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Abstract. Expanding sheot tips of Pulmonaria ‘Roy Davidson’ and Pulmonaria saccharata
‘Margery Fish’ were cultured in vitro on a modified Murashige and Skoog medium
containing BA to establish proliferating cultures for use in comparing BA concentrations
on shoot proliferation and rooting. The optimum level for shoot proliferation was 8.8 um
BA. Greatest rooting was on medium without BA. Genotype and time in culture influenced
shoot and root counts. Chemical names used: Né-benzyladenine (BA)

Pulmonaria, commonly known as lung-
wort, belongs to the Boraginaceae and is na-
tive throughout Europe and into Asia. Only
four of 12 species are attractive for the shade
garden (Armitage, 1989; Lovejoy, 1993). The
garden species and cultivars are of European
origin and are generally herbaceous, although
some are evergreen or nearly so where winters
are mild. Some have been valued as garden
plants for hundreds of years, but only recently
have become of interest in North America.
The primary ornamental value of some lung-
worts is their long-lived, long-stemmed, col-
orful flowers and silver-spotted foliage. Flow-
ers often open pink and turn blue before drop-
ping.

Pulmonariais propagated most commonly
by seed or division (Armitage, 1989; Lovejoy,
1993). Seed is sown primarily to select new
cultivars, which are maintained by division
every 3 to 4 years. Plants are shipped as bare-
root stock, but do not store well (R. Klehm,
Klehm Nurseries, South Barrington, Il1., pers.
communication). The introduction of a new
crop involves development of techniques for
propagation, growing, and postharvest han-
dling. Based on the need to develop large
clonal populations and to improve postharvest
handling, the objective of this study was to
establish a rapid in vitro culture system to
substitute for conventional propagation and
handling methods.

Materials and Methods

Shoots of Pulmonaria X ‘Roy Davidson’
and Pulmonaria saccharata Mill. ‘Margery
Fish’ were excised from plants actively grow-
ing in the greenhouse during Dec. 1994. The
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outer leaves were peeled from expanding shoot
tips and discarded down to a leaf length of =5
mm. Shoot tips were stirred for 15 min in 5%
Clorox (Clorox Co., Oakland, Calif.) with 1
drop/100 mL Tween 20 and rinsed three times
in sterile water. The distal 2 to 3 mm of each
shoot was discarded to eliminate tissue dam-
aged during disinfestation.

Basal culture medium consisted of Mu-
rashige and Skoog (MS) salts (Murashige and
Skoog, 1962) supplemented with 0.56 mm
myo-inositol, 1.2 uM thiamine HCI, and 88
mM sucrose (basal medium). The medium was
adjusted to pH 5.7 prior to autoclaving and
was gelled with 7 g-L-! Difco Bacto agar. GA-
7 containers with 75 mL of medium were
autoclaved for 20 min at 120 °C and 104 kPa.

Cultures were maintained in a growth cham-
ber at 25 °C under cool-white fluorescent light
(30 pmol-s'-m2) from 0800 to 2400 uR and in
darkness from 2400 to 0800 ur.

Aseptic cultures were established as clonal
proliferating shoot populations after five sub-
cultures at 4-week intervals on basal medium

with 4.4 uM N°-benzyladenine (BA). After 20
weeks of subculture, proliferating shoots were
divided into single shoots and subcultured on
basal medium supplemented with 0, 0.4, 0.8,
4.4,8.8,0or44.4uM BA. Shoots were placed in
an upright position on the medium surface
with the basal 5 to 6 mm inserted into the
medium and subcultured on fresh medium of
the same composition after 4 weeks. At the
end of the first and second 4-week culture
periods, numbers of shoots and roots per cul-
tured shoot were recorded. A shoot was counted
only after it had developed a whorl of at least
three to four leaves >10 mm long and assumed
the morphology of an organized shoot; counts
were made on 2 and 30 May 1995 for ‘Roy
Davidson’ and 12 Apr. and 10 May 1996 for P.
saccharata ‘Margery Fish’. Additionally, shoot
androotcounts for ‘Roy Davidson’ were made
on 16 Apr. and 14 May 1996. Between the
1995 and 1996 data collecting periods, prolif-
erating shoots of ‘Roy Davidson’ were main-
tained on MS medium with 4.4 uM BA and
subcultured at 4-week intervals.

Five replications were used per treatment
with four samples per replication. A replica-
tion consisted of a GA-7 container and a sample
consisted of one shoot. All experimental treat-
ments were arranged in completely random
designs, and data were analyzed using the
General Linear Models Procedure (SAS Insti-
tute, Cary, N.C.).

