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ABSTRACT —’Flordaguard’ has shown great potential as a standard rootstock for peach. The aim of this study was to examine the influence of
Murashige & Skoog (MS) medium and modified MS-)2N medium (half Nitrogen content), explant type and angle orientation on the culture medium,
as well as 6-benzylaminopurine (BAP) concentrations on in vitro shoot proliferation in ‘Flordaguard’ rootstock. Explants cultured in MS-%N medium
showed higher averages for number of lateral shoots and elongated shoots. The maximum average length of lateral shoots was obtained using double-
phase medium. The 3.0 mg L' BAP induced the highest number of lateral shoots per explant (3.38 +0.57). Whereas the higher number of lateral
shoots elongated (1.75 £0.10 cm) occurred at concentrations until 2.0 mg L' BAP. The study corroborated the importance of a 50% reduction in
both NH,NO, and KNO, content in the cultured medium to improvein vitro propagation of ‘Flordaguard’ peach rootstock.

Keywords: BAP, explant orientation, medium composition, Prunus

RESUMO - Otimizagio de fatores in vitro para aumentar a proliferagio de brotagées do porta-enxerto de pessegueiro ‘Flordaguard’.
‘Flordaguard’ mostrou grande potencial para ser usada como porta-enxerto padréo para pessegueiro. O objetivo deste estudo foi examinar a influéncia
da concentragdo do meio Murashige & Skoog (MS) e meio MS modificado (MS-4N - contendo metade da concentragdo de Nitrogénio), tipo de
explante e angulo de orientagdo do explante no meio de cultura, bem como de 6-benzilaminopurina (BAP) na proliferagdo de brotagdes in vitro
no porta-enxerto ‘Flordaguard’. Explantes cultivados em meio MS-4N apresentaram as maiores médias para numero de brotagdes laterais e de
brotagdes alongadas. O maior comprimento médio de brotagdes laterais foi obtido usando meio dupla-fase. A concentragdo de 3,0 mg L' de BAP
induziu o maior nimero médio de brotagdes laterais por explante (3,38 £+ 0,57). Enquanto que o maior numero de brotagdes alongadas (1,75 £ 0,10
cm) ocorreu em até 2,0 mg L' BAP. O estudo comprova a importancia de reduzir em 50% as concentragdes de NH,NO, e KNO, para a propagagio
in vitro do porta-enxerto ‘Flordaguard’.

Palavras-chave: BAP, composi¢do do meio, Prunus, tipo do explante

INTRODUCTION

The Prunus genus includes some of the most important
temperate fruit species (Abbasi et al. 2019). Amongst these
species, the peach (Prunus persica (L.) Batsch) is the main
stone fruit produced both in Brazil and throughout the world
(Pei et al. 2019). When renewing orchards or increasing
areas of cultivation, the genetic material and the system
used to produce high quality peach plants is extremely
important for the establishment of productive orchards. In
Brazil peach trees are traditionally produced by grafting
the scions cultivar onto seed-derived rootstocks (mainly
from pits supplied by the processing industry), resulting
in heterogenous plants with a lack of genetic identity of
the root system (Mayer ef al. 2017), so clonal propagation
is a more desirable method.

It is well documented that rootstocks are responsible for
absorbing water and nutrients, providing resistance to soil
pests, and influencing tolerance to environmental problems
(Abbasi et al. 2019). Research has already developed
rootstocks with diverse genetic origins, with potential for
use in replanting sites, better graft compatibility, resistante
to biotic and abiotic stress, and capable of inducing different
levels of vigour and yield on the scion cultivars, and other
characteristics (Loreti & Massai 1999; Reighard & Loreti
2008). The use of rootstocks incorporating the maximum
number of desirable characteristics is important, so is
defining the usefulness of a rootstock; the success of a
fruit orchard depends on the use of high quality rootstocks.
According to Sherman et al. (1991) ‘Flordaguard’ is a
rootstock cultivar that shows many desirable characteristics,
such as good graft compatibility with peach scion cultivars,
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resistance to root-knot nematodes (Meloidogyne javanica
and M. incognita), and featuring adaptation to Brazilian
weather conditions.

