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Abstract

A highly efficient micropropagation process can be achieved by using proper conditions
for root initiation and growth of regenerated shoots. The efficiency of auxin and chitosan
on in vitro rhizogenesis of the highbush blueberry (Vaccinium corymbosum L.) cv.
Liberty was developed. After the multiplication stage, explants were transferred to Woody
Plant Medium (WPM) supplemented with 0.1 mg dm~ zeatin and 1.0 or 2.0 mg dm
of the auxin indole-3-butyric acid (IBA), or chitosan with a molecular weight of 800 kDa
at a concentration of 20 or 40 ppm. Among the tested combinations, the maximum
mean shoot and root length (6.28 and 1.73 cm, respectively) were recorded for WPM
with 0.1 mg dm> zeatin and 2.0 mg dm> IBA. The higher chitosan concentration
inthe WPM medium increased the length of shoots and roots. The highest percentage (100%)
of rooted plants was obtained on WPM with the addition of 0.1 mg dm? zeatin and 40 ppm
chitosan. Moreover, leaves of the highbush blueberries from this medium were brighter
(L*from22%t036%) and greener (a*-2.70 and-4.56, respectively) comparedwiththe leaves
of plants grown on WPM containing IBA.
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Comparison of the effectiveness of chitosan and auxin on in vitro and ex vitro rooting
of Vaccinium corymbosum L.

1.  Introduction

The blueberry (genus Vaccinium L., family Ericaceae Juss.) is a very popular fruit.
Its production and consumption have increased globally, characterised in particular
by the expansion of production activities into new geographic areas [1]. Poland ranks
second in Europe and seventh in the world in blueberry production [2]. The leader
in highbush blueberry plantations in terms of cultivated area is the Masovian Voivodeship.
According to Ciice and Sokmen [3], the genus Vaccinium is more variable than other
members of the Ericaceae family. These genetic variations manifest in different growth
habits, fruiting times and responses to environmental conditions. /n vitro culture conditions,
including medium composition, need to be adapted to the specific needs of each cultivar
to optimise growth and development. Cultivars differ in their ability to cope with the stress
associated with tissue culture. Researchers typically perform extensive trials to determine
the optimal conditions for each cultivar, including testing different medium compositions
and environmental conditions. This ensures that each cultivar grows robustly and healthily,
ultimately leading to successful acclimatisation and adaptation to field conditions.

Blueberries have low endogenous hormone levels, and enrichment of the environment
with appropriate auxins and organic supplements is a prerequisite for the formation
of a good root system [4]. According to Debnath and McRae [5], Vaccinium macrocarpon
Ait. shoots rooted well in vitro in the same media used for shoot proliferation, but without
any growth regulators. Tetsumura et al. [6] described that the rooting of shoots of three
cultivars of Vaccinium corymbosum L. was affected by the multiplication media, namely
Murashige and Skoog (MS) [7], Woody Plant Medium (WPM) [8] and amixture of equal parts
of MS and WPM (MW). However, they noticed that the superiority in rooting percentage
varied with the cultivar. In other related studies, Ruzic et al. [9] examined the effect
of the auxin indole-3-butyric acid (IBA) and active charcoal on induction of rhizogenesis
in three cultivars of V. corymbosum, and Erst et al. [10] investigated the effect of IBA
and indole-3-acetic acid (IAA) on in vitro rhizogenesis of Vaccinium uliginosum L.
These researchers confirmed that rooting capacity of shoots varied widely among
the tested cultivars.

As is apparent from the literature, the blueberry species V. corymbosum and V. virgatum
root well on propagation medium or on medium without the addition of plant growth
regulators. The process of root development can be divided broadly into two primary
phases: initiation of roots and their subsequent elongation. During the initiation phase
in vitro, specific cells undergo dedifferentiation to create root meristems, which then
proceed to elongate. Each phase, root initiation and root elongation, has different
optimal conditions for plant growth regulators, especially auxin [3]. It is important
to consider the potential benefits of using naturally derived, biologically active substances
that have a minimal environmental impact and can support both phases of rooting.
Due to its characteristics, chitosan is viewed as a biomaterial of interest for plant growth
[11, 12]. There are many reports about its positive effects on the growth and yield
ofplants such as Dendrobium phalaenopsis [13], V. corymbosum [14], Lycium chinense [15],
Vitis vinifera L. [16] and Lonicera caerulea L. [17]. The mechanism of action of chitosan
in plant systems is not yet completely clear. According to Lopez-Moya et al. [18], chitosan
promotes the accumulation of auxins (mainly IAA) in the root apex of plants, causing
strong changes in root cell morphology. Chitosan treatment can induce several biochemical
and molecular changes that may be responsible for improving plant growth including
rooting, as shown in the examples above [19-21].

