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Abstract Effect of growth retardants (paclobutrazol or an-
cymidol) was studied in Lilium plantlets growing in liquid
culture. A significant increase in leaf chlorophyll, epicutic-
ular wax, plant dry weight and bulb starch contents were
found in plantlets treated with growth retardants. A simi-
lar increase in the number of leaves, roots and bulbs was
also noted. However, total leaf area and the fresh weight
increased only marginally. These features resulted in ro-
bust plantlets that showed significantly improved ex vitro
survival. Based on these features, a comprehensive in-
dex (CI) was calculated as a measure of quality of the
plantlets, and it correlated well with their ex vitro sur-
vival. Treatment of plantlets with 3.4 µM paclobutrazol
was found to be the best and its carry over effects were also
minimal.
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Introduction

Lilies are among the top 10 commercial flowers of the
world owing to their large and charming blooms in at-
tractive colours and having excellent vase life. Their in
vitro culture has become an excellent tool for the rapid
propagation of new and desirable clones for commercial
marketing (Lim et al. 1998a). Bulblets produced in vitro,
have certain properties that make them ideal propagules.
These can be easily handled, transported, stored and are
pathogen free if cultures are initiated from pathogen-free
materials (Lian et al. 2003). Efforts to scale up their micro-
propagation using bioreactors and automation in order to
achieve commercial competitiveness, essentially requires
use of liquid medium (Aitken-Christie and Davies 1988;
Ziv 1991, 1992). Though growth and proliferation rates
are much higher in liquid medium, the plants suffer from
several drawbacks associated with liquid culture (Hazarika
2003; Seon et al. 2000). However, such problems have
been effectively controlled by use of growth retardants in
several plants such as Narcissus (Chen and Ziv 2001), cu-
cumber (Konstas and Kintzios 2003), chrysanthemum and
rose (Roberts et al. 1992).

Beneficial effects of triazole in maintaining water balance
in draught-stressed plants under in vivo conditions (Davies
et al. 1988) and also under in vitro conditions in chrysanthe-
mum (Smith et al. 1990) is well documented. Plant growth
retardants (especially inhibitors of gibberellin biosynthe-
sis) are known to reduce the shoot length by shortening
the internodes of plants without changing their develop-
mental patterns or being phytotoxic. Besides, they also re-
duce leaf size, enhance chlorophyll and cause thickening of
roots (Smith et al. 1990). They are also known to improve
stomatal regulation and reduction in the stomatal aperture
possibly due to a general reduction in cell expansion and
lowering the rate of cell division, caused by anti-gibberellin
activity. This along with epicuticular wax deposition, pre-
vents dehydration upon ex vitro transfer (Smith et al. 1990).
Treatments with paclobutrazol resulted in a shift in the par-
titioning of assimilates from the leaves to the storage organs
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and roots, increased carbohydrates in all parts of seedlings,
increased chlorophyll, soluble protein and mineral contents
in leaf tissues, increased root respiration, reduced cell-wall
polysaccharides and water loss (Hazarika 2003). The sig-
nificance of good bulb formation with high nutrient reserve
for ex vitro survival of Lilium plants has already been em-
phasized (Haruki et al. 1998) while, Wang et al. (1999) re-
ported that paclobutrazol-treated Lilium plantlets showed
better bulb formation, resulting in greater percentage of
survival ex vitro. Of the various growth retardants tried,
ANC and PBZ were found to be the best for cluster forma-
tion in liquid media and also enhance formation of storage
organ in many geophytes (Ziv 1990; Ilan et al. 1995). In the
present study, the role of ancymidol and paclobutrazol in
modulation of the various growth parameters was investi-
gated in order to facilitate liquid culture of Lilium plantlets
and make it more amenable to culture in bioreactor systems
in subsequent studies.

Materials and methods

The explants for experimental work were taken from the
aseptic cultures of Asiatic lilies (Lilium longiflorum var.
Pollyanna) grown in our laboratory. The cultures were
being maintained on MS (Murashige and Skoog 1962)
medium supplemented with BA (5 µM), IBA (10 µM),
NAA (2.7 µM), sucrose (3%, w/v) and agar (0.8%, w/v) for
solidification and pH adjusted to 5.8 prior to autoclaving.
Cultures were incubated at 25±2◦C under a photosynthetic
photon flux density (PPFD) of 70±5 µmol m−2 s−1 from
cool white fluorescent lamps. Day length was maintained
at 14 h in a 24 h light/dark cycle. The cultures were sub-
cultured every 4 weeks onto fresh medium. The explants
used in various experiments, comprised of a small clus-
ter consisting of one to three bulblets, and weighing about
1 g.