In the nursery industry, vegetative propagation of peach
rootstocks by cuttings is limited, especially because of the
low rates of rooting success and plant survival (Duval et al.
2013). Additionally, such methods of plant propagation can
significantly contribute to the dissemination of pathogens,
which negatively affect plant development and orchard
yield. Thus, compared to the cuttings method, in vitro
propagation has major advantages, since it can be carried
out throughout the year and allows greater control of
propagation conditions (Kassaye & Bekele 2015, Hassan
et al. 2018, Silvestri et al. 2019; Abbasi et al. 2019).

Ahigh rate of shoot proliferation in vitro is a prerequisite
for clonal propagation of plants at large scale and there are
several factors that can determine success (Arab et al. 2014,
Silva et al. 2016). Some of these factors are related to the
formulation and consistency of the medium, the choice of
plant growth regulators (PGR) and their concentrations,
as well as the type of explant used (Hassan et al. 2018).
According to Phillips & Garda (2019) choice of the proper
culture medium is one of the first factor to be considered,
due to the important role of the mineral components in the
multiplication process. For several species MS medium
(Murashige & Skoog 1962) is most-commonly used, but
for Prunus spp. dilutions of this medium, or even other
formulations containing lower concentrations of salts,
are recommended, depending on the particular species or
cultivar (Silva et al. 2016).

The addition of PGR to the in vitro culture medium
is extremely important, and cytokinins are generally
indispensable as they are responsible for inducing axillary
shoots and overcoming apical dominance. However a
decrease in multiplication potential (shoot induction and
elongation) has been observed in different species and
cultivars of Prunus spp., when the explants were subcultured
for several times on medium of unchanged hormonal and
salt composition (Radmann et al. 2009a, 2011). The explant
angle from the horizontal on the culture medium, the type
of explant, and other additional treatments, such as use of
activated charcoal (AC) (Hassan et al. 2018), may also
influence in vitro multiplication.

Another factor that can contribute to increasing the
multiplication rate and growth of explants is the use of
‘double-phase’ medium, as described for species of the
genus Pyrus spp. (Rodriguez et al. 1991, Kadota et al.
2001, Moraes ef al. 2004) and Ananas sp. (Scherwinski-
Pereira et al. 2012). This method consists of adding a
liquid medium composed of the same as the semi-solid
phase, but without gelling agent, overlapping the semi-
solid medium containing the explantes (Kadota et al.
2001, Scherwinski-Pereira et al. 2012) in order to supply
additional nutrients and plant growth regulators more easily
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for the explants, compared to semi-solid culture medium
(Machado et al. 2004).

In Brazil the rootstocks currently used by most
nurserymen in the majority of cases is a mixture of scion
cultivars seeds without genetic identity and often susceptible
to root-knot nematodes. The ‘Flordaguard’ rootstock
presents itself as a more promising alternative for use in
Brazilian conditions. Although there are several studies in
tissue culture of Prunus, due to the high degree of variability
in the results it is necessary to verify the optimal cultivation
conditions for each species and/or cultivar (Radmann et
al. 2011, Arab et al. 2014). Therefore, with this study we
have assessed the influence of salt concentration in MS
medium, explant type and its insertion angle on the culture
medium, as well as BAP concentration on the in vitro shoot
proliferation of ‘Flordaguard’ rootstock.

