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ABSTRACT

The optimization of tissue culture protocols for blueberry propagation is crucial to meet the increasing
demand for disease-free planting materials. This study aimed to determine the effects of three auxins (IBA,
IAA, and NAA) at different concentrations to enhance root and shoot development of two blueberry culti-
vars with different abilities to root, ‘Lanmei #1°and ‘Brightwell’. Results showed that NAA at 0.5 mg-L"!
significantly promoted shoot number and length in ‘Lanmei #1” while ‘Brightwell” showed a limited re-
sponse. IAA had a variable impact on both shoot and root parameters, with ‘Lanmei #1° showing more
pronounced positive responses. IBA showed a differential response on root and shoot parameters in both
cultivars, with ‘Lanmei #1° showing a superior response for shoot number, length, root length, and overall
plant vigor. Activated carbon had minimal effect on growth parameters across both cultivars. ‘Lanmei #1°
demonstrated a robust response to auxin treatments, suggesting it is more suitable for in vitro rooting.
The present results confirm previous data on the different abilities of blueberry genotypes to root and the
necessity of optimizing the rooting protocol depending on the cultivar.
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INTRODUCTION Besides their significance in commercial produc-
tion, berries have medicinal properties and are uti-
lized as ornamental landscape ground cover
(Stefanescu et al. 2020). Blueberries are exten-
sively cultivated commercially in various coun-
tries across Asia, Australia, Europe, New Zealand,
and South America (Smolarz & Pluta 2014; Titok
et al. 2021). Blueberries in nurseries are usually
propagated using cuttings, a simple method but
time-consuming in the case of large-scale produc-
tion. Micropropagation, a more efficient method,
facilitates planting material and enhances produc-
tion areas (Chen & Henny 2008; Chen et al. 2018).
Various media are used for in vitro blueberry culture,

Blueberries (Vaccinium) are the members of
the family Ericaceae. The genus Vaccinium com-
prises about 450—500 species, most of which are
widespread on mountain slopes in tropical regions,
while the rest occur in subtropical, temperate, and
boreal regions of the Northern Hemisphere (Reta-
males 2012). Blueberries exhibit distinctive char-
acteristics: fleshy, small-sized fruit containing
abundant antioxidant compounds such as phenolic,
flavonoids, tannin, and ascorbic acid, along with
minerals and fruit colorants such as anthocyanin
and carotenoid (Stefnescu et al. 2020). The re-

puted health benefits of berries are often attributed
to their potent bioactive phenolic compounds, which
potentially synergize to enhance human health.
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including MS (Murashige & Skoog 1962), Ander-
son (Anderson 1980), Z-2 (Zimmerman & Broome
1980), and WPM medium (Lloyd & McCown 1981).
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Shoot proliferation on MS medium is characterized
by a slow rate (Ruzi¢ et al. 2012); in contrast, WPM
has been identified as a more suitable medium for
micropropagation than Anderson’s (Sedlak & Pap-
rstein 2009). For shoot proliferation, commonly
used growth regulators are 6-(4-hydroxy-3-methyl-
but-2-enylamino)purine (zeatin, ZT), 6-(y,y-di-
methylallylamino)purine (2iP), used alone or in
combination with indole-3-acetic acid (IAA) (Lit-
winczuk & Wadas 2008). Despite the advance-
ment and success of in vitro culture, rooting of in
vitro propagated shoots remains a critical bottle-
neck. Rooting in vitro is crucial to successfully
transitioning from in vitro to ex vitro conditions.
The current study aimed to optimize rooting con-
ditions under the influence of auxins and acti-
vated carbon (AC) for in vitro propagated shoots
of blueberry to enhance rooting efficiency and
uniformity for bulk production.

MATERIALS AND METHODS

Plants source

Two commercially significant blueberry cultivars,
‘Lanmie#1’ (easy to root) and ‘Brightwell’ (recal-
citrant) were studied, using explants from disease-
free mother plants cultivated hydroponically at
Cukurova University, Tiirkiye. ‘Lanmei #1° was
derived from an interspecific hybrid line with a ge-
netic composition of 33% V. corymbosum (25%),
V. darrowii (8%), V. ashei (1%), V. angustifolium
(25%), V. elliottii (8%), V. constablaei. This culti-
var is known for being easy to root. ‘Brightwell’ is
also commercially important but has a rooting
problem. Young shoots approximately 10 cm long
were surface sterilized and immediately trans-
ferred to in vitro culture.

