shoots for cv. ‘Brigitta’. For the same cultivar, 14.2 shoots per primary explant
were obtained when using zeatin 0.5 mg/l, while for cv. ‘Duke’, only 2.3 shoots [11]. When
using 2-iP 5 mg along with [AA, the maximum number of shoots for cv. ‘Herbert” was 10.4
[9].

None of the above mentioned references specified the shoot positioning, while test
tubes were rarely used. These two factors proved to significantly increase the proliferation
rate for cv. ‘Elliot’.

Figure 1. A2B2:A6B2 — microshoot proliferation variants; Z — three months elongated plantlets on A6B2 variant
in MAGENTA GA7 box; R — unrooted plantlet on A6B2 and rooted plantlet on A2B2 after three months; A+R —
acclimatization and ex vitro rooting on hydroculture after two months; N — 3 years old in vitro obtained plants
within nursery.

Leaf regeneration

The leaf regeneration capacity was tested in order to evaluate this method as a viable
alternative to the traditional microshoot proliferation for cv. ‘Elliot’. Good results regarding
leaf regeneration were already reported for several cultivars when using zeatin or 2-iP [3, 9,
11]. Even if no special irradiance treatments were used, such as dark period for induction [3],
a 90% regeneration rate was obtained for abaxial leaf positioning variant. Compared to other
results [3, 11], where zeatin was used and a maximum 72.5% regeneration rate was reported,
2-iP seems to provide better results at 10 mg I”', at least for cv. “Elliot’. However, in this
experiment, a large part of the shoots regenerated from callus (Table 4, Figure 2), while other
6898 Romanian Biotechnological Letters, Vol. 17, No. 1, 2012
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studies show that low doses of zeatin resulted in a higher percentage of direct regeneration
[11]. No differences regarding the influence of leaves positioning were previously reported
[3], but in our case a clear positive difference of abaxial positioning of the leaves can be seen
(Table 4).

Low doses of PGRs proved to be safe regarding somaclonal variation of the
regenerated plantlets [6, 11]. In this study we observed longer and narrower leaves for all the
shoots obtained from both direct or through callus phase regeneration. These differences
almost disappeared after several passages on low PGRs doses. Due to this reason and to the
low direct regeneration percentage, all initial explants were mixed regardless of the
regeneration type, for further proliferation rate analysis. No significant difference was noticed
between the two positioning variants regarding proliferation rate.

There was no correlation between the proliferation rate and the highest shoot length.
Compared to the shoot length resulted from microshoot proliferation, it can be noticed that
shoots regenerated from leaves were smaller (Figure 2), similar to other previous results [9].

Compared to conventional microshoot propagation, leaf regeneration proved to be less
suitable, at least for the tested variants. Also, the first method proved to be efficient enough
on large scale propagation, reason why the leaf regeneration plantlets were not further
analyzed to see if morphological differences occurred during ex vitro period.

No references were found on leaf regeneration for cv. ‘Elliot’, reason why our results
were only compared to those obtained for different protocols and cultivars. OSTROLUCKA
et al. [6] obtained 18 shoots/leaf for cv. ‘Berkeley’. GAIDOSOVA et al. [11] registered 39.1
shoots/explant for cv. ‘Brigitta’ (40% regeneration rate), while lower values such as 5.8
shoots/explant were obtained for cv. ‘Bluecrop’. MEINERS et al. [3] reported a high
proliferation rate of 15.8 shoots/explant for cv. ‘Ozarkblue’, while LITWINCZUK and
WADAS (2008) registered for cv. Herbert only 4.4 shoots/leaf when using 2-iP mg 1" along
with IAA. It can be seen that in our case (Table 4) cv. ‘Elliot’ produced average results
compared to the above mentioned data.