MATERIAL AND METHODS

Plant material and in vitro culture of ‘Flordaguard’
peach rootstocks

‘Flordaguard’ peach rootstock was developed at the
University of Florida (United States of America), and it is
derived from the sixth generation descendant of ‘Chico’ (P
persica) x P. davidiana (Carr.) Franch C-26712 (Sherman
et al. 1991). The plant material used in the study comes
from 2-year old mother plants maintained in a greenhouse
according to Radmann et al. (2011). Actively growing shoots
harvested in mid-spring were disinfested in our laboratory,
as described by Vigano ef al. (2007). After disinfection,
they were cut into single-node (1.0 cm lenth) and used
as explants, and than vertically inoculated in test tubes
(25 x 150 mm) containing 10 mL of aseptic semi-solid
MS medium (Murashige & Skoog 1962), without PGRs.
Thereafter, the explants were placed in a growthroom at
25°C £2°C, in the dark for seven days, and then taken to a
16-hour photoperiod and a light flux density of 48 pmol m
s'!, a condition being used in all other stages of the cultures.

All media used along the different experiments were
full strength MS or modified MS medium (MS-/2N —
containing half the total NH,NO, and KNO,), supplemented
with mio-inositol (100 mg L), sucrose (30 g L™"),at pH
5.8, with (7 g L™ agar) or no gelling agent, and changing
PGR composition.The initial explants were growing in
test tubes for 35 days. The aseptic shoots formed from
the axillary buds of each growing explant were removed
from the nodal segment and then proliferated on MS-/2N
medium, supplemented as above plus BAP (4 mg L!) and
IBA (0.01mg L") according to Radmann et al. (2011), in
order to increase the amount of shoots for carrying out
the ulterior experiments. Before starting each experiment,
shoots were subcultured for 15 days on semi-solid MS-}2N
medium (Murashige & Skoog 1962) without PGR, except
for Experiments 2 and 3, which were a continuation of
Experiment 1.
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Effect of medium culture composition on shoot
proliferation

Experiment 1. The apical portion of shoots (1.0 cm,
previously subcultured in semi-solid MS-Y2N, without PGR)
were used as explants and placed into flasks containing
40 mL of semi-solid MS and MS-'2N, both supplemented
with 4 mg L' 6-benzylaminopurine (BAP) and 0.01 mg L™
indolebutyric acid (IBA) according to Radmann et al.
(2011). The flasks were taken to the growing room for
four weeks, when the number of lateral shoots sprouted
per explant was evaluated.

Experiment 2. After the evaluation of the first experiment
under aseptic conditions, the explants were transferred to
new flasks containing the flesh semi-solid MS and N-/2N
medium, and supplemented with BAP (0.5 mg L), IBA
(0.01 mg L"), in order to evaluate the effect of reduction
on BAP dose over the shoot elongation. After four weeks
of culture, the data were recorded as: number of lateral
shoots, number of lateral shoots elongated, and average
length of lateral shoots (cm) per explant.

Experiment 3. After the evaluation of the second
experiment under aseptic conditions, the explants were
again subcultured to new flasks containing the flesh semi-
solid MS and N-'2N medium as described for Experiment
2,plus 1.0 g L AC + 1.0 mg L' gibberellic acid (GA,).
Additionally, we prepared a liquid culture medium with
the same composition (without gelling agent, BAP and
IBA), but containing 1.0 g L' AC + 1.0 mg L' GA,,
which was directly poured over the respective semi-solid
culture media (10 mL per flask), in order to produce a
double-phase medium in 50% of the flasks containing
the different MS and MS-%N medium. The experiment
therefore comprised the following treatments: T, — semi-
solid MS-V2N + liquid MS-%2N medium containing AC and
GA,; T, - semi-solid MS-/:N; T, - semi-solid MS + liquid
MS medium containing AC and GA; and T, — semi-solid
MS. The same data as in Experiment 2 were recorded after
20 days of culture.

Effect of explant type and its angle of inoculation on
shoot induction and proliferation

Experiment 4. Shoots previously subcultured in semi-solid
MS-¥N, without PGR) were used as the explantes (1.0 cm),
with or without the apical portion (apical meristem) of the
shoot, that were inoculated attwo differente angle (45° and
90°) on the semi-solid MS-2N medium and supplemented
with 3.0 mg L' BAP, and 0.01 mg L' IBA. Thirty days
later, 10 mL of the liquid MS-%2N medium (as described
in Experiment 3) were added to each flask, creating the
double-phase medium. After 20 days, the same data as in
Experiment 2 were recorded.

