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Summary

Paeonia officinalis L., subsp. officinalis, is a herba-
ceous peony spontaneously growing on rocky slopes,
up to 1,800 m of altitude, from Southern France to
Albany, that includes Tuscan and Emilian Apennines.
Its propagation occurs by rhizome or seeds under
natural growing conditions; however, seeds need a
couple of years to germinate. The aim of the present
research was to set up a protocol for the in vitro prop-
agation of this species, useful for its reintroduction
in the natural environment, and suitable at nursery
level. The combined effect of 6-benzyladenine (BA)
and polyvinylpyrrolidone (PVP) was investigated on
shoot multiplication of single shoots and small shoot
clusters, in agarized culture media. A two-step root-
ing procedure was used, providing one-week culture
of shoots in complete darkness on media enriched
with indole-3-butyric acid (IBA) and their transfer to
auxin-free media. Agarized media or perlite soaked in
liquid media were used for both root induction and
elongation phases.

Complete culture survival was obtained with 1.0
g L' PVP and the use of small shoot clusters as ex-
plants. BA at 2.0 mg L gave the maximum mean shoot
multiplication (2.7) from a single shoot at the 3¢ sub-
culture; however, very short shoots were produced by
shoot clusters after three further subcultures. BA at
1.0 g L'* allowed a constant multiplication (about 2:1)
of well-elongated shoots regardless of the explant
type. The multiplication rates reported here are quite
low, but comparable to data available in the literature
for in vitro grown shoots of wild herbaceous P. lacti-
flora. The maximum rooting percentage (50%) was
obtained in liquid media, for shoots from 1.0 mg L*
BA treated with 2.5 mg L IBA, although not different
from other IBA treatments (1 and 5 mg L). The pres-
ent results are promising with regard to the in vitro
phases. However, they also suggest further research
in improving rooting and achieving successful accli-
matization of healthy plants. If this goal is reached,
micropropagation might represent an alternative
vegetative propagation method for the reintroduc-
tion in the natural environment of this species, and
its release at nursery level as plant for gardens.
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Significance of this study

What is already known on this subject?
The present paper follows our previous results on
wild P, officinalis embryo culture and shoot induction.
Very poor data are available in the literature on
micropropagation of this species.

What are the new findings?
BA and PVP combinations strongly influenced shoot
multiplication rates and survival. Best rooting of the
shoots was in perlite soaked in liquid culture medium.

What is the expected impact on horticulture?
Micropropagation might favour plant reintroduction
in the natural environment and the use for gardening
of wild P, officinalis, naturally propagated by rhizome
or seeds.

Introduction

Herbaceous peony is propagated by rhizome or seeds
under natural growing conditions. However, seeds need a
couple of years to germinate, due to their complex dormancy
(Tian et al., 2010). Paeonia officinalis L., subsp. officinalis, is a
wild herbaceous peony growing on rocky slopes, up to 1,800
m of altitude, from Southern France to Albany, that includes
Tuscan and Emilian Apennines. At present, in Italy, these
lands are mostly used for pasture and the reintroduction of
wild animal species (roes, wild boars); this greatly counter-
acts the conservation and diffusion of P, officinalis (Botanical
expert of Parco Nazionale Tosco-Emiliano ‘Pania di Corfino’,
pers. commun.).

The in vitro culture of zygotic embryos of the Chinese
herbaceous P. lactiflora Pall. on media enriched with gibber-
ellic acid (GA;) allowed to overcome their epicotyl dormancy,
and to obtain healthy seedlings in a short time (Buchheim et
al,, 1994). Micropropagation was also attempted using dif-
ferent explant types, sugars, plant growth regulators (PGRs)
and culture techniques (Hosoki et al., 1989; Gabryszewska,
1998, 2010; Gabryszewska and Kawa-Miszczack, 2009; Tian
et al, 2010; Shen et al, 2012). However, many problems
were reported to reduce micropropagation efficiency of this
species, i.e., explant contamination, shoot browning and/or
hyperhydricity (Hazarika, 2006), low percentages of in vitro
rooting and poor/no plantlet survival after transfer ex vitro
(Gabryszewska, 2010; Shen et al., 2012; Yu et al,, 2012).