Culture initiation

Surface sterilization is critical to ensure the purity
and viability of blueberry explants. The initial phase
involved removing leaves from young blueberry
shoots. The explants were then subjected to sterili-
zation steps to remove potential contaminants, such
as fungi and bacteria. A preliminary step involved
a gentle cleansing of explant surfaces with tap water.
Subsequently, explants were sectioned into pieces,
each measuring 1.5-3 cm and containing two buds.

Initially, explants were exposed to a solution con-
taining 0.1 g-I'" Rifampicin, agitated for 5 minutes,
and rinsed thrice with distilled water. Further, ex-
plants were sterilized in a solution containing 20%
sodium hypochlorite (NaOCl) with a few drops of
Tween 2 for 10 min. Finally, explants were rinsed
3—4 times with distilled sterile water and placed sin-
gly in test tubes containing Anderson medium, with
2mg- L1 2iP+0.1 mg-L'IBA+0.15mg-L"! GAs,
15 g'L"! sucrose, 100 mg-L' myo-inositol, and
6.5 g'L! agar, with a pH level of 5.3. Initially, ex-
plants were kept in the dark, at 24 °C for three
days, and transferred to light conditions.

Shoot multiplication

For multiplication, Anderson’s medium was used,
consisting of 2.0 mg-L! 2iP, 0.25 mg-L"! zeatin,
0.1 mg-L'IBA, 0.1 mg-L!' GAs, 20 gL' sucrose,
200 mg-L! myo-inositol, and 6.5 g-L"! agar, pH 5.3.
Nine explants were cultured per magenta vessel.
The multiplication medium was changed every
month. The growth room was maintained at
24 £ 2 °C with 55% humidity. Fluorescent lamps
were calibrated at 2500-3000 lux light intensity
for 16 hours.

Shoot rooting

Y2 WPM medium with pH 5.3 was supplemented
with different concentrations of IBA, NAA, and
IAA 0, 0.5, 1, 2, and 3 mg-L"'. AC at concentra-
tions of 0, 0.5, 1, 2, and 3 g-L! was independently
applied, without adding auxins. From the fourth
subculture, single shoot explants 2—2.5 cm long
were excised and transferred to test jars contain-
ing one of the prepared media. Explants were in-
cubated in darkness at 24 °C for three days to pro-
mote root initiation. Following this, test jars were
transferred to the culture room. Rooting percent-
age, root number, and root length per explant were
recorded after one month of culture. Nine shoots
were used per replication, and the experiment was
replicated three times.

Statistical analysis

In all experiments, a randomized complete block
design was used, and data were statistically ana-
lyzed using SPSS software (version 16), followed
by Duncan’s test with p > 0.05.
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RESULTS AND DISCUSSION

Our results demonstrated a comparative as-
sessment of three different auxins (IBA, IAA, and
NAA) at four different concentrations (0, 0.5, 1, 2,
and 3 mg-L") and AC at five concentrations (0, 0.5,
1.0, 2.0, 3.0 and 4.0 mg-L") on growth shoots and
roots of two blueberry cultivars. ‘Lanmei #1° culti-
var’s parameters were higher at each treatment than
‘Brightwell’ cultivar.

Effect of IBA on growth parameters

The effect of IBA on shoot number in ‘Lanmei #1°,
was insignificant across different IBA concentrations
(1.7-1.9 shoots per explant). In ‘Brightwell’, a slight
increase in shoot number (up to 1.5 shoots per ex-
plant) was observed at 1 mg-L' IBA. The shoot
length in ‘Lanmei #1° increased with increasing IBA
concentration (4.2—7.8 cm), but these values were
statistically insignificant. ‘Brightwell’ shoot length
slightly increased at 1 mg-L! (2.7 cm) compared
with another concentration. Root number in
‘Lanmei #1 increased with IBA concentrations (1.4—
3.7 roots per explants), with no statistical difference
between 1, 2, and 3 mg-L! IBA. The ‘Brightwell’
root number was generally low, with an increase at
2mg- L' (1.6 roots per explant) followed by a de-
crease at high concentrations (0.4 roots per explant).
Root length in ‘Lanmei #1 increased at 1 mg-L' IBA
(3.6 cm), with no significant difference between
3 mg-L'and 2 mg-L". In ‘Brightwell’, the root num-
ber was higher at 1 mg-L"' (1.5 per explant). Callus
growth was observed only at 2 and 3 mg-L"! in both
cultivars. In ‘Lanmei #1°, the root percentage re-
mains consistently (90-96%) high across all IBA
concentrations, while in ‘Brightwell’, the rooting per-
centage was significantly lower (Table 1).