The present study compared the effectiveness of chitosan with a molecular
weight of 800 kDa (CHy) and IBA on in vitro rooting and ex vitro acclimatisation
of V. corymbosum cv. Liberty explants.
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2. Materials and Methods

2.1. Plant Material

V. corymbosum cv. Liberty explants were obtained from the Laboratory of Tissue
Culture, West Pomeranian University of Technology, Szczecin, Poland. The shoots
with auxiliary buds explants were sub-cultured several times. The stem segments of blueberry
explants were cut into several small pieces (approximately 17-20 mm long) and removed
from the leaf blades.

2.2.  InVitro Rooting Conditions

In a laminar flow cabinet, shoot explants were initiated on Woody Plant Medium (Duchefa
Biochemie B.V., the Netherlands) with the addition of 0.1 mg dm™ zeatin (Zea) and CH
at a concentration of 20 and 40 ppm, or on WPM supplemented with 0.1 mg dm= Zea
and 1.0 or 2.0 mg dm™ IBA. The pH of each medium was adjusted to 5.7-5.8. Zea, CH,
and IBA were added to the media before autoclaving.

All media were supplemented with 3% (w/v) sucrose (Chempur, Poland), 0.8% (w/v)
agar (Biocorp, Poland) and 100 mg dm= myo-inositol (Duchefa Biochemie B.V.,
The Netherlands). Then, they were heated and 30 ml was poured into a 450-ml flask. Next,
they were autoclaved at 121°C (0.1 MPa) for the appropriate time (based on the volume
of medium in the vessel). Cultures were incubated in a growth room at 24 + 2°C under
a 16-h photoperiod with a photosynthetic photon flux density (PPFD) of 40 pmol m2 s,
Each combination included 32 shoots (8 replicates with 4 explants per flask). After 35 days,
the explants were removed and wash with deionised distilled water, and the shoot
and root length (cm), the number of new shoots and the colour were assessed. The explants
were weighed to determine the fresh mass (g).

2.3. Chitosan

CH, was obtained from the Center of Bioimmobilisation and Innovative Packaging
Materials, West Pomeranian University of Technology, Szczecin, Poland [22]. It was
prepared using the free-radical degradation process. After purification (filtration),
it was characterised using high-performance liquid chromatography (SmartLine Knauer,
Germany; Tessek Separon HEMA-BIO 40 column, Tessek, Czech Republic). The average
degree of deacetylation of the product was 85%.

2.4.  ExVitro Acclimatisation

Explants with developed roots from all combinations of the experiment were removed
from the culture vessels and then washed thoroughly with deionised water to remove
residual medium. The explants were transferred to plastic pots (10-cm diameter)
containing sterile soil (a mixture of 90% peat and 10% perlite). The pots were covered
with agro-textile fabric to ensure 90% humidity and incubated in the growth room at 22°C
and 73% relative humidity. After acclimatisation for 6 weeks, the percentage survival
of the plants was determined.

2.5. Determination of Colour

The leaves from the middle part of the shoot were evaluated using a CM-700d
spectrophotometer (Konica Minolta, Japan). Measurements were made in CIE L*a*b*
system [23]. The 10° observer type and D65 illuminant were applied. Colour was measured
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in triplicate for each experimental combination. a * ranges from green (-a*) to red (+a*).
b* describes the colour in the range from yellow (+5%*) to blue (-5*). L*, which represents
monochromaticity, ranges from 0 (black) to 100 (white).

2.6. Statistical Analysis

The results were evaluated using the Statistica v.12 software. The results were submitted
to variance analysis (ANOVA) followed by Tukey’s test. A p value < 0.05 was considered
to indicate a statistically significant difference.

