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Abstract: A closed system for plant production with artificial light is an innovative method of plant
cultivation. The objective of this study was to investigate the effect of light colour on rooting cuttings
and subsequent growth of chrysanthemum (Chrysanthemum x grandiflorum Ramat./Kitam.) During
the experiments, the following conditions were maintained: photoperiod 16 h or 10 h, temperature
22 °C, relative humidity of 65-70%. LED lamps emitted the following light colours: white, blue,
white + blue (50:50), and red + blue (75:25). For all light spectra, the photosynthetic photon flux
density (PPFD) was 50 umol m~2 s~ 1. The effectiveness of exposure to different light colours was
measured with parameters: cutting weight (g), cutting length (cm), length of roots, and index of leaf
greenness (SPAD). The measurements referred to plant features determining plant quality, i.e., the
number of flower buds and flower head, the diameter of the flower head, height of plants, index of
leaf greenness (SPAD), the number of leaves, and the fresh and dry weights of aboveground parts
of plants. The rooting of cuttings and subsequent growth are integral processes in the cultivation
of potted chrysanthemums. Both were differently affected by the colour of light from LED lamps.
The exposure to red + blue light resulted in the highest leaf greenness index (SPAD) value and the
shortest cuttings with the longest roots. White + blue light significantly influenced most of the growth
parameters, except the height of the plants and the number of leaves.
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1. Introduction

Chrysanthemum is one of the most popular ornamental plants worldwide. Various
methods have been used to cultivate and breed this plant in its long history. Chrysan-
themum is a widely known quantitative short-day ornamental plant, which means that
the length of the day and night significantly influences its growth. The plant can form
flower buds in a daytime of 13.5 h or less. It can elongate its internodes and stem when
the daytime is longer than 14 h under supplemental light replacing daylight. Both are
necessary for different purposes. The former is for potted flowers, whereas the latter is for
cut flowers [1]. Similar to other crops, chrysanthemum can normally be cultivated both
indoors (in greenhouses and plastic tunnels) and outdoors (in fields). Potted chrysanthe-
mums are usually grown indoors or in plastic tunnels and growth chambers. Ornamental
plants, which strongly depend on the photoperiod, benefit from the cultivation in a plastic
tunnel, where lighting, pests, diseases, watering, and harvesting are controlled. Lighting
can be divided into two phases, i.e., the long-day phase and the short-day one. The aim of
the former phase is to improve vegetative growth, mainly the stem length and width, and
to increase the number of leaves. Plants are exposed to light for more than 12 h per day
for 10-25 days. The aim of the latter phase is to promote generative growth, such as the
formation of flower buds for the anthesis period. Plants are exposed to light less than 12 h
per day for 6-11 weeks [2].
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Fast propagation techniques are necessary to meet the market demand and produce
plants for different purposes. Cutting is a simple and low-cost propagation method.
Practically, it can be applied at the onset of the vegetative or reproductive phase [3]. Apart
from that, common cutting methods have several advantages: simplicity, the general
uniformity of results, faster root formation (even by applying auxin), and higher income.
The economic reason tends to dominate mainly due to the increasing demand for cut
and potted chrysanthemums worldwide [4]. Several factors may influence successful
cutting propagation. These are: the application of phytohormone (auxin), the substrate
for cuttings, stem parts cut, nutritional status, and light requirements. Light is crucial for
plants, including short-day ones such as chrysanthemum [5]. Light, which is necessary for
photosynthesis, has the characteristics of both a particle and a wave. The optimum light
wavelength for photosynthesis is 400-700 nm. However, outside that range, the plants still
sphotosynthesise at a low rate [6,7]. According to Zhen and Bugbee [8], far-red photons
(701-750 nm) are abundant in sunlight but are considered inactive for photosynthesis
and are thus excluded from the definition of photosynthetically active radiation (PAR;
400-700 nm). The consistent response among diverse species indicates that the mechanism
is common in higher plants. These results suggest that far-red photons (701-750 nm) should
be included in the definition of PAR.