Table 4. Leaf regeneration and proliferation

. Regeneration|Proliferation . Highest Maximum
. Direct 1 Maximum| shoot
Leaf |Regeneration . through rate shoot
o regeneration shoots/ | length
positioning| rate (%) callus phase | (shoots/ length
(%) (%) explant) explant | average (cm)
i P (cm)
Abaxial 90 50 50 6.5+3.63a 15 2.1140.88) 3.5
Adaxial 75 20 80 6.1+6.28a 26  [2.07+1.42] 4.0

'Letters next to values in columns indicate significant difference at p<0.05 by Duncan’s test.
No significant differences regarding proliferation rate at p<0.05, F<F crit. (0.06<4.09)
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Figure 2. D — direct regeneration; I — indirect regeneration with a callus phase; R — fully regenerated plantlets.

Rooting and acclimatization

The control and also variants using low doses of BAP resulted in high percentage of
root induction (for more than 90% of the explants) within the proliferation stage, which acted
as a rooting stage as well (Figure 1). The roots obtained in vitro proved to be less suitable for
acclimatization.

Good results for the in vitro rooting were obtained when using IBA and active
charcoal [3, 5, 6]; however, this stage could be regarded as a viable approach only if certain
cultivars will turn out difficult to be rooted ex vitro. OSTROLUCKA et al. [5, 6] suggested
that the in vitro rooting stage of the highbush blueberry could be eliminated, direct ex vitro
rooting being easily induced, even without any hormonal treatment.

The hydroculture proved to be an easy and inexpensive method, because it produced a
high percentage of directly ex vitro rooted, well acclimatized plantlets (Figure 1). A 78%
survival rate of plantlets was recorded after the acclimatization period, from which 80% had a
consistent rooting system. The majority of the plantlets survived ex vitro, in mineral enriched
acid peat. The vigorous shoots survived and produced roots in up to 100% of the cases. Due
to air circulation, there were less concerns regarding fungal control compared to rooting in
acid peat within boxes method.

Conclusions

In this study, an efficient protocol for rapid micropropagation of highbush blueberry
cv. ‘Elliot” was obtained.

Based on the results obtained for BAP variants, lowering the costs by using reduced
concentrations of basal salts should be possible for other types of PGRs.

High percentage of axillary and adventitious shoot proliferation was induced from
microshoot cuttings. Horizontal positioning into media proved to be significantly better than
the vertical one, in some cases surpassing the PGRs effect. This type of positioning is also
recommended for other cultivars, as an easy possibility to achieve improvement in
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proliferation rate. Best variants consisted in WPM basal medium supplemented with zeatin
and 2-iP (2 mg 1" and 5 mg 1", respectively) along with horizontal positioning onto media,
which resulted in up to 17.9 shoots per initial explant (max. 32). 2-ip induced some leaf
variations, reason why zeatin is probably safer to use; however, due to its high cost and
similar results, both variants are to be considered. Regardless of cultivar, our protocol
generated some of the best results ever reported, being recommended for further analysis in
some other varieties.

A high concentration of 2-iP (10 mg I'") induced leaf regeneration in up to 90% of the
initial explants, with up to 50% direct regeneration rate, regardless the leaf positioning onto
media. For further tests on media and PGRs variants, we recommend the abaxial leaf
positioning onto media due to higher regeneration rate and better results regarding direct
regeneration. Because of the lower proliferation rate, the longer period of time required, the
smaller shoots and the higher risk of somaclonal variation, the leaf regeneration can be
considered less suitable compared to microshoot proliferation for this cultivar.

The hydroculture was successfully tested for ‘Elliot’ and several other cultivars (e.g.
‘Duke’, ‘Blue Crop’; data not presented), and is recommended as a very efficient and
extremely low cost method for ex vitro rooting and acclimatization of highbush blueberry.

‘Elliot’ proved to be an easy-to-micropropagate cultivar, generating in most of the
cases better results compared to those reported by several other authors [e.g. 9, 11]. High rates
of proliferation and good survival percentage after acclimatization, make this protocol an
excellent choice for large scale propagation of cv. ‘Elliot’ and a viable alternative for
micropropagation of other highbush blueberry cultivars.
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