3.  Results and Discussion

A successful micropropagation system requires the proper conditions for root
initiation and growth of regenerated shoots. Healthy roots enable seedlings to establish
in the soil and promote normal growth and development. There have been many reports
of successful in vitro and ex vitro rooting of blueberries. Efficient in vitro rhizogenesis
is generally strongly influenced by the presence of auxins in the medium [10, 24].
Ostrolucka et al. [25] achieved rooted V. corymbosum and Vaccinium vitis-idaea L.
microshoots on Anderson’s medium supplemented with 0.8 mg dm= IBA. Meiners
et al. [24] examined IBA and naphthaleneacetic acid (NAA) for their effect on root
formation of the Vaccinium cultivars Ozarkblue and Red Pearl; they noticed that only IBA
was suitable for root induction. Tetsumura et al. [6] compared MS, WPM and MW
and observed that the rooting ability of blueberry plants is strictly dependent
on the cultivar as well as the multiplication medium. The effectiveness
of chitosan on the rooting of highbush blueberry plants remains incompletely
investigated. Chitosan is a biopolymer that is completely safe for the environment.
It shows positive effects on the growth of many plants, including those propagated
in vitro. According to Veraplakon et al. [26], chitosan increased the survival percentage
and growth rate of ex vitro lantana seedlings. Kruczek et al. [15] reported that 20 ppm
of chitosan with a molecular weight of 330 kDa was optimal for the initiation
of goji explant rhizogenesis in vitro. Krupa-Matkiewicz and Ochmian [16] confirmed
that 10 ppm of chitosan with a molecular weight of 330 kDa stimulated rhizogenesis
of winegrape explants.

Table 1 provides the mean shoot length, number of new shoots, fresh and dry
mass of V. corymbosum cv. Liberty. WPM containing 0.1 mg dm= Zea and 2.0 mg dm=
IBA provided the best stimulation of shoot length and root development: compared
with the other culture media used, highbush blueberry explants grown on this medium
showed longer shoots and roots (6.28 and 1.73 cm, respectively). Good rhizogenesis
was correlated with the highest mean fresh and dry mass of the plantlets
(091 and 0.14 g, respectively). However, there were no significant differences
in the number of new explants, which ranged from 1.25 to 1.92. Of the two chitosan
concentrations applied in the experiment, 40 ppm was the most efficient in stimulating
root growth (Figure 1). Explants grown on WPM containing 40 ppm CH, had 44%
and 67% longer shoots and roots, respectively, compared with explants grown on WPM
containing 20 ppm CH,. The inclusion of 40 ppm CH, also led to the highest number
of new explants (1.92 per plant).
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Table 1. The effects of different medium compositions on the morphological traits
of Vaccinium corymbosum vs. Liberty plants under in vitro condition
after 35 days of culture (n = 32 shoots per treatment).

Shoot | Number | Root Fresh Dry
Medium length | ofnew | length mass mass
[em] explants [em] lg] [g]

WPM + 0.1 mg dm= Zea
+ 1.0 mg dm= IBA

WPM + 0.1 mg dm= Zea

2.89° 1.25% 0.88® 0.88* 0.12*

6.28° 1.832 1.73* 0.91* 0.14*

+2.0 mg dm= IBA
WPM + 0.1 mg dm=Zea . . . ) i
+20 ppm CH, 2.57 1.45 0.16 0.16 0.02
WPM + 0.1 mg dm™ Zea . . ) ] i
+40 ppm CH, 3.56 1.92 0.19 0.28 0.04

Note. In each column, means with different superscript letters are significantly different according
to Tukey’s multiple range test (p < 0.05). Abbreviations: CH,, chitosan with a molecular weight
of 800 kDa; IBA, indole-3-butyric acid; WPM, Woody Plant Medium; Zea, zeatin.

Figure 1. Shoot explants of Vaccinium corymbosum L. cv. Liberty after growth
for 6 weeks on Woody Plant Medium (WPM) containing (a) 0.1 mg dm=
zeatin (Zea) + 1.0 mg dm= indole-3-butyric acid (IBA); (b) 0.1 mg dm
Zea +2.0 mg dm=IBA; (c) 0.1 mg dm= Zea + 20 ppm chitosan with a molecular
weight of 800 kDa (CH,); or (d) 0.1 mg dm~ Zea + 40 ppm CH,.