Effect of NAA on growth parameters

Shoot number in ‘Lanmei #1° increased only at
0.5 mg-L"! NAA (1.8 shoots per explant) compared
with the other concentrations. In ‘Brightwell’, the
shoot number remained stable across NAA concen-
trations. Shoot length in ‘Lanmei #1° did not change,
except that NAA at 2 mg-L! significantly decreased
it, whereas in ‘Brightwell’, shoot length was not
changed. The root number in ‘Lanmei #1° was the
highest at 0.5 mg-L! and 3 mg'L!' NAA (4.9-4.4
roots per explant) compared to other concentrations,
while in ‘Brightwell’, the number of roots was high-
est at 2 and 3 mgL' NAA. Root length in
‘Lanmei #1” was lowest at control and highest at

0.5 mg'L"! NAA. ‘Brightwell’ root length was not
changed depending on auxin concentration. In both
cultivars, callus development increased with increas-
ing NAA concentrations. In ‘Lanmei #1° the root per-
centage was similar to that in response to IBA, while
‘Brightwell’ responded well to NAA but still showed
a lower percentage than ‘Lanmei #1° (Table 2).
Effect of IAA on growth parameters

In both cultivars, IAA did not affect shoot number
or callus weight. The shoots of ‘Lanmei #1* were
significantly higher at 2 mg-L"' IAA (7.4 cm), simi-
lar to the root number per explant (2.8). ‘Brightwell’
showed no significant difference in shoot length,
root number, and root length across IAA concentra-
tions. The root number in ‘Lanmei #1° was signifi-
cantly higher at 2 and 3 mg-L! IAA than at the other
concentration (2.7 and 1.8 roots per explant).
‘Brightwell” showed variability across different
IAA dosages with no clear trend. Root length in
‘Lanmei #1° was highest at 2 mg-L™! (5.0 cm) com-
pared with other concentrations (0.8—-1.9 cm). In
‘Lanmei #1° the rooting percentage ranged from
46% to 100%, while in ‘Brightwell’ the rooting per-
centage was less effective, similar to the IBA results
(Table 3).

Effect of AC on growth parameters

AC did not affect growth parameters. The two ex-
ceptions were found only for 3 and 4 mg-L™! as they
increased root number in ‘Lanmei #1°. However,
AC does not improve the rooting percentage in ei-
ther cultivars (Table 4).

The effects of auxins on plant growth and de-
velopment in vitro have been studied intensively
(De Klerk 2002; Kumar et al. 2019; Pasternak &
Steinmacher 2024). Vaccinium spp., as a plant prop-
agated mainly in vitro, has often been the subject of
studies on the role of auxins (Debnath 2007; Lit-
winczuk & Wadas 2008; Ruzi¢ et al. 2012; Guo et
al. 2019). In vitro rooting of Vaccinium depends on
many factors, including growth regulators, mineral
medium constitutions, and technology applied but
to a great extent on the plant genotype (Debnath &
McRae 2005; Ruzi¢ et al. 2012; Guo et al. 2019;
Georgieva & Kondakova 2021; Wang et al. 2023;
Zhou et al. 2023). Both the kind and concentration
are crucial for effectivity. Generally, IBA is consid-
ered the most effective for woody plants (Hartmann
et al. 2010), although Khadr et al. (2020) pointed to
IAA for Vaccinium rooting.
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The most obvious factor in our experiment was
the genetic ability to root. Cultivar ‘Lanmei #1’ could
root without auxin, but auxins increase root number,
length, and shoot length. NAA showed the most in-
stantiable influence, mainly on root number and callus
growth, probably due to its durability in the medium.

Cultivar ‘Brightwell’ was a recalcitrant for root-
ing. It did not root without auxin or root sporadically,
forming only 0.2 roots per shoot. Adding 1 mg-L"!
IBA increased root number to 1.5 roots per shoot,
whereas IAA at 3 mg-L"! increased root number to
0.7. The most effective was NAA; the number of
roots grew with concentration up to 2.1 at 3 mg-L'..