Media and growth regulators for experimentation

Liquid MS media with the following combinations of the
plant growth regulators were used:

C MS + NAA 0.54 µM (control)
B1 control + BA 2.22 µM
B2 control + BA 4.44 µM
B3 control + BA 11.1 µM
B4 control + BA 22.2 µM
P1 control + PBZ 1.7 µM
P2 control + PBZ 3.4 µM
P3 control + PBZ 8.5 µM
P4 control + PBZ 17 µM
A1 control + ANC 1.7 µM
A2 control + ANC 3.4 µM
A3 control + ANC 8.5 µM
A4 control + ANC 17 µM
BP1 control + BA 2.22 µM + PBZ 1.7 µM
BP2 control + BA 4.44 µM + PBZ 3.4 µM

BP3 control + BA 11.1 µM + PBZ 8.5 µM
BP4 control + BA 22.2 µM + PBZ 17 µM

Of these, ‘C’ was the control, and apart from that, four
experimental series ‘B’, ‘P’, ‘A’ and ‘BP’ were prepared
with different concentrations of BA, PBZ, ANC and BA
together with PBZ, respectively. Since some preliminary
studies indicated the superiority of PBZ treatment, its effect
was also studied in conjunction with BA. After inoculation,
the cultures were incubated under conditions as described
earlier. Data for leaf number, total leaf area, number of
roots, number and total volume of bulbs, and fresh weight
was recorded on days 0 and 40 and percent increase in each
of the parameters was calculated.

For making measurements of total leaf area in in vitro
plants, the length and breadth of the leaves were measured
aseptically, their area were calculated and summed up for
all the leaves on each of the explant cluster. However, for
making measurements of leaf area in harvested plants, leaf
area meter (CI-203 Area Meter, CID, Inc. USA) was used.
The diameter of the bulblets was measured and radius (r)
derived. Putting the value of r in the formula 4

3πr3, the
volume of the bulblets was calculated.

Fresh weight of the plant material was measured immedi-
ately after harvest and the dry weight was determined after
drying at 80◦C for 72 h in an electric oven till constant
weight was obtained.

For anatomical studies, middle one-third of the fully
opened leaves (third) were selected and free-hand trans-
verse sections were cut. These were viewed under a light
microscope and photographed with the help of Nikon dig-
ital camera DXM-1200 mounted on the microscope.

Chlorophyll estimations were done following method de-
scribed by Lichtenthaler (1987). Tissues (100 mg fresh
weight) of the samples were thoroughly crushed in mortar
and pestle and extracted with 10 ml of chilled 80% acetone
for 30 min in dark and centrifuged at 10,000 rpm for 5 min
at 4◦C. The absorbance of the supernatant was determined
spectrophotometrically at 645 and 663 nm.

For starch estimation, the sample (0.5 g fresh weight)
was homogenized in 10 ml of 80% hot ethanol to remove
sugars. The suspension was centrifuged at 10,000 rpm for
10 min at 4◦C. The residue, after repeated washing with
80% ethanol, was used for starch estimation (McRae 1971)
using Anthrone reagent. The intensity of the green colour
was read at 630 nm.

Wax content was estimated according to Barnes et al.
(1996) using modified procedure described by Pandey and
Nagar (2002).

Ex vitro transfer

The plantlets generated through various experiments in in
vitro were washed gently, their dead tissues removed, and
then transferred to moistened sand bed in a polytunnnel
having humidity (78±5%) and temperature 25±5◦C. Their
survival percentage was calculated after 40 days of
transfer.
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Table 1. Calculation of comprehensive index (CI) on the basis of absolute indices calculated for various growth parameters