A specific wavelength represents the colours of light affecting physiological processes,
which are responsible for the plant’s growth from the vegetative to the generative phase.
For instance, the interaction of far-red (FR) and blue (B) light in a specific red (R): far-red (FR)
spectrum increases the photosynthetic rate of chrysanthemum plants because chlorophyll
can intensely absorb blue light (about 430 nm) and far-red light (about 660 nm). Both can
enhance the electron excitation level during photosynthesis, activate some enzymes to
catalyse reactions on the electron chain, and soptimise photosystem activities [9].

Studies on potted chrysanthemums cultivated in growth chambers showed that light
affected the growth and flowering of the plants. Different colours of light may have
different influences on the chrysanthemum flowering time. Zalewska et al. [10] report
that the cultivar Baja from the Sombrero group of chrysanthemums was grown under
short-day conditions and exposed to artificial blue light and daylight, which constituted
the control. The blue light caused the plants to flower earlier than in the case of daylight.
Jerzy et al. [11] observed that the source of light, such as a fluorescent lamp or LED lamp,
had different effects on the duration of cultivation. Moreover, the intensity of light can
manipulate some morphological features of plants, such as flower development and leaf
elongation. The cultivation in growth chambers was found to have a better influence on
the post-harvest quality of potted chrysanthemums. As light is a limiting factor, specific
colours and wavelengths of light can be used for various purposes. Blue and white light
can accelerate flowering, so both are suitable to meet market demands quickly. Red light
delays flowering, so it can be applied to plants in storage rooms to keep them longer for
later production [11].

The increasing demand for plant-based products such as fruit, flowers, and chemical
substances caused the need to enhance plant growth and flowering by light supplementa-
tion. The use of light-emitting diode (LED) lamps positively affected protected cultivation
in growth chambers, plastic tunnels, and greenhouses. At the same wavelength, the LED
lamp produces lesser heat than a fluorescent lamp by different heat dissipation mechanisms,
so it can save a higher amount of energy, and it is more eco-friendly. It is also beneficial
for plants because it promotes germination, soptimises the photosynthetic rate, triggers
stomatal conductance, creates plant compactness, extends roots and shoots, promotes
flowering, and enhances fruit taste. These effects heavily depend on the plant species as
well as the colour and wavelength of the light generated by LED lamps, which may either
positively or negatively affect plant growth [12].

Kozai [13] observed that although there are numerous advantages of the use of
LED lamps in agriculture, they are not applied in conventional farming in developing
countries. On the contrary, developed countries such as Japan started using LED lamps



Agriculture 2021, 11, 671

30f12

in urban agriculture in 2010. This idea was implemented due to the limited number of
fields for cultivation and insufficient sun exposure. LED lamps were applied to solve
these problems. This trend also increases the use of LEDs in urban agriculture because
they meet all requirements for high effectiveness (only specific spectra are used), safety,
and healthy production. LED characteristics surpass the characteristics of other unused
wavelengths and have low irradiance. They generate low amounts of heat, which is
environmentally friendly.

Light is also important for plants to build biomass and activate the genes responsible
for the activation of phytochromes. Several light colours can interact with cryptochromes
and phototropins. Blue light affects stomatal conductance and thus increases photosynthe-
sis. Potted chrysanthemums cultivated under 100% blue light had longer shoots than the
plants grown under white light with shade avoidance response. Moreover, higher intensity
of blue light can significantly affect rhizogenesis during adventitious root formation, which
may be manifested by an increase in the dry root mass and the number of adventitious
roots [9].

However, blue light may inversely affect root development in some species cultivated
in vitro. For instance, Moon et al. [14] observed that birch pine and tsuru-rindo (Triptosper-
mum japonicum) grown in blue light were scharacterised by low chlorophyll content, a
small number of roots, and short internodal length and plant height.

Akbarian et al. [15] found that blue LEDs increased the emergence of seedlings and
root length of Zinnia and Impatiens during the germination period. Furthermore, LEDs
can make some ornamental plants (gerbera, marigold, petunia, and zinnia) sturdier than
others, which were not illuminated with an LED lamp [16].

