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Abstract. Shoot, root, and callus induction were examined in the North American lily
Lilium michiganense in response to treatment with four auxin-type plant growth
regulators (PGR). Seed from controlled crosses were aseptically excised from slightly
immature capsules and cultured in vitro on Murashige and Skoog basal medium and
vitamins with 30 g�L–1 sucrose, 7.0 g�L–1 agar, and a pH = 5.7. Seed were maintained at 20 8C
with a 14-h photoperiod. After 5.0 to 5.5 months, leaves and roots were removed from
seedlings, the bulbs transversely sectioned, then the bulb sections cultured cut-surface
down on the identical medium supplemented with 0.0, 1.0, 2.0, 4.0, or 8.0 mM dicamba,
picloram, K-NAA, or 2,4-D. Morphogenetic response was tabulated 4 months after
treatment. Shoot formation was promoted by treatment with dicamba, picloram, and
K-NAA in comparison with the control (2.5 shoots/explant). Shoot formation varied
significantly in response to individual dicamba, picloram, and 2,4-D concentrations. A
maximum of 7.9 shoots per explant was promoted by 4.0 mM K-NAA and 1.0 mM dicamba,
respectively. Root and callus formation also varied significantly between PGR treat-
ments. Root formation was inhibited by dicamba, picloram, and 2,4-D treatments in
comparison with the control (100% rooting); callus formation was promoted by
dicamba, picloram, and K-NAA treatments in comparison with the control (15%
callusing).

The Michigan lily, Lilium michiganense
Farw., is indigenous to North America.
Although distributed over a broad geograph-
ical area east of the Mississippi River, the
species is in decline as a result of habitat
destruction, human removal, and deer pre-
dation. It is listed as threatened in Tennessee
and endangered in New York. Lilium mich-
iganense is most closely related to Lilium
canadense L., which also occurs broadly over
eastern North America yet is also in decline
as a result of the same pressures. Lilium
canadense is listed as rare in Indiana, vul-
nerable in New York, and threatened in
Rhode Island and Tennessee. The close rela-
tionship of these two taxa is supported by
natural interspecific hybrids reported from
Ohio and New York (Adams and Dress, 1982).

Lilium michiganense is quite attractive
with its whorled foliage and orange turkscap
flowers gracefully arranged in a loose inflo-
rescence atop stems to 2.0 m. However, it
is rarely cultivated as a result of its more
exacting cultural requirements, propagation
difficulties, and slow growth to maturity
from seed in comparison with more com-
monly cultivated lilies. Although it has been

artificially hybridized with L. canadense, L.
michauxii (McRae, 1998), and perhaps a few
other taxa, no selected forms or hybrids from
this species seem to currently be in cultiva-
tion. The senior author (JRA) is using this
species along with other North American lily
taxa to develop selections or hybrids more
amenable to garden cultivation. Some of the
research tools being used in this germplasm
improvement program include embryo/ovule
rescue from wide interspecific crosses, poly-
ploid induction, and in vitro propagation.
These studies depend on effective tissue
culture protocols. There appears to be only
one previously published report on the tissue
culture of this taxon (Mori et al., 2005).
Therefore, shoot, root, and callus induction
were examined in L. michiganense in
response to treatment with four auxin-type
plant growth regulators (PGRs) in anticipa-
tion of developing further tissue culture
protocols with this and its closely related
taxa.

Materials and Methods

Lilium michiganense plants from a single
plant population of local provenance but
being grown under cultivation were cross-
pollinated under controlled conditions to
exclude natural pollinators. Slightly imma-
ture, nondehisced fruit were removed 69 d
after pollination. Fruit were surface-dis-
infested for 1 min in 70% ethanol followed
by 15 min in a 50% sodium hypochlorite
solution containing three drops of surfactant