PGRs (µM) TLA New rts Lf# Starch DW Chl FW Wax Blb # Blb size Mean

MS 9.3 3.9 8.9 2.9 4.7 6.9 9.0 5.3 6.8 8.2 6.6
BA 2.22 10.0 3.0 10.0 3.8 3.2 4.8 9.9 5.8 9.0 7.7 6.7
BA 4.44 9.0 2.5 9.5 3.3 4.3 5.4 9.1 6.6 8.7 7.3 6.6
BA 11.1 7.6 1.7 7.9 3.5 4.6 5.2 9.5 6.2 8.1 8.2 6.2
BA 22.2 7.0 0.7 7.8 2.8 4.1 4.3 9.9 6.8 6.3 9.2 5.9
PBZ 1.7 8.9 4.7 8.6 10.0 6.5 9.8 10.0 8.2 10.0 7.7 8.4
PBZ 3.4 8.0 9.0 8.0 9.7 7.6 10.0 8.2 8.7 7.2 9.4 8.6
PBZ 8.5 2.4 7.1 4.0 9.3 10.0 9.0 6.9 9.1 7.9 9.0 7.5
PBZ 17 1.3 6.1 3.4 10.0 8.7 7.0 5.8 9.7 7.4 8.3 6.8
ANC 1.7 4.9 6.6 6.3 7.7 6.8 9.2 8.0 8.5 7.8 8.8 7.5
ANC 3.4 5.3 10.0 6.5 8.8 6.4 8.1 8.3 8.5 7.5 9.4 7.9
ANC 8.5 4.4 6.8 6.1 8.8 9.1 6.1 7.2 10.0 7.4 9.3 7.5
ANC 17 3.1 5.0 4.9 9.5 9.1 6.3 6.0 9.1 8.3 9.1 7.0
BA 2.22 + PBZ 1.7 5.9 6.6 7.2 9.5 8.1 7.3 9.0 8.0 8.3 8.5 7.8
BA 4.44 + PBZ 3.4 4.2 2.9 4.7 4.5 7.8 8.2 6.6 7.1 6.9 9.0 6.2
BA 11.1 + PBZ 8.5 2.2 1.6 2.4 3.7 6.0 6.8 6.7 6.8 4.8 10.0 5.1
BA 22.2 + PBZ 17 −0.3 0.2 0.7 3.7 5.8 3.2 5.7 6.9 5.2 9.5 4.0

Blb#, number of bulblets. Blb size, size of bulblets. Chl, chlorophyll. DW, percentage of dry weight. FW, fresh weight. Lf#, number of
leaves. rts, roots. TLA, total leaf area.

Some of the plantlets from each of the treatments were
transferred to the nutrient medium with control composi-
tion. After 30 days of culture, their growth parameters, i.e.,
number of leaves, total leaf area, chlorophyll content, num-
ber of roots, number and size of bulbs, starch content of
bulbs and fresh weight of entire plants were determined to
observe the after effects of various treatments with any of
the growth retardants.

Statistical analysis

Differences in different growth parameters as influenced by
different treatments were analysed using one-way ANOVA
(analysis of variance) as per Gomez and Gomez (1984) and
differences among mean values were tested against critical
difference at P<0.05.

Calculation of comprehensive index (CI)

For each growth parameter, the treatment was identified
for its maximum value. All the values obtained in differ-
ent treatments were divided by this value and multiplied
by 10 to obtain indices on a scale of 10. Further, for each
treatment, the mean of these index values for all the growth
parameters, was calculated. These were the comprehensive
indices (CI) for the treatments, as they were based on all the
growth parameters (Table 1). Later, these indices for all the
treatments were compared to growth and survival of the
respective plantlets upon ex vitro transfer. Coefficient of
correlation was calculated between the comprehensive in-
dex (CI) and survival percentage, and analysed statistically.
All the treatments were arranged in descending order of CI
to sort them in order of decreasing suitability for culture

of Lilium plantlets and hence, identify the most suitable
treatment.

Results

For both ANC and PBZ, best growth characteristics were
obtained at 1.7 and 3.4 µM, and the observations for the
various growth parameters of the plantlets and their ex vitro
survival after 40 days of culture are presented in Fig. 1.
Mean growth behaviour in response to various treatments
are shown in Plate 1.

Effect on average number of leaves per plant cluster

The percent increase in the number of leaves per plant
cluster was reduced slightly by application of growth re-
tardants at lower concentrations P1, P2, A1, A2, A3, BP1,
but decreased significantly with increase in their concen-
trations P3, P4, A4, BP2, BP3, BP4. Thus, usage of growth
retardants at low concentrations (1.7 and 3.4 µM) did not
cause any adverse effects on the leaf formation in in vitro
plants (Fig. 1A).