A closed plant production system with artificial light is an innovative plant cultivation
method. The aim of the study was to assess the effect of different colours of light on the
rooting of chrysanthemum (Chrysanthemum x grandiflorum Ramat./Kitam) cv. ‘Nova Lime’
cuttings and their subsequent growth in a room with no access to sunlight.

2. Materials and Methods
2.1. Plant Material

A total of 120 cuttings of medium-flowered pot chrysanthemum (Chrysanthemum x
grandiflorum Ramat./Kitam.) cv. ‘Nova Lime’ were placed in a a controlled environment
growth room in a three-layer shelf system) on 120 x 50 cm shelves lined with felt (Figure 1).
The shelves were equipped with a LED Tube (LeuchTek, Ahrensburg, Germany). The
lamps emitted light of different colours, i.e., white (cool white—5000 K), blue (460 nm),
and as well as combinations of two colours: blue + white (50:50) (400-500 nm), and red
+ blue (75:25) (460-660 nm). The cuttings were rooted for 2 weeks. They were regularly
sprayed with water in order to maintain high humidity. The experiment was completed
when most of the cuttings formed roots. During the rooting, the day length was 16 h.

Next, the rooted cuttings were replanted into pots (1 dm?) (5 cuttings per pot) with
commercial peat substrate TS1 (pH 6.0). Then, the plants were placed in the same growth
room and irradiated with the same light condition with the LED lamps. For 2 weeks, the
rooted cuttings were grown in the growth room, where they were illuminated for 16 h a day
(from 6 a.m. to 10 p.m.) and pinched off above the fifth leaf. After 7 days, the pinched off
parts were sprayed with a retardant daminozide at concentration of 2550 mg-dm 3. Then,
they were illuminated for 10 h (from 6 a.m. to 4 p.m.) for around 3 months to promote
flower opening. They were watered every second day.

For different spectra of LED light, the photosynthetic photon flux density (PPFD) was
50 pmol m~2s~! and was measured by means of Optel phytophotometer FR- 10 (Sonopan,
Biatystok, Poland). The lighting system was placed at 50 cm distances over the plant
in order to adjust the photosynthetic photon flux density (PPFD) to the same value for
all treatments.
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Figure 1. Three-layer shelf system in growth room.

The air temperature in the growth room was maintained at 20 °C, and the relative hu-
midity was 65-70%. The light spectrum characteristics measured with a spectroradiometer
(USB 4000, Ocean Optics Inc., Dunedin, FL, USA) is shown in Figures 2-5.
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Figure 5. Spectral characteristic of red + blue light.

2.2. Experimental Design

The experiment was conducted in a completely srandomised design, where the expo-
sure of the plants to different light colours was analysed, i.e., white light (W), blue light (B),
red + blue light (RB), and white + blue light (WB). Rooted chrysanthemum cuttings were
set in 4 treatments with 6 pots in each. There were 5 cuttings in each pot. The experiment
was conducted at the Marcelin Experimental Station of the Faculty of Agricultural, Horti-
cultural and Bioengineering Poznari University of Life Sciences, Poland, between July and
November 2020.

The following morphological traits of the plants were measured: the number of flower
buds and flower heads, the diameter of the flower heads, the height of the plants, the
number of leaves, the fresh and dry weights of aboveground parts of plants. After the
biometric measurements, the plants were dried in a drier 48 h at 60 °C.

The leaf greenness index (SPAD) was measured with an N-Tester apparatus (Yara
International ASA, Norway). This measurement is used to determine the intensity of
green colour in leaves and consists of the determination of the light absorption coefficient
connected with the presence of chlorophyll at a wavelength of 650 nm and absorption by
the leaf tissue at a wavelength of 940 nm.

