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Abstract: During the spring season (February-April) 2015, the natural occurrence of secondary capitula phenotype was
found in Calendula officinalis L. in DAV University Campus, Jalandhar, Punjab, India. Out of all C. officinalis plants
grown, 5.3% were found to bear secondary capitula emerging from primary capitula. One plant was found to bear a tertiary
capitulum. A comparative analysis of this dataset of naturally occurring secondary capitula was made with the previous
reports of secondary capitula phenotype in C. officinalis induced by Gibberlic acid (GA) treatment. The observations were
found to be in congruence with a previous report. Further, a possible phytopathogen i.e. phytoplasma, was also addressed as

a potential cause of the phenomenon.
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INTRODUCTION

nglish marigold commonly known as Calendula

officinalis belongs to family Asteraceae andis a

well known ornamental plant grown as a winter
annual in the North India. It is indigenous to central,
eastern and south Europe and is commonly cultivated
in the Balkans, Eastern Europe, Germany, India and
North America (Khan et al.,, 2011). Besides its
ornamental importance, it is also known for of its
medicinal properties. Its flowers are known to exhibit
anti-Inflammatory, anti-tumor-promoting, anti-HIV,
anti-microbial, wound healing and cytotoxic
properties (Ukiya et al., 2006; Preethi and Kuttan,
2009; Khalid and da Silva, 2012). The plant bears
the terminal flower heads i.e. Capitula at the shoot
apex of the main stem as well as on the axillary
branches which are light yellow to deep orange in
colour. In bisexual disc florets, only male part is
functional, however, the ray florets are unisexual
females (Ram and Mehta, 1978).
In the C. officinalis plants grown in DAV University
campus, authors found a floral deformity in the form
of secondary capitula. Previous studies have reported
the induction of secondary capitula in C. officinalis
by GA treatment (Bose and Nitsch, 1970; Ram and
Mehta, 1978). However, we report the natural
occurrence of secondary capitula phenotype in C.
officinalis without GA treatment in Punjab, India
along with its comparison with such previous studies.
Further, we have also discussed a probable
phytopathogenic cause i.e. phytoplasma, which have
also been associated with such symptoms (Pavlovic
et al., 2014) previously.
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MATERIAL AND METHOD

Seed procurement and nursery rising

The seed of Calendula officinalis cv. Bon Bon were
procured from Benary, Germeny. A nursery bed was
prepared as per regular cultivation practices. The
seeds were sown during the month of First week of
November, 2014.

Transfer of plants to flower beds

The nursery raised plants were transferred to flower
beds during second-third week of December, 2014.
The flower bed preparation was done as per regular
floricultural practices.

Data collection

The plants grown in DAV University campus were
checked for the natural presence of secondary
capitula and the total number of plants with and
without secondary capitula were counted. The
number of secondary capitula and their arrangement
on the primary capitula were also studied. The
photographs were captured using a digital camera.

Statistical analysis

Chi square test was conducted to check goodness of
fit of the frequency of secondary capitula recorded in
our study, with the observed frequency of secondary
capitula recorded by Ram and Mehta (1978) at
p=<0.05.

RESULT AND DISCUSSION

After the transfer of the nursery raised C. officinalis
plants to the flower beds, the first flower appeared in
the third week of January, 2015. The authors noticed
the appearance of secondary capitula in the second
week of March, 2015. Out of 2830 plants, 150 plants
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were found bearing secondary capitula (Fig. 1b-h).
The secondry capitula were emrging mostly from the
center of the receptacle and occasionally from along
the periphery. Preiviously, Bose and Nitsch (1970)
have also reported that all the inflorescences, both
terminal and axillary on the GA treated plants
developed secondary inflorescences, mainly along
the periphery of the thalamus. However, in their
report, no secondary head was recorded in the
inflorescences of control plants. In contrary to this,
Ram and Mehta (1978) reported the formation of
secondary capitula in the control plants i.e. not
treated with GA. Both the reports although reported
the induction of secondary inflorescences in response
to GA. In our case, we also found the formation of
secondary capitula in C. officinalis in the plants
growing under natural conditions (not treated with
GA). We tested the goodness of fit of our data with
the previous report (Ram and Mehta, 1978)
suggesting 6% of the control plants showing
secondary capitula using X? test at p<0.05 and found
no significant difference with the previous report
(Table 1.1).

