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Abstract This is the first report describing the seasonal
conditions affecting shoot regeneration by the chrysanthemum cv.
Baeksun. The shoot regeneration from petal explants was found to
be more favorable from September to December, reaching the
highest values in December. In addition, the quality of the shoots
was also influenced according to the season of the explant
collection, where healthy and uniform plants were derived from
the explants collected in December. Choosing the proper season
for explant collection affected the successive plant growth
parameters (i.e., plant height and fresh weight). Thus, the current
results strongly suggest that season plays an important role in plant
tissue culturing, which is an essential tool for micropropagation
and Agro-bacterium-mediated genetic transformation studies.
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Introduction

Chrysanthemum is one of the most important cut flowers in
Korea, and is also widely used as a herbaceous landscape plant.
The cv. ‘Backsun’, a newly released standard Chrysanthemum
cultivar blooming from May to December, was produced by
conventional breeding and is commonly used as a cut flower. Due
to its various beneficial traits, such as a high tolerance to white
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rust disease and long vase life after harvesting, Chrysanthemum
breeders have become interested in introducing foreign genes to
the cultivar using an Agrobacterium-mediated transformation
method. Yet, this approach requires efficient in vitro regeneration
procedures.

Shoot regeneration from petal explants has already been
developed for chrysanthemums (Nahid et al., 2007; Barakat et al.,
2010; Song et al., 2011; Song et al., 2012), and the application of
petal explants for successful Agrobacterium-mediated transformation
has also been reported (Song et al., 2012). However, the seasonal
influence on shoot regeneration from petals has not yet been
investigated, except for the study by Nahid et al (2007).

The season seems to be an important factor determining the
shoot regeneration efficiency in tissue cultures (Prasad and
Chaturvedi, 1988; Sharma et al., 2005; Nahid et al., 2007; Zalewska
etal., 2011; Nongalleima et al., 2014). For chrysanthemums, Prasad
and Chaturvedi (1988) reported that efficient shoot regeneration
from leaf explants of field-grown plants was totally dependent
on the collection season. In 2007, similar results for shoot
regeneration from petal explants were observed by Nahid et al.
(2007). More recently, Zalewska et al. (2011) also found that the
induction of adventitious shoot regeneration in chrysanthemums
was affected by the season. Accordingly, the present study used
explants collected monthly from field-grown donor plants to
investigate whether the season plays an important role in shoot
regeneration by chrysanthemums.

Materials and Methods

Plant material

The Chrysanthemum (Chrysanthemum morifolium) cv. ‘Baeksun’
was grown in an environmentally controlled greenhouse at Gumi
Research Station (South Korea) and flowers of the same size were
harvested monthly from May to December. The flowers were
thoroughly washed under running tap water with 5% liquid
detergent (Sando, Korea). Thereafter, the surfaces were sterilized
using a 70% (v/v) ethanol solution for 30 seconds and 1% NaOCl
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plus Tween 20 for 5 min, followed by five rinses with sterilized
distilled water.

Effect of season on shoot regeneration

The petals were transversely cut into two halves and only the
basal parts used as explants. For shoot regeneration, all the
explants were cultured on a Murashige and Skoog (MS) medium
supplemented with a combination of 1 mg/L 6-benzyladenine
(BA) and 0.5 mg/L 3-indole acetic acid (IAA), which was already
shown to be an optimal PGR combination for this cultivar in our
previous study. To investigate the effects of the season on the
capacity of shoot regeneration, the experiments were conducted
monthly from May to December, 2013. Each treatment consisted
of 10 explants and three replicates. The number of shoots induced
per explant was recorded after 4 weeks of culture.

Evaluation of plant growth parameters

The regenerated shoots collected from the explants each month
(September to December) were placed separately onto a hormone-
free MS basal medium containing 1 g/L activated charcoal (AC).
Each treatment consisted of ten shoots with three replicates. The
growth parameters (i.e, plant height and fresh weight) were
recorded after 4 weeks of culture.