Tween 80 per 500 mL of solution and then
rinsed in sterile water for 10 min. Seed were
aseptically excised and cultured in vitro on
Murashige and Skoog (Murashige and
Skoog, 1962) basal medium and vitamins
with 30 g�L–1 sucrose, 7.0 g�L–1 agar, and a
pH = 5.7. Seed and all subsequent cultures
were maintained at 20 �C in the light with a
14-h photoperiod and 30 mmol�m–2�s–1 [mea-
sured with a LI-190SA Quantum Sensor (LI-
COR, Lincoln, NE)] provided by two 40-W
cool white fluorescent lamps. After 5 months,
leaves and roots were removed from seed-
lings, the remaining bulbs (each �4 mm tall)
transversely sectioned, then the bulb sections
cultured cut-surface down on the identical
medium supplemented with 0.0, 1.0, 2.0, 4.0,
or 8.0 mM dicamba, picloram, K-NAA, or
2,4-D. The PGRs and concentrations were
selected based on previous reports of their
use for other Lilium taxa (Famelaer et al.,
1996; Haensch, 1996; Okazaki and Koizumi,
1995; Pelkonen and Kauppi, 1999; Tribulato
et al., 1997). PGRs were added to medium
before autoclaving, except dicamba, which
was dissolved in 50% ethanol and added after
medium autoclaving. Media for all cultures
were autoclaved at 121 �C for 15 min, then
poured into presterilized, disposable 100 mm
· 15-mm petri dishes, �25 mL of medium
per dish. Approximately 25 seed were sown
in each petri dish for the seed germination
stage. Two sectioned bulbs for a total of four
explants were placed in each petri dish for the
growth regulator study.

Experimental design and statistical
analysis. For each experiment, 16 explants
(one-half of a transversely sectioned bulb
each) were randomly assigned to each PGR
treatment. The experiment was conducted
three times for a total of 48 explants per
treatment. Morphogenetic response (number
of shoots produced per explant, percent of
explants forming roots, and percent of
explants forming callus) was tabulated 4
months after placement of explants on media.
Data were subjected to analysis of variance
and polynomial regression (linear and qua-
dratic level). Rooting percentages were trans-
formed using arcsine before statistical
analysis (nontransformed data presented in
Table 3). All pairwise comparisons of mean
values were analyzed using the Tukey-
Kramer test. Data were analyzed using CoS-
tat statistical software (CoHort Software,
Berkeley, CA).

Results and Discussion

Shoot production was promoted overall
by treatment with dicamba, picloram, and
K-NAA (Table 1) in comparison with the
control (2.5 shoots/explant). Shoot produc-
tion varied significantly among the PGRs and
also among the different concentrations
within the PGRs dicamba, picloram, and
2,4-D. A maximum of 7.9 shoots per explant
was promoted by 4.0 mM K-NAA and 1.0 mM

dicamba, respectively. Callus and root pro-
duction also varied significantly among PGR
treatments. Callus production (Table 2) was
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promoted overall by dicamba, picloram, and
K-NAA treatments in comparison with the
control (15% callusing). Although overall
2,4-D treatment did not have a significant
effect on callus production, a significant
difference within the 2,4-D treatments indi-
cates individual 2,4-D concentrations may
have an effect on callus production. Root
production (Table 3) was inhibited overall by
dicamba, picloram, and 2,4-D treatments in
comparison with the control (100% rooting),
whereas NAA overall did not inhibit root
production. There were no significant differ-
ences in root production between concentra-
tions tested within each PGR. The most
morphogenetically responsive explants
exhibited axillary/adventitious shoots, callus
masses, and adventitious roots in complex
clumps (Fig. 1).

Visual inspection of the cultures indicated
that shoot induction occurred principally as
axillary or adventitious shoots arising
directly on the bulb explants and not as shoots
arising from callus. Lilium bulbs naturally
divide to form new bulbs. Removal of indi-
vidual bulb scales can induce adventitious
bulblet formation without the need for any
PGR treatment, a process known as scaling
that is commonly used to propagate lilies
(McRae, 1998). Thus, it is not surprising that
the sectioned bulbs used as explants in this
study also produced shoots on the control
medium (no PGR treatment) an average of
2.5 shoots/explant. What is interesting is that
three of the four PGRs tested (dicamba,
picloram K-IBA) stimulated significantly
higher shoot production rates than for the
control (Table 1). Typically, in vitro propa-

gation systems use either a combination of
cytokinins and auxins (in proportional con-
centrations or ratios favoring the former) or
cytokinins alone to induce shoot prolifera-
tion. Similar results have been reported in
lilies as well. Maesato et al. (1994) reported
4.92 mM 2iP + 0.54 mM NAA was effective in
stimulating bulblet formation from bulb scale
explants of Lilium japonicum. Dabrowski
et al. (1992) reported maximum regeneration
from bulb scales of Lilium ‘Sonnentiger’
occurred in response to 1.48 mM 2iP + 0.54
mM NAA. However, auxins alone have also
been reported to be effective for inducing
shoot formation such as in Lilium longiflorum
(Nhut et al., 2001; Stimart and Ascher, 1978)
in response to NAA treatments. The former
authors hypothesized this may be the result of
naturally high endogenous concentrations of
cytokinins in L. longiflorum tissues. NAA
appears to be the auxin-type PGR of choice to
use alone or in combination with cytokinins
for shoot induction in lilies, a finding this
study also supports. Although auxin-type
PGRs alone stimulated shoot production in
this study, further research is suggested to
compare the effect of cytokinins plus auxins
with auxins alone on shoot induction in L.
michiganense.