2.3. Statistical Analysis

The results were analysed statistically with one-way analysis of variance and Duncan’s
multiple range test at a significance level of « = 0.05.
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3. Results
3.1. Cuttings Rooting

The experiment showed that the rooting of the cuttings was influenced by the light
colour (Table 1). The parameters were measured before or at the beginning of the rooting
process and 2 weeks later, after the cuttings rooted optimally. The exposure of the chrysan-
themum cuttings to blue and white lights significantly increased their weight, i.e., from 0.7
and 0.8 g to 3.0 and 2.9 g, respectively. On the other hand, the cuttings exposed to white +
blue and red + blue light combinations had the same average weight of 2.7 g.

Table 1. The effect of light colour to rooting cuttings of chrysanthemum.

Before Rooted Cuttings After 2 Weeks Rooting Process
Colour of Light Weightof  Length of Index of Weight of  Length of Index of Length of
Cutting Cutting Greening Leaves Cutting Cutting Greening Leaves Roots
(g) (cm) (SPAD) (g (cm) (SPAD) (cm)
White 08a* 70a 352a 29b 9.1b 444D 89a
Blue 0.7a 75a 37.1a 3.0b 9.7b 404 a 11.0b
White + Blue 0.7a 72a 36.2a 2.7 a 9.8b 47.0c 112b
Red + Blue 0.8a 74a 36.7a 2.7a 8.7a 51.6d 13.1c¢

* Means followed by the same letters are not significantly different at & = 0.05.

The length of the cuttings exposed to white, white + blue, and blue lights increased
considerably and amounted to 9.1, 9.7, and 9.8 cm, respectively. Regardless of the length of
individual cuttings, the exposure to light increased their length by about 2.1-2.6 cm. The
smallest increase in the length of the chrysanthemum cuttings was observed under red +
blue light—1.7 cm, approximately from 7.4 to 8.7 cm.

The statistical analysis showed that the colour of light also influenced the leaf green-
ness index (SPAD). Three of the light treatments increased the index after 2 weeks of rooting.
The highest SPAD values (51.0) were noted for the cuttings grown under red + blue light.
The other two treatments increased the index value as follows: white light—44.4 and white
+ blue light—47.0.

Regardless of the three main parameters, the chrysanthemum cuttings successfully
formed numerous roots of different sizes and lengths to absorb nutrients and water. There-
fore, the length of the roots was measured from the base of the main shoot to the main root
apex. As shown in Table 1, the chrysanthemum plants developed the longest roots (average
length—about 13.1 cm) under red + blue light. The exposure to white + blue and blue
lights resulted in shorter roots, i.e., 11.2 and 11.0 cm, respectively. The chrysanthemum
cuttings grown under white light had the shortest roots, i.e., 8.9 cm.

3.2. Subsequent Growth of Rooting Cutting

After the rooting of the cuttings, the chrysanthemum plants were transferred into pots
(diameter 14 cm) in order to observe their subsequent growth under different colours of
light from the LED lamps. Eight parameters were measured at the end of the generative
period: the height of the plants, the number of flowers, the flower diameter, the number of
flower buds, the leaf greenness index, the number of leaves, and fresh and dry weights.
The results showed that the colour of light significantly affected the morphological traits of
the chrysanthemums.

The plants exposed to white and red + blue lights grew shorter. By contrast, the tallest
plants were produced under blue light. They were on average 17—-41% taller than the other
plants (Table 2).
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Table 2. The effect of light colour on vegetative features of chrysanthemum.

Fresh Weight of Dry Weight of

Height of Plants  Index of Greening Leaves Number of Above-Ground Above-Ground

Colour of Light (cm) (SPAD) Leaves Parts of Plants Parts of Plants
(g (g)
White 92a* 57.4b 242.6 a 522b 289b
Blue 154 ¢ 55.5b 265.1 a 52.4b 32.3c¢
White + Blue 12.7b 65.9 ¢ 281.3 a 65.2 ¢ 38.1d
Red + Blue 10.6 a 52.8 a 366.0 b 469 a 263 a

* Means followed by the same letters are not significantly different at & = 0.05.

Regardless of the average number of leaves in one pot per treatment, during the
subsequent growth, the rooted cuttings produced the most leaves under red + blue light,
i.e., about 366 leaves. The plants exposed to the other lights produced about 84-123 fewer
leaves than those cultivated under red + blue light.

