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Abstract

Effect of Calcarisporium arbuscula on adventitious root development in leaf-bud cuttings of two elepidote rhododendron cultivars was
studied. Guaiacol peroxidase activity was determined and anatomical study was performed in untreated cuttings (control), and cuttings
treated with 1% indole-3-butyric acid (IBA) or C. arbuscula. In rhododendron cv. ‘Babites Lavanda both IBA and C. arbuscula treatment
slightly delayed adventitious root formation; the overall rooting percentage remained high (94 and 92%, respectively) but lower than
in the control (96%). IBA and C. arbuscula treatments had a strongly positive effect on long term survival of rooted cuttings (73 and
70%) compared to the control (54%). There was no difference in peroxidase activity between the treatments. In rhododendron cv. Nova
Zembla, IBA and C. arbuscula treatments promoted formation of adventitious root initials and primordia as well as strongly increased
rooting percentage (63 and 70%) compared to the control (38%). In addition, peroxidase activity was significantly higher in C. arbuscula

treated cuttings during the whole experiment.
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Abbreviations: IBA, indole-3-butyric acid.
Introduction

Rhododendrons as ornamental plants are well known
for their wide diversity of habitual characteristics, which
allows the use of these decorative plants in many botanical
gardens, city parks as well as private gardens (Ferus et al.
2017). Propagation by stem cuttings is the most popular
method for rhododendron propagation (Wells 1982).
However, in comparison, propagation by leaf-bud cuttings
is a more productive method as higher amounts of young
plants can be produced from less stock plant material. An
essential process during plant propagation by cuttings is
adventitious root formation (Hartmann et al. 2014). Many
studies have been aimed on application of endophytic or
mycorrhizal fungi on plant material during the propagation
in order to increase plant biomass, stress resistance
related traits or chemical compound production in plants
(Mucciarelli et al. 2003, Scagel 2005; Avila Diaz-Granados
et al. 2009; Bizabani, Dames 2015). Such treatment has also
been performed during micropropagation (Mucciarelli et
al. 2003; Fusconi et al. 2010). The studies using conventional
propagation techniques are mostly performed with seeds
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and aimed to increase morphogenic potential or stress
resistance-related traits (Yang et al. 2014; Grelet et al. 2017);
however, often underlying biochemical or physiological
mechanisms are not studied.

Several studies have shown a positive effect of fungal
endophytes on different plant traits both in woody and
herbaceous plants during vegetative propagation. The
fungal endophyte PGP-HSF has a positive effect on growth
and shoot and root biomass of in vitro cultured Mentha
piperita (Mucciarelli et al. 2003, Fusconi et al. 2010).
Lachnum and Cadophora isolates have a cultivar dependent
positive or neutral effect on micropropagated Vaccinium
corymbosum shoot and root biomass ex vitro (Bizabani,
Dames 2015). Previously we have shown a positive effect
of Calcarisporium arbuscula Preuss on in vitro growth,
pigment content and ex vitro rooting of microshoots
of elepidote rhododendron cultivars ‘Babites Lavanda’
and ‘Nova Zembla (Dokane et al. 2017). In vitro grown
rhododendron material is anatomically very heterogeneous
and besides the different exogenous treatments, further
rooting may be influenced by developmental stages
of vascular cylinder and by phloem to xylem ratio of
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microshoots (Dokane et al. 2014). Thus, considering the
higher anatomical homogeneity of plant material used in
conventional propagation techniques, we decided to clarify
the effect of C. arbuscula on adventitious root formation
in rhododendron leaf-bud cuttings using the same two
cultivars previously used in our ex vitro rooting experiment
(Dokane et al. 2017).