Callus production can be of interest in a
crop improvement program as a propagation
tool through organogenic and somatic
embryogenic induction. Inductive callus
lines are also useful for genetic manipulation
practices such as transformation, protoplast
isolation and fusion, and polyploid induction.
Callus induction and subsequent plant regen-
eration has been reported for a wide array of
lilies in response to various auxin-type PGRs
and concentrations (Kim et al., 2003; Mori
et al., 2005; Okazaki and Koizumi, 1995;
Pelkonen and Kauppi, 1999; Tribulato et al.,
1997). Only one other study has examined
callus induction in L. michiganense or in its
closely related taxon, L. canadense. No callus
was induced from either of these taxa in
response to the one PGR tested, 4.1 mM

picloram (Mori et al., 2005). In contrast, our
study resulted in 79% callus induction of L.
michiganense in response to 4.0 mM picloram
(Table 2). These differences are likely
explained by explant differences between
the two studies. We used actively growing
bulb explants, whereas the study by Mori
et al. (2005) used nongerminated seed. Lilium
michiganense seed exhibits a delayed hypo-
geal germination response, requiring alter-
nating 2-month periods of warm and cool
moist treatment for germination. The L.
michiganense seed used by Mori et al.
(2005) was probably dormant given their
culture conditions and thus likely nonrespon-
sive to PGR callus induction treatment. Our
study is, therefore, the first to indicate that
L. michiganense seedling explants can pro-
duce callus in response to a variety of auxin-
type PGRs and concentrations. Presumptive
embryo-like bodies were observed on callus
produced by several of the PGRs used in this
study; however, none of these developed
further on transfer to PGR-free medium for

Table 2. Callus production from Lilium michiganense explants in response to 4-month treatment in vitro
with the PGRs dicamba, picloram, K-NAA, or 2,4-D.

PGR (mM)

Percent of explants producing callusz

Control Dicamba Picloram K-NAA 2,4-D

0.0 19 cdy

1.0 96 a 94 a 88 ab 77 abc
2.0 94 a 85 ab 94 ab 38 abcd
4.0 92 ab 79 ab 98 a 25 bcd
8.0 91 ab 75 abc 98 a 6 d

Overall source of variation df F value
All treatments 16 6.2**
Contrast control versus NAA 1 30.2**
Contrast control versus picloram 1 24.7**
Contrast control versus dicamba 1 28.8**
Contrast control versus 2,4-D 1 1.6 NS

Contrast PGRs 3 20.2**
Error 34

Regression analysis within PGRs
Linear NS NS NS **
Quadratic NS NS NS NS

zExplants producing callus clumps greater than 3 mm in diameter.
yMeans followed by a common letter are not significantly different at P # 0.05 according to the Tukey-
Kramer range test.
NS, *, **Nonsignificant or significant at P # 0.05 or 0.01, respectively. Proportional data were transformed
with arcsine before regression analysis. Nontransformed data presented.
PGRs, Plant growth regulators.

Table 1. Shoot proliferation from Lilium michiganense explants in response to 4-month treatment in vitro
with the PGRs dicamba, picloram, K-NAA, or 2,4-D.

PGR (mM)

Number of shoots per explant

Control Dicamba Picloram K-NAA 2,4-D
0.0 2.5 defz

1.0 7.9 a 5.6 bc 7.0 ab 2.7 def
2.0 5.8 bc 4.3 cd 7.3 ab 2.3 ef
4.0 3.2 de 3.0 def 7.9 a 1.4 ef
8.0 1.2 f 1.6 ef 6.9 ab 1.3 ef

Overall source of variation df F value
All treatments 16 42.1**
Contrast control versus NAA 1 123.6**
Contrast control versus picloram 1 6.7*
Contrast control versus dicamba 1 23.7**
Contrast control versus 2,4-D 1 1.7 NS