The colour of light significantly influenced the leaf greenness index. The leaves of the
plants exposed to white + blue light were darker than the other leaves—their SPAD value
was 65.9. Conversely, the plants grown under red + blue light had the lowest SPAD values
(52.8). The SPAD values of the plants grown under white and blue lights were 57.4 and
55, respectively.

The chrysanthemum plants exposed to white + blue light had the highest fresh and
dry weights, i.e., about 65.2 and 38.1 g on average. The plants exposed to white and blue
lights did not differ significantly in the fresh weight. Their average fresh weights were
52.2 and 52.4 g, respectively. The plants exposed to red + blue light had the lowest fresh
(46.9 g) and dry (26.3 g) weights.

Interestingly, only the chrysanthemum plants cultivated under white + blue light had
almost two times more flowers—about five flowers/pot. The other treatments resulted in
similar numbers of flowers—not more than three flowers/pot (Table 3).

Table 3. The effect of light colour on generative feature of chrysanthemum.

. Number of Flower Flower Head Diameter Number of Flower
Colour of Light

Heads (cm) Buds

White 26a* 44a 9.8a
Blue 28a 6.2b 158 ¢
White + Blue 5.0b 69b 17.3d
Red + Blue 23a 42a 11.1b

* Means followed by the same letters are not significantly different at o« = 0.05.

The flower diameter also depended significantly on the light colour. White and red +
blue lights noticeably inhibited the growth of flowers. The plants grown under blue and
white + blue lights developed the largest flowers.

The statistical analysis showed that the colour of light also influenced the number
of flower buds. The plants produced the most flowers and buds under white + blue
light. On the other hand, the plants developed the fewest flowers and buds under white
light—2.4 flowers and 7.5 buds on average.

4. Discussion
4.1. Rooted Cutting Activity

Root formation, which is affected by several factors, is a crucial point for the survival
of cuttings. The number of adventitious roots formed during rhizogenesis determines
plants’ abilities to absorb soil nutrients. Being short-day plants, chrysanthemum cuttings
can form adventitious roots when stimulated by light and hormone activities. Light is
a major factor responsible for the expression of genes resulting in phytohormone and
phytochrome activity. Light promotes or inhibits the growth pattern of chrysanthemum
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cuttings depending on its wavelength, irradiance, and colour [17]. In our experiment, the
colour of light affected the formation of roots and subsequent growth of chrysanthemums.

Two weeks of observation of root development in the cuttings showed that the colours
of light differently affected the weight and length of the cuttings, their leaf greenness index
(SPAD), and root length. Red + blue light (RB) accelerated the growth of rooted cuttings
and induced the greenness of leaves but resulted in the low fresh weight of the cuttings. An
earlier study on cherry rootstock microcuttings of the Colt cultivar showed that exposure
to dichromatic blue and red light caused a remarkable increase in the root length. Root
elongation was related to the phytochrome photoequilibrium value and photoreceptors.
Blue and red light interacted strongly and regulated elongation activities more intensely
than a single light colour. This effect was caused by the fact that red light stimulated
root elongation more intensely than far-red and blue light and thus compensated for the
blue light root elongation deficiency [18]. The exposure of chrysanthemum cuttings to
dichromatic red + blue light with the same PPFD ratio (30:30 umol m~2s~!) gave similar
results. After 3 weeks, the cuttings exposed to red + blue light had the highest percentage
of developed root [6].

On the contrary, the exposure of Jatropha curcas rooted cuttings to red + blue light
generated by LED lamps (50:50 photon flux density) inhibited root formation, as opposed
to blue, red, and white lights [19]. Kurilcik et al. [20] observed that blue light added to
red and far-red light affected the rhizogenesis of chrysanthemum microcuttings. The blue
light component was found to inhibit the rooting rate, but it increased the ratio of the
fresh and dry weight of the explants due to the interaction between cryptochromes and
phytochromes. Both of them affected the development of adventitious roots, but the influ-
ence of phytochromes was more pronounced. Phytochromes also regulate phytohormones
such as auxin. However, this scheme requires further investigations, as plants respond
differently to each photon flux density of the light colour. The growth of plants may be
differently affected by the colour of light.

