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We report on the influence of the photoperiod duration on chrysanthemum growth
that was studied using light-emitting diode (LED)-based illuminator. After transplantation,
culture of chrysanthemum (Chrysanthemum morifolium Ramat. ‘Ellen’) was grown
in vitro in Murashige & Skoog modified nutrient medium in a phytotron for 42 days at
26/22 °C day/night temperature. Five groups of plants were simultaneously grown under
independently set different photoperiod regimes: 8 h, 12 h, 16 h, 20 h and 24 h, respectively.
All treatments were illuminated using an illumination system consisting of four groups
of LEDs emitting in the blue (450 nm), red (640 and 660 nm), and far-red (735 nm)
spectral regions. The intensity ratio of the light components was fixed at 14 % for the
450 nm, 36 % for 640 nm, 36 % for 660 nm, and 14 % for 735 nm components, respectively.
The total photon flux density (PFD) in all treatments was maintained at the same level
(56 £ 5 pmol m 2 s ). Morphological and biometric parameters and concentration of
photosynthetic pigments in the plantlets were measured after the experiment. With an increase
of photoperiod duration from 8 h to 24 h, the dry and fresh weight (DW and FW, respectively)
as well the number of leaves and DW to FW ratio continually increases. The highest values of
the length of shoots and roots, and number of roots were observed in plantlets grown at 16 h
photoperiod. Meanwhile, differences in concentration of photosynthesis pigments were not
significant.

Key words: Chrysanthemum morifolium, in vitro plant cultivation, light-emitting diodes,
photoperiod.

Introduction. Photoperiod, light intensity, and light quality influence plant growth
and development from seed germination to flowering. Photoperiod has an effect on
the development of some plant species, and no effect on growth of other plants. The
influence of the photoperiod duration on flowering and rooting of ornamental plants
in vivo received a lot of attention (Runkle and Heins, 2006; Cameron et al., 2005).
However, few results were published on the growth under in vifro conditions. In
particular, the influence of 8 h and 16 h photoperiod on the microtuberization and
growth of potato plantlets in vitro (Seabrook et al., 1993; Kozai et al., 1995) as well
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as on subsequent yield of greenhouse-grown potato tubers (Seabrook et al., 1995) was
described. Some research on the influence of photoperiod on in vitro growth and floral
initiation of Nicotiana tabacum and chicory (Altamura et al., 1991; Demeulemeester
et al., 1995), on stem elongation and growth of Mentha rotundifolia (Jeong et al.,
1996), and on the bulb formation of garlic and Hyacinthoides paivae (Takagi and Qu,
1995; Iglesias et al., 1999) was also conducted. In the majority of papers, only two
photoperiod regimes in vitro were checked: short day (SD) at 8 h and long day (LD) at
16 h, respectively. A few works are devoted to the investigation of other photoperiod
regimes (Lu et al., 2004; Vaz et al., 2004).

From an application standpoint, plant morphogenesis can be influenced by an
appropriate choice of lighting, which may affect photoreceptors of the plants. The
common sources of light currently used for in vitro plant cultivation are fluorescent
lamps. However, they have no possibility to vary illumination parameters (spectrum
and time characteristics). LED-based illuminators provide an alternative to fluorescent
lamps, as a light source with a tailored spectrum, which can meet specific needs of
plants (Bula et al., 1991; Brown et al., 1995; Zukauskas et al., 2002; Bliznikas et al.,
2004; Tamulaitis et al., 2005). Investigation of the effect of illumination intensity and
spectrum on plant growth in vitro has been carried out by applying LED illumination
to a few species of plants (Tanaka et al., 1998; Lian et al., 2002; Nhut et al., 2003; Jao
et al., 2005; Heo et al., 2006).

The Chrysanthemum is the second economically most important floricultural
(cut-flower) crop following the Rose (Teixeira da Silva, 2004). Micropropagation of
chrysanthemum shoots grown using LEDs were reported. Kim et al. (2004) showed that
shoot growth, stem and internode elongation, the net photosynthetic rate, and stomatal
characteristics of chrysanthemum plantlets are affected by light quality. Shimizu and Ma
(2006) showed that blue light from LEDs inhibits stem elongation of chrysanthemum
in vivo. However, the effect of photoperiod on growth and morphogenesis of in vitro
cultured chrysanthemum explants under LEDs has not been carried out so far.

The present study was aimed at the analysis of the growth of chrysanthemum
plantlets that were cultured in vitro under illumination at photoperiods of 8 h : 16 h,
12h:12h, 16 h: 8 h,20 h : 4 h, and 24 h light : 0 h darkness, respectively. An LED-
based illumination system containing four groups of LEDs emitting in blue, red and
far-red regions was used.