Many authors [27-29] have suggested that the contents of photosynthetic pigments
in leaves are closely correlated to their colour. The colour of the leaves was analysed
in the transmitted mode using the photocolourimetric method in the CIE L*a*bh* system
[23]. L* is related to the physiological attributes of visual response [30]. In the present
study, the leaves of the explants grown on WPM containing IBA were similar. L* was 25.42
and 25.65 (Figure 2a). However, the leaves of the explants grown on WPM containing
20 or 40 ppm CH, were brighter, as indicated by the 36% and 22% higher L* values,
respectively, compared with the explants grown on WPM containing IBA. Moreover,
the explants grown on WPM containing 20 or 40 ppm CH, had greener leaves (a*=-2.70

160 Progress on Chemistry and Application of Chitin and its Derivatives, Volume XXIX, 2024,
https.//doi.org/10.15259/PCACD.29.011



Comparison of the effectiveness of chitosan and auxin on in vitro and ex vitro rooting
of Vaccinium corymbosum L.

and—4.56, respectively) compared with the leaves of the explants grown on WPM containing
IBA (Figure 2b). When higher concentrations of IBA or CH, were used in the medium,
b*, which indicates chromaticity, was higher (Figure 2b). Therefore, for the subsequent
acclimatisation to greenhouse conditions, only plantlets with well-developed roots
and the best rhizogenesis rooted on WPM supplemented with IBA and WPM supplemented
with CH, were selected.

(a)
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Figure 2. The effect of different medium compositions on the colour of Vaccinium
corymbosum cv. Liberty leaves (n = 32 shoots per treatment) based on the CIE
L*a*p* system — (a) L*, the lightness coefficient and (b) a* (green colour)
and b* (yellow colour) — at the end of the experiment. Abbreviations: CH,,
chitosan with a molecular weight of 800 kDa; IBA, indole-3-butyric acid; WPM,
Woody Plant Medium; Zea, zeatin.
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The ex vitro rooting rate of V. corymbosum cv. Liberty was the highest on WPM containing
0.1 mg dm™ Zea and 2.0 mg dm~ IBA or 40 ppm CH, (98% and 100%, respectively)
(Figure 3a, b). The lowest rooting efficiency (80%) was observed on WPM containing
0.1 mg dm™ Zea and 20 ppm CH, (Figure 4). Ruzi¢ et al. [9] obtained a similar ex vivo
rooting rate for the Goldtraube (91.8%) and Berkeley (66.7%) cultivars. Ostrolucka
et al. [31] used Anderson’s Rhododendron medium (AN) containing 0.8 mg dm= IBA
and 8 g dm™ charcoal and recorded a rooting percentage of 95%, 90% and 80%
for the blueberry cultivars Berkeley, Bluecrop and Brigitta, respectively. In contrast,
Erstet al. [10] found that the optimal technique of in vitro rooting of V. uliginosum involved
treating microshoots with an auxin solution for 24 h, followed by transfer to media
that did not contain growth regulator. They obtained a 100% rooting percentage for explants
of the Golubaya rossyp and Naktarnaya cultivars.

A i i
WPMH0.1 mg dm-3 Zea WPMH).1 mg dm-3 Zea WPM+0.1 mg dm-3 Zea WPMH0.1 mg dm-3 Zea
+1.0 mg dm-3 TBA +2.0 mg dm-3 IBA +20 ppmCH +40 ppm CH

(b)

Figure 3. The photographs show Vaccinium corymbosum cv. Liberty plants (a) after
being acclimatised for 35 days and (b) after transfer to the greenhouse (b).
Abbreviations: CH,, chitosan with a molecular weight of 800 kDa; IBA,
indole-3-butyric acid; WPM, Woody Plant Medium; Zea, zeatin.
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WPM+0.1mgdm-3 WPM+0.1lmgdm-3 WPM+0.1mgdm-3  WPM+0.1mg dm-3
Zea+1.0 mgdm-31BA Zea+2.0mgdm-31BA  Zea+20ppmCH Zea+40ppmCH

Figure 4. The ex vitro rooting rate of Vaccinium corymbosum cv. Liberty plants.
Abbreviations: CH,, chitosan with a molecular weight of 800 kDa;
IBA, indole-3-butyric acid; WPM, Woody Plant Medium; Zea, zeatin.

4.  Conclusions

The obtained results enrich the knowledge on in vitro and ex vitro rooting of V. corymbosum
cv. Liberty. Based on the results of this experiment, the addition of CH, to WPM resulted
in a rooting rate similar to that of the auxin IBA. However, the addition of 40 ppm chitosan
to WPM resulted in longer shoots, more new shoots per plant and longer roots compared
with the lower chitosan concentration (20 ppm). Moreover, the addition of a higher
concentration of IBA to WPM (2.0 mg dm™) resulted in more plants with longer roots.
The addition of 40 ppm CH, had a positive effect on the percentage of rooted plants.
Research into the development of an optimal rooting protocol for V. corymbosum should
improve plant survival at later stages of adaptation to ex vitro conditions.
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