Matysiak [21] observed that the combination of light characteristics did not always
result in optimal rooting percentage. The exposure of roses of the ‘Konstancin” cultivar to
dichromatic white + blue light resulted in a lower rooting percentage than the exposure
to the monochromatic white light of high photosynthetic photon flux density (PPFD)
100 umol m~2 s~ 1. The dichromatic light did not increase the fresh weight of the cuttings
(roots and shoots) and the length of shoots significantly. The rooting of rose cuttings
was induced by high irradiance and delayed by the blue light component during the
exposure. These findings were consistent with the results of our experiment, in which the
cuttings rooted under blue light were characterised by an intermediate increase in weight
and length.

As Table 1 shows, the chrysanthemum cuttings in our experiment poorly responded
to the exposure to monochromatic lights, i.e., white and blue lights, as expressed by the
length of roots, cuttings, and the leaf greenness index (SPAD), except the weight of the
cuttings. Baque and Hahn [22] observed a moderate effect of blue light on the length of
roots of Morinda citrifolia leaf microcuttings grown in vitro. However, the root growth
under red and blue lights were faster than under red + blue light. The fresh weight of the
cuttings was also positively affected by monochromatic light. A lower amount of H,O,
applied under blue LEDs accelerated root formation triggered by rapid cell division.

This was caused by blue light slightly induced the activity of the genes expressing
superoxide dismutase (SOD), and subsequently activated ascorbate peroxidase (APX) and
catalase (CAT) mRNA to function at the same time in order to metabolically convert toxic
H,0O; into HyO. The lower amount of HyO; and higher amount of HyO promoted cell
elasticity. Further, the elasticity triggered a division of cells. As a result, the root cells
divided rapidly because there was a low level of toxic free radicals.

The illumination with white LEDs had a less significant effect on the root length, but
in comparison with the other light treatments, it slightly increased the weight, length,
and greenness index of the cuttings. The research on the sensitivity of rooting behaviour
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of Wiekstromia gemmate microcuttings showed that specific light wavelengths and other
qualities were reflected by various growth patterns. Consequently, the plants grown
under white LED lamps had shorter roots than those grown under warm white fluorescent
lamps and subsequently, they had epinastic and greener leaves. Further investigations
showed that that other light spectral could not support auxin transport basipetally, so the
endogenous auxin level may be high in the apical zone but low in the root elongation
zone [23].

The rooted cuttings exposed to blue light had the lowest leaf greenness index (SPAD)
value after 2 weeks. The second-lowest leaf greenness index (SPAD) value was noted after
the white-light treatment. Interestingly, both of the light treatments positively affected
the leaf greenness index. This result was consistent with the findings of the experiments
conducted by Zheng and Van Labeke [24] and Schroeter-Zakrzewska et al. [25]. The
researchers observed that the blue light component caused the shaded leaf effect, so
physically, the leaves were darker than under the other treatments.

4.2. Subsequent Growth of Rooted Cuttings

The successful transferring of rooted chrysanthemum cuttings to their subsequent
growth was determined by light characteristics such as the type of light and its colour.
Nonetheless, some light colours had little or no effect on the vegetative and generative
growth of potted chrysanthemums. Blue light combined with white and red lights consid-
erably increased the height of chrysanthemums of the Covington cultivar. Monochromatic
blue light had a moderate influence on the plant height [25]. Our experiment showed that
the plants exposed to blue light had different characteristics. They were taller than the
other plants. However, there were similar results of an earlier study on plants exposed
to white + blue light. The plants grew optimally under exposure to blue light. The other
treatments did not noticeably enhance the height of the plants.