Experimental design and statistical analysis

For all the cultures, the percentage of sucrose and agar was 0.8
and 3.0, respectively. All the cultures were incubated under
fluorescent light at an intensity of 40 umol m™= s! with a 16 h
photoperiod. All the data were analyzed using ANOVA, and the
means compared using DMRT (p<0.05)

Results and Discussion

The seasonal effect of explant collection on shoot regeneration is
presented in figures 1A and B. The results showed significant
differences according to the season of explant collection. In
general, the percentage of shoot regeneration and number of
shoots formed per explant were greatly influenced by the month
of the year during which the explants were collected. Similar
results were also reported by Rani and Rana (2010). For the
period May-August, the explants were found to be brown in color
and no in vitro response was observed, while the period
September-December was the most favorable season, where the
explants collected in September exhibited the lower percentage of
in vitro response. The seasonal effect of explant collection on the
in vitro adventitious shoot regeneration of chrysanthemums was
already reported (Prasad and Chaturvedi, 1988; Nahid et al., 2007;
Zalewska et al., 2011). In these studies, a distinct increase in the
number of shoots was noticed from the explants collected in
October, followed by a slightly continuous increase into
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Figure 1. Seasonal influence on shoot regeneration responses from petal
explants of Chrysanthemum morifolium cv. ‘Baeksun’: A) percentage of
shoot regeneration in different seasonal periods and B) number of shoots
per explant in different seasonal periods.

December. Plus, the number of days to shoot regeneration for the
explants collected in December was lower than that for the
explants collected in other months. Similar to the present study,
Nahid et al. (2007) observed that the highest shoot regeneration
rate was from petal explants collected during December to
January, followed by a strong decrease from May to September.
Prasad and Chaturvedi (1988) also reported that shoot tip explants
only proliferated and survived in vitro during March and April. In
addition, Zalewska et al. (2011) reported a more intensive
regeneration from chrysanthemum internode and leaf explants in
summer and autumn than in winter and spring. When comparing
the findings of other studies, the favorable season for in vitro
shoot regeneration would seem to differ according to the explant
used, regardless of the genotype. The most favorable season for
organogenesis from peat explants would appear to be December
when comparing the current findings with those of Nahid et al.
(2007). Thus, the physiological effect or indogenous hormone
level of the explant that can stimulate the induction of shoots
would seem to be optimum in December. Meanwhile, Morrish
and Vasil (1987) reported that the physical effects of the donor
plant, which depend on the growth environment, affect the in vitro
responses of explants. Thus, it would be interesting to study the
variation of the indogenous hormone level in petal explants after
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Figure 2. Plant growth parameters for shoots derived from petal explants
collected during September to December and grown in hormone-free
media with 1 gl-1 AC: A) mean plant height and B) mean fresh weight.

being collected monthly. The seasonal variation observed in vitro
would seem to suggest the existence of an inner biological clock
in plants (Salomé and McClung, 2005). El- Morsy and Millet
(1996) also claimed that shoots produced in vitro demonstrated the
same infradian rhythmic growth as the parent plant. Plus, Zalewska
et al (2011) mentioned that one cannot disregard the fact that plants
receive signals from the environment outside the laboratory.

When the shoots collected each month were cultured on the
plant growth medium, a different effect on plant growth was
observed according to the season (Figures 2A and B). Most of the
shoots obtained from the explants collected in September were
found to be weak and grew slowly, while the shoots from the
explants collected during the other three months grew well, and
the shoots from the explants collected in December were the best.
Thus, a strong relation was found between the season of the
explant collection and the successive plant growth. For the
explants collected during the less favorable season, the shoots
were weaker physiologically and lacked a sufficient endogenous
hormone level for good growth. Yadav and Singh (2011) also
reported on the effect of the seed harvesting season on the
germination of Albizia lebbeck (L.) BENTH. However, there have
been no other reports on the effect of the explant collection season
on successive plant growth for other crops.

The best condition for shoot regeneration of the commercial
Chrysanthemum cv. Baeksun was determined by examining the

effect of the season on explant collection. The choice of the proper
season for explant collection affected the successive plant growth.
The present findings also support the fact that plants receive
signals from the environment outside the laboratory conditions.
Thus, plant neurobiology is a new emerging area of plant

biotechnology that includes the study of signal transfer

mechanisms between biotic and abiotic environments.
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