Georgieva and Kondakova (2021) and Fan et
al. (2017) also detected a great variability in blue-

berry cultivars both in shoot formation and for root-
ing. These findings underscore the critical need for
cultivar-specific protocols in optimizing regenera-
tion and rooting process for Vaccinium spp., rein-
forcing the importance and potential impact of our
research.

Our findings highlight the unique genetic
makeup of ‘Lanmei #1° that leads to a specific re-
sponse to each auxin and concentration. This unique
responsiveness, whether due to more efficient auxin
receptors or signaling pathways or more efficient
use of self or obtained auxin, highlights the need for
further studies, such as transcriptomic and proteo-
mic analyses, to provide deeper insight into these
differential responses.

Table 1. Effect of IBA on shoot number and length, root number and length, and callus formation in two blueberry cultivars

IBA concentration (mg-L™)

Parameter Cultivar
0 0.5 1 2 3

‘Lanmei #1° 1.7 +0.5a 1.7+0.3a 1.7+0.2a 1.5+ 0.2ab 1.8+0.3a
Shoot number -

‘Brightwell’ 1.1 £0.3bc 1.0+ 0.0¢c 1.4 £0.2ab 1.0+ 0.0¢c 1.0+0.0c

‘Lanmei #1’ 4.1 +£0.6a 5.9+2.0a 7.7+23a 4.6 + 1.2ab 54+0.7a
Shoot length (cm) ;

‘Brightwell’ 2.1+0.7bc 1.5+£0.2¢c 2.7+ 0.9ab 1.4+0.3c 1.6 £0.4c

‘Lanmei #1’ 1.4+0.7cd 1.8 £0.5bc 2.8 +£0.6ab 3.6+ 1.0a 3.7+0.8a
Root number -

‘Brightwell’ 0.0 +0.0e 0.0 £0.0e 1.5+ 1.40c 0.4 +0.3de 0.3 +0.4de

‘Lanmei #1’ 0.7 +0.4c 3.6+1.1a 3.4+ 1.4ab 2.3+0.9b 2.4 +0.9ab
Root length (cm) X

‘Brightwell’ 0.0 +0.0c 0.0 £0.0c 1.0+ 0.9¢ 0.324 +0.3¢c 0.1 +0.1¢c

) ‘Lanmei #1’ 0.0 £0.0d 0.0 £0.0cd 0.0 +£0.0d 0.3+0.1a 0.1 = 0.2abc

Callus weight (g) X

‘Brightwell’ 0.0 +£0.0d 0.0 £ 0.0bcd 0.0 £ 0.3bed 0.0 £ 0.0bcd 0.1 +0.0ab

‘Lanmei #1’ 91.1+144a  92+1009a 96 + 8.9a 90 + la 96 + 5.4a
Root percentage ;

‘Brightwell’ 20 +£19.8¢ 0=+0c 50 +37.4b 20 £ 15.8¢ 14 +15.1¢c

Values are expressed as mean =+ standard deviation (n = 3); Values with the same letter in the same line and column are not statistically different (p < 0.05)

Table 2. Effect of NAA on shoot number and length, root number and length, and callus formation in two blueberry cultivars

NAA concentration (mg-L™")

Parameter Cultivar
0 0.5 1 2 3

‘Lanmei #1° 1.3 +0.3bc 1.7+0.3a 1.3+£0.1bc 1.4 £0.0b 1.2 £0.1bcd
Shoot number -

‘Brightwell’ 1.1 £0.1cd 1.1 £0.1cd 1.0 £0.0d 1.0 £0.0d 1.0 £0.0d

‘Lanmei #1’ 4.7+ 1.7a 54+0.7a 4.7+ 1.1a 33+0.3b 4.5 +0.6a
Shoot length (cm) -

‘Brightwell’ 2.3 £0.5bed 2.1 +0.4cd 2.3 +£0.1bcd 1.34+0.2d 2.85 + 0.6bc

‘Lanmei #1° 0.8 £0.4de 4.9+0.9a 4.1+2.1b 3.5+0.8b 4.4+0.7ab
Root number -

‘Brightwell’ 0.2+0.2¢e 0.4+0.3e 0.6 + 0.6de 1.6 + 1.1cd 2.1+0.7c

‘Lanmei #1° 0.9 = 1.0cd 2.9 +0.5a 1.8+0.7b 1.2+0.1bc 1.6 £0.4b
Root length (cm) -