Effect on total leaf area per plantlet cluster

Percent increase in the TLA of the plantlets was signif-
icantly reduced by the application of growth retardants,
except for PBZ applied alone at low concentrations (P1
and P2). This indicated that whereas PBZ could be used at
low concentrations without having any adverse effect on
leaf growth, ANC adversely affected leaf growth at all the
concentrations (Fig. 1B).
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Fig. 1 Variation in various growth parameters in response to different growth regulator treatments. (Observations taken after 40 days of
treatment)
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Plate 1 Comparative growth
of plantlets under different
growth regulator treatments at
different concentrations, after
40 days. (A) Clockwise: C, B1,
B2, B3, B4. (B) Clockwise: C,
A1, A2, A3, A4. (C) Clockwise:
C, P1, P2, P3, P4. (D) Clockwise:
C, BP1, BP2, BP3, BP4

Effect on total number of roots per bulb

Treatment of plantlets with growth retardants significantly
promoted the number of roots per bulblet. Roots showed
prolific growth and remained normal at low concentrations
of growth retardants (P1, P2, A1 and A2), but these turned
stout and swollen at higher doses (P3, P4, A3 and A4)
(Fig. 1C; Plate 1).

Effect on average number of bulblets per plantlet
cluster

Growth retardants as well as BAP, had a similar effect on
factorial increase in the average number of bulblets. Both
promoted it at low concentrations, when applied separately.
This indicated that use of growth retardants alone at low
concentrations (1.7 and 3.4 µM) was sufficient to induce
proliferation (Fig. 1D).

Effect on total bulb volume

A significant increase in TBV was observed in the presence
of growth retardants at concentrations of 1.7, 3.4, 8.5 µM.
Unlike the effect of plant growth regulators on TLA and
Rt#, a significant increase in TBV was observed even in the
presence of BA along with PBZ, the highest being 366%
for BP1 (BA 2.22 µM + PBZ 1.7 µM) (Fig. 1E).

Effect on starch content in bulblets

The presence of growth retardants significantly promoted
starch content of the bulbs except at higher concentrations

especially in the simultaneous presence of BA (BP2, BP3,
BP4). This was also evident by their swollen and nodu-
lar appearance (Plate 2D and E). Starch accumulation was
comparable for both the growth retardants presently em-
ployed and for all the concentrations tested, without much
variation (Fig. 1F).

Effect on increase in total fresh weight

No significant difference in increase of fresh weight was
observed in the presence of growth retardants at low con-
centrations (P1, P2, A1, A2 and BP1) as compared to con-
trol. However, there was a proportionate decrease in fresh
weight with increase in their concentrations (P3, P4, A3,
A4, BP2, BP3 and BP4) (Fig. 1G).

Effect on ratio of dry weight to fresh weight

The percentage dry weight content in the plantlets enhanced
significantly in response to treatment with growth retar-
dants as compared to those on control medium or the ones
grown on BA-supplemented media. Moreover, it increased
with increase in concentration of the growth retardants.
However, when PBZ was used in combination with BA,
it showed a steady decline with increasing concentrations
(Fig. 1H). This implied that use of growth retardants alone
was sufficient for increasing the dry weight percentage of
the Lilium plantlets.

Effect on chlorophyll content

The total chlorophyll content of leaves showed a significant
increase when plantlets were cultured in the presence of
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Plate 2 (A) Plantlets growing in B2 medium after 15 days. (B) Plantlets growing in P2 medium after 15 days. (C) Plantlets after 40 days
culture on B2 medium. (D) Plantlets after 40 days culture on P2 medium. (E) Plantlets after 40 days culture on P4 medium

growth retardants especially at lower concentrations. Pres-
ence of BA along with PBZ did not change this effect sig-
nificantly, except for the highest concentration tested (BP4).
Treatment with BA alone resulted in poor development of
chlorophyll, as compared to control (Fig. 1I). Hence, appli-

Fig. 2 Comparison of the survival percentage upon 40 days
of ex vitro transfer and the calculated comprehensive index, for
plantlets raised with various growth regulator treatments at different
concentrations

cation of both PBZ or ANC at 1.7 or 3.4 µM was suitable
for generation of plants with higher chlorophyll content in
their leaves, which is important for attaining autotrophy on
ex vitro transfer.

Effect on cuticular wax content

The total cuticular wax content of the leaves increased
significantly with all the treatments as compared to control.
However, with the application of both the growth retardants,
the contents were higher than those treated with BA alone.
Among various treatments, P4 and A3 had the maximum
epicuticular wax contents (Fig. 1J).