Poor data are available in the literature on in vitro prop-
agation of P, officinalis. Bacterial and fungal contamination
have been reported to affect cultures in the shoot induction
and propagation stages; however, rooting showed the big-

125



Marino etal. | In vitro shoot multiplication and rooting of wild Paeonia officinalis L., subsp. officinalis

gest problems (Seyring, 2000, 2002). More recently, shoot
cultures of P, officinalis, subsp. officinalis, were established
using zygotic embryos as initial explants. Shoot production
was induced from epicotyls on culture media enriched with
6-benzyladenine (BA), and was affected by cold storage
treatments to embryos, cytokinin concentration and the gen-
otype. Although the addition of polyvinylpyrrolidone (0.5
g L1 PVP 40,000) to the culture medium slightly reduced
phenols phytotoxicity, most clones showed low proliferation,
and did not survive after repeated shoot subcultures (Marino
etal, 2014).

These findings suggested the present research aimed to
develop a valid micropropagation protocol for P. officinalis,
subsp. officinalis, with the final aim to reintroduce this spe-
cies in the natural environment, and produce a new nursery
product suitable for ‘wild’ gardens.

Materials and methods

Plant material and growth conditions

About two-year old shoot cultures of a wild P, officinalis,
subsp. officinalis, clone (C3), that had been obtained through
embryo culture (Marino et al,, 2014), were used as donor
plants for the present trials. They were grown on a main-
tenance medium (PMM) with the following composition:
MS (Murashige and Skoog, 1962) salts at half strength, and
(mg L1): 100 myo-inositol, 1.0 thiamine hydrochloride, 0.5

nicotinic acid, 0.5 pyridoxine hydrochloride, 2.0 glycine, 0.5
BA, 0.25 indole-3-acetic acid (IAA), 0.2 GA,, and (g L1): 0.5
PVP 40,000, 20 sucrose and 6.5 ‘Type A’ (7178-01-A) bacte-
riologic agar. All the chemicals were from Sigma (Sigma-Al-
drich, Milan, Italy), except for commercial sucrose and agar
(Biokar, Diagnostic International Distribution, Milan, Italy).
The medium was heated up to 90°C to obtain agar liquefac-
tion, then the pH was adjusted to 5.6 before autoclaving at
121°C for 20 min. Subcultures were performed at 30-35 d in-
tervals, in 500-mL glass jars (40 mL medium, 5 shoots). The
jars were closed with twist-off screw metal caps, wrapped
with polyvinyl chloride (PVC) transparent film for food (al-
lowing gas exchange), and placed in a growth chamber under
standard growth conditions (SGC): 23+1°C, 16-h-light pho-
toperiod at 30 pmol m*? s photosynthetic active radiation
(PAR), supplied by Philips TLD 36 W/33 lamps).

Shoot multiplication

1. Experiment 1. Single shoots as explants. Well devel-
oped (10-15 mm long) shoots were randomly collected from
donor cultures at the end of a maintenance subculture on
PMM, transferred to 250-mL glass jars (with 30 mL medium
and 2 shoots each, closed as reported above) on culture me-
dia with PMM basal composition, but enriched with variable
BA (0.5, 1.0 and 2.0 mg L!) and PVP (1.0, 2.0 and 4.0 g L)
combinations. They were grown under SGC and processed
for further two subcultures (Table 1a): at the end of each

TABLE 1. Treatments applied in the multiplication and rooting phases.

Donor cultures on PMM medium (see Materials and methods). Subcultures at 30-35 days

a) Multiplication phase
Experiment 1. Single shoots as explants
Basal medium composition as PMM plus:

BA (mg L) 0.5 1.0 20

PVP (g L) 1.0 20 40 1.0 20 40 1.0 20 4.0 Three subcultures (35 d each)

Shoot clusters from marked treatments were used for Experiment 2.

