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Abstract

SCHROETER-ZAKRZEWSKA, A. and T. KLEIBER, 2014. The effect of light colour and type of lamps on
rooting and nutrient status in cuttings of Michaelmas daisy. Bulg. J. Agric. Sci., 20: 1426-1434

The experiment analyzed the effect of light of different colour variants emitted by two types of lamps on rooting and nu-
trient status in cuttings of Michaelmas daisy (Symphyotrichum novi-belgii var. novi-belgii) ‘Barbados’. Trays with cuttings
were placed in a growth chamber on racks equipped with two types of lamps: fluorescent Philips TLD and LED Tube lamps
by Leuchtek. Lamps emitted light colours: white, green, blue, red, blue+red and yellow + red. For all colour variants the inten-
sity of quantum irradiation was 35 pmol'm?s. It was found that rooting in cuttings was dependent on lamp type and light
colour. Colour of light significantly modified plant nutrient status in case of nitrogen, sodium, iron and manganese, while the
type of light source influenced the contents of calcium, sodium and iron in aboveground parts of plants. Conducted investiga-
tions documented a significant variation in plant nutrient status under the influence of their exposure to qualitatively different
sources of light. Determination of occurring phenomena and their mechanisms, in view of the rapid development in lighting
technologies (including LED), requires several studies conducted under strictly controlled conditions in vegetation chambers
at artificial lighting of plants. Results of investigations conducted by the authors need to be considered as a contribution to a

better understanding of the occurring phenomena.
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Introduction

Factors influencing the process of rhizogenesis include
light and temperature. Studies on the effect of light colour
on the rooting process concern mainly in vitro cultures (Ga-
bryszewska and Rudnicki, 1995; Bach and Swiderski, 2000,
Witomska and Ladyzynska, 2001; Miler et al., 2005; Miler
and Zalewska, 2006; Cybularz-Urban et al., 2007; Kozak et
al., 2010; Kozak, 2011). Their results indicate a varied plant
response to this factor, which to a considerable extent was
found to be species-specific. In laboratory experiments flu-
orescent lamps are primarily used to provide lighting for
plants. In recent years LED lamps (Light Emitting Diodes)
have become increasingly popular and they are considered
lighting of the future (Reinders, 2008). Thanks to their spe-
cial design heat is released through radiators, thanks to which
lamps do not heat up and may be placed directly over plants.
As it results from research the application of closed plant pro-
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duction systems considerably reduces the area required for
cultivation in relation to traditional greenhouse systems. This
is facilitated by the production run on many levels on rack
shelves in closed facilities with no access of natural light (Ko-
zai and Ohyama, 2006). Such a solution makes it possible to
obtain a higher number of plants per unit area and thus reduce
heating costs and outlays on the construction of plant cultiva-
tion facilities, e.g. greenhouses, since already existing facili-
ties may be converted to accommodate them.

From the point of view of physiology light stimulates iron
transport to chloroplasts (Bughio et al., 1990). It may also
influence the incidence of magnesium chlorosis on plants
(Cakmak and Marschner, 1992). Literature sources mention
the effect of phytochromes on the regulation of potassium ab-
sorption by plants (Krizek and Berry, 1981). However, Trem-
blay et al. (1988) indicated a lack of a modifying effect of the
light source on iron and magnesium uptake by plants, and its
simultaneous effect on calcium and rubidium uptake.
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The aim of the conducted investigations was to determine
the effect of colour of light emitted by two types of lamps on
rooting and nutrient status of cuttings in Michaelmas daisy
‘Bahamas’.

Materials and Methods

Tip cuttings of Michaelmas daisy (Symphyotrichum no-
vi-belgii var. novi-belgii, syn. Aster novi-belgii) ‘Barbados’
from the Island group, of 6.5 cm in length and having 6 - 10
leaves, were collected from maternal plants grown in soil.
Prior to being placed in multi-trays of 30 x 45 cm and in pots

of 4 cm diameter cuttings were treated with a rooting hor-
mone Ukorzeniacz A. A TSI peat substrate was used.