Many studies have been performed to understand
anatomical, physiological and biochemical processes
during adventitious root formation and it is considered
that adventitious rooting anatomically and biochemically
consists of three subsequent phases: induction, initiation
and expression (Gaspar et al. 1994; Husen 2008; Naija et al.
2008). In several plant species, including rhododendrons,
changes in peroxidase activity have been suggested as a
biochemical marker for these phases (Metaxas et al. 2004;
Syros et al. 2004, Naija et al. 2008; Megre et al. 2011). Thus,
study of these phases allows understanding the role of
different rooting promoting treatments on biochemical
course of the adventitious root formation. Previously we
showed a correlation between peroxidase activity in leaves
and bases of rhododendron leaf-bud cuttings, which allows
to perform simultaneous anatomical study and peroxidase
activity assay on the same plant material (Megre et al. 2011).
Thus, in current study rhododendron leaves were used for
peroxidase activity assay.

The aim of the study was to clarify the effect of C.
arbuscula on adventitious rooting of leaf-bud cuttings of
two elepidote rhododendron cultivars, ‘Babites Lavanda’
and ‘Nova Zembla.

Materials and methods

Fungal culture and spore suspension preparation
Calcarisporium arbuscula was previously isolated from
roots of a 3-year-old elepidote rhododendron ‘Babites
Lavanda plant (Dokane et al. 2012) and preserved in culture
on potato dextrose agar at 4 °C in the Plant Physiology
Department, Faculty of Biology, University of Latvia. For
the inoculation of the plant material a spore suspension was
prepared from a 10-day-old C. arbuscula culture by gently
mixing 1 cm? fungal mycelium fragment in 20 mL of sterile
water. Fungal spores were counted using a haemocytometer
in 10 replicates. The C. arbuscula spore concentration prior
to the inoculation was 3 x 10° spores mL™".

Rhododendron propagation with leaf-bud cuttings

In the study two elepidote rhododendron cultivars ‘Babites
Lavanda’ and ‘Nova Zembla were used. The plant material
was obtained from the Experimental Rhododendron
Breeding Nursery “Babite”, University of Latvia, and ~ 2.5
cm long leaf-bud cuttings were prepared. Further, three
experimental treatments were used. For C. arbuscula
treatment, cuttings were immersed in the spore suspension
and dipped in talc powder; for indole-3-butyric acid (IBA)
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treatment cuttings were dipped in 1% IBA on talc powder.
Control cuttings were dipped in talc powder. Cuttings were
inserted in plastic trays containing soil mixture of peat
moss and pine needles (1:1), covered with a polyethylene
tent and maintained in a growth chamber with a 16 h
photoperiod, 23 + 2 °C (day) and 20 + 2 °C (night), under
fluorescent lamps (Osram L36 W/77 Fluora; photosynthetic
photon flux density 80 pmol m s™'). For each treatment
four plastic trays with 45 leaf-bud cuttings each were used.

For anatomical study and peroxidase assay plant
material (nine cuttings per treatment) was randomly
collected daily from Day 1 till Day 5, and every third day
afterwards till Day 26.

Two and seven months after the beginning of the
experiment rooting and survival (%) of cuttings were
recorded.

Anatomical studies

Stems of nine cuttings per treatment were fixed in FAA
solution [37% formaldehyde : 95% ethanol : acetic acid
: distilled water (10 : 50 : 5 : 35)] for anatomical study
(Ruzin 1999). After fixation, tissues were dehydrated in an
ethanol-tert-butyl alcohol series, and embedded in paraffin
Histowax (Histolab Products AB, Sweden; Ruzin 1999).
Serial 25 to 30 um thick cross sections at the basal end of
cuttings were prepared using a rotary microtome (Leica
RM2145 Rotary Microtome, Leica Microsystems Nussloch
GmbH). Further cross sections were deparaffinized in a
xylene-ethanol series, stained with Astra blue/safranin
(Braune et al. 1999), dehydrated in an ethanol-xylene series,
and mounted on glass slides in Pertex mounting medium
for light microscopy (Histolab Products AB, Sweden).
Sections were examined and photographed using a Leica
DM5500B light microscope equipped with a digital camera
Leica DFC490.