Experiment 2. Shoot clusters as explants

Basal medium composition as PMM, plus:

BA (mg L) 0.5 1.0 2.0

PVP (g L) 1.0 1.0 1.0 Three subcultures (35 d each)

Single shoots from marked treatments were processed for rooting: underlined concentrations in Experiment 1, concentrations with asterisk in
Experiment 2.

b) Rooting phase

Experiment 1. Solid media for Rl and RE stages

RI medium, basal composition as PMM plus IBA as the only PGR:
IBA (mg L) 0 0.25 0.5
RE medium: like RI, but PGR-free, with 1 g L' AC

Experiment 2. Perlite soaked in liquid RI and RE media
RI medium, basal composition as PMM plus IBA as the only PGR:

IBA (mg L) 1.0 2.5 5.0
RE medium: like RI, but PGR-free

1.0 One-week complete darkness
Additional 40 d under SGC

One-week complete darkness
Additional 48 d under SGC

Abbreviations: AC, active charcoal; BA, 6-benzyladenine; IBA, indole-3-butyric acid; PGR, plant growth regulator; PMM, standard Paeonia
multiplication medium; PVP, polyvinylpyrrolidone; RE, root elongation; RI, root induction; SGC, standard growth conditions.
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subculture, newly produced shoots (10-15 mm long) from
each treatment were dissected and randomly transplanted to
the same, fresh media. The number of dead shoots, the num-
ber of shoots (=5 mm in length) produced from each single
shoot (multiplication rate), and the length of the main shoot
were checked at the end of each subculture (35 days) on four
(first subculture) and five (second and third subcultures)
jars (replications) per treatment.

2. Experiment 2. Shoot clusters as explants. Small shoot
clusters (with 2 to 3 shoots each) were used as explants.
They were randomly collected at the end of Experiment 1,
limited to the cultures grown on media with 1 g L* PVP, and
processed for three further subcultures under the same cul-
ture conditions as reported above (Table 1a): the multishoots
were divided into smaller clusters after each subculture, and
these were used as explants in the subsequent subculture.
Shoot multiplication rates were checked on five jars (replica-
tions), with two shoot clusters each, per BA concentration

(0.5, 1.0 and 2.0 mg L), at each subculture. Since shoot clus-
ters were used as explants, the number of new shoots ob-
tained from a single initial shoot was calculated at each sub-
culture.

Rooting

1. Experiment 1. Following Seyring (2000) and Yu et al.
(2012), a two-step rooting procedure was used. About 15-
20-mm long shoots from multiplication experiment 2 were
transferred to root induction (RI) media in 250-mL glass jars
(with 30 mL medium and 1 shoot each, closed as reported
above). RI media had the same basal composition as PMM,
but were enriched with variable concentrations (0, 0.25, 0.5
and 1.0 mg L) of indole-3-butyric acid (IBA), as the only
PGR. Shoots were grown for one week in complete darkness
at 24+1°C, and transferred to a root elongation (RE) medium
under SGC, for additional 40 days (Table 1b). RE medium had
the same basal composition as RI, but was PGR-free and en-

TABLE 2. Shoot multiplication rates (the number of shoots obtained from one initial shoot) and number of dead shoots per jar
(in brackets) of wild Paeonia officinalis subsp. officinalis shoots grown in three successive subcultures on proliferation media
enriched with variable BA (0.5, 1.0 and 2.0 mg L) and PVP (1.0, 2.0 and 4.0 g L'!) concentrations (Experiment 1). See also