Next trays with cuttings were placed in a growth chamber
on racks equipped with two types of lamps: fluorescent Philips
TLD and LED Tube lamps by Leuchtek. Lamps emitted the
following light colours: white, green, blue, red, red+blue
(75:25) and white+blue (50:50). For all colours quantum irradi-
ance was 35 umol'm?s”, the day length lasted 12 hours. Air
temperature in the growth chamber was maintained at the level
of 22°C, while the relative air moisture was within 65-70%.
Spectrum characteristics of lamps with the use of a spectrora-
diometer (USB 4000) are presented by Figures 1 and 2.
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Fig. 1. Spectral characteristic of the fluorescent lamps
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Cuttings were regularly sprayed in order to maintain high
humidity. The experiment was completed after 4 weeks,
when most cuttings formed roots. Then the percentage of
rooted cuttings, length as well as fresh and dry weight of
cuttings, and root length was determined. Using an N-Tester
apparatus by Yara the Chlorophyll index (SPAD) was deter-
mined. This measurement is used to determine the intensity
of green colour in leaves and consists in the determination
of light absorption coefficient connected with the presence
of chlorophyll at a wave length of 650 nm and absorption by
the leaf tissue at a wave length of 940 nm (Samborski and
Rozbicki 2004). One combination of experiment included 40

cuttings (4 replications with 10 cuttings in each one). The
experiment was established in two culture cycles. Follow-
ing biometric measurements cuttings were dried in a drier
at a temperature of 45 - 50°C. Dried material was ground
and subjected to chemical analyses. For the determination
of total nitrogen, phosphorus, potassium, calcium and mag-
nesium the plant material was mineralized in concentrated
sulfuric acid, while for iron, manganese, zinc and copper the
assays were run in a mixture of nitric and perchloric acids (v/
v=3:1) (IUNG 1983). After mineralization of the plant sam-
ples, chemical analyses were performed using the following
methods: N—total — by the distillation method according to
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Fig. 2. Spectral characteristic of the LED lamps
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Kjeldahl in the Parnas—Wagner apparatus, P — by colorim-
etry with ammonium molybdate (according to Schillak), K,
Ca, Mg, Fe, Mn, Zn and Cu — by atomic absorption spec-
trometry (AAS; on a Carl Zeiss Jena apparatus). Results of
biometric measurements and chemical analyses of plants for
their contents of macro- and microelements were analyzed
statistically using the Duncan test, with inference at the sig-
nificance level p = 0.05.

Results and Discussion

The effect of light on plant development has been inves-
tigated in numerous studies. Thanks to advances in light-
ing technology it has become possible to obtain light with
a preferable spectrum. In recent years more and more at-
tempts have been made to simultaneously apply light sourc-
es emitting radiation within different spectrum ranges in
lighting of plants. Such attempts were made e.g. in kalan-
choe (Kalanchoé blossfeldiana), common primrose (Prim-
ula acaulis), Mexican marigold (Tagetes erecta) and scarlet
sage (Salvia splendens) (Perez et al. 2006; Michalczuk and
Goszczynska, 2002; Jeongwook et al., 2002). In the con-
ducted study it was found that rooting of Michaelmas daisy
‘Barbados’ was influenced both by light colour and the type
of applied lamps. Irrespective of lamp type similar results
were obtained under lamps emitting white+blue, white and
red coloured light. Considerable discrepancies were ob-
served under lamps emitting green, blue and red+blue light.
In these cases the effect of lamp type was clearly manifest-
ed. Under LED lamps emitting blue-coloured light 77.5%
cuttings rooted, while under fluorescent lamps only 47.5%.
As aresult of action of LED lamps emitting green light 70%
cuttings developed roots, while under fluorescent lamps
only 20% (Figure 3).
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Fig. 3. Percentage of rooted cuttings

An opposite situation was observed in case of the com-
bined action of red+blue coloured light. Fluorescent lamps
proved to be more effective, as under their light 60% cuttings
developed roots, while under LED lamps as little as 17.5%.