Effect of BAP concentration on shoot induction and
proliferation

Experiment 5. Shoots previously subcultured in semi-solid
MS-?N (without PGR) were used as the explantes (1.0
cm), without the apical portion of the shoot. They were
inoculated on semi-solid MS-2N medium supplemented
with different concentrations of BAP (0.0, 0.5, 1.0, 2.0, 3.0
mg L. Thirty days later, 10 mL of the same liquid MS-
%N medium (as described in Experiment 3) were added
to each flask, creating the double-phase medium. After
20 days, the same data as in Experiment 2 were recorded.

Experimental Design

The experiment was factorial, arranged in a Completely
Randomized Design with ten repetitions in the Experiments
1 and 2, and five repetition per treatment in the Experiments
3, 4 and 5, each repetition consisting of a flask with
four explants. Results correspond to mean+standard
deviation. For qualitative analysis of variance (ANOVA)
and Tukey Test were performed at the 5% probability
level (p<0.05) and regression was applied for quantitative
analysis. Statistical analyses were conducted using WinStat
Statistical Analysis System version 2.0 (Machado &
Conceigdo 2005).

RESULTS AND DISCUSSION

Micropropagation has previously been evaluated as an
alternative to vegetative propagation of Prunus rootstock
(Cheong 2012), but the factors that influence success need
to be optimized. Induction and proliferation of shoots
in vitro are genetically determined (Silva et al. 2016).
However, they can be limited by aspects of the physical
and chemical microenvironment inside the flasks.In this
context, our experiments aimed to study the factors that
may affect the success of in vitro proliferation, since
‘Flordaguard’ rootstock remains recalcitrant (Arab et al.
2014). Hence, to evaluate the effect of these factors on
shoot multiplication, five experiments were performed,
as shown in Figure 1.

Effect of culture medium on shoot proliferation

When the effects of both the culture media were
evaluated (Experiment 1) the number of shoots per explant
was 1.8-fold higher in the MS-2 N medium (2.80 +0.76)
than in the full MS medium (1.56 +0.68) (Tab. 1). When
explants were transferred to the MS and MS-42 N medium
with 0.5 mg L'! BAP (Experiment 2), the number of lateral
shoots were again evaluated and, as expected, there were
no differences in relation to Experiment 1. However, at the
end of Experiment 2, the number of lateral shoots elongated
and the length of lateral shoots were higher in the MS-2 N
than in the full MS medium (Tab. 1).
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Figure 1. Order of the factors tested for improvement in the in vitro multiplication of ‘Flordaguard’ peach rootstock. I. Salt medium composition
in 4 mg L' BAP; II. Salt medium composition in 0.5 mg L' BAP; III. Culture medium consistency; I'V. Explant type and position; and V. Explant

growth in half strength MS medium with different BAP doses.

Table 1. Shoot proliferation from node explant of ‘Flordaguard’ peach rootstock cultivated for 30 days in MS and MS-% N medium supplemented

with 4 mg L' BAP (Experiment 1) and 0.5 mg L' BAP (Experiment 2).

Experiment 1

Experiment 2

Medium strength
N° lateral shoots*

N° lateral shoots*

N° lateral shoots elongated* Length of lateral shoots (cm)*

MS-/AN 2.80+0.76a 2.88+0.32 a
MS 1.56+0.68b 1.55+0.46 b
CV (%) 32.66 20.12

0.40+0.13 a 0.40+0.13 a
0.18+0.08 b 0.25+0.08 b
51.54 45.38

Values represent mean + standard deviation of 10 replicates (flasks with four explants)

Mean values followed by different letters in the column differ significantly by Tukey test P < 0.05.