‘Brightwell’ 0.1 £0.2¢ 0.2+0.2e 0.2+0.2¢ 0.3+0.1de 0.5+0.1cde

. ‘Lanmei #1’ 0.2 +0.0cd 0.3+0.1b 0.5+0.2a 0.6 £0.0a 0.5+0.1a

Callus weight (g) -

‘Brightwell’ 0.0 £0.0d 0.1 £0.0cd 0.1 +0.0bc 0.3+£0.1b 0.0 £0.0d

‘Lanmei #1’ 91.1+144a 100 + O0a 94 + 8.9a 88 +£8.3a 98 +4.4a
Root percentage 3

‘Brightwell’ 20 +£19.8¢ 24 +13.4c¢ 34 +26.0c 58 +17.8b 64 +15.1b

Note: see Table 1
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Table 3. Effect of IAA on shoot number and length, root number and length, and callus formation in two cultivars of

blueberry
P . Cul IAA concentration (mg-L™")
arameter ultivar 0 05 N 5 3
‘Lanmei #1’ 1.4 £0.3ab 1.7+ 0.6a 1.2 +0.1bc 1.6 £0.3a 1.3 £0.3abc
Shoot number -
‘Brightwell’ 1.0 £0.0¢c 1.0 £0.0c 1.0 £0.0c 1.0 £0.0c 1.2 +0.2bc
‘Lanmei #1’ 4.5 £0.8bc 5.0+2.1b 34+1.1cd 7.4+13a 4.1 £0.6bc
Shoot length (cm) -
‘Brightwell’ 2.5 £+ 1.0def 2.1 +£0.5ef 1.7 £0.6f 3.2 £0.8def 3.2+0.5cde
‘Lanmei #1° 0.7+0.5¢ 1.7 +1.0b 0.7 +0.4c 2.7+0.7a 1.8 +£0.4b
Root number -
‘Brightwell’ 0.2+0.2¢c 0.6£0.7c 0.0+0.1c 0.2+0.2c 0.7 +0.5¢
‘Lanmei #1’ 0.8 +0.5bc 1.9+1.3b 1.38 £ 1.5bc 4.9 +£2.6a 1.3 £0.6bc
Root length (cm) -
‘Brightwell’ 0.2+0.4c 0.2+0.3c 0.1+0.3c 0.53 +0.509bc 0.9 +0.7bc
: ‘Lanmei #1° 0.0+0.1a 0.0 +0.0ab 0.0 +£0.2ab 0.0+ 0.0b 0.0 = 0.0ab
Callus weight (g) -
‘Brightwell’ 0.0 +0.0b 0.0+ 0.0b 0.0 =0.2ab 0.0 £0.5ab 0.0 +0.0b
‘Lanmei #1° 91.1+14.4a 76 £42.7a 46 +26.0b 100 + 0a 82 +83a
Root percentage -
‘Brightwell’ 20 +19.8bc 24 +23.0bc 6+ 13.4¢ 20 + 18.7bc 46 +27.0b

Note: see Table 1

Table 4. Effect of AC on shoot number, shoot length, root number, root length and callus formation in two blueberry

cultivars
AC concentration (mg-L")

Parameter Cultivar

0 0.5 1 2 3 4
Shoot ‘Lanmei #1° 2.2+ 0.4abc 2.4+ 0.9ab 2.4+0.8ab 1.9 £ 1.0abcd 2.8+1.5a 2.8+1.5a
number ‘Brightwell” 1.2 +0.2¢cd 1.5+0.3cd 1.4+0.4cd 1.4 £0.6¢cd 1.2+0.4cd 1.0+0.1d
Shoot length ‘Lanmei #1° 5.9 +1.0ab 6.5+2.6a 6.3+2.6a 6.2+39a 6.5+29a 5.2 +2.4abc
(cm) ‘Brightwell’ 3.2+0.8cd 4.3+ 1.6abcd 3.5+1.8cd 3.9+2.1cd 3.2£0.8cd 23+0.5d
Root ‘Lanmei #1° 1.6+ 0.4b 1.6 £0.94b 1.6+£0.9b 1.6+1.4b 2.6+14a 2.8+1.7a
number ‘Brightwell’ 0.4+ 0.4c 0.9 +0.5bc 0.5+0.6¢c 0.7+0.8¢c 0.9 +£0.9bc 0.4 £0.6¢c
Root length ‘Lanmei #1° 4.8 +2.4ab 7.9+5.0a 59+43a 4.5+4.7abc 55+32a 63+4.1a
(cm) ‘Brightwell” 1.0+1.1d 1.5+ 1.2bcd 1.3+1.4cd 1.8 £2.1bcd 0.7+0.7d 0.3+0.5d
Root ‘Lanmei #1° 91.1+14.4a 77.7+43.7ab 73.3 £43.4abc 60 £ 54.7abcd 71.1 £40.5abc 80 +44.7ab
percentage  ‘Brightwell” 20+19.8de  31.11 +21.3bcde 24.44+27.67cde 31.11 £30.8bcde 31.11£253bcde  8.89+12.1e

