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Effects of Supplemental Lighting of High Pressure Sodium and Lighting
Emitting Plasma on Growth and Productivity of Paprika during Low Radiation
Period of Winter Season
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Abstract: This research was carried out to investigate the effect of supplemental lighting on stable productivity of paprika (Capsicum
annuum L.) during low radiation period of winter season. The supplemental lighting sources used in this research were high
pressure sodium (HPS) and lighting emitting plasma (LEP). Photosynthetic photon flux density (PPFD) emitted from both lamps
decreased as vertical distance from lamp increased. The PPFD of LEP lamps were twice more than that of the HPS lamp per
unit distance, but the rate of decreased PPFD of the LEP per unit distance was higher than that of HPS lamp. And different
degrees of PPFD between HPS and LEP lamps by horizontal distance had a smaller degree of difference than by vertical distance
at the 100 cm away point. As daily average PPFD measured at the top of the plant under the supplemental lighting during
January, the supplemental lighting significantly increased radiation. Radiation of HPS and LEP lighting was 137% and 315%
higher than control (without supplemental lighting = sunlight). Air temperature in the top of the plant was not significant different
among treatments. HPS and LEP lighting had no effect on increase of flower settings. Leaf length and width with LEP lighting
was the longest, photosynthetic was higher than those of other treatments. Supplemental lighting treatments significant increased
fruit length and diameter. Especially LEP lighting treatment had a greater effect on fruit length and diameter. In conclusion,
LEP lighting treatment during low radiation period greatly affected growth and production of paprika. Further research will
be required for the suitable application of LEP lighting in paprika production.
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Fig. 1. Range of wavelength of high pressure sodium (HPS) and

lighting emitting plasma (LEP) lamp supplied for this research.
Sources: HPS, www.hortilux.com; LEP, www.gavita-holland.com.

Table 1. Specifications of high pressure sodium (HPS) and lighting emitting plasma (LEP) lamps used in this research.

Specifications”
Lighting - —
Energy consumption Color rendition Manufacturer / country
source Model Watt : v
(Ampere / 230 volt) index (CRI")
HPS HSE Daylight 315 1.5 > 90 HORTILUX SCHREDER, Netherlands
LEP Gavita-Pro 300 300 1.3 94 GAVITA, Netherlands

“Source of lighting specifications: HPS, www.hortilux.com; LEP, www.gavita-holland.com.

"Index compared with CRI (= 100 index) of sunlight.
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Fig. 2. Photos of high pressure sodium (HPS, A) and lighting emitting plasma (LEP, B) lamps supplied for this research, and

two lamps set in green house (C).
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sodium; LEP, lighting emitting plasma. Mean * SD (n = 5).
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Fig. 4. Effect of vertical (A) and horizontal distance (B) from
lamp on PPFD emitted from two lamps. Control, sunlight;
HPS, high pressure sodium; LEP, lighting emitting plasma.
Bars show standard deviation.
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2. Photosynthetic photon flux density (PPFD) and air temperature around the top of paprika plant under different supplemental

PPFD (umol-m?-s™)

Temperature (°C)

Lighting source”

Day time Day time Night time Daily
Control 1713 + 216 20.8 + 24 14.7 + 0.9 16.4 + 0.8
HPS 235.7 £ 82.7 22.7 = 2.7 149 £ 1.0 171 £ 11
LEP 539.3 + 77.2 212 + 24 147 + 1.0 17.0 + 1.0

“Control, sunlight; HPS, high pressure sodium; LEP, lighting emitting plasma.

YMean +* SD.

Table 3. Plant height, stem diameter, and number of node per paprika plant grown under different supplemental lighting source
from November 2012 to February 2013 after planting at August 12, 2012.

Lighting source” Plant height Stem diameter No. of node No. of setting flower
(cm) (mm) (ea/stem) (ea/plant)

Control 2231 b 19.6 a 435 a 2354 a

HPS 2494 a 19.6 a 451 a 248.0 a

LEP 2442 a 203 a 453 a 243.0 a

“Control, sunlight; HPS, high pressure sodium; LEP, lighting emitting plasma.
YMean separation within columns by Duncan’s multiple range test at 5% level.

Table 4. Leaf length, width, shape index, and chlorophyll contents of paprika plant grown under different supplemental lighting

source.

I z Leaf length Leaf width Leaf shape Chlorophyll contents
Lighting source (cm) (cm) index (SPAD)
Control 223 b’ 121 b 1.84 b 56.6 a
HPS 22.8 ab 120 b 190 a 55.0 a
LEP 235 a 12.6 a 1.87 a 56.9 a

“Control, sunlight; HPS, high pressure sodium; LEP, lighting emitting plasma.
YMean separation within columns by Duncan's multiple range test at 5% level.
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Fig. 5. Photosynthetic rate of paprika plant grown under
different supplemental lighting source. Control, sunlight;
HPS, high pressure sodium; LEP, lighting emitting plasma.
Bars show standard error.

gl A 17.1go= tha Aol vlsl FolsHA FA%
Ok Y= LEP 23 A 2jtollA 7P AAaL, d52 4]
gltof] wlsl Hag AEEolA FelsHAl Aodch A4

= HPS HF Ao 1.00.2 HAZFES YeER| AL,
T2 HE s A 112 o 71 FeE Jehfgick 1t
SFAE FAXCE o7k ApolE UERA] SFkot
A2l A AL Aol AMFE AE B, A
Ao FeH oz AAs AR J,]—oflo]__t_ A0F WY
ri(Han, 2012), o] 2o} ZEFol 713 £AL LEP
Hg Aol Al A uhhe] g 7 wWol W Al
=2 Az

A 712 F9E 8o Hag A 2ol mE wfaze|rte]
T wEeE AR AiFig. 6), 134 g 1
F ARFEolA FA e vlsf diEF 28] Y gtk

e gk 2 590 28Rl 18]Aebs Wite] e Ut
8
E Control wHPS ®LEP
[}
ge I
2
2
3
b7
g 1
g2t
: ‘ I-
e I
4
o 1 1 1
First Second Third Total

Harvested times

Fig. 6. Fruit yield of paprika plant grown under different
supplemental lighting source from November 2012 to February
2013 after planting at August 12, 2012. Harvested date: first
times, December 6th in 2012; second times, January 7th
in 2013; third times, February 6th in 2013. Control, sunlight;
HPS, high pressure sodium; LEP, lighting emitting plasma.
Bars show standard error.

Table 5. Fruit characteristics of paprika plant grown under different supplemental lighting source from November 2012 to

February 2013 after planting at August 12, 2012.

A z Fresh weight Dry weight Fruit length Fruit width Fruit shape Flesh thickness
Lighting source .
(8) (8) (mm) (mm) index (mm)
Control 187.6 ¢ 165 b 86.7 b 82.8 b 11 a 7.1 a
HPS 2134 a 16.2 b 86.5 b 84.1 a 1.0 a 6.8 a
LEP 2059 b 17.1 a 88.8 a 84.6 a 11 a 6.8 a

“Control, sunlight; HPS, high pressure sodium; LEP, lighting emitting plasma.
YMean separation within columns by Duncan's multiple range test at 5% level.
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