Further, one plant was found to have the tertiary
capitula, however, on the contrary no tertiary capitula
was recorded by Ram and Mehta (1978) in control
plants. Although, GA treated plants showed the
tertiary capitula formation at higher doses. The
highest number of secondary capitula emerging from
single primary capitula was 12 (Fig. 1e). Further a
fusion of varying degrees of was found in the
peduncles of secondary capitula (Fig. 1f-h).
Recently, similar symptoms in C. officinalis were
described under a disease, Phyllody caused by
Stolbur Phytoplasma in Serbia (Pavlovic et al.,
2014). Phytoplasmas are often associated with

various symptoms in affected plants that are
indicative of hormonal imbalance. Recently, altered
gibberellin homeostasis was found in phytoplasmas
infected plants (Ding et al., 2013; Mardi et al., 2015).
An up-regulation was reported in the genes related to
the diterpenoid pathway that leads to the biosynthesis
and catabolism of GAs, in Mexican lime trees
infected by phytoplasma (Mardi et al., 2015).
However, in contrast to this Ding et al., (2013) found
that infection by potato purple top phytoplasma
causes reduction in endogenous levels of gibberellic
acid (GA3) in tomato plants mediated by the down-
regulation of GA biosynthesis genes GA200x1 and
GA3o0x1 and also by the down-regulations of genes
involved in formation of GA precursors i.e. geranyl
diphosphate synthase (GPS) and copalyldiphosphate
synthase (CPS). Therefore, although the symptoms
of many phytoplasmas are associated with hormonal
imbalances (particularly GA); no general rule of up-
regulation or down-regulation of GA should be
applied. Rather, the studies should be made on case
by case bases.

Keeping the above studies in mind a phyto-
pathological investigation (sequencing phytoplasma
16s rRNA) is required to associate the disease with
phytoplasma, if so. Further, the endogenous level of
GA in the plants bearing secondary capitula and
plants not bearing any secondary capitula is required
for establishing the role of GA in this case. Before
obtaining further insights, authors hereby report the
first natural occurrence of secondary capitula
phenotype in C. officinalis in Punjab, India and
suggested its possible link with the change in
endogenous GA level regulated by a probable
pathogen i.e. phytoplasma.

Table 1. Chi square test on the number of plants in which secondary capitula and without secondary capitula
with the expected frequency of secondary capitula recorded by Ram and Mehta (1978), at p<0.05.

Description Number of plants Total
With secondary capitulum  Without secondary
capitulum
Observed frequency (O) 150 2680 2830
Expected frequency (E) as 169.8 2660.2 2830
per Ram and Mehta (1978)
Deviation (O-E) -19.8 -19.8
Square  of  deviation 392.04 392.04
(O-E)’
(O-E)’E 2.308834 0.147372 2.456206
X?=2.456206 X eritical, p<0.05=3.841 Not. sig. dif.
ACKNOWLEDGEMENT Kohli, Ex. Vice Chancellor DAV University
(presently vice-chancellor Punjab Central University,
Authors  acknowledge the DAV  University Bathinda) for all his support.

management for financial assistance and Dr. R. K.



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 7 (12) 861

Figure legends

Fig 1 : a. Primary capitulum of Calendula officinalis b. A bunch of secondary capitula emerging from primary
capitulum c-e. varing number of secondary capitula emerging from primary capitula f-h. varying degrees of
fusion of peduncles of secondary capitula indicated by black arrows.
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