*per initial explant

6-benzylaminopurine (BAP); coefficient of variation (CV); Murashige and Skoog (MS)

In Experiment 3 the number of lateral shoots per explant
was ca. 1.8 fold higher when the explants were cultivated
in semi-solid N-/2N with AC+GA, (3.25 £0.90) than in
both the full MS media. On the other hand, the explants
subcultured in full MS medium with AC+GA, showed
shoots, but they did not elongate significantly, showing a
clear decline in shoot formation, after the third subculture in
such condition. In spite of the higher number of elongated
shoots per explant observed in MS (}2N) double-phase, no
differences were observed in relation to shoots in the full
MS double-phase (Tab. 2). Theses results demonstrate that
the addition of liquid medium over the semi-solid medium
contributes to reduce the decline in shoot formation and
elongation over the the repeated subcultures in full MS
medium.
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Culture medium plays an important role in the process
of in vitro propagation and its optimization is essential
because macro- and micronutrient content influences shoot
induction, elongation, and multiplication (Phillips & Garda
2019). Indeed, it is challenging to adjust the appropriate
culture medium to develop a particular species, especially
for woody plants. Choice of culture medium can be quite
complex because the response is genotype-dependent
and the effects of mineral nutrition on morphogenesis
have scarcely been studied (Arab ef al. 2014). The most
commonly used basal medium is Murashige and Skoog
(MS) and modified MS (mMS) at different strengths of
mineral content (}2MS, MS%, and 2N). MS medium has
a high concentration of ammoniacal nitrogen (NH,") in
comparison with the majority of other media (Phillips &
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Table 2. Number of lateral shoots, lateral shoots elongated, and average length of lateral shoots of ‘Flordaguard’ peach rootstock cultivated for 20
days in MS andMS-2N medium supplemented with 0.5 mg L' BAP, 0.01 mg L' IBA, I mg L' GA, and 1 g L AC isolated or in combination with
liquid medium (LM) contained MS-/2N medium and I mg L' GA, and 1 g L' AC.

Medium Strength Medium consistency N° lateral shoots* N° lateral shoots elongated*  Length of lateral Shoots* (cm)
MS-%N + LM Double-phase 2.83+0.46 ab 0.96+0.08 a 1.80+0.41 a

MS-/.N Semi-solid 3.2540.90 a 0.53+0.19b 0.94+0.17 b

MS +LM Double-phase 1.76+£0.32 b 0.61+£0.20 b 1.54+0.27 a

MS Semi-solid 1.80+0.57 b 0£0 ¢ 0+0 ¢

CV (%) 25.01 28.01 2791

Values represent mean + standard deviation of 5 replicates (flasks with four explants)

Mean values followed by different letters in the column differ significantly by Tukey test P < 0.05.

*per initial explant

Activated charcoal (AC); 6-benzylaminopurine (BAP); coefficient of variation (CV); Murashige and Skoog (MS), gibberellic acid (GA,)

Garda 2019). In the current study differences in the number
of shoots were evident, and they were around 1.5 to 1.8-
fold higher in the MS-%2 N medium (Figs. 2A, D) than in
the full MS medium (Figs. 2B and 2C), in Experiments
1,2, and 3.

Reducing the nitrogen concentration in MS-/2N medium
led to an enhanced response in terms of shoot proliferation.
It seems that the higher amount of nitrogen in full strength
MS medium, compared to MS-/2N medium, inhibits explant
growth and induces a strong decline in the ‘Flordaguard’
shoots after the first three subcultures. Many researchers
have reported that NH,* plays a key role in the in vitro
culture of Prunus rootstock but that it can be harmful at
high concentrations (Ivanova & Van Staden, 2009). Studies
by Arab et al. (2014) showed that the NH,NO, and KNO,
in the full MS medium were inadequate for optimal growth
and multiplication of G * N15 rootstock. Furthermore,
plants of the Rosaceae family tend towards sensitivity, and
NH," may produce toxicity (Britto & Kronzucker 2002).