Figure S2.
BA (mg L)
0.5 1.0 2.0
PVP(LY) Subculture Subculture Subculture
| Il Il | Il Il | Il 11}
1.0 1.7° 2.7 12 2.0 1.5 15 1.6 2.0(0.2) 34
2.0 2.2 24 1.5(0.4) 2.1 2.2(0.2) 1.7 14 14(0.2) 20(0.2)
4.0 2.0 14(0.2) 1.2(0.8) 1.6 15 2.4 (1.0) 1.0 13(04) 23(0.2)
Significance! Shoot number Dead shoots
BA ns ns
PVP ns *
BA x PVP * ns
Subculture ns o
BA x subculture o ns
PVP x subculture ns *
BA x PVP x subculture ns ns
Significant interactions
Shoot number
BA x PVP* BA x subculture***
BA BA
PVP 05 1.0 20 Subedlture 05 10 20
1.0 1.8abcy  1.6bc 23a | 2.0 by 19b 13¢
2.0 2.0ab 2.0ab 1.6 be Il 21b 1.7 be 1.6 be
4.0 1.5 bc 1.8 abc 14c¢ Il 136 1.8 bc 2.7a
Dead shoots
PVP x subculture**
PVP
Subculture 0 20 20
| 0by 0b 0b
Il 0.07b 0.13b 0.2ab
11} 0b 0.2ab 0.7a

fData on shoot multiplication rates refer to newly produced shoots =5 mm in length. Four (1% subculture) and five jars (2" and 3 subculture) with

two shoots each were used per culture medium and subculture.
9]f not reported, no shoot died.

tSignificance: ns, *, **, ***, not significant, or significant at P<0.05, P<0.01 and P<0.001, respectively.
YMeans followed by different letters are statistically different at P<0.05 (GLM, Tukey adjustment).
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riched with 1 g L active charcoal (AC). The experiment was
repeated one month later. Rooting frequencies, as well as
root number and length were checked on a total of twenty
shoots per each BA (in the multiplication medium) and IBA
(in the RI medium) combination.
2. Experiment 2. The main difference with Experiment 1
was that shoots were grown in perlite (Agriperlite®, Perlite
Italiana, Trento, Italy) soaked in liquid medium (4 g perlite
and 25 mL medium per each 250-mL glass jar: the lower part
of perlite was under solution, the upper part was soaked by
capillarity) in both root induction and root elongation phases
(Figure S1). Moreover, it was limited to shoots from 0.5 and
1.0 mg L! BA; IBA was increased to 1.0, 2.5 and 5.0 mg L' in
the RI media, and RE medium lacked AC (Table 1b). After one
month in the RE phase, 10 mL PGR-free medium were added
to each jar in order to counterbalance for medium evapora-
tion. The experiment was repeated one month later. Rooting
frequencies, as well as root number and length were checked
after a total of 55 d (7 and 48 d on RI and RE media, respec-
tively) in culture on a total of twelve shoots per treatment.
Acclimatization of rooted shoots was attempted in a
sphagnum peat (TKS®1 Floragard, Germany) and perlite mix-
ture (80/20 v/v) in a growth chamber under SGC, but PAR
increased to 70 pmol m2 s

Statistical analysis

The data on shoot multiplication rates, main shoot length,
and root number and length were processed for the analysis
of variance (ANOVA) in completely randomized factorial de-
signs by SAS 9.0 (SAS Institute Inc., Cary NC, USA) General

FIGURE S1. Paeonia officinalis, subsp. officinalis, shoot in the
root elongation phase on perlite soaked in liquid medium.
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Linear Model (GLM) procedure. The data were subjected to
the homogeneity of variance before analysis. When ANOVA
showed a statistical effect, mean separation was performed
with Tukey adjustment, considering the factor interactions.

Due to stable behavior of donor cultures after repeated
multiplication subcultures, the high variability in the rooting
results and poor rooting, data of the two repetitions of each
rooting experiment were combined together. Data on rooting
frequencies were analyzed by the Log Linear Model analysis
for multidimensional contingency tables (Zar, 1984), and are
reported in tables as rooting percentages.