Guaiacol peroxidase assay

After collection of plant material leaves of nine cuttings
avoiding the main vain and damaged leaf parts were cut in
smaller pieces, separated in three replicates, 0.5 g each, and
frozen in -20 °C for the guaiacol peroxidase assay. Leaves
(0.5 g) were frozen in liquid nitrogen and ground to a fine
powder. Enzyme was extracted with 25 mmol L' HEPES
/KOH buffer (pH 7.2) containing 1 mmol L EDTA, 3%
(w/v) polyvinylpolypyrrolidone and 0.8 % (v/v) Triton
X-100 (polyethylene glycol p-(1,1,3,3-tetramethylbutyl)-
phenyl ether) for 15 min at 4 °C. The homogenate
was centrifuged at 13 000 g for 20 min. For the assay
supernatant was used. Peroxidase activity was measured
spectrophotometrically with a Camspec M501 Single
beam UV/Vis spectrophotometer (Spectronic Camspec) at
470 nm in a reaction mixture containing 2 mL 50 mmol
L sodium phosphate buffer (pH 7.0) with 10 mmol L
guaiacol, 0.5 mL 30 mmol L' H,0, and 0.1 mL enzymatic
extract. Reaction mixture without H,O, was used as a
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reference (Andersone, Ievinsh, 2002). Enzyme activity was
calculated as a change in absorption per minute per 1 g
fresh mass.

Data analysis

Peroxidase assay data analysis was performed in GraphPad
Prism 6 for Windows (version 6.01) software. Data were
checked for outliers and normality. The Tukey’s test was used
for comparison of peroxidase activity data. To compare the
effect of treatments on average peroxidase activity during
the experiment, the Pearson’s correlation coefficient was
determined (a = 0.05). In graphs, all data are presented as
mean =+ standard error.

Results

Anatomical study

During anatomical study formation of root initials and
root primordia in the phloem region was observed in
bases of rhododendron leaf-bud cuttings (Fig. 1 and 2). In
rhododendron cv. ‘Babites Lavanda’ the first root initials
were observed on Day 3 in the control and C. arbuscula-
treated cuttings, while in IBA-treated cuttings the first
initial was found on Day 4. The first root primordia were
found on Day 17, Day 20 and Day 23 in the control, and C.
arbuscula and IBA-treated leaf-bud cuttings, respectively.
Two months after the beginning of the experiment, 96,
92 and 94% of the control, C. arbuscula- and IBA-treated
cuttings were rooted, respectively. Seven months later 54,

70 and 73% of previously rooted control, C. arbuscula and
IBA-treated cuttings of cv. ‘Babites Lavanda had survived,
respectively.

In rhododendron cv.‘Nova Zembla' the first root initials
were found on Day 14, Day 5 and Day 3 in control, and C.
arbuscula and IBA-treated leaf-bud cuttings, respectively.
In control cuttings development of root primordia was
not observed until Day 26, while in C. arbuscula- and IBA-
treated cuttings the first root primordia were observed
on Day 20 and Day 26, respectively. Two months after the
beginning of the experiment, 38% of control, 63% of C.
arbuscula- and 70% of IBA-treated cuttings were rooted.
Information concerning seven-month survival of leaf-bud
cuttings for this cultivar was not obtained.

In bases of rhododendron cv. ‘Babites Lavanda’ leaf-bud
cuttings, tracheary nests consisting of tracheary elements
were not observed, while in rhododendron cv. ‘Nova
Zembla’ control, C. arbuscula- and IBA-treated cuttings 14,
seven and five tracheary nests, respectively, were found in
callus during the experiment (Fig. 3). Fungal hyphae were
detected on cuticle of C. arbuscula-treated rhododendron
cv. ‘Babites Lavanda’ cuttings on Day 2 (Fig. 4). However,
presence of fungal hyphae in tissue of cuttings was not
observed during the rest of the experimen, neither in cv.
‘Babites Lavanda’ nor cv.‘Nova Zembla.