Object, methods and conditions. Plant materials and culture
condition. Chrysanthemum plantlets (Chrysanthemum morifolium Ramat. ‘Ellen’)
were grown in vitro in Murashige and Skoog (1962) modified nutrient medium (MS +
IAA 0.2 mg/1+BAP0.05 mg/l, SNH,NO,, S KNO,, without vitamins, mio-inositol and
glycine) at 26/22 °C (day/night) temperatures maintained within 1 °C. Five milliliters
of medium were dispensed in 16 x 150 mm tubes covered with PVC caps with air
exchange. The pH of the medium was adjusted to 5.8 before autoclaving at 121 °C for
20 min. One explant per tube was planted and 36 tubes per treatment were prepared.

Light treatments. The cultures of in vitro plantlets were illuminated using red
(at the wavelenghts of 660 nm and 640 nm), blue (450 nm), and far-red (735 nm)
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LEDs powered by a self-designed driver. The total photon flux density (PFD) in all
treatments was maintained at the same level (56 + 5 umol m? s'). The intensity ratio
of the light components was fixed at 14 % for the 450 nm, 36 % for 640 nm, 36 %
for 660 nm, and 14 % for 735 nm components, respectively. Selection of the range of
the PFDs used in the experiments was based on our previous studies (Kuril¢ik et al.,
2008). The photoperiod duration in different treatments was maintained at 8 h, 12 h,
16 h, 20 h, and 24 h, respectively

Data collection and statistical analysis. The fresh and dry
weight (FW and DW, respectively), stem and root length, number of leaves and roots,
and amount of photosynthetic pigments of the chrysanthemum plantlets were studied
after 42 days of cultivation. 35-36 replicates were used for the biometrical analysis.
Among those, 18 replicates were randomly selected for the dry weight measurement.
To determine the dry weight, the plantlets were oven-dried at 105 °C until a constant
mass was reached. The other 17—18 replicates were used for the measurement of the
photosynthetic pigment concentrations. After extraction with 100 % acetone according
to the Wettstein method (I'aBpunenko, JKpiraiosa, 2003), the total chlorophyll @ and b
and carotenoid content in leaf tissues per one gram of green foliage mass was analysed
by a double-array spectrophotometer (model Genesys 6, Thermospectronic, USA).
Organogenesis stages of chrysanthemum plantlets were also determined (Kynepman,
1982). After 42 days, the regenerantes were at the 11" organogenesis stage. All the data
were evaluated for significance by the analysis of variance (ANOVA).

Results. The biometric parameters of the chrysanthemum plantlets grown in vitro
under different photoperiod regimes are shown in Fig. The estimated parameters exhibit
the dependence on the photoperiod duration that was varied from 8 h to 24 h per day.
The length of the shoots shows a tendency to increase with increasing photoperiod from
8 h'to 16 h (Fig. a). The further increase of the photoperiod duration to 24 h showed a
tendency for a decrease of the length of shoots. The length and number of roots followed
the same trend (Fig. a—b). Meanwhile, the leaf number, fresh and dry weight, and
DW/FW ratio continually increased with the increase of the photoperiod from 8 h to
24 h (Fig. b—d). At round-the-clock irradiation, the regenerants of chrysanthemum had
by two leaves more, than those grown at 8 h photoperiod. They also have accumulated
up to one and a half times more fresh weight and twice as more dry weight. Meanwhile,
the variation of the amount of photosynthetic pigments in treatments with different
photoperiods was not significant (Fig. e).
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Fig. Parameters of chrysanthemum regenerants grown under different photoperiod
regimes: shoot and roots length (a), number of leaves and roots (b), fresh and dry
weight (c), DW/FW ratio (d),
contents of photosynthetic pigments in leaves (e)

Pav. Chrizantemy regeneranty parametrai skirtingo fotoperiodo salygomis:
stiebo ir Sakny ilgis (a), lapy ir Sakny skaicius (b), zalioji ir sausoji maseé (c),
sausosios ir zaliosios masiy santykis (d), fotosintezés pigmenty kiekis lapuose (e)

Discussion. This experiment was aimed at the determination of the optimal
photoperiod for the growth and development of the chrysanthemum plantlets in vitro
under LEDs. Our research has shown that a change of the photoperiod influences the
estimated parameters in different ways. For the plantlets height and for the development
of roots, the optimum photoperiod of 16 h was established (Fig. a—b). Note that Kozai
et al. (1995) also showed suppressed root growth of potato plantlets under conditions
of 8 h photoperiod in comparison to 16 h photoperiod; however, other photoperiod
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treatments have not been investigated by these authors.