Results

Shoot multiplication

1. Experiment 1. Although not any single independent vari-
able was significant, the ‘BA x PVP’ and ‘BA x subculture’ in-
teractions were significant at P<0.05 and P<0.001, respec-
tively. The mean shoot number produced from one initial
shoot decreased with time in media with 0.5 mg L' BA and,
in contrast, increased with the highest BA concentration; in-
stead, constant multiplication rates were found with 1 mg L
BA (Table 2). The maximum shoot multiplication (3.4) was
obtained at the third subculture with 2 mg L-* BA plus 1 g L!
PVP. On the other hand, in the presence of 1 g L' PVP, the
mean shoot number with 2.0 mg L' BA was significantly
higher than 1.0 mg L! BA, and comparable to 0.5 mg L! BA

FIGURE S2. Paeonia officinalis, subsp. officinalis, shoots at the
end of the third subculture on media enriched with variable
BA (0.5, 1.0 and 2.0 mg L) and PVP (1.0, 2.0 and 4.0 g L'!)
concentrations. Homogeneous, single shoots (10-15 mm
long) were used as initial explants at each subculture
(multiplication Experiment 1).

Horticultural Science
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TABLE 3. Length (mm) of wild Paeonia officinalis subsp. officinalis main shoots in three successive subcultures on multiplication
media enriched with variable BA (0.5, 1.0 and 2.0 mg L*) and PVP (1.0, 2.0 and 4.0 g L'!) concentrations (Experiment 1).

BA (mg L)
0.5 1.0 2.0
PVP(L) Subculture Subculture Subculture
| Il 11} | Il 1l | Il Ml
1.0 38.7° 42.6 47.6 376 44.3 514 42.8 28.0 25.6
2.0 36.7 338 29.4 38.0 47.8 53.1 452 274 245
4.0 26.9 442 49.1 38.7 43.5 36.6 444 33.7 20.3
Significance!
BA b
PVP ns
BA x PVP *
Subculture ns
BA x subculture b
PVP x subculture ns
BA x PVP x subculture ns
Significant interactions
BA x PVP* BA x subculture***
BA BA
PVP 0.5 1.0 2.0 Subculture 0.5 1.0 2.0
1.0 430a 449a 324b | 336d 381bc 441ab
2.0 33.0b 46.8 a 329b Il 402bc 451ab 29.2d
4.0 397ab  403ab  349b Il 414ab 49.1a 239d

fData refer to four (1% subculture) and five jars (2 and 3% subculture) with two shoots each per culture medium and subculture.
tSignificance: ns, *, ***, not significant, or significant at P<0.05 and P<0.001, respectively.
yMeans followed by different letters are statistically different at P<0.05 (GLM, Tukey adjustment).

(BA x PVP, significant at P<0.05. Table 2; Figure S2). More-
over, at the highest BA concentration, shoot multiplication
rates were reduced with 2.0 and 4.0 g L'* PVP. The number of
dead shoots significantly increased with 4.0 g L* PVP after
repeated subcultures, regardless of BA concentration, and at
a lesser extent (not significant) with 2.0 g L't PVP (Table 2).
Even a total of 40% and 50% shoots (respectively 0.8 and 1.0
shoot per jar) died at the third subculture with the highest
PVP concentration, while no loss of cultures occurred with
1.0 g L* PVP (the ‘PVP x subculture’ interaction was signifi-
cantat P<0.01).

The main shoot length increased with time with 0.5

mg L BA; while it was reduced to about one half from the
first to the third subculture with the highest BA concentra-
tion (BA x subculture, significant at P<0.001; Table 3).
2. Experiment 2. The shoot number at the third subculture
(the sixth on the same culture medium) and the mean shoot
number in the three successive subcultures were compara-
ble to Experiment 1 (Table 4); however, newly produced
shoots were very short in media with 2 mg L* BA (Figure 1).
On the other hand, no explant died, regardless of medium
composition.

Rooting

1. Experiment 1. Only IBA at 1 mg L could induce root pro-
duction. A maximum of 25% rooting was obtained in shoots
from 0.5 mg L* BA; while no shoot from 2 mg L BA pro-
duced roots. Moreover, only one or two roots per shoot were
produced (data are not reported in tables; Figure S3).