Changes in peroxidase activity
In general, similar changes in leaf peroxidase activity were
evident in control, IBA- and C. arbuscula-treated leaf-

Fig. 1. Adventitious root initial (arrows) in Calcarisporium arbuscula-treated leaf-bud cutting base of rhododendron cv. ‘Babites Lavanda’
on Day 3. Xyl, xylem; Cmb, cambium; Phl, phloem; Scl, sclerenchyma. Scale bar: 50 pum.
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Fig. 2. Adventitious root primordium (arrows) in IBA-treated leaf-bud cutting base of rhododendron cv. ‘Babites Lavanda’ on Day 23.
Scale bar: 100 pm.

bud cuttings of rhododendron cv. ‘Babites Lavanda’ (Fig.  well asin control and IBA-treated (p <0.005) rhododendron
5). There was significant correlation between peroxidase  cv.‘Babites Lavanda’ leaf-bud cuttings. In both control and
activity in C. arbuscula-treated and control (p < 0.005) as  IBA-treated cuttings an increase in peroxidase activity was

Fig. 3. Tracheary nest (arrows) in base of control leaf-bud cutting of rhododendron cv. ‘Nova Zembla’ on Day 14. Ca, callus; Scl,
sclerenchyma; Pa, parenchyma. Scale bar: 50 um.
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Fig. 4. Fungal hyphae (arrowheads) on cuticle of Calcarisporium arbuscula treated leaf-bud cutting base of rhododendron cv. ‘Babites
Lavanda’ on Day 2. Col, collenchyma; Ep, epidermis; Cu, cuticle. Scale bar: 10 pm.

observed until Day 2 of the experiment. In control cuttings
it was followed by a sharp decline in peroxidase activity
until Day 5 and further only non-significant fluctuations
until Day 26 were evident. In IBA-treated cuttings the
initial increase of peroxidase activity was followed by a
sharp decrease until Day 3 and a minor increase until Day
5, which was followed by a further gradual decrease until
Day 26. In C. arbuscula-treated cuttings a sharp decrease
in peroxidase activity was observed from Day 1 till Day 5.
Further significant changes were not observed until Day
14. From this point till Day 26, fluctuations in peroxidase
activity occurred.

—@ Control —@—C.arbuscula --@--IBA

AA470 min' g1 FW
(8] w0 E W (=)} ~
e

12345 8 11 14 17 20 23 26

Fig. 5. Changes in peroxidase activity in leaves of control, IBA-
and Calcarisporium arbuscula-treated leaf-bud cuttings of
rhododendron ‘Babites Lavanda’ during the rhizogenesis. Values
(+ SE) are means of three determinations from three independent
measurements for each date.

There was significant correlation between peroxidase
activity in C. arbuscula- and IBA-treated (p < 0.05) as well
as control and IBA-treated (p < 0.05) leaf-bud cuttings of
rhododendron cv. ‘Nova Zembla. In control cuttings, there
was an increase in peroxidase activity until Day 2, which
was followed by decrease until Day 5 and insignificant
fluctuations until Day 26. In IBA and C. arbuscula-treated
cuttings initially there was a sharp increase in peroxidase
activity until Day 3 and Day 4, respectively. The increase
was followed by decline until Day 8, for both treatments.
Further, fluctuations until Day 20 were observed for
peroxidase activity of IBA-treated cuttings. From Day 20

—@- Control —@—C.arbuscula --@:-IBA
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w - W (=) ~
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Days

Fig. 6. Changes in peroxidase activity in leaves of control, IBA-

and Calcarisporium arbuscula-treated leaf-bud cuttings of

rhododendron cv. Nova Zembla' during the rhizogenesis. Values

(+ SE) are means of three determinations from three independent

measurements for each date.
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until Day 26 no significant differences were detected. In
C. arbuscula-treated cuttings an increase in peroxidase
activity was observed from Day 8 until Day 14. In addition,
there was a decrease from Day 14 until Day 20 followed by
a small increase in Day 23 and a further decrease in Day
26. While peroxidase activity in control and IBA-treated
cuttings was at similar level during the experiment, in C.
arbuscula-treated cuttings it was significantly higher (p <
0.05).