Effect on ex vitro survival of plantlets

On 40 days of ex vitro transfer, the plants treated with
growth retardants in the preceding media (especially P1,
P2, P3, A1, A2, A3, BP1, BP2), exhibited better survival
and better growth. Maximum survival percentage (100%)
was observed for plantlets raised on medium with 3.4 µM
PBZ (P2) alone and was found to be the best for generation
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Plate 3 Anatomical details of leaves obtained from plantlets cul-
tured on different media. (A) MS + NAA 0.54 µM + BA 2.22 µM.
(B) MS + NAA 0.54 µM + PBZ 3.4 µM. (C) MS + NAA
0.54 µM + ANC 3.4 µM. (D) MS + NAA 0.54 µM + BA
11.1 µM + PBZ 8.5 µM. Deformities were observed only in si-
multaneous presence of BA and PBZ at higher concentrations (D).
(Bar: 500 µm)

of quality plantlets showing better adaptation and highest
survival on ex vitro transfer (Fig. 2).

Comprehensive index (CI) in relation to survival
of plants ex vitro

Indices normalized to a scale of 10, for each growth param-
eter in all the treatments, and calculation of the comprehen-

sive growth index (CI) for all the treatments are summarized
in Table 1. The CIs for all the treatments showed a strong
correlation of 0.89 with the respective actual survival of the
plantlets upon ex vitro transfer (Fig. 2) and this was signifi-
cant at P≤1%. Based on it, reasonably accurate predictions
for ex vitro survival of plantlets could be made.

Also based on the CI and the actual survival percentage
upon ex vitro transfer, 3.4 µM PBZ (P2) treatment was
found to be the best for generating robust Lilium plantlets.

Anatomical studies

There were no significant differences between the anatom-
ical characteristics of leaves of plantlets treated with BA,
PBZ or ANC alone (Plate 3A–C). However, deformities
were observed in leaves from plantlets cultured in the pres-
ence of higher PBZ (8.5 µM) along with BA (11.1 µM)
(BP3) (Plate 3D).

In vitro performance of growth–retardant treated
plantlets upon transfer to growth–retardant-free
medium

Prior treatment with growth retardants P1, P2, P3, P4, A1,
A2 resulted in production of plantlets with numerous leaves
(Fig. 3A) but less leaf area (Fig. 3B). Most remarkable was
the pattern of total chlorophyll content in leaves, which
was higher in all the plantlets treated prior with growth
retardants at all the concentrations (Fig. 3B). The number
of new roots per cluster increased proportionally with the
concentrations of the growth retardant in the treatment in
the preceding culture media upto 8.5 µM (P1, P2, P3, A1,
A2 and A3), but showed a decrease at 17 µM (P4 and A4)
(Fig. 3C). Differences in percent increase in fresh weight,
factorial increase in number of bulblets and TBV, though
not clearly distinct, showed a marginal increase for various
growth retardant concentrations (Fig. 3D and F). Though
plantlets from medium with BA exhibited a comparable
increase in TBV, their bulbs were less nodular as compared
to the ones earlier raised on medium supplemented with
growth retardants. The increase was more due to swelling
of the leaf bases with water than because of dry matter
accumulation. This was confirmed by the analysis of starch
content in the bulbs, which showed a remarkable increase
with an increase in the growth retardant concentrations in
the preceding culture media (Fig. 3F).

Discussions

In the present study, the development of a protocol incor-
porating growth retardants (ANC and PBZ) for efficient
micropropagation of Lilium plantlets, optimised for liquid
system has been achieved, which is, amenable to a biore-
actor system (studies to be reported later).

Application of ANC or PBZ at 1.7 or 3.4 µM facilitated
development of plantlets with higher bulb-to-leaf ratio.
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Fig. 3 Variation in various growth parameters in response to differ-
ent growth regulator treatments in the preceding culture. (Observa-
tions taken after 30 days of transfer to growth retardant free medium.)
(A) Increase in leaf number (%); (B) Factorial increase in leaf area;

(C) Average number of roots per cluster; (D) Factorial increase in
fresh weight; (E) Factorial increase in number of bulbs; (F) Factorial
increase in bulb size

Treated plantlets had larger nodular bulbs with higher
starch content and also reduced size leaves as compared
to the untreated as well as BA-treated plantlets (Fig. 1B,
E and F). However, their rate of proliferation remained
unaffected as compared to that of plantlets treated with BA
(Fig. 1D). This is in accordance with some other studies
like in Philodendron (Ziv and Ariel 1991), Gladiolus (Ziv
1989; Steinitz and Lilien Kipnis 1989) and Nerine (Ziv