Available literature supplies inconsistent information on
the effect of light colour on the rooting process, which to a
considerable degree depends on the species. According to
Poudel et al. (2008), under LED lamps emitting red light ob-
tained a higher proportion of rooted grapevine cuttings. In
turn, in flameray gerbera this colour limited root formation
(Gabryszewska and Rudnicki, 1994). As it was reported by
Witomska and Ladyzynska (2002), red and blue coloured
light in in vitro cultures inhibited the process of rhizogenesis
in common petunia, while white light had a beneficial effect
on rooting in this species. In case of in vitro-propagated pot
mum an advantageous effect was found for white and green-
coloured light (Miler et al., 2005).

Colour of light may influence shoot elongation. In this
study the greatest increment in length of cuttings was ob-
served under red light coming from fluorescent lamps. The
cuttings were by almost 30% longer in comparison to cut-
tings placed under the same coloured light, but emitted by
LED lamps (Table 1). Most probably this difference could
have been caused by the fact that fluorescent lamps heat up
and emitting heat increases the temperature around plants.
As reported by Miler and Zalewska (2006) the pot mum mi-
crocuttings exposed to blue and red coloured light exhibit the
greatest increment in length. Similarly, in princess flower and
common petunia red light stimulates shoot growth (Fukuda,
2011; Kozak et al., 2010).

When analyzing data in the conducted experiment con-
cerning the chlorophyll index both the type of lamp and light
colour were found to have a significant effect on this trait. In
case of the red+blue, blue and red coloured light darker leaves
were observed in cuttings placed under fluorescent lamps. In
turn, under white+blue light higher values of the SPAD index
were recorded for cuttings rooted under LED lamps. Accord-
ing to Miler et al. (2005), the lowest chlorophyll content and
thus also the lightest coloured leaves were found in pot mum
cuttings grown under blue light, while the darkest - under
white light. In grapevine Poudel et al. (2008) recorded higher
SPAD index values under blue coloured light.

In this experiment root length also depended on the type of
lamp and light colour. The longest roots were formed by cut-
tings under blue and red light emitted by fluorescent lamps.
In case of LED lamps it was under blue, white+blue and white
light. Results of the experiments concerning the effect of light
colour in in vitro cultures on root length indicate high diver-
sity. As it was reported by Witomska and Ladyzynska (2001),
common petunia forms the longest roots under the influence
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of white light, while the shortest - in darkness. In contrast,
in case of flameray gerbera blue light stimulates root elonga-
tion, while red light inhibits it (Gabryszewska and Rudnicki,
1995). Different results were recorded by Kozak (2011) for
the in vitro rooting of common gardenia. The author reported
that blue light significantly inhibited root elongation, while
white light stimulated it.

Statistical analyses did not show significant differenc-
es either in fresh or dry matter of cuttings. According to

Glowacka (2002) in case of tomato seedlings a high fresh
and dry matter was obtained under blue light. In contrast, in
an experiment conducted by Kozak (2011) the highest fresh
weight of shoots in common gardenia was obtained under
red light.

In the conducted experiments a significant effect of lamp
type was shown on the contents of calcium and sodium in
aboveground parts of plants (Table 2). In case of calcium the
light emitted by fluorescent lamps, and for sodium — by LED

Table 1
The influence of light colour and lamp type of morfological traits of cuttings
Trait Light colour Lamp type
Fluorescent LED
W+B* 7.2 ab** 7.3 ab
R+B 6.7a 7.1 ab
. B 7.6b 69a
Lenght of cutting, cm G 70 ab 70 ab
W 7.6 b 7.0 ab
R 8.8¢c 69a
W+B 6.3 bc 9.0d
R+B 7.3 bc 6.4 bc
B 93d 94d
Lenght of root, cm G 71a 6.6 be
W 4.5 abc 8.2d
R 8.7d 3.6 ab
W+B 39.8 de 38.3 bede
R+B 40.7 e 37.6 be
Greening index of leaves B 377e 344a
(SPAD) G 36.4 abc 36.6 abc
w 357 ab 39.0 de
R 40.3 de 353 ab
W+B 0.81ab 0.9 bc
R+B 0.7 ab 0.7 ab
. . B 0.8 be 0.9 be
Fresh weight of cutting, g G 07 a 0.8 abe
\\%4 0.7 ab 0.8 abc
R 09c 0.7 ab
W+B 0.la 0.1b
R+B 0.la 0.1 ab
. . B 0.1 ab 0.la
Dry weight of cutting, g G o0la o0la
A\ 0.1b 0.1 ab
R 0.1a 0.1a

