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ABSTRACT

Regenerating of whole plants of Calendula officicnalis, L. was achieved
through direct organogenesis using leaf and cotyledonary nodes as explants. Leaves
were taken from 3-week-old in vitro plantiets and cultured on MS basal medium
supplemented with 200 mg/l. glutamine and 500 mg/ L casein hydrolisate. The
medium contained BA with different auxins (2,4-D and MNAA). Proiific direct
adventitious shoot regeneration occurred on maost of the tested media which that
contained either 2,4-D or NAA. The best response in terms of frequency of shoot
regeneration (86.64%), number of shoots per explant (7.60) and bud forming capacity
(6.58) were obtained with 1.0 mg/L 2,4-D alone. Cotyledonary node explants were
cultured on MS medium,supplemented with various concentrations of Kin and NAA.
The highest frequency of regenerated shoots was achieved on MS medium
supplemented with 2.0 mg/l. Kin and 1.0mg/LL NAA (9.20). Regenerated shoots were
excised and rooted, the highest number of root/shoot was obtained with half strength
MS salt medium supplemented with 1.0 mg/L IBA. /n vitro rooted plantiets were
finally transferred to mixture of peatmoss and vermicuiite at equal volume with
survival rate95% after 21 days.

Keywords: Calendula officinalis, organogenesis, leaf culture, direct regeneration,
in vitro, tissue culture, adventitious shoots, cotyledonary nodes.
Abbreviations: MS- Murashige and Skoog; 2,4-D - dichloraphenoxyacetic acid;
BA-Benzyladenine ; NAA- a-naphthalene acetic acid; IBA- indole-3-
butyric acid; Kin-Kinetin, BFC ; Bud Forming Capacity

INTRODUCTION

Calendula (Calendula officinalis L) is an Asteraceous plant of
industrial and medicinal importance. This herbaceous plant is a nalive plant
of the Mediterranean region (Earle ef al. 1984), and is grown widely across
Europe and North America as an ornamental and medicinal plant.

The flowers are utilized as a source of pigments for food coloring in
industry.This species is known to have antiseptic and anti- inflammatory
activities (Boucard- Maitre et a/1988). In vitro regeneration 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.A possible alternative to the conventional approach in crop
improvement programmes are somatic hybridization and / or recombinant
DNA technology. However, application of either technigue is dependent on
the availabilty of a protoco! for regeneration (i.e., organogenic or
embryogenic). Protocols for regeneration of adventitious shoots from cultured
leaves is also of interest that some regenerated shoots may be mutants
resulting from somaclonal variation induced in vitro (Sandoval et al., 1995,
Smolders et al., 1995). In vitro shool regeneration from calendula leaf has
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not been reported previously. Here, for the first time this work describe the
establishment of a calendula regeneration system (rapid and prolific direct
organogenesis from leaf), which represents an excellent tool for work and its
genetic manipulation.

MATERIAL AND METHODES

This study was carried out at Plant Biotechnology Department, Genetic
Engineering and Biolechnology Institute, Minufiyva University, Egypt, during
the years of 2003 — 2004. Seeds (Achenes) of Calendula officinalis L. were
obtained from the Deparment of Horiculture, Facully of Agriculture,
Mansoura Universily. Seeds were surface sterilized in mercuric chloride
{(HgCly) at 0.1 % for 4 min. Then the seeds were washed 4 {imes in
autoclaved distilled water 1o remove all traces of the disinfeclant. The sterile
seeds were germinated on hormone-free MS (Murashige and Skoog, 1962)
medium containing 30 g/L sucrose and solidified with 7.0 g/L agar. The pH
was adjusted to 5.8 prior autoclaving al 121°C for 20 min. All cultures were
maintained at 25 + 2°C under florescent light (2000 LUX) and 16-h / 8 dark
cycles.