2. Experiment 2. A maximum of 50% rooted shoot was ob-
tained with the 1.0 mg L' BA/2.5 mg L! IBA combination,
although not statistically different from other treatments.

Volume 83 | Issue 3 | June

Root number also was not significantly affected by culture
medium (Table 5). However, some shoot apex browning was
found, in particular with the highest IBA concentration.
Moreover the IBA effect on root length was unclear: best root
elongation occurred with the 0.5 mg L' BA/5.0 mg L' IBA
combination, different from 0.5 mg L-* BA/1.0 mg L* IBA and
1.0 mg L* BA/2.5 mg L* IBA treatments (Figure 2).

TABLE 4. Shoot multiplication rates (the number of shoots
obtained from each initial shoot of the cluster) in wild
Paeonia officinalis subsp. officinalis shoot clusters grown in
three successive subcultures on proliferation media enriched
with 1.0 g L'* PVP and variable BA (0.5, 1.0 and 2.0 mg L)
concentrations (Experiment 2).

BA (mg L)
Subculture 05 10 20
| 15 1.7 2.0
Il 1.4 2.1 1.9
1] 1.4 1.8 2.7
Mean 14b 1.8ab 22a
Significance!
BA *
Subculture ns
BA x subculture ns

fData on shoot multiplication rates refer to five jars, each with two shoot
clusters as initial explants, per culture medium and subculture.
tSignificance: ns, **, not significant, or significant at P<0.01. Means
followed by different letters are statistically different at P<0.05 (GLM,
Tukey adjustment).
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FIGURE 1. Paeonia officinalis, subsp. officinalis, shoot clus-
ters at the end of the third subculture (the sixth subculture
on the same media) on media enriched with 1.0 g L'* PVP and
variable BA (0.5, 1.0 and 2.0 mg L) concentrations. At each
subculture, the multishoots were divided into smaller shoot
clusters (2 to 3 shoots) which were used as initial explants
for the further subculture (multiplication Experiment 2).

FIGURE S3. Rooted shoot of Paeonia officinalis, subsp.
officinalis, from BA 0.5 mg L and processed for a two-step
rooting procedure (one week in complete darkness on a
medium with 1.0 mg L* IBA, and transfer for additional 40 d
on a PGR-free medium supplemented with 1.0 g L* AC),
providing the use of agarized culture media in both the
rooting phases.

Journal of Horticultural Science
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b) BA 1.0

FIGURE 2. Rooting of Paeonia officinalis, subsp. officinalis, shoots, collected from agarized, PVP- (1.0 g L) and BA-enriched
(0.5 and 1.0 mg L* BA) multiplication media (Figures 2a [top] and 2b [bottom], respectively), and processed for a two-step
rooting procedure (one week in complete darkness on a Rl medium with 1.0, 2.5 and 5.0 mg L-* IBA, and transfer for additional
48 d on a PGR-free RE medium), providing the use of perlite soaked in liquid media in both the rooting phases (Experiment 2).
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TABLE 5. Rooting percentage, root number/rooted shoot, and root length of wild Paeonia officinalis subsp. officinalis shoots
collected from cultures grown in agarized, BA-enriched media (0.5 and 1.0 mg L* BA), and transferred to perlite soaked in
IBA-enriched (1.0, 2.5 and 5.0 mg L1) liquid media and later in a PGR-free liquid medium.

BA (mg L) in the multiplication phase

IBA (mg L) 0.5 1.0
Rooting percentage’ Root number”  Root length (mm)* Rooting percentage  Root number  Root length (mm)
1.0 25.0 (3) 1.5 23by 16.7 (2) 25 176 a
25 33.3 (4) 2.0 151a 50.0 (6) 45 48b
5.0 333 (4) 3.0 19.0a 33.3 (4) 47 11.3ab
Significance! Rooting frequencies  Root number Root length
BA ns ns ns
IBA ns ns ns
BA x IBA ns ns >

fData refer to 12 shoots per treatment, singly grown in 250-mL glass jars.