Note: see Table 1

CONCLUSION

The current study showed that auxin type and
concentration could significantly affect shoot and
root development in blueberry cultivars ‘Lanmei #1°
and ‘Brightwell’. ‘Lanmei #1°, which is easier to
root than ‘Brightwell’, showed a more pronounced
response to auxin treatments. NAA positively influ-
enced shoot number in ‘Lanmei #1’ beginning from
0.5 mg-L"!, while in ‘Brightwell” at 2 and 3 mg-L".
IAA promoted shoot and root length at 2 mg-L" in
‘Lanmei #1°. AC stimulated only root number in
‘Lanmei #1” at 3 mg-L!. Due to genetic differences,

optimizing the blueberries’ rooting for individual
cultivars may be necessary.

Conflict of interest

The authors declare that they have no conflict of interest.
Acknowledgments

The research work was supported by the coordination
unit of Scientific Cukurova University Research Project
(BAP) under the project FYL-2022-15011. We sincerely
thank Prof. Hong Yu, Nanjing Botanical Garden, Memo-
rial Sun Yat-Sen, Institute of Botany, Jiangsu Province
and Chinese Academy of Sciences in China for providing
blueberry cultivars for this research.



80

N. Zalt et al.

REFERENCES

Anderson W.C. 1980. Tissue culture propagation of red
and black raspberries, Rubus idaeus and R. occi-
dentalis. Acta Horticulturae 112: 13-20. DOI:
10.17660/actahortic.1980.112.1.

Chen H.-Y,, LiuJ., Pan C., Yu J.-W., Wang Q.-C. 2018. In
vitro regeneration of adventitious buds from leaf ex-
plants and their subsequent cryopreservation in high-
bush blueberry. Plant Cell, Tissue and Organ Culture
134(2): 193-204. DOI: 10.1007/s11240-018-1412-y.

Chen J., Henny R.J. 2008. Role of micropropagation in the
development of the foliage plant industry. Floriculture,
Ornamental and Plant Biotechnology 5: 206-218.

Debnath S.C. 2007. Influence of indole-3-butyric acid
and propagation method on growth and develop-
ment of in vitro- and ex vitro-derived lowbush blue-
berry plants. Plant Growth Regulation 51(3): 245—
253. DOI: 10.1007/s10725-006-9164-9.

Debnath S.C., McRae K.B. 2005. A one-step in vitro
cloning procedure for cranberry (Vaccinium mac-
rocarpon Ait.). Small Fruits Review 4(3): 57-75.
DOI: 10.1300/J301v04n03_05.

De Klerk G.-J. 2002. Rooting of microcuttings: Theory and
practice. In Vitro Cellular and Developmental Biology
— Plant 38(5): 415-422. DOI: 10.1079/ivp2002335.

Fan S., Jian D., Wei X., Chen J., Beeson R.C., Zhou Z.,
Wang X. 2017. Micropropagation of blueberry
‘Bluejay’ and ‘Pink Lemonade’ through in vitro
shoot culture. Scientia Horticulturae 226: 277-284.
DOI: 10.1016/j.scienta.2017.08.052.

Georgieva M., Kondakova V. 2021. In vitro propagation
of Vaccinium corymbosum L. Bulgarian Journal of
Agricultural Science 27(2): 323-327.

Guo Y.-X., Zhao Y.-Y., Zhang L.-Y. 2019. Development of
anovel in vitro rooting culture system for the micro-
propagation of highbush blueberry (Vaccinium corym-
bosum) seedlings. Plant Cell, Tissue and Organ Culture
139(3): 615-620. DOI: 10.1007/s11240-019-01702-7.