1. Leaf culture

Leaf of 3-week-old plantlets were the source of explants for the
experiments. Leaf explants were cultured for in vitro shoot formations. The
leaf explants were placed on MS medium salls, vitamins, 3% (w/v) sucrose
and supplemented with 200 mg/L glutamine and 500 mg/L casein
hydrolisate. The tested plant growth regulators included various
concentrations of N° benzyladenine (BA) at 0.0, 1.0, and 2.0 mg/L singly or
combined with auxins; 2,4 - dichlorophenoxyacetic acid (2,4-D) and «-
naphthalene acetic acid (NAA)Y at 0.0, 0.5 1.0 and 2.0 mg/L. The medium pH
was adjusted to 5.8 prior to the addition of 0.7% (w/v) agar. Medium was
distributed into culture jars (325 ml) where each jar contained 50 m| of the
medium. The jars were capped with polypropene closures and auloclaved at
121°C and 1,2 Kg/Cm air pressure for 20 min. Ali cultures were incubated at
25+ 2 C under a 16-h ( 2000 Lux) photoperiod using cool, white fluorescent
light. The resuits were collected four weeks after culture initiation. Explants
forming bud percentage and number of buds per explant were counted
For a rmore realistic determination of the efficiency of a given treatment, the
Bud Forming Capacity (BFC) index was calculated according to (Martinez-
puilido et al. 1992).

BEC index = {mean number of buds per explant)x( %of explants foming buds)

100

2. Cotyledonary nodes culture

The aim of this experiment was to determine the optimal media for
shoot proliferation from colyledonary node culture. Aseptic colyledonary
nodes expiants (from 3-week-old in vitro plantlets) were placed on MS
medium containing 30 g/L sucrose and solidified with 7.0 g/L agar. This
medium was augmented with different concentrations of Kin at 0.0, 1.0 and
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2.0 mg/L singly or combined with NAA at 0.0, 0.2, 0.5 and 1.0 mg/L. All
cultures were maintained at 25°C under a 16-h photoperiod using cool white
fluorescent lights.

After 6 weeks of culture, the number of shoots per explant was
counted

All experiments were repeated two times during the years of 2003
and 2004. Experiments were set up in completely randomized block design
with five replicates. Each replicate consisted of one jar (325 ml} cultured with
three explants. The results were statistically analyzed, according to Gomez
and Gomez {1984},

3. Root formation

For root induction, the shoots were individually transferred to rooting
media. These media consist of half or full strength MS basal salts each of
which supplemented with 30 g/L sucrose and two types of auxins IBA or NAA
each of which at different concentrations (0.0, 0.5 and 1.0 mg/L). The
number of roots per shoot was evaluated 4 weeks later. The cultures were
incubated at 25°C day and night. Light was provided by white fluorescent
tubes for 16-h per day. The well-developed plantlets were carefuily washed
in running tap water to remove the substrate, and then transferred 1o pots
containing mixture of peatmoss and vermiculite at equal volume. These pots
were covered with plastic bags to maintain high relative humidity around the
plants in a greenhouse. A solution of one half strength MS salt was added to
the pots to enhance the development of plants. Data was recorded for
percentage of survival after 21 days from transplanting.
The experiment was factorial (three factors) in completely randomized block
design with five repilicates. Each replicate consisted of one jar (325 ml)
cultured with three explants. The resulits were statistically analyzed according
to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Leaf culture

The present investigation show that it was possible to obtain high
frequency of shoot bud regeneralion directly from leaf explants of Calendula
officinalis, L. Initially, the leaf explants on the responded treatments of growth
regulators enlarged and developed globular like structures on the petioles
{end of the leaf from intact stem) within 2 weeks of culturing. After four weeks
from culturing, ali shoots were directly proliferated from petioles (Fig1). This
result was in agreement with Jeong et af., (2001) who reported that in some
genera petiole and midrib segments of leaves showed a better response to
cultural regimes than lamina segments. In addition, Belaemino and
Sasahara (1992) working on Tagetes erecta reported that leaf explants gave
the best response for plant regeneration.