Contrast PGRs 3 136.7**
Error 792

Regression analysis within PGRs
Linear ** ** NS **
Quadratic NS NS NS NS

zMeans followed by a common letter are not significantly different at P # 0.05 according to the Tukey-
Kramer range test.
NS, *, **Nonsignificant or significant at P # 0.05 or 0.01, respectively.
PGRs, Plant growth regulators.
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an additional 3 months of culture (data not
reported). It is possible that either the callus
was noninductive or culture conditions were
not optimized for shoot or embryo induction.
For example, Okazaki and Koizumi (1995)
reported shoot induction from callus was
stimulated for Lilium ·formolongi by either
6 months culture on PGR-free medium or a
reduction of sucrose concentration from
3% to 1%. Conversely, Mori et al. (2005)
reported shoot induction from callus for a
broad range of lilies was stimulated by only 2
months culture on PGR-free medium. Further
research is, therefore, suggested to elucidate
a protocol for in vitro callus induction and sub-
sequent shoot formation for L. michiganense.

Although our study indicated L. michiga-
nense explants are capable of producing roots
in the presence of various auxin-type PGRs
and at various concentrations (Table 3), only
treatment with K-NAA resulted in as great a
percentage root induction as on PGR-free
medium (100% induction). Many of the roots

formed in vitro appeared to arise from either
the original explants or from the generated
bulbs. Callus production for many of the
cultures precluded a definitive determination
of the exact source of the generated roots
(e.g., from initial explants, regenerated bulbs,
or callus). In vitro rooting of nonrooted,
intact regenerated shoots free of callus was
not examined as part of this study. However,
40 of the original seedlings used as explant
sources were maintained in culture for the
duration of this study. All 40 shoots produced
roots on PGR-free medium and were suc-
cessfully outplanted to the greenhouse (data
not reported), indicating a good likelihood of
being able to root this taxon in vitro. For this
taxon, treatment either with NAA or culture
on a PGR-free medium would be recommen-
ded for in vitro rooting. These results support
the literature that indicates a broad diversity
of Lilium taxa root readily in vitro on PGR-
free media (Kim et al., 2003; Mori et al.,
2005; Pelkonen and Kauppi, 1999; Tribulato
et al., 1997) or on media supplemented with
0.54 mM NAA (Chang et al., 2000; Dabrowski
et al., 1992). Only one study, with the species
Lilium nepalense, reported a marked
improvement of rooting in vitro with either
IAA or IBA treatment compared with PGR-
free (on half-strength Murashige and Skoog
medium); both 1 mM IAA and 1 mM IBA
resulted in 100% rooting, whereas the PGR-
free medium resulted in 31% rooting.

In conclusion, a variety of auxin-type
PGRs and concentrations may be used to
stimulate shoot, root, and callus production in
the North American native lily, Lilium mich-
iganense. Specific type and concentration of
PGR selected will depend on the desired
morphogenetic response. Shoot proliferation
in vitro can be used to propagate superior
genotypes for cultivation or to preserve rare

genotypes. Rooting in vitro can facilitate the
transfer of in vitro-derived shoots to green-
house- or field-growing conditions. Finally,
callus induction can be used for propagation
or genetic manipulation studies such as in
vitro polyploid induction. The results of this
study are being used by the senior author for
the propagation and polyploid induction of
this and related taxa.
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Table 3. Root production from Lilium michiganense explants in response to 4-month treatment in vitro
with the PGRs dicamba, picloram, K-NAA, or 2,4-D.

PGR (mM)

Percent of explants producing roots

Control Dicamba Picloram K-NAA 2,4-D
0.0 100 az

1.0 33 de 42 cde 98 ab 88 abcd
2.0 23 e 48 bcde 96 abc 96 abc
4.0 51 bcde 68 abcde 98 ab 81 abcd
8.0 52 bcde 51 bcde 100 a 86 abcd

Overall source of variation df F value
All treatments 16 7.3**
Contrast control versus NAA 1 0.3 NS

Contrast control versus picloram 1 24.0**
Contrast control versus dicamba 1 34.9**
Contrast control versus 2,4-D 1 4.2*
Contrast PGRs 3 30.9**

Error 34

Regression analysis within PGRs
Linear NS NS NS NS

Quadratic NS NS NS NS

zMeans followed by a common letter are not significantly different at P # 0.05 according to the Tukey-
Kramer range test.
NS, *, **Nonsignificant or significant at P # 0.05 or 0.01, respectively. Proportional data were transformed
with arcsine before regression analysis. Nontransformed data presented.
PGRs, Plant growth regulators.

Fig. 1. Root (R), adventitious shoot (A), and callus
(C) formation in vitro from a transversely
sectioned Lilium michiganense seedling bulb
explant (E) after 4 months culture on Mura-
shige and Skoog medium supplemented with
2 mM K-NAA.
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