**Means followed by the same letter are not significantly different at o =0.05
Descriptions for tables 1-3: *W+B- White+blue; R+B - Red+Blue; G- Green; R - Red; B- Blue; W- White
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lamps had an advantageous effect on an increase in the con-
tents of these nutrients. No significant effect of lamp type
on plant nutrient status was shown in case of nitrogen, phos-
phorus, potassium or magnesium. The highest content of ni-

Table 2

trogen was determined when applying white LED lighting
(2.38% N), while it was lowest (1.54% N) in case of red-+blue
LED light. The lowest mean content of nitrogen was deter-
mined for red colour (1.70% N), while the highest (2.09%

The influence of light colour and lamp type on the content of macroelements and sodium in plants

(% in d.m. of aboveground parts)

. Lamp type (B)
Light colour (A)
LED ‘ Fluorescent Mean for A LED ‘ Fluorescent Mean for A

N P
W+B* 1.86 1.89 1.88 0.53 0.60 0.57
R+B 1.54 2.21 1.88 0.55 0.67 0.61
G 1.75 1.93 1.84 0.57 0.54 0.56
R 1.58 1.82 1.70 0.56 0.56 0.56
B 2.10 1.89 2.00 0.58 0.57 0.58
\W% 2.38 1.79 2.09 0.55 0.55 0.55
Mean for B 1.87 1.92 0.56 0.58
LSD for A 0.22 n.s.
LSD for B n.s. n.s.
LSD for AxB 0.30 0.06

K Ca
W+B 3.57 3.63 3.60 1.81 1.85 1.83
R+B 3.47 372 3.60 1.70 1.98 1.84
G 3.76 3.57 3.67 1.69 2.11 1.90
R 3.66 371 3.69 1.76 1.78 1.77
B 3.56 3.55 3.56 1.73 2.01 1.87
\W% 3.62 3.35 3.49 1.82 2.05 1.94
Mean for B 3.61 3.59 1.75 1.96
LSD for A n.s. n.s.
LSD for B n.s. 0.20
LSD for AxB n.s. 0.31

Mg Na
W+B 0.45 0.36 0.41 0.06 0.04 0.05
R+B 0.36 0.48 0.42 0.06 0.05 0.05
G 0.43 0.41 0.42 0.05 0.04 0.04
R 0.38 0.41 0.40 0.04 0.06 0.05
B 0.39 0.41 0.40 0.05 0.04 0.04
W 0.41 0.33 0.37 0.04 0.04 0.04
Mean for B 0.40 0.40 0.05 0.04
LSD for A n.s. 0.06
LSD for B n.s. 0.06
LSD for AxB 0.09 0.08

Explantations:
n.s. — not significantly
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N) for white light. The highest nitrogen content in plants at
both types of lamps was accompanied by the formation of
the shortest cuttings. In case of white light emitted by LED
lamps the highest value of the chlorophyll index (SPAD) was
recorded.

Similar dependencies to those for nitrogen were not ob-
served for phosphorus or potassium, whose content — irre-
spective of lamp type or light colour — did not differ signifi-
cantly. Significantly more calcium in the aboveground parts
of plants was recorded in case of their exposure to light emit-
ted by fluorescent lamps in comparison to LED lamps (an
increase by 12%). Colour of light did not have a significant
effect on plant nutrition with that nutrient.