Effect of BA and 2,4-D on shoot proliferation from leaves:

Table (1) shows the main effect of growth regulators on percentage
of explant forming shoot- buds, number of shoot- buds per explants and Bud
Forming Capacity (B.F.C.}. Data show that there was no shoot initiation in
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the absence of growth regulators, Data indicated that the main effect of BA
show that, BA significantly decreased these characters. On the contrary, 2,4-
D significantly increased them.

The same data show the effect of interaction between BA and 2.4 -D
on the previous parameters. It is clear that the highest effects on explants
forming shoot-buds percentage, number of shoot-buds per explants and BFC
(86.64, 7.60 and 6.58 respectively) were found with the medium contained
1.0 mg/L 2,4-D alone, followed by the medium of 2.0 mg/L 2,4-D alone
{66.60, 4.40 and 2.93 respectively) when compared with all used
concentrations and control. However, BA at 2.0 mg/L alone or when was
combined with 0.5 or 1.0 mg/L 2,4-D did not promote regeneration of shoot
buds. The same observation was obtained with marigold on the medium
contained BA in combination with NAA as mentioned by Vanegas et a/,
(2002).

Table {1): Effect of BA and 2,4-D concentrations on direct shoot bud
proliferation from Leaf culture of calendula after 4 weeks .

Treaiments| % explanls forming shoot- Mean Number of shoot- Bud Forming Capacity
{mgfl} buds Mean buds per explant Mean (BFC)
4-D (B) T [
BAA) 0.0 ( 0.5 1.0 20 00| 05) 10| 20 00| 05|10 20

0.0 0.00[ 46,62 | 86.64 | 66.60] 49.97| 0.00] 3.20| 7.60] 4.40[ 3.80[ 0.00] 1.49| 658 2.63
1.0 0.00| 26.64| 39.96 | 46,62 28.30 | 0.00[ 1.40[ 3.00] 3.40] 195 0.00[ 0.37| 1.19[ 158
20 000 000 | 000 [3996] 9.9 [0.00/ 000 0.0 | 3.4C] 0.85| 0.00| 0.007 0.00] 135

Mean 0.00| 24.42 | 42.20 | 51.06 0.0G] 153]363) 3.73 ]
A= 10.53 A= 0.30 ’
LSD 5% B= 12.18 B= 0.34
L AxB= 21.07 AxB = 0.59 ’

The different responses could be due to the varying concentration of
growth regulators used in the medium and explant type (Samantary et al.,
1995). There was certain regulators actlion of cytokinin, auxin and apical
dominance in vitro shoot bud regeneration (Das and Rut,2002).

Fig(1) :Direct shoot proliferation from leaf cultured on MS medium
supplemented with 1.0 mg/L 2,4-D.
Effect of BA and NAA on shoot proliferation from leaves:
Regarding the effect of BA and NAA on explants forming bud
percentage, number of shoot -buds per explant and B.F.C., data preserited in
Table (2) reveal that hormone-free medium was not effective for regeneration
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from leaf (0.0%). The main effect of BA indicated that increasing BA
conceniration decreased the studied parameters significantly. On the other
side increasing NAA concentration increased them significantly.

The effect of BA and NAA combination on adventitious shoot
formation is shown in Tabile (2) and Fig {2). A concentration of 2.0 mg/L NAA
alone induced the highest percentage of explants forming shoot-buds,
number of shoot-buds per explant and B.F.C. (39.96, 3.40 and 1.35
respectively). In addition the lowest concentrations of NAA (0.0 and 0.5
mg/L) did not enhance any regeneration rate when used alone or together
with BA. Whereas, BA at all concentrations was effective in this concern
when combined with either 1.0 or 2.0mg/L NAA.