Results and Discussion

The year X subculture X BA interaction for
‘Roy Davidson’ (Table 1) and the subculture X
BA interaction for ‘Margery Fish’ (Table 2)
were significant for both shoot and root counts.
For ‘Roy Davidson’, shoot counts remained
low at BA concentrations <4.4 uMm, then in-
creased; the highest concentration (44.4 uM)
was less effective than lower concentrations in
some cases (Fig. 1A). Response in year 2 was

Table 1. Analysis of variance for effects of year, subculture and BA concentration on shoot and root counts

of Pulmonaria ‘Roy Davidson’ in vitro.

Mean square
Source of variation df Shoot count Root count
Year (Y)* 1 114.18™ 108.327*
Subculture (S)” 1 6.50 741
BA 5 511.98" 82.11"™
Y xS 1 41.91™ 1.61
Y XxBA 5 39.38"" 36.88""
S xBA 5 4.64* 5.27
Y xS xBA 5 75.07"" 1687
Error 297 441 2.50

21995 and 1996.

YSubcultured on 2 May and 30 May 1995, and on 6 Apr. and 14 May 1996.

o

" "*Nonsignificant and significant at P < 0.001.

Table 2. Analysis of variance for effects of subculture and BA concentration on shoot and root counts of

Pulmonaria saccharata ‘Margery Fish’ in vitro.

Mean square

Source of variation df Shoot count Root count
Subculture (S)* 1 159.87™ 129.27"
BA 5 241.00"" 300.14™
SxBA 5 41.66™ 43.62"
Error 221 2.85 2.5
“Subcultured on 12 Apr. and 10 May 1996.
**Significant at P < 0.001.
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generally higher than in year 1. Shoot counts
for ‘Margery Fish’ increased as BA concen-
tration increased from O through 8.8 uM BA,
then decreased at 44.4 uM BA (Fig. 2A). At
higher concentrations of BA, shoot counts
were greater in subculture 1 than in subculture
2. Shoot counts for both cultivars tended to be
highest at 8.8 uM BA.

Root counts for both cultivars decreased
steadily as BA concentration increased, and
no roots formed at 44.4 pM BA (Figs. 1B and
2B). Root counts were higher for ‘Roy David-
son’ in year 2 than in year 1 and for ‘Margery
Fish’ in subculture 2 than in subculture 1 (Fig.
2B). Overall, ‘Margery Fish’ tended to pro-
duce higher root counts than did ‘Roy David-
son’.

The inverse relationship between shoot
and root counts (Figs. 1 and 2) has been
observed with many other micropropagated
plants (George and Sherrington, 1984).
Pulmonarias rooted in vitro without addition
of exogenous auxin to the culture medium;
thus endogenous auxin concentration was suf-
ficient to support adventitious root formation
when cytokinin was omitted. Conversely, en-
dogenous cytokinin concentration of shoots
was apparently too low to overcome apical
dominance, resulting in low shoot prolifera-
tion. Thus, a supply of exogenous cytokinin
was required for shoot proliferation in vitro.

Subculture has increased or decreased shoot
count, decreased shoot size, or caused vitreous
shoot formation (George and Sherrington,
1984; Stimart, 1986). Also, rooting of
microcuttings can either be enhanced or re-
duced by subculture. In our study, shoot and
root counts increased following subculture
with no apparent change in size or quality.
Formation of roots and shoots is under hor-
monal control; thus the requirement for auxin
and cytokinin apparently changed with sub-
culture. Extended micropropagation of plants
often alters hormone requirements.

Leaf size obviously decreased as BA con-
centration increased, although no data were
collected. Leaves in cultures with 0 to 4.4 umM
BA were larger and more brittle than those in
cultures with higher concentrations of BA
(Fig. 3A). Explants were optimum size for
shoot handling when cultured on 8.8 uM BA
(Fig. 3B).

About 25 rooted plants of ‘Roy Davidson’
and ‘Margery Fish’ were grown in the green-
house for about 60 d. Plants grew rapidly and
appeared morphologically identical with con-
trol plants (data not presented).

This study demonstrates that BA can pro-
mote multiple shoot development of Pulmo-
naria in vitro; the optimum is 8.8 uM BA. At
this concentration, shoot count was high and
shoot size optimum for reducing breakage and
facilitating explant handling. Greatest rooting
occurred without BA. Micropropagation ap-
pears to be an appropriate method for rapid
increase of Pulmonaria.
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Fig. 1. (A) Shoot and (B) root counts per explant on Pulmonaria ‘Roy Davidson’ in vitro in response to year,

subculture and BA concentration. Vertical bars represent + SE.
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Fig. 2. Mean shoot and root counts per explant on Pulmonaria saccharata ‘Margery Fish’ in vitro as

influenced by subculture and BA concentration. Vertical bars represent + SE.
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Fig. 3. Axillary shoot proliferation of Pulmonaria ‘Roy Davidson’ on MS medium supplemented with (left) 4.4 uM or (right) 8.8 uM BA.
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