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Abstract

Hypocotyl, cotyledon and cotyledonary node explants of Calendula officinalis L were cultured on Murashige and Skoog
(MS) media supplemented with various concentrations of thidiazuron (TDZ), kinetin (KIN), a-naphthaleneacetic acid
(NAA) and indole-3-butyric acid (IBA) to induce adventitious shoot regeneration and micropropagation. The highest
frequency of adventitious shoot regeneration was achieved from hypocotyl and cotyledon explants on MS media
supplemented with 0.75 mg dm™ TDZ and either 0.25 or 0.50 mg dm™ IBA. Efficient in vitro clonal propagation was
also induced from cotyledonary nodes on a range of media supplemented with 0.75 mg dm™ TDZ and 0.05 mg dm
NAA or 2 mg dm™ KIN and 1 mg dm™ NAA. Regenerated shoots were excised and rooted in MS medium supplemented
with 1 mg dm™ NAA. The rooted plantlets were finally transferred to pots.
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Calendula (Calendula officinalis L.) is a native plant of
the Mediterranean region (Earle ef al. 1964) and is grown
widely across Europe and North America as an
ornamental and medicinal plant. This species is known to
have antiseptic and anti-inflammatory activities
(Boucard-Maitre et al. 1988). In vitro micropropagation
allows the production of pathogen-free uniform plants
and conservation of germplasm. Large amount of
secondary metabolites can also be produced from in vitro
cultures. In vitro shoot regeneration and micro-
propagation from Calendula has not been reported
previously. Here, we describe, for the first time, a rapid
and prolific adventitious shoot regeneration and in vitro
micropropagation system from various explants of
Calendula.

Seeds of Calendula officinalis L were obtained from
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the Department of Field Crops, Faculty of Agriculture,
University of Ankara, Turkey. Seeds were surface-
sterilized in 50 % commercial bleach (4xion) for 15 min
and washed 3 times in sterile distilled water. Surface
sterilized seeds were germinated in Petri dishes
containing Murashige and Skoog (1962; MS) medium
supplemented with 3 % sucrose and 0.7 % agar. For
adventitious shoot regeneration studies, hypocotyl
(0.5 cm) and half cotyledon explants were excised from
in vitro grown seedlings after 1 week of culture.
Cotyledon explants were cut across by discarding the
petiole and the lower 1 - 2 mm of cotyledon base and
divided into two equal parts. Edges of cotyledons were
also trimmed off. Cotyledonary nodes used in
micropropagation studies were excised from in vitro
developing seedlings after 10 d of culture. All explants

Abbreviations: IBA - indole-3- butyric acid; KIN - kinetin; MS - Murashige and Skoog medium; NAA - a-naphthalene-acetic acid;

TDZ - thidiazuron.
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were cultured in glass Petri dishes containing 35 cm’ of
MS regeneration medium containing 3 % sucrose, 0.8 %
agar and various concentrations of thidiazuron (TDZ),
kinetin (KIN), o-naphthaleneacetic acid (NAA) and
indole-3-butyric acid (IBA). The pH of medium was
adjusted to 5.7 with 1 M NaOH or 1 M HCI before
autoclaving at 121 °C, 1.4 kg cm? for 20 min. All
cultures were kept at 24 + 2 °C under cool white
fluorescent light (irradiance of 35 pmol m™ s™) with 16-h
photoperiod. Well developed shoots were transferred to
MS medium supplemented with 1 mg dm™ NAA in

Magenta vessels for rooting. The rooted shoots were then
transferred to compost in pots. Each treatment had
3 replicates containing 10 explants for adventitious shoot
regeneration and 5 explants for micropropagation
experiments. Significance was determined by analysis of
variance (ANOVA) and the differences between the means
were compared by Duncan’s multiple range test using a
MSTAT-C  computer program (Michigan  State
University). Data given in percentages were subjected to
arcsine (VX) transformation (Snedecor and Cochran
1967) before statistical analysis.

Table 1. Adventitious shoot regeneration from hypocotyl and cotyledon explants of Calendula officinalis on MS media containing
various concentrations of TDZ, KIN, NAA and IBA [mg dm™]. Values within a column followed by different letters are significantly

different at the 0.05 level.