Hartmann H.T., Kester D.E., Davies F.T., Geneve R.L.
2010. Plant propagation: Principles and practices,
8th ed. Pearson, 928 p.

Khadr A., Wang G.-L., Wang Y.-H., Zhang R.-R., Wang
X.-R., Xu Z.-S. et al. 2020. Effects of auxin (indole-
3-butyric acid) on growth characteristics, lignifica-
tion, and expression profiles of genes involved in
lignin biosynthesis in carrot taproot. Peer] §;
¢10492; 17 p. DOL: 10.7717/peerj.10492.

Kumar S, Malik A., Yadav R., Yadav G. 2019. Role of
different rooting media and auxins for rooting in
floricultural crops: A review. International Journal
of Chemical Studies 7(2): 1778—1783.

Litwinczuk W., Wadas M. 2008. Auxin-dependent de-
velopment and habituation of highbush blueberry

(Vaccinium x covilleanum But. et Pl.) ‘Herbert’ in
vitro shoot cultures. Scientia Horticulturae 119(1):
41-48. DOI: 10.1016/j.scienta.2008.07.007.

Lloyd G., McCown B. 1981. Commercially-feasible micro-
propagation of mountain laurel, Ka/mia latifolia, by
use of shoot-tip culture. Combined Proceedings of the
International Plant Propagators’ Society 30: 421-427.

Murashige T., Skoog F. 1962. A revised medium for
rapid growth and bio assays with tobacco tissue
cultures. Physiologia Plantarum 15(3): 473—497.
DOI: 10.1111/j.1399-3054.1962.tb08052.x.

Pasternak T.P., Steinmacher D. 2024. Plant growth reg-
ulation in cell and tissue culture in vitro. Plants
13(2); 327; 24 p. DOI: 10.3390/plants13020327.

Retamales J.B. 2012. Blueberries crop production and utiliza-
tion. In: Retamales J.B., Hancock J.F (Eds.), Blueber-
ries. CABI, 8 p. DOI: 10.1079/9781845938260.0000.

Ruzié¢ D., Vujovi¢ T., Libiakova G., Cerovi¢ R., Gajdosova
A. 2012. Micropropagation in vitro of highbush blue-
berry (Vaccinium corymbosum L.). Journal of Berry
Research 2(2): 97-103. DOI: 10.3233/jbr-2012-030.

Sedlak J., Paprstein F. 2009. In vitro multiplication of
highbush blueberry (Vaccinium corymbosum L.)
cultivars. Acta Horticulturae 810: 575-580. DOI:
10.17660/actahortic.2009.810.76.

Smolarz K., Pluta S. 2014. Cultivation of the high-bush
blueberry in Poland. Acta Horticulturae 1017: 199—
204. DOI: 10.17660/actahortic.2014.1017.24.

Stefanescu B.-E., Célinoiu L.F.,, Ranga F., Fetea F., Mocan A.,
Vodnar D.C., Crisan G. 2020. Chemical composition
and biological activities of the Nord-West Romanian
wild bilberry (Vaccinium myrtillus L.) and lingonberry
(Vaccinium vitis-idaea 1.) leaves. Antioxidants 9(6);
495; 21 p. DOI: 10.3390/antiox9060495.

Titok V.V,, Reshetnikov V.N., Volodko [.K., Pavlonskij N.B.
2021. History and results of introduction of berry
plants of the family Ericaceae Juss. in the Republic
of Belarus. Proceedings of the International Scien-
tific and Practical Seminar. Medisont, Belarus, pp.
3-14. [in Russian]

Wang Y., Zhang X., Jiang Z., Yang X., Liu X., Ou X.
et al. 2023. Establishment and optimization of
micropropagation system for southern highbush
blueberry. Horticulturae 9(8); 893; 14 p. DOI:
10.3390/horticulturae9080893.

Zhou Y., Li Q., Wang Z., Zhang Y. 2023. High efficiency
regeneration system from blueberry leaves and stems.
Life 13(1); 242; 17 p. DOI: 10.3390/1ife13010242.

Zimmerman R.H., Broome O.C. 1980. Blueberry micro-
propagation. Proceedings of the Conference on
Nursery Production of Fruit Plants Through Tissue
Culture — Applications and Feasibility. USDA,
ARR-NE-11, pp. 44-47.