1992), where similar role of ANC and PBZ has been
described for promotion of profuse shoot proliferation in
the form of clusters in liquid system. Better acclimatization
ability of plantlets treated with growth retardants was
suggested to be due to larger bulb size, which enhanced
chances of leaf emergence after transplantation (Lian
et al. 2003). Further, reduction in shoot growth was also
reported in response to PBZ treatment in apple (Quinlan
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and Richardson 1984; Steffens et al. 1985). Interestingly,
Lim et al. (1998b) in their study found that most of the
growth retardants did not have any favourable impact on
bulb development in four cultivars of lilies, except with
B9 (daminozide) at higher concentrations. However, in the
present study, bulb formation was significantly promoted
by both the growth retardants, PBZ or ANC even at lower
concentrations (1.7 and 3.4 µM) (Plate 1B–D).

Both PBZ and ANC at optimum concentrations (1.7 and
3.4 µM) also stimulated formation of numerous normal
roots without the application of any other growth regula-
tor, and at higher concentrations (8.5 and 17 µM), an un-
usual thickening of roots was observed (data not shown).
The contents of dry weight, chlorophyll and epicuticular
wax also showed significant increase (Fig. 1H–J). All these
improved features conferred robustness to the plantlets,
ensuring their survival upon ex vitro transfer. Similarly,
Smith et al. (1990, 1992) in response to PBZ treatment in
chrysanthemum and grapevine, reported shortened stems,
thickened roots, increased chlorophyll concentration per
unit area of leaf, increased epicuticular wax, normal stom-
atal functioning and reduced stomatal apertures. It was sug-
gested that these features facilitated development of hardy
plants, which showed reduction in wilting after ex vitro
transfer. This also finds support from the studies of Ziv
(1992) and Ziv and Ariel (1991) in Philodendron.

The increase in chlorophyll content by PBZ treatment
could be explained on the basis of two facts: First, that
the leaves of both treated and untreated plants may contain
the same number of cells, but because the cells in treated
ones are generally smaller, the chlorophyll is more concen-
trated inside the reduced cell volume. Second, there is also
evidence (Dalziel and Lawrence 1984) that the amount of
chlorophyll is actually increased due to increase in phytyl
(an essential part of chlorophyll molecule), which is syn-
thesized via the same terpenoid pathway as gibberellins.

The shortening of the plantlets and thickening of roots
in the present study in response to growth retardant treat-
ment could be explained on the basis that these compounds
block separate steps in the biosynthetic pathway of GAs,
which stimulate cell elongation. Once GA production is
inhibited, cell division still occurs, but the new cells do not
elongate. It is also possible that the activity of meristem-
atic areas is influenced and the subapical meristems which
are responsible for elongation get affected. Based on histo-
logical evidences in soybean and maize seedlings, Nitsche
et al. (1985) reported that at low concentration of growth
retardants, shortening of stem is primarily due to an inhi-
bition of cell elongation, whereas, at higher concentration,
the stunting of shoot sections is increasingly attributable to
a reduction in cell division.

The comprehensive index (CI) based on the measure-
ments of all the growth parameters, correlated well with
the actual ex vitro survival data and served as a reasonably
accurate indicator of ex vitro survivability of the plantlets
(Fig. 2).

Ziv and Ariel (1991) reported that use of growth re-
tardants has a carryover effect on the bud clusters in the
second subculture cycle in growth–retardant-free medium,

resulting in prevention of shoot elongation. This necessi-
tates an additional culture period on medium free of growth
retardants, thereby increasing the cost and labour associ-
ated with plant production (Lorenzo et al. 1998; Ziv and
Shemesh 1996). Upon transfer of growth–retardant-treated
plantlets to growth–retardant-free medium, the after-effects
were not evident for optimal growth retardant concentra-
tions (1.7 and 3.4 µM), but for higher concentrations (8.5
and 17 µM), increases in number of roots per cluster,
number of bulbs, TBV and starch content were noticed.
Chlorophyll content was, however, higher in the plantlets
precultured on medium with growth retardants at all the
concentrations tested (Fig. 3B). It could be inferred that,
although the carry-over effects of treatment with growth re-
tardants in the preceding cultures were present, these were
only beneficial for improvement in quality of plantlets as
compared to the ones cultured earlier on medium with or
without BA.

Hence, treatment of plantlets with PBZ at 3.4 µM was
found to be the most suitable for maintaining proliferating
cultures in liquid medium, as well as for generating robust
plantlets capable of successful ex vitro transfer. This work
comprises an important step towards promotion of culture
of Lilium plantlets in bioreactor.
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