Nitrogen sources and concentrations alter the
development pattern of explants and affect the response
of each cultivar (Silvestri ef al. 2019). Some species and/
or cultivars may have better responses to full strength MS
media, such as apple (Samanmalie et al. 2019) and papaya
(Saadala et al. 2012). However, while aiming at better plant
development and reduction in costs, several authors have
suggested the possibility of reducing the salt concentration
of MS medium for various woody plants (Ivanova & Van
Staden 2009, Silvestri et al. 2019). It is challenging to
cut down the cost of production per plant using so-called
“low-cost tissue culture” and our findings indicate that the
choice of medium, and especially its concentration, could
be a powerful lever to successfully manage this process.

Independent of the medium, MS-2N or MS, the highest
shoot lengths were observed in the double-phase medium
in the presence of AC+GA,. The best responses observed
in double-phase medium may have been due to higher
nutrient availability, as nutrients and growth regulators are
more easily absorbed by shoots in liquid medium (Stevens

& Pijut 2018). Another advantage of the double-phase
system is reduction in manipulation during the in vitro
multiplication stages, since there is no need to perform
constant subculturing, resulting in reduced expenses in
growth medium gelling agents (Scherwinski-Pereira et
al. 2012), which represents about 60—70% of the medium
costs in Brazil. The higher rate of shoot growth obtained in
double-phase medium may be related to the wider contact
of the tissue with the medium, as shown in Figs. 3A and
4B. The double-phase culture medium is widely used in
in vitro culture systems as it is more efficient for many
species such as pear rootstock (Moraes et al. 2004), and
apple rootstock (Machado et al. 2004).

Surakshitha et al. (2019) reported that the major
physiological disorder observed during in vitro culture
of woody plant species is shoot-tip necrosis (STN).
Besides STN we also observed severe hyperhydricity in
the explants and leaf yellowing, mainly in full strength
MS, which resulted in a significantly reduction in the
multiplication index per explant (Figs. 4A and 4B). Nutrient
deficiencies and excesses can result in negative impacts
and physiological and morphological disorders, such as
STN and hyperhydricity or vitrification (Ivanova & Van
Staden, 2009). Similar trends have previously been reported
in peach rootstock G * N9 (Radmann et al. 2009b) and G
©N15 (Arab et al. 2014). STN has been studied in grape
cultivar “Red Globe” by Surakshitha et al. (2019), and
they verified that growing the cultures in half strength
MS media supplemented with higher calcium content,
and reducing BAP and the subculture intervals, could
significantly reduce the incidence of STN in the explants.
Added to these factors that influence explant growth, the
ethylene concentration inside the culture flasks is known to
be involved in leaf yellowing, inhibition of shoot formation,
and the senescence of plants (Marino & Ventura 1997). In
an attempt to reduce the undesirable effects of ethylene,
Park et al. (2016) showed that the use of ethylene-inhibiting
agents was beneficial for apical shoot initiation and to
reduce leaf yellowing in rose cultivar “Tineke”.
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Figure 2. Shoot proliferation from node explant of ‘Flordaguard’ peach rootstock. A. Shoot cultured in half strength MS (%4N); B. full strength MS
medium; C. Induction of multiple shoots in full strength MS supplemented with 0.5 mg L' of BAP; D. induction of multiple shoots in half strength

MS (%N) supplemented with 0.5 mg L' of BAP.
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Figure 3. Shoot proliferation in ‘Flordaguard’ peach rootstock. A. Induction of multiple shoot in explants cultured in half strength MS (/2N)
containing 1.0 mg L' of GA, and 1.0 g L' of activated charcoal (double-phase medium); B. Growth and development of isolated shoots after 20

days in double-phase medium.