No significant variation was shown in the contents of
magnesium under the influence of different lighting types
applied or the colour of light. Significantly highest content

Table. 3

of magnesium (0.48% Mg) was found in case of red+blue
coloured light, while it was lowest (0.33% Mg) for white light
emitted by fluorescent lamps. In case of the application of
fluorescent lamps and interdependence was shown between
the contents of this nutrient in plants and the chlorophyll in-
dex (SPAD).

A significant effect was shown for light emitted by flu-
orescent lamps on mean iron content in aboveground parts
of plants — such an effect was not found in case of manga-
nese, zinc or copper (Table 3). The highest content of iron
among the analysed combinations was determined in case of
blue coloured light (163.0 mg Fe-kg™"), while it was lowest for
green coloured light (119.0 mg Fe'kg™") emitted by fluorescent
lamps. Also statistically the highest content of manganese
(74.5 mg Mnkg!) was recorded in case of plant exposure to
blue light emitted by LED lamps, while the lowest (54.2 mg

The influence of light colour and lamp type on the content of microelements in plants

(mg-kg!' in d.m. of aboveground parts)

. Lamp type (B)
Light colour (A)
LED Fluorescent Mean for A LED ‘ Fluorescent Mean for A

Fe Mn
W+B* 125.2 135.0 130.1 57.5 70.5 64.0
R+B 1317 149.2 140.5 65.5 63.2 64.4
G 141.0 119.0 130.0 67.0 58.2 62.6
R 124.2 132.7 128.5 63.0 65.0 64.0
B 130.7 163.0 146.9 74.5 68.0 71.2
w 130.0 140.2 135.1 54.2 64.7 59.5
Mean for B 130.5 139.9 63.6 64.9
LSD for A 15.2 7.2
LSD for B 8.1 n.s.
LSD for AxB 13.1 8.7

Zn Cu
W+B 46.5 60.7 53.6 8.00 10.00 9.00
R+B 537 557 547 10.25 9.75 10.00
G 57.5 52.5 55.0 9.25 11.50 10.38
R 53.0 59.5 56.2 8.25 10.25 9.25
B 56.0 61.5 58.7 9.75 9.50 9.63
'Y 51.7 537 527 10.50 9.00 9.75
Mean for B 53.1 57.3 9.33 10.00
LSD for A n.s. n.s.
LSD for B n.s. n.s.
LSD for AxB 94 1.75

Explantations:

n.s. — not significantly
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Mnkg!) — to white light emitted by that type of lamps. A
reduction was found for the values of the chlorophyll index
(SPAD) with an increase in the contents of this nutrient in
plants. In case of zinc the highest content (61.5 mg Zn'kg")
was determined in plants growing under the blue fluorescent
light, while it was the lowest (46.5 mg Zn-kg") at white+blue
light (46.5 mg Znkg") emitted by LED lamps. Significantly,
the lowest content of copper, similarly as in case of zinc, was
determined in plants growing at the white-blue LED light
(8.00 mg Cukg"), while the highest (11.50 mg Cukg™') - at
green light coming from fluorescent lamps.

Conducted investigations documented a significant vari-
ation in plant nutrient status under the influence of their
exposure to qualitatively different sources of light. Deter-
mination of occurring phenomena and their mechanisms,
in view of the rapid development in lighting technologies
(including LED), requires several studies conducted under
strictly controlled conditions in vegetation chambers at arti-
ficial lighting of plants. Results of investigations conducted
by the authors need to be considered as a contribution to a
better understanding of the occurring phenomena.