The next vegetative parameter, i.e., the number of leaves, was related to the plant
height. As light spectra enabled the manipulation of the chrysanthemum shoot architecture,
they caused the shade avoidance syndrome. The cuttings grown only in the growth cham-
ber with exposure to red and blue light were characterised by numerous bud outgrowths
and the shortest height. Due to low apical dominance, these plants were short and compact.
The application of red light either as a single light source or its combination with other
light spectra [26]. Similar to earlier studies, our experiment also showed that the exposure
to blue and red lights resulted in the shortest and most compact plants with numerous
axillary vegetative buds. The buds then formed numerous thick and small leaves.

The quality of ornamental plants is also determined by leaf colour. It was shown
in the experiments that the light colour significantly affected the SPAD index value. It
increased after the exposure to white + blue light as well as white and blue lights, but
it did not increase after the exposure to red + blue light. This finding was similar to the
results of the study on lettuce conducted by Kleiber et al. [27]. The SPAD index value of
the lettuce cultivated under white + blue light was lower than that of the lettuce grown
under blue light.

The LED lamps emitting white + blue light resulted in more flower buds, flowers, and
subsequently in greater flower diameters than the exposure to blue light, which resulted
in the highest SPAD index value. The higher leaf greenness index (SPAD) value was
positively correlated with the photosynthetic rate and thus affected the generative stage.
Nissim-Levi et al. [28], Schroeter-Zakrzewska et al. [25], and Jerzy et al. [11] made similar
observations for LED lamps emitting monochromatic blue light, which triggered rapid
flower bud development. The induction of blue light itself depended strongly on the
duration of exposure. Partch and Sancar [29] found that the blue light component activated
cryptochromes so that they controlled flowering photoperiodically. The cryptochrome
activity pathways were complex due to the interaction between auxin biosynthesis and
light regulation [30].
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On the other hand, Kaiser et al. [31] studied tomato plants and found that the com-
bination of red + blue light induced the development of flower buds and increased the
yield and biomass more than single blue light. This effect may have been caused by the
plants’ different responses to the light spectra, which depended not only on physiological
activities but also on the cellular and gene levels. Further investigations on other crops are
necessary for this field to find appropriate artificial or supplemental light treatments.

In order to analyse the correlation between light colour induction and each growth
stage of chrysanthemumes, the fresh and dry weight of the aboveground parts of plants were
measured at the end of the experiment. The strongest correlation was observed between
the high SPAD index value caused by the illumination with white + blue light and the
fresh and dry weights of the aboveground parts of plants.The favourable effect of the white
and blue light onto the fresh and dry weights in Scarlet sage was reported by Schroeter-
Zakrzewska [32]. In the conducted experiment, the plants exposed to red + blue light were
characterised by the lowest fresh and dry weights. They obtained different results reported
by Heo et al. [33] in African marigold and Scarlet sage which were characterised by higher
dry weight when the plants were cultivating under red- and blue- coloured lights.

5. Conclusions

The aim of the study was to assess the effect of different colours of light on the
rooting of chrysanthemums (Chrysanthemum x grandiflorum Ramat./Kitam) cv. ‘Nova
Lime’ cuttings and their subsequent growth in a growth room with no access to sunlight.
During this experiment, morphological characteristics were measured. The cuttings rooted
under white and blue lights were heavier than those exposed to white + blue and red +
blue light combinations. The cuttings rooted under red + blue light were the shortest. The
exposure to red + blue light resulted in the highest index of greening leaves (SPAD) value
and the shortest cuttings with longest roots. White + blue light significantly influenced
most of the growth parameters of chrysanthemum plants, except the height of the plants
and the number of leaves. The blue light treatment optimally affected the plant height. Red
+ blue light emitted by the LED lamps had a significant influence on the number of leaves.

A closed system for plant production with artificial light is an innovative method
of plant cultivation. The growing trend of closed cultivation system is still applied in
vegetable crops widely and in ornamental crops; in turn, it had already been started a few
years ago. Thus, more information about this area is needed for farmers of ornamental
plants. The conducted experiment proved that good quality chrysanthemum could be
obtained at a low light intensity, which can significantly reduce energy costs. Lower
electrical energy costs can increase profits.
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