In our study, the development of leaves and the accumulation of fresh and dry
weight were faster at 24 h photoperiod (Fig. b—c). This is in line with the observations
of Adams and Langton (2005). These authors revealed that long-day (LD = 16 h)
treatments usually promote an increase in dry weight of various plants that otherwise
grow in short days (SD = § h).

In this study the largest DW/FW ratio was also observed at 24 h photoperiod
(Fig. d). Meanwhile, Kozai et al. (1995) showed that 16 h photoperiod in comparison
to 8 h photoperiod led to an increase in the fresh and dry weights of potato plantlets
but maintained similar percentage of dry matter (DW/FW ratio). We suppose that in
our study the dry matter content depends on the duration of dark period. A decrease
of the dark period resulted in an increase of the DW to FW ratio.

In addition, our study shows that the concentration of photosynthetic pigments
per 1 g of leaves FW does not depend on photoperiod duration (Fig. €). Meanwhile,
Adams and Langton (2005) showed that chlorophyll amount per unit leaf area is
occasionally increased by LD (16 h) treatment, which may increase photosynthesis
and constitute a second mechanism that increases dry weight. Lu et al. (2004) also
recorded significantly negative correlations between chlorophyll content in leaves of
potato plantlets and darkness length.

The stage of the development of chrysanthemum plantlets after the experiment
was similar for various photoperiods (data not shown). After 42 days, the regenerants
were at the II™ organogenesis stage (Kymepman, 1982) and no distinctions have
been established for different photoperiods. Our results are in line with the review
of Carvalho and Heuvelink (2001), where data on the influence of various factors
on flower formation were summarized. According to these data, at the temperature
of 27 °C that was maintained in our study, the development of flowers lasts about
120 days. Therefore, at the 42" day, no distinctions between the treatments could be
expected. Meanwhile the same review infers that at 18 °C, the development of flowers
lasts about 60 days. Therefore we assume that in our study the morphogenesis of
flowers was hindered by a higher temperature and was less sensitive to the duration
of photoperiod. An additional study including variation of temperature is necessary
for a deeper understanding of this phenomenon.

Conclusions. Taking into account all differences observed while changing the
photoperiod duration, the optimal photoperiod for growth of shoots and roots of
chrysanthemum plantlets in vitro was estimated to be 16 h. However, morphogenesis of
new leaves and accumulation of DW and FW was most prominent at 24 h photoperiod.
This data may be helpful for improving of the efficiency of micropropagation of
chrysanthemum.
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Fotoperiodo trukmés poveikis chrizantemy eksplanty augimui
in vitro

A. Kuril¢ik, S. Dapkiiniené, G. Kuril¢ik, S. Zilinskaité, A. Zukauskas,
P. Duchovskis

Santrauka

Aptariamas fotoperiodo trukmés poveikis chrizantemy eksplanty augimui ir vystymuisi.
Tyrimo objektas — chrizantemy veislé ‘Ellen’ (Chrysanthemum morifolium Ramat. ‘Ellen’)
auginama in vitro 16 x 150 mm meégintuvéliuose su 5 ml maitinamosios terpés. Augalai 42 paras
buvo auginami kietakiinio apSvietimo §viestuvuose. Kiekviename i§ jy atskirai programiskai
valdomi 450, 640, 660 ir 735 nm spektriniy komponenciy fotony srautai, ir tomis paciomis
salygomis auginami 36 augalai. Bendras fotony srauto tankis palaikomas 56 + 5 pmol m? s'
ribose, temperatiira 26 °C/22 °C. Dienos/nakties fotoperiodo trukmé penkiuose aps$vietimo
deriniuose atitinkamai buvo 8/16 val., 12/12 val., 16/8 val., 20/4 val. ir 24/0 val. Eksperimento
pabaigoje buvo vertinami kiekvieno augalo augimo parametrai bei nustatomas fotosintezés
pigmenty kiekis.

Nustatyta, kad ilgéjant fotoperiodui nuo 8 val. iki 24 val. per para, chrizantemy eksplanty
sausoji ir zalioji masés, o taip pat vidutinis lapy kiekis bei sausos ir zalios masiy santykis
nuosekliai didéja. Stieby ir Sakny ilgis bei $akny skai¢ius buvo didziausi 16/8 val. fotoperiodo
salygomis. Fotoperiodo trukmés pokyciai neturéjo reikSmingos jtakos fotosintezés pigmenty
kiekiui lapuose.

ReikSminiai zodziai: augaly kultivavimas in vitro, Chrysanthemum morifolium,
fotoperiodas, Sviestukai.
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