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Abstract

BACKGROUND: For commercial production of
greenhouse crops under shorter day length condition,
supplementary radiation has been usually achieved by the
artificial light source with higher electric consumption such
as high-pressure sodium, metal halide, or incandescent
lamps. Light-Emitting Diodes (LEDs) with several
characteristics, however, have been considered as a novel
light source for plant production. Effects of supplementary
lighting provided by the artificial light sources on growth of
Kale seedlings during shorter day length were discussed in
this experiment.

METHODS AND RESULTS: Kale seedlings were grown
under greenhouse under the three wave lamps (3 W),
sodium lamps (Na), and red LEDs (peak at 630 nm) during
six months, and leaf growth was observed at intervals of
about 30 days after light exposure for 6 hours per day at
sunrise and sunset. Photosynthetic photon flux (PPF) of
supplementary red LEDs on the plant canopy was
maintained at 0.1 (RL), 0.6 (RM), and 1.2 (RH) umol/m?/s
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PPF. PPF in 3 W and Na treatments was measured at 12 (1
mol/m?s. Natural light (NL) was considered as a control.
Leaf fresh weight of the seedlings was more than 100%
increased under the 3 W, Na and RH treatment compared to
natural light considering as a conventional condition. Sugar
synthesis in Kale leaves was significantly promoted by the
RM or RH treatment. Leaf yield per 3.3 m” exposed by red
LEDs of 1.2 umol/mzls PPF was 9% and 16% greater than
in 3W or Na with a higher PPF, respectively.
CONCLUSION: Growth of the leafy Kale seedlings were
significantly affected by the supplementary radiation
provided by three wave lamp, sodium lamp, and red LEDs
with different light intensities during the shorter day length
under greenhouse conditions. From this study, it was
suggested that the leaf growth and secondary metabolism
of Kale seedlings can be controlled by supplementary
radiation using red LEDs of 1.2 umol/m?/s PPF as well as
three wave or sodium lamps in the experiment.

Key words: Brassica oleracea, Conventional production,
Light-emitting diode, Sugar synthesis, Yield

M

rhu

23 A2 A AW E, A S0 715Ee] 9

Ao,



Effect of Supplementary Radiation on Growth of Greenhouse-Grown Kales 7

Fig. 1. Inside view of the kale greenhouse before (left) and after (right) supplementary radiation provided by three wave

lamps, sodium lamps, and red LEDs.
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Table 1. Experimental design and amount of electricity consumption in each treatments of the experiment

Treatment codes Light source

PPF (umol/ m?/ s)

Amount of electricity consumption (Watt/h)

NL Natural light'

3 W Three wave lamp
Na Sodium lamp

RL Red LEDs

RM ”

RH ”

12
12
0.1
0.6
1.2

75
100
12
18
24

* without any supplementary lighting during the experimental period

' PPF: Photosynthetic photon flux

Fig. 2. Kale leaves grown under supplementary lighting conditions with different light sources or intensities for 30
days after transplantation. NL, natural hght without supplementary radiation; 3 W, three wave lamp with 12 mol/m*/s
PPF; Na, sodium lamp with 12 #mol/m?/s PPF; RL, red LEDs with 0.6 zmol/m?/s PPE; RH, red LEDs with 1.2 #

mol/m?/s PPF.
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60 A

Leaf fresh weight (g plant!)

NL 3IW Na
Treatments
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15 a a a
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=]
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Fig. 3. Leaf fresh (A) and dry weights (B) including petiole of kale seedlings rown under supplementary lighting
conditions with different light sources or intensities for 30 days. Vertical bars represent mean + standard error (n—6)
" Different letter indicates the significantly difference at the 5% level by Duncan’s multiple range test. NL, natural li
without supplementary lighting; 3 W, three wave lamp with 12 zmol/m’/s1 PPF; Na, sodium lamp with 12 #mol/m’ / s
PPF; RL, red LEDs with 0.1 #mol/m?/s PPF; RM, red LEDs with 0.6 2 mol/m*/s PPF;, RH, red LEDs with 1.2 z«

mol/m?/s PPF.
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Table 2. Leaf length and total sugar content in the leaves of kale seedlings grown under supplementary lighting
conditions with different light sources or intensities for 30 days

Treatment codes

Leaf length (cm)

Total sugar content (g Kg)

NL 153 ¢
3W 20.6 a
Na 216 a
RL 183 b
RM 189 b
RH 20.8 a

109 d
236 ¢
30.1 b
239 ¢
33.0 ab
36.7 a

" Different letter indicates the significantly difference at the 5% level by Duncan’s multiple range test. NL, natural light
without supplementary lighting; 3 W, three wave lamp with 12 umol/ m?/s PPF; Na, sodium lamp with 12 umol/m”/s
PPF; RL, red LEDs with 0.1 pmol/m’/s PPF; RM, red LEDs with 0.6 umol/m”/s PPF; RH, red LEDs with 1.2 umol/m’/s

PPF.
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Fig. 4. Total leaf yield per seedling inside 3.3 m” of kales
grown under supplementary lighting conditions with
different light sources or intensities for 30 days. Vertical
bars represent mean + standard error (n=42). *Different
letter indicates the significantly difference at the 5% level
by Duncan’s multiple range test. NL, natural light
without supplementary lighting; 3 W, three wave lamp
with 12 zmol/m?/s PPF; Na, sodium lamp with 12
mol/m?%/s PPF; RL, red LEDs with 0.1 ¢mol/ m?/s PPE;
RM, red LEDs with 0.6 mol/m’/s PPF; RH, red LEDs
with 12 zmol/m’/s PPF.
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