There are no data in available literature on the contents
of nutrients in aboveground parts of Symphyotrichum novi-
belgii var. novi-belgii L. In case of China aster (Callistephus
chinensis (L.), growing in a hydroponic culture with the ap-
plication of a nutrient solution of the following composition
(in mg-dm~): N-NO, 169.1, K 214.1, Ca 124.0, Mg 18.5, S 35.2,
B 0.24, Fe 1.23, Mn 0.55, Cu 0.03, Mo 0.09, Zn 0.20, EC 1.8
mS-cm’, mean contents of nutrients in leaves were markedly
lower than those recorded in this study and fell within the
following ranges (in % s.m.): N 0.46 - 0.47; P 0.0067 - 0.0168;
K 0.52 - 0.57; Ca 0.11 - 0.13; Mg 0.02 - 0.04 (Nowak 2009,
modified). In other studies conducted on the same species
(Chaitra, 2006) contents of nitrogen in plants, both leaves
and stems, were markedly higher than those recorded in this
study and they amounted to 3.03 - 3.76 and 2.72 - 3.28% N in
d.m.. Mean contents of phosphorus were similar, amounting
to 0.39 - 0.54 and 0.37 - 0.54% P (in leaves and stems, re-
spectively). Recorded potassium contents in plants were over
2-fold lower than those found in this study. In case of Aster
trifolium grown under saline stress the mean contents of ni-
trogen (1.25% N), phosphorus (0.39% P), potassium (3.24%
K) and magnesium (0.35% Mg) were slightly lower than the
results found in this study, while the contents of calcium
were almost 2-fold lower (0.96% Ca) (Karlsons et al., 2008).
Also mean contents of microelements in leaves were lower
than those reported for Symphyotrichum novi-belgii var. no-
vi-belgii formerly Aster novi-belgii L.

Conducted analyses documented the ranges of nutrient
contents, both macro- and microelements, in the aboveg-

round parts of Michaelmas daisy, as well as determined the
modifying effect of light colour on their contents.

Conclusions

Rooting in cuttings of Michaelmas daisy ‘Barbados’
was dependent on the type of lamps and light colour. The
greatest number of rooted cuttings was recorded under LED
lamps emitting blue and green light, while it was the lowest
under LED lamps emitting red+blue light and fluorescent
lamps emitting green light. The colour of light and the type
of lamps did not influence the elongation growth of cuttings
except for the red colour. A significant effect of lamp type
and light colour was found on an increase in the chlorophyll
index (SPAD). No significant effect of light colour or lamp
type was found on fresh and dry weight of cuttings. Blue
and red coloured light emitted by fluorescent lamps had
a significant effect on the length of adventitious roots. In
case of LED lamps a significant effect on root length was
found for blue, white+blue and white colours of light. Light
colour significantly modified nutrition of plants with nitro-
gen, sodium, iron and manganese, whereas the type of light
source influenced the contents of calcium, sodium and iron
in aboveground parts of plants. At an identical spectrum
range of light, also the type of lamps emitting it may have a
significant effect on nutrient status of plants.

References

Bach, A. and A. Swiderski, 2000. The effect of light quality on
organogenesis of Hyacinthus orientalis L. in vitro. Acta Bio-
logica Cracoviensia Series Botanica, 42 (1): 115-120.

Bach, A. and M. Malik, 1999. Effect of light quality on somatic
embryogenesis of Cyclamen persicum Mill. ‘Medium’. In:
Schwenkel HG [ed.], Reproduction of Cyclamen persicum
Mill. through somatic embryogenesis using suspension culture
systems, 27-36. Directorate General for Research of European
Commission, COST Action 822.

Bughio, N., M. Takahashi, E. Yoshimura, N. K. Nishizawa
and S. Mori, 1997. Light-dependent iron transport into iso-
lated barley chloroplasts. Plant Cell Physiol., 38: 101-105.

Cakmak, I. and H. Marschner, 1992. Magnesium-deficiency
and high light intensity enhance activities of superoxide dis-
mutase, ascorbate peroxidase, and glutathione reductase in
bean leaves. Plant Physiol., 98 (4): 1222-1227.

Chaitra, R., 2006. Effect of integrated nutrient management on
growth, yield and quality of China aster (Callistephus chinen-
sis (L.) Nees), Department of Horticulture College of Agricul-
ture, Dharwad, University of Agricultural Sciences Dharwad,
pp- 1-75.



1434

A. Schroeter-Zakrzewska and T. Kleiber

Cybularz-Urban, T., E. Hanus-Fajerska and A. Swiderski,
2007. Effect of light wavelength on in vitro organogenesis of
Cattleya hybrid. Acta Biologica Cracoviensia Series Botanica,
49 (1): 113-118.