TDZ KIN NAA IBA Explants producing shoots [%] Number of shoots [explant™]
hypocotyl cotyledon hypocotyl cotyledon
0.50 16.7 ¢ 50.0 cd 3.34 bc 4.34 cde
0.50 0.05 66.7b 76.7 be 4.00 be 6.67 bc
0.50 0.10 70.0 b 80.0 be 6.34b 3.34 de
0.75 133¢ 433 cd 1.34 cd 2.67¢
0.75 0.05 0.0d 10.0e 0.00d 6.00 bed
0.75 0.10 80.0b 56.7 cd 3.34 bc 3.34de
0.75 0.25 100.0 a 100.0 a 6.34b 8.01 ab
0.75 0.50 80.0b 93.3 ab 934a 1034 a
1.0 0.50 73.3b 533 cd 3.34 bc 2.34¢
1.0 1.00 533b 33.3de 4.67b 4.67 cde
2.0 0.50 66.7b 53.3 cd 5.67b 3.01 de
2.0 1.00 66.7b 86.7 ab 5.01b 6.67 bc

Table 2. In vitro clonal propagation of calendula from
cotyledonary nodes on MS media containing various
concentrations of TDZ, KIN, NAA and IBA [mg dm™]. Values
within a column followed by different letters are significantly
different at the 0.05 level.

TDZ KIN NAA IBA Number of shoots Shoot length

[explant™] [cm]
0.50 4.00 def 1.83¢g
0.50 0.05 5.67 cde 2.17 fg
0.50 0.10 5.33 de 2.00 fg
0.75 10.00 a 2.00 fg
0.75 0.05 8.67 ab 4.00 cd
0.75 0.10 6.33 bed 190 g
0.75 025 333ef 2.50 fg
0.75 0.50 433 def 2.63 efg
1.0 025 333 ef 533 ab
1.0 0.50 5.00 de 3.33 def
1.0 1.00 5.00 de 5.28 abc
1.0 025 3.67ef 550a
1.0 050 233f 3.87 de
20 0.0 4.33 def 4.50 abed
20 1.00 8.00 abc 4.17 bed
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After 3 weeks of culture, hypocotyl and cotyledon
explants produced morphogenic callus at wound sites.
Green shoot initials formed on this callus and
subsequently developed into normal shoots after
6 - 7 weeks of culture initiation. Table 1 summarizes the
shoot regeneration from hypocotyl and cotyledon
explants on MS medium containing various
concentrations of TDZ, KIN, NAA and IBA. Considering
both percentage of explants producing shoots and the
mean number of shoots per explant, the highest shoot
regeneration capacity was achieved from both explants on
MS media supplemented with 0.75 mg dm™ TDZ and
either 0.25 or 0.50 mg dm™ IBA. In general, addition of
KIN and NAA to growth media reduced the frequency of
shoot organogenesis. Results clearly showed that TDZ
induced high frequency of shoot regeneration underlining
the importance of TDZ in efficient morphogenesis from
cultured explants. Wang et al. (1991) found changes in
key enzymes and other regulatory elements in response to
TDZ. Wang and Faust (1988) observed that TDZ induces
accumulation of unsaturated polar membrane fatty acids,
which strongly propose the active involvement of TDZ in
inducing metabolic changes and suggested that it is not a



simple substitute of purine based cytokinins. Vinocur
et al. (2000) while investigating various levels of benzyl-
aminopurine (BAP) and thidiazuron on bud regeneration
in root explants found that TDZ had a more marked effect
on bud development as compared with BAP, inducing a
tenfold increase in the number of buds regenerated from
various root explants in Populus tremula.

Prolific shoot meristems were observed within
3 weeks on cotyledonary nodes which were later
developed into normal shoots after 4 - 5 weeks of culture
initiation. All cotyledonary nodes produced shoots on all
media tested. The mean number of shoots per explant
varied significantly with the varying concentrations of
TDZ, KIN, NAA and IBA in the basal medium (Table 2;
P < 0.05). The highest number of shoots per explant was
achieved on media supplemented with 0.75 mg dm™ TDZ
alone or 0.75 mg dm™ TDZ and 0.05 mg dm™ NAA or
2 mg dm™ KIN and 1 mg dm™ NAA. The longest shoots
were produced on a MS medium containing 1 mg dm™
KIN and 0.25 mg dm™ IBA (Table 2). Addition of TDZ
to the media reduced the shoot length significantly
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four weeks. The rooted shoots were transferred to pots
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In conclusion, to our knowledge the present study is
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Calendula. The procedure presented here provides a rapid
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