Figure 4. Shoots proliferation from node explant of ‘Flordaguard’ peach rootstock cultured on full strength MS medium. A. Growth and development
of isolated shoot with symptoms of hyperhydricity; B. Growth and development of multiple shoot with shoot-tip necrosis (STN).

Effect of explant type and the angle of inoculation on
shoot induction and proliferation

For the number of shoots per explant, an isolated
effect of the factors was observed, with greater response
for explants without the apical portion and inoculated at a
45° angle, 4.58 £0.46 and 4.40 +0.49 shoots, respectively
(Tab. 3). The number of elongated shoots was influenced
only by the factor explant type; the better response verified
with explants without the apical portion (3.22 £0.34).
However, as regards shoot length there was no significant
difference, obtaining as a general average 0.93 cm (data
not shown).

According to the results of the previous experiments,
shoot induction and proliferation were more effective in
MS-N medium, which was the medium used in subsequent
experiments. In the current study, the best average number
of shoots per explant was observed in explants without
the apical portion (apical meristem removed). Likewise,

George et al. (2008) reported that simple decapitation of
shoots allowed the production of new axillary shoots and
increased the multiplication rate. These results can be
explained by the apical dominance being broken, because
high concentrations of auxin at the apical meristem of
explants inhibits the growth of lateral buds and decreases
the cytokinin/auxin ratio. In contrast, for apple cv. MM-
111, no significant effect was observed between explants
with or without apical portion (Pereira & Fortes, 2001).

The comparison between the angle inclined (45°)
and vertical (90°) explants inoculation showed visible
differences. Inclined explants produced an increased
number of shoots. Similar to our results, the superiority of
the number of shoots in inclined explants has been reported
by Radmann et al. (2009a). A factor to be considered here is
the polar transport of auxins, since translocation is limited
or inhibited when the explants are cultured at an inclined
angle, resulting in higher multiplication index.
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Table 3. Number of shoots per explant (explant type and explant angle)
and number elongated shoots (explant type and explant angle) obtained
with ‘Flordaguard’ peach rootstock, grown for 30 days in MS-/2N medium
with 3.0 mg L' BAP and 20 days in double-phase medium.

Explant type N° shoots per explant
Without apical portion 4.58+0.46 a

With apical portion 3.77+£0.30 b

CV (%) 8.68

Explant angle in the medium  N° shoots per explant
Inclined (45°) 4.40+£0.49 a

Vertical (90°) 3.95+0.55 b

CV (%) 12.68

Explant type N elongated shoots per explant
Without apical portion 3.22+0.34 a

With apical portion 2.63+0.47 b

CV (%) 14.11

Values represent mean + standard deviation of 10 replicates

Mean values followed by different letters in the column differ significantly
to explant type and orientation by Tukey test P < 0.05.
6-benzylaminopurine (BAP); coefficient of variation (CV); MS-N
medium (Murashige and Skoog medium containing half the total NH,NO,
and KNO,)

The growth of shoots during the multiplication phase
is a determining variable in the quality of the material
destined for subcultures and for the rooting phase (Radmann
et al. 2009a). According to Rocha ef al. (2009) shoots
that present shorter length cannot be cultured directly in
rooting media. The results did not show significance for
shoot length and, additionally, a reduced growth of shoots
was observed (less than 1.0 cm). In the light of this result,
it became necessary to study the effect of other factors
that may be involved in the success of multiplication and
elongation. Therefore, the fifth experiment was conducted
to evaluate the effect of different BAP concentrations on
shoot proliferation.

Effect of BAP concentration on shoot proliferation
In vitro propagation of the Prunus genus shows some
progress (Cheong 2012), however, the choice of cytokinins,

in terms of source and concentration retains a critical
role (Vujovic et al. 2012). The presence of cytokinin in
the medium is essential for shoot proliferation, as well as
subsequent rooting and acclimation of plantlets (Kassaye
& Bekele 2015). Among cytokinins, BAP costs the least
and is the most commonly-used product for inducing cell
division and shoot development (Ashraf ef al. 2014). In
this context, to optimize in vitro shoot proliferation of
‘Flordaguard’ rootstock, five concentrations of BAP were
tested (0.5 to 3.0 mg L).