Table (2): Effect of BA and NAA concentrations on direct shoot bud

proliferation from leaf culture of calendula after 4 weeks.
Treatments % explants forming Mean Mean Number of shoot- Mean Bud Forming Capacity

{mgh} shoot-buds buds per explant ( BFC
(B) F [
BA (A) 00| 05| 10 20 B 00| 05 10) 20 00| 05| 10 20

\ 0.0 00| 6.00| 3330 39.96 | 1831] 0.00 | 000] 220] 340| 1.40] 600 0.00 073]1.35

3.0 oo6c| Q00| 1998 | 3330013.32| 000 | 000¢ 160 280 110) 000| 000| 031 093,

20 |ooo|0.00] 009 | 9332 333 | 0.00 | 000] 0.00] 2.00] ¢.50] 0.00 | 0.00] 0.00] 0.26
] Mean | 000] 0.00] 17.76 | 28.86 ] ooc|oool126] 272

{ A= 922 A= 0.28
LSD 5% B= 10.54 B= 0.33
AxB= NS | AxB = 0.57

From Tables (1 and 2) it is clear that the presences of auxins either
2.4-D or NAA in culture media were essential for shoot-bud formation from
leaves of calendula. This result was in agreement with results of Pierik,
(1987) who reported that there is a further group of plants which require
exogenous auxin for shoot formation. In addition, Narayanaswamy, (1994)
reported that auxins may initiate or promote cell division from tissues cultured
in vitro and can stimulate shoot growth and inhibit root growth. It is a matter
of interest that data of this work showed that the auxins either 2,4-0 or NAA
were essential for shoot bud formation from leaf culture , while it is well
known that cytokinin is the material which help shoot proliferation . This may
be due to the high level of endogenous cytokinin in tissues of calendula
leaves, so when auxins were added to the proliferation media, a balance
between endogenous cytokinin and exogenous auxins may be accur.
Subsequently, shoots were proliferated in the presence of auxins. Finally,
the presence of glutamine and casein hydrolisate may help shoot
proliferation from leaf culture. This observation was supporied by
Narayanaswamy, (1994) who reported that casein hydrolisate (0.25-1.0g/L)
was beneficial for somatic embryogenesis and shoot formation. Also he
reported that glutamine and aspartic acid stimulate bud induction in some
stem tissues such as that of Tornia. It is worth to mention that the herein data
revealed that 2.4-D auxin was more effective in shoot-bud formation than
NAA at the same concentration { 2 mg/L ), since the responded explants was
66.60 % for 2,4-D against 39.96 for NAA and the number of shoot-buds
/explant was 4.40 against 3.40, respectively, tikewise the shoot-bud forming
capacity index was 2.93 against 1.35.
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Fig (2): Direct shoot proliferation from leaf cultured on MS medium
Supplemented with 2.0 mg/L NAA.

Culture of Cotyledonary nodes
Effect of Kin and NAA on shoot proliferation from cotyledonary nodes:
Data presented in Table (3) and Figs (3 & 4) clearly show the effect of
different levels of Kin and NAA on shoot formation of cotyledonary nodes of
calendula after 6 weeks from cullure. Concerning the main effect of Kin,
results in Table (3) show thal all Kin concentrations significantly increased
the number of proliferaled shoots arose from one explant as kin
concentration increased. Also, data in Table (3) revealed that NAA
significanlly affected this parameter only at 1.0 mg/L. Moreover, the resultsin
the same Table indicated that all colyledonary nodes produced shoots on alil
lested media, except in ihe absence of Kin where no shoots were formed

(Fig 3).

Table (3) Effect of Kin and NAA on shoot proliferation from
cotyledonary nodes of Calendulfa officinalis.

AA(B) NQ. of shoots | MeanA f
Kin (A) 0.0 0.2 | 05 [ 10 4_ l
0.0 0.00 0.00 0.00 < |
1.0 3.80 4.60 6.60
20 780 | 780 5.00
| Mean B 386 | 406 3.86
[ tsbs% A= 0.50 B= 058 AB= 1.01

The interaction between NAA and Kin proved thal the best
combination was 2.0 mg/L kin and 1.0 mg/L NAA which resulted in the
highest shoots number (9.20). It was clear that the number of proliferated
shoots increased significantly with increasing Kin level. This finding was in
agreement with the facl that Kin, as a cytokinin, is active in increasing cef
division rate and subsequently enhance axillary branching (Waithaka, et al.,
1980). In addition, Cocil et al, (2004) working on Calendula officicnalis
mentioned that prolific shoot merisiems were observed within 3 weeks on
colyledonary nodes which were later deveioped into normal shools after 4-5
weeks of culture initiation.
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Fig (3): Effect of Kin and NAA on number of shoots from Cotyledonary
nodes of calendula after 6 weeks from gulturq on MS medium.