Discussion

Both from anatomical and biochemical points of view,
adventitious root formation is a complex multistage
process, which can be divided into induction, initiation
and expression phases (Gaspar et al. 1994). During the
induction phase a decrease in peroxidase activity can be
observed, while there are no evident anatomical changes.
This is followed by an initiation phase characterized by an
increase of peroxidase activity with a maximum level at the
end of the phase, together with microscopically visible root
initials. During the expression phase when root primordia
develop and grow, peroxidase activity gradually decreases
(Gaspar et al. 1994). Timing of these phases may differ
depending on the taxon and propagation technique used.
In some studies increase in peroxidase activity followed by
a decrease was detected only in initiation and expression
phases, while decrease in peroxidase activity characterizing
induction phase was not observed (Husen 2008; Kose
et al. 2011; Molassiotis et al. 2004; San-José et al. 1992;
Saxena et al. 2000; Zhang et al. 2017). This could be due
to insufficiently frequent sampling of plant material and
thus missed induction phase. In other studies, although
the cuttings developed roots, biochemical adventitious
rooting phases in respect to changes in peroxidase activity
were not detected at all, for example, in Berberis buxifolia
microshoots (Arena et al. 2003), easy- and difficult-to-
root Grevillea species microshoots (Ludwig-Miiller 2003)
and evergreen azalea microshoots (Elmongy et al. 2018).
Similarly, in the present study, it was not possible to
detect biochemical rooting phases in rhododendron cv.
‘Babites Lavanda’ control and C. arbuscula-treated leaf-bud
cuttings as well as in all treatments in rhododendron cv.
‘Nova Zembla' cuttings (Fig. 5 and 6). Lack of appearance
of a typical biochemical rooting phases in control leaf-
bud cuttings of rhododendron cv. ‘Nova Zembla might
be explained by the rather low rooting ability of the
cultivar. This is confirmed by late development of first
initial and lower rooting percentage in control cuttings in
comparison to other treatments. Observation of early initial
development coinciding with the maximum peroxidase
activity in IBA-treated cuttings of cv.'Nova Zembla on Day
3 suggests that the induction phase in this treatment might
be indeed missed. A short induction phase lasting for only a
few hours has been reported in several woody plant species

320

during rooting in vitro or ex vitro (Caboni et al 1997;
Gongalves et al. 1998; Naija et al. 2008). Biochemical phases
of rooting indicated by changes in peroxidase activity do
not always correspond with anatomical observations.
Syros et al. (2004) in a rooting genotype of Ebenus cretica
treated with IBA found development of root primordia
at the end of the biochemical initiation phase. In Cotinus
coggyria microshoots during in vitro rooting primordia
were observed during the biochemical induction phase
(Ilczuk, Jacygrad 2016). In the current study the only
treatment with simultaneously occurring anatomical and
biochemical rooting phases was in the IBA treatment for
cuttings of rhododendron cv. ‘Babites Lavanda. In this
treatment, the induction phase with decrease in peroxidase
activity occurred from Day 2 till Day 3, and the initiation
phase with increase in peroxidase activity and formation of
first root initials from Day 3 till Day 5, which was followed
by a gradual decrease in peroxidase activity and formation
of root primordia. In leaf-bud cuttings of rhododendron cv.
‘Babites Lavanda, noteworthy differences in adventitious
root formation were not observed between treatments,
neither anatomically nor biochemically. Cuttings of all
treatments rooted equally well. However, in the long term,
the best survival percentage was reached with IBA and
C. arbuscula treatments, leading to 73 and 70% survival
of previously rooted cuttings, respectively. This might be
explained by the positive effect of IBA on root system size
of evergreen rhododendron cuttings, as previously reported
by Nawrocka-Grzeskowiak (2004).