The addition of BAP to the culture medium resulted
in a trend in all surveyed variables. Regarding the number
of shoots, a quadratic response was obtained, with a
maximum point at 2.39 mg L' BAP producing of 3.30
shoots per explant (Fig. 5A). However, in absolut values,
it was found that the use of 3.0 mg L' BAP induced the
best responses, with the formation of 3.38 shoots per
explant. For the number of elongated shoots, the maximum
value estimate by the regression equation was 2.05 shoots
elongated with 1.98 mg L' BAP (Fig. 5B). Concerning the
length of shoots, the maximum estimated values occurred
at 1.82 mg L' BAP with length of 1.03 cm (Fig. 5C). This
result was not much better than that found when 3.0 mg
L' BAP (0.74 cm) was utilized.

When explants were cultivated in hormone-free media
we did not observe significant responses for any of the
evaluated variables. The positive effect of BAP was
obtained in the other treatments (0.5 to 3.0 mg L' BAP),
mainly in relation to the number of shoots per explant at
the highest concentration evaluated, producing more than
three-fold the values obtained in the absence of this PGR.
Similarly, Radmann et al. (2011) found a linear response,
with about 2.5 shoots per explant, using 3.0 mg L' BAP
on ‘Flordaguard’ rootstock. In another study, Rodrigues
et al. (2003) obtained about 2.0 shoots per explant, with
0.7 mg L' BAP for ‘Aldrighi’, ‘Eldorado’, ‘GF 677°, and
‘Okinawa’ peach cultivars.

The lower cytokine requirement of certain genotypes
may actually be associated with high endogenous levels,
which, combined with exogenous cytokine addition
to the culture medium, may contribute to reducing the
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Figure 5. Shoots proliferation from node explant of ‘Flordaguard’ peach rootstock cultured in semi-solid MS-2N (without PGR). A. Mean number
of shoots per explant; B. number of elongated shoots; C. and mean length of shoots obtained in half strength MS (*2N) — double-phase under different

concentrations of BAP (0.5-3.0 mg L") for ‘Flordaguard’ peach rootstock.
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multiplication rate and a rapid explant decline over
subcultures. This type of effect has been observed in the
in vitro multiplication of some plum genotypes (Rocha
et al. 2009). Despite the good results achieved in shoot
proliferation, shoot length was below the expected value,
with about 1.31 cm. This phenomenon seems to be a
common feature in many species and cultivars of the
genus Prunus (Radmann et al. 2009b). On the other hand,
Leontiev-Orlov et al. (2000) obtained shoots of up to 6.8
cm for plum cultivars. This result reinforces the reports
found in the literature that peach cultivars are more difficult
to cultivate in vitro than plums.

Thus, even with the results obtained under the conditions
tested in the present study with the ‘Flordaguard’ rootstock,
this system needs to be validated for other genotypes due
to the variability in multiplication responses observed
in Prunus spp. In any event, further investigations are
necessary since the results obtained concerning the number
of shoots per explant, and especially those for shoot length
are also critical to mass propagation.

Overall, our results showed that shoots of ‘Flordaguard’
rootstock can be more efficiently induced and proliferated
in MS-% N medium (BAP 3.0 mg L™). Additionally, the
double-phase medium culture favours the growth of shoots
and explants without the apical portion and positioned
with an inclined angle improve in vitro proliferation. The
approach for optimization of culture medium by using
salts, explant type, and the angle of explant inoculation
in the medium as factors, as well as medium consistency,
proved to be a useful tool for basic and applied research.
Moreover, this study indicates the factors that positively
affect the in vitro shoot proliferation of ‘Flordaguard’
explants, and that can be beneficial for in vitro propagation
of other Prunus species and/or cultivars.
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