9Rooting frequencies (in brackets) were analyzed by the Log Linear Model analysis.

tSignificance: ns, **, not significant, or significant at P<0.01, respectively.

YMeans followed by different letters are statistically different at P<0.05 (GLM, Tukey adjustment).

Discussion

Following previous results (Marino et al, 2014) on bet-
ter effects of PVP than citric acid and AC in reducing tissue
browning in P. officinalis, subsp. officinalis, PVP concentra-
tions higher than that previously used (0.5 g L'!) were tested
in the present research.

In many cases, it was impossible to distinguish axillary
shoots from those derived from adventitious buds, main-
ly due to the formation of a white-green, compact callus at
the explant base. Therefore, the number of newly produced
shoots checked at each subculture included all of them
=5 mm in length, which could be easily dissected.

In Experiment 1, the comparable mean multiplication
rates obtained with 1 g L* PVP in combination with 0.5 and
2 mg L' BA might be tentatively explained by a delayed ef-
fect of PMM medium, in the first two subcultures, in shoots
transferred to the reduced BA concentration, and/or to the
presence of very small, uncountable shoot buds at the ex-
plant base, that elongated after a further subculture with the
lowest cytokinin concentration. This effect should have been
counteracted by the highest PVP concentration. This assump-
tion is also supported by the fact that the main shoot length
increased with time with 0.5 mg L BA, and was strongly re-
duced at the third subculture with 2 mg L-* BA. Afterward, as
expected, shoot multiplication rate generally increased with
2 mg L BA and was reduced with 0.5 mg L BA.

Tissue browning was reported to be controlled in P, lacti-
flora by PVP at 5 g L'}, regardless of the explant type (Rather
and Paul, 2010). However, PVP concentrations of 2 and 4 g L*
were detrimental to shoot proliferation, and/or increased
the number of dead shoots in present Experiment 1; there-
fore, 1 g L* PVP was used in further trials. In Experiment 2,
where shoot clusters were used as explants instead of single
shoots, none of them died, probably due to a reduced dam-
age during excision. It is well-known, in fact, that some plant
species contain high concentrations of phenolic substances
which undergo oxidation processes when cells are wound-
ed or senescent; this leads to browning/blackening of in vi-
tro cultured tissues, growth inhibition, and finally death of
explants in many cases (George, 1993). On the other hand,
since most shoots produced in Experiment 2 on media with
2mg L* BA were very short, it does not seem advisable to use
so high BA concentration for up to six subcultures; in fact, the
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main shoot length was already reduced at the 2" and 3" sub-
cultures, when single shoots were used as explants. Probably,
the alternate use of media enriched with BA 2.0 mg L't and BA
0.5 mg L' might ensure good proliferation of well-elongated
shoots. An additional shoot ‘elongation phase’ on media with
reduced cytokinin concentrations is sometimes used in mi-
cropropagation, e.g., before rooting (George, 1993).

In previous trials, where epicotyls were used as initial
explants, higher shoot multiplication rates than in present
experiments were found in the first three subcultures after
epicotyl explantation. However, the number of shoots pro-
duced per subculture strongly decreased during further sub-
cultures, and most cultures died due to phenol release and
accumulation near the shoot base (Marino et al., 2014). It is
well-known that explants from zygotic embryos have high
regenerative ability, which is gradually lost with progres-
sive subculturing, depending also on the composition of the
culture medium (Sahrawat and Chand, 2001; George et al,,
2007). Moreover, present results agree with those reported
for wild P, lactiflora species, grown on media enriched with
BA and GA,;, whose multiplication rates were much lower
than in Chinese cultivars of commercial interest (Hosoki et
al., 1989).