In contrast, in leaf-bud cuttings of rhododendron
cv. ‘Nova Zembla' the best results with faster root initial
and primordia formation and highest rooting percentage
were obtained in treatments with IBA and C. arbuscula.
Interestingly, in this cultivar, tracheary nests were observed
and higher number of them was detected in control cuttings.
Tracheary nest formation in microcuttings of Ceratonia
siliqua has been shown to compete with the adventitious
root formation in absence of exogenously applied auxin,
which suggests that if the auxin level is insufficient, cuttings
undergo a xylogenesis program instead of rhizogenesis
(Ricci et al. 2016). It has been observed that wound tissue
forming cuttings of Pinus sylvestris in vitro grow equally well
as rooting cuttings; and presence of vascular connections
between tracheary nests and vascular system of cuttings
suggests that tracheary nests may function in nutrient
and water uptake (Gronroos, von Arnold 1985). In our
study, tracheary nests were not observed in rhododendron
cv. ‘Babites Lavanda’ cuttings that rooted well, while
they were present in rhododendron cv. ‘Nova Zembla’
cuttings, especially in control conditions, which had the
worst rooting percentage. According to observations of
Gronroos and von Arnold (1985), Ricci et al. (2016) and
the present results, it is possible that in plants with rooting
difficulties tracheary nests might function as water- and
nutrient-absorbing structures and as a conducting system,
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probably due to lower response to auxin stimulus or lower
accumulation of auxin in basal parts of cuttings.

Druege et al. (2007) showed that inoculation of rooting
substrate with a fungal root endophyte Piriformosporaindica
promoted adventitious root development in poinsettia and
pelargonium cuttings. It was suggested that the effect of P.
indica might be explained by induction of changes in auxin,
ethylene and probably polyamine levels in plants. It is well
known that adventitious root formation process relies on
many factors, both exogeneous and endogenous by nature,
but the key players are plant hormones (de Klerk et al. 1999).
Similarly, we have previously shown that C. arbuscula has
a positive effect on ex vitro rooting of rhododendron cv.
‘Babites Lavanda’ and cv. ‘Nova Zembla’ microcuttings and
suggested a similar promoting mechanism (Dokane et al.
2017).

Plant and fungal pathogen or endophyte interactions
initially are physiologically similar, as they begin with
recognition of chitin and its oligomers by plant receptors
and initial triggering of plant defence mechanisms (Presti
et al. 2015; Zeilinger et al. 2015). During an infection,
plant class III peroxidases are known to be involved in
lignification and suberization processes as well as in
production of reactive oxygen and nitrogen species. Also, it
is known that peroxidases are involved in catalysis of anti-
microbial metabolite synthesis during infection (Almagro
et al. 2009). Thus, during infection, increase in peroxidase
activity could be expected. Such observations were made
in rooted cuttings of Dianthus caryophyllus resistant to
Fusarium oxysporum f. sp. dianthi and treated with E
oxysporum, while in susceptible D. caryophyllus cuttings
significant changes in guaiacol peroxidase activity were not
detected (Ardila et al. 2014). During establishment of plant-
endophyte associations, changes in activity of peroxidase
has not been studied previously. In the present study,
peroxidase activity was significantly higher in C. arbuscula-
treated cuttings of rhododendron cv. ‘Nova Zembla’ during
the whole experiment, while in cv. ‘Babites Lavanda’
peroxidase activity did not significantly differ between the
treatments. This difference might be explained by the fact
that cv. ‘Babites Lavanda’ is a host plant of this fungus and
both cultivars have different physiological reactions to the
inoculation, 'Nova Zembla’ being slower in establishment of
an association. Also, the fast response of cv. ‘Nova Zembla’
cuttings and absence of fungal structures in cutting tissues
together with enhanced rooting of this treatment suggest
the presence of some biologically active compounds in
fungal suspension. This might be caused either by fungal
proteins or by plant hormone-like compounds.

Similarly, as in our previous study on the effect of C.
arbuscula on in vitro growth and ex vitro adventitious
rooting of microcuttings of the same rhododendron
cultivars (Dokane et al. 2017), in present study the effect of
fungus was more pronounced in cuttings of rhododendron
cultivar ‘Nova Zembla' than in cultivar ‘Babites Lavanda,

showing both faster root initial development and higher
rooting percentage in comparison to control cuttings. C.
arbuscula treatment had positive effect in the long term in
cuttings of cv. ‘Babites Lavanda, showing increased survival
percentage of rooted cuttings. According to these results,
C. arbuscula has a potential for use in rhododendron
propagation by cuttings.
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