Fukuda, N., Y. Ishii, H. Ezura and J. E. Olsen, 2011. Effects
of light quality under red and blue light emitting diodes on
growth and expression of FBP 28 in petunia. Acta Horticultu-
rae, 907: 361-366.

Gabryszewska, E. and R. Rudnicki, 1995. The influence of
light quality on the shoot proliferation and rooting of Gerbera
Jjamesonii in vitro. Acta Agrobotanica, 48 (2): 105-111.

Glowacka, B., 2002. Wptyw barwy $§wiatla na ukorzenianie sad-
zonek pgdowych pomidora (Lycopersicon esculentum). Acta
Scientarum Polonorum Hortorum Cultus, 1 (2): 83-91.

IUNG, 1983. Metody badan laboratoryjnych w stacjach chemic-
zno-rolniczych. Cz. III. Badanie gleb, ziemi podtozy spod
warzyw i kwiatéw oraz czgsci wskaznikowych roslin w cel-
ach diagnostycznych. IUNG, Putawy, pp. 28—81 (PI).

Karlsons, A., A. Osvalde, J. Necajeva and G. Ievinsh, 2008.
Changes of nutritional status of coastal plants Hydrocotyle
vulgaris and Aster tripolium at elevated soil salinity, Acta Uni-
versitatis Latviensis, 745: 165—-177.

Kozai, T. and K. Ohyama, 2006. Commercialized Closed Sys-
tem with artificial lighting for plant production. Acta Horticul-
turae, 711: 61-67.

Kozak, D., 2011. The influence of light quality and BA on in vitro
growth and development of Gardenia jasminoides Ellis. Acta
Scientarum Polonorum Hortorum Cultus, 10 (4): 65-73.

Krizek, D. T. and W. L. Berry, 1981. Variation in elemental con-
tent of ‘Grand Rapids’ lettuce grown under four levels of far-

red and infrared radiation in controlled environments. Journal
of Plant Nutrition, 3: 827-841.

Miler, N. and M. Zalewska, 2006. The influence of light colour
on micropropagation of Chrysanthemum. Acta Horticulturae,
725: 347-350.

Miler, N., M. Zalewska and J. Lema-Ruminska, 2005. The in-
fluence of light colour on the quality of Chrysanthemum micro-
cuttings rooted in vitro. Zeszyty Problemowe Postepow Nauk
Rolniczych, 504: 153-158.

Nowak, J., 2009. Effects of mycorrhization and phosphorus nutri-
tion on nutrient uptake, growth and flowering of China aster
(Callistephus chinensis (L.) Nees) cultivated on ebb-and —flow
benches. Acta Agrobotanica, 62 (1): 77-81.

Poudel, P. R., I. Kataoka and R. Mochioka, 2008. Effect of red
and blue- light emitting diodes on growth and morphogenesis
of grapes. Plant Cell Tissue and Organ Culture, 92: 147-153.

Reinders, U., 2008. LEDs are still the future. Flower Tech., 11
(6): 24-26.

Tanaka, M., T. Takamura, H. Watanabe, M. Endo, T. Yanagi
and K. Okamoto, 1998. In vitro growth of Cymbidium plant-
lets cultured under superbright red and blue light emitting di-
odes (LEDs). Journal of Horticultural Science and Biotechnol-
ogy, 73: 39-44.

Tremblay, N., M. C. Gasia, M.-Th. Ferauge, A. Gosselin and M.
J. Trudel, 1998. Effects of light spectral quality on nutrient up-
take by tomato. Canadian Journal of Plant Science, 68: 287-289.

Witomska, M. and K. Ladyzynska, 2001. Wpltyw S$wiatla i
auksyn na ukorzenianie in vitro i jako§¢ pgdow petunii (Pefu-
nia X hybrida). Zeszyty Naukowe Akademii Rolniczej w Krako-
wie, 379: 193-197 (PI).

Received February, 17, 2014, accepted for printing June, 2, 2014.