A two-step rooting procedure, as in the present research,
was used for Paeonia officinalis, showing better rooting with
IBA than NAA (Seyring, 2002). Due to the slow root produc-
tion in both our rooting experiments, the culture period was
prolonged (up to 55 d) in comparison to the multiplication
subcultures (35 d), until the first appearance of some shoot
apex browning. Instead, the highest rooting rates were re-
corded after 8-12 weeks in P. tenuifolia and P. officinalis ‘].C.
Wegulin’ (Seyring, 2000).

When agarized media were used (Experiment 1), low
rooting was obtained, limited to shoots from 0.5 mg L' BA
treated with 1 mg L-* IBA. The paper-bridge method on liquid
culture enhanced rooting of P, lactiflora (Hosoki et al., 1989).
These results suggested the use of liquid media, and higher
auxin concentrations in Experiment 2, where only well-elon-
gated shoots from 0.5 and 1.0 mg L* BA were processed for
rooting.

The use of perlite soaked in liquid media, and the increase
of IBA in the RI phase improved rooting in terms of percent-
ages and root number in respect to the previous experiment.
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This might be partially due to the dispersion in liquid me-
dium of toxic metabolites, including phenols, which may in-
stead accumulate near plant tissue on solid media (George,
1993). Moreover, porous materials other than paper, soaked
in a liquid medium, were found to improve growth, ensuring
better oxygen supply to tissues and roots than it would be in
agarized medium or in static liquid (George, 1993).

An increase in IBA concentration was reported to pro-
duce a proportionate increase in the number of rooted shoots
of Paeonia officinalis ‘].C. Wegulin’ (Seyring, 2000). A similar
trend was not found in our cultures, where no significant dif-
ferences in rooting percentages and root number were found
in a range of 1.0 to 5.0 mg L* IBA. This could make us think
that these IBA concentrations are still suboptimal for P. offi-
cinalis subsp. officinalis. However, some shoot apex browning
was found in present experiment with the highest IBA con-
centration. Good rooting results were obtained in P. suffru-
ticosa after a root induction phase of 10 days on a medium
supplemented with 15 mg L IBA, although, following that
period, auxin had a detrimental effect; moreover, rooting ca-
pacity was correlated to the endogenous levels of IAA and BA
(Bouza et al., 1994). Different rooting results in P, tenuifolia
and P, officinalis were supposed dependent on their different
hormonal needs during root induction (Seyring, 2000). The
type and concentration of sugar also influenced rooting of
P, lactiflora (Gabryszewska, 2010). Therefore, further exper-
iments seem advisable, where different IBA concentrations/
time of applications, and different sugars are tested, in order
to improve rooting results.

No plantlet survived after transplant under ex vitro cul-
ture conditions, mainly due to fungi overgrowth. Very low
rooting percentages (Shen et al.,, 2012; Yu et al,, 2012) and
poor or even no plantlet survival (Gabryszewska and Ka-
wa-Miszczak, 2009; Gabryszewska, 2010; Shen et al,, 2012)
were also reported for P. lactiflora Chinese cultivars. The un-
satisfactory acclimatization results were mainly ascribed to
low root quality, unsuitable ex vitro culture conditions, inef-
fective transplant period, pathogen infections and bud dor-
mancy of young plants.

In conclusion, present results are promising with respect
to our previous trials. Constant multiplication rates (about
2 shoots explant') were obtained after repeated subcul-
tures, without loss of plant material, when small shoot clus-
ters were used as explants and grown on media added with
1 g L' PVP plus 1.0 mg L' BA. However, they also suggest
further research, particularly in improving rooting results
and achieving successful acclimatization of healthy plants;
so that micropropagation might represent an alternative
vegetative propagation method for wild P. officinalis, subsp.
officinalis. 1f this goal is reached, micropropagation might
facilitate the reintroduction of this species in the natural en-
vironment, and allow its possible use both as an ornamen-
tal herbaceous plant for gardens, and as a rootstock for the
tree peony (P, suffruticosa). At present, in fact, P. suffruticosa,
which is less adapted than P. officinalis to poor and drought
soils, is commonly used for this purpose (Rogers, 2009).
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