7

Fig (4):Proliferation shoots of cotyledonary node cultured on MS
medium contained 2.0mg/L Kin + 1.0 mg/L NAA after 6 weeks

from culture.

Effect of types of auxin and their concentrations and MS strength on
the number of roots:

Data in Table (4) clearly show the effect of different levels of IBA and
NAA on the number of roots/shoot after 4 weeks from culture. Evidenlly, no
roots were produced on hormone-free media. Data on the main effect of
lypes of growth regulators showed that IBA and NAA were similar in this
concern. Data on the main effect of different used MS strengths showed that
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haif-strength of MS was significantly more effective on root formation (2.£3)
when compared with that of full MS (1.96). CégU ef al.( 2004 ) working on
calendula regenerated shoots ( 10-20 mm in length ) that rooted within 3
weeks in half - strength MS medium containing 1.0 mg/L NAA . Results of
this study observed that the gradual increases in the concentration
regardless auxin lype resulted in gradual increases in the number of roots
and 1.0 mg/L was more pronounced in this respect (4.25).

Table (4): Effect of different types of auxin at various concentrations
and MS salts strength {1/2 and 1/1) on the number of roots
of Calendula officinalis shoots after 4weeks in vitro,

Concentrations (C) auxin me:nas) l\oﬂ??z)s
auxin MS
types (A) | strength®) |  ©° 0.5 1.0
1/2 0.00 3.40 5.00 2.80
'8A n 0.00 3.20 300 | 208 | =%
1/2 0.00 2.60 6.00 2.86
NAA 1/1 0.00 2.60 3.00 1.86 2.3
Means of (C) 0.00 2.95 4.25 Mzans of (B)
Means of [1/2 0.00 3.00 5.50 2.83 \
(BxC) 1/1 0.00 2.90 3.60 1.96 ]
Means of |IBA 0.00 3.30 4.00
{AxC) NAA 0.00 2.60 4.50
A=NS
B=044
C =055
LSD at 5% AxB=NS
AxC=NS
BxC=0.77
AxBxC=NS

The interaction data revealed that no significanl differences were
obtained between types of growth regulators and ¥z or 1/2 MS strength and
between the same growth regulators and the examined concentrations.

In addition, with increasing growth regulations level up to 1.0 mg/L,
the number of roots was significantly increased particularly with MS strength
at 1/1. Eventually, the same data ciearly showed that non significant effect
was observed amaong both types and levels of growth regulators and MS
strength.

After 21 days from acclimatization the plantlets grew vigorously and
a high percentage of plant survival (95%) was achieved during this phase of
culture. Kothari and Chandra (1984) reported that the survived plants
percentage after acclimation was 20% in marigoid. The plants were normal
and developed uniform inflorescences during the flowering season (Fig 5).
This result was in agreement with Lee and Phillips, (1988} who reported that
normal and developed uniform inflorescences after maturity is of major
importance because plants produced by direct organogenesis may exhibit
greater genelic stability than those produced from callus.
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Fig {5): Flowenng Iant obtained o in vitro egneration.

in conclusion, this study was developed as a protoco! for rapid direct
regeneration of Calendula officinalis from leaf and cotyledonary node
explants. The efficiency of morphogenesis was dependent on growth
regulators. Auxins (2,4-D or NAA) alone were essential to enhance shoot-
bud regeneration from leaf cullure, while BA was not effective in this
concern. This protocol might be useful for genetic improvement programs of
this plant.
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