
Protected Horticulture and Plant Factory, Vol. 27, No. 4:332-340, October (2018) pISSN 2288-0992

DOI https://doi.org/10.12791/KSBEC.2018.27.4.332 eISSN 2288-100X

332 Protected Horticulture and Plant Factory, Vol. 27, No. 4, 2018

Comparing Photosynthesis, Growth, and Yield of Paprika 

(Capsicum annuum L. ‘Cupra’) under Supplemental Sulfur Plasma and 

High-Pressure Sodium Lamps in Growth Chambers and Greenhouses

Kyoung Sub Park1†, Dae Young Kwon2†, Joon Woo Lee3, and Jung Eek Son3*
1Protected Horticulture Research Institute, National Institute of Horticultural and Herbal Science, Haman 52054, Korea

2Cheong-ju Agricultural Technology Center, Cheongju 28806, Korea
3Department of Plant Science and Research Institute of Agriculture and Life Sciences, Seoul National University, Seoul 08826, Korea

Abstract. Supplemental lighting with artificial light sources is a practical method that enables normal growth and

enhances the yield and quality of fruit vegetable in greenhouses. The objective of this study was to investigate the

effect of sulfur plasma lamp (SP) and high-pressure sodium lamp (HPS) as supplemental lighting sources on the

growth and yield of paprika. For investigating the effectiveness of SP and HPS lamps on paprika, the effects of pri-

mary lighting on plant growth were compared in growth chambers and those of supplemental lighting were also

compared in greenhouses. In the growth chamber, plant height, leaf area, stem diameter, number of leaves, fresh

weight, and dry weight were measured weekly at SP and HPS from 2 weeks after transplanting. In the greenhouse,

no supplemental lighting (only sunlight) was considered as the control. The supplemental lights were turned on when

outside radiation became below 100 W·m-2 from 07:00 to 21:00. From 3 weeks after supplemental lighting, the

growth was measured weekly, while the number and weight of paprika fruits measured every two weeks. In the

growth chamber, the growth of paprika at SP was better than at HPS due to the higher photosynthetic rate. In the

greenhouse, the yield was higher under sunlight with either HPS or SP than sunlight only (control). No significant

differences were observed in plant height, number of node, leaf length, and fresh and dry weights between SP and

HPS. However, at harvest, the number of fruits rather than the weight of fruits were higher at SP due to the enhance-

ment of fruiting numbers and photosynthesis. SP showed a light spectrum similar to sunlight, but higher PAR and

photon flux sum of red and far-red wavelengths than HPS, which increased the photosynthesis and yield of paprika.

Additional key words : greenhouse, growth chamber, light spectrum, sunlight, supplemental lighting

Introduction

Light is an essential energy source that acts as a signal

for survival and reproduction for plants. Since 89% of

greenhouse areas rely only on sunlight, the yields and qual-

ity of products change according to drastic fluctuations in

light intensity and day length with season (Jeong et al.,

2009a). Low irradiation can lead to early falling flowers

and fruits or irregular fruit settings (Heuvelink and Koner,

2001; Kim et al., 2011). Consequently, the yield and qual-

ity of greenhouse crops decrease during winter season in

middle-latitude regions such as Korea or high-latitude

regions such as the Netherlands. To overcome the low light

intensity in winter season, high-pressure sodium lamps

have been used to compensate the lack of light and to

increase the yield of fruit vegetables such as cucumber,

tomato, and paprika in Europe (Hao and Paadopoulos,

1999; Aistė at al., 2015; Hao at al., 2016).

In particular, the prevalent cropping season of paprika

starts from the end of August and ends in June of the next

year in Korea. Therefore, low light conditions from Octo-

ber to February induce longer harvest days after fruit set-

ting, lower fruit setting rates, and higher incidence of

malformed fruits at longer cloudy days. Since the fruit set-

ting rate of paprika is susceptible to the change in the

amount of light when light intensity widely fluctuates (as in

Korea), low irradiation decreases productivity of paprika

(Jeong et al., 2009b). Many studies indicated that supple-

mental lightings improved the productivity and quality of

crops (Hogewoning et al., 2010a, 2010b; de Visser et al.,

2014; Cocetta et al., 2017). Particularly in fruit vegetables,

such as tomato, cucumber, and paprika supplemental light-

ing can be an essential method for compensating the defi-
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cit of sunlight (Kim et al., 2011; de Visser et al., 2014;

Hernández and Kubota, 2014; Guo et al., 2016b). Recently,

various supplemental lights, such as light-emitting diode

and high-pressure sodium lamp, have been used for green-

house crop production (Gomez et al., 2013; Kim et al.,

2013; Lee et al., 2014). Because individual wavelengths

differently affect the production and quality of fruits (Li

and Kubota, 2009; Hogewoning et al., 2010b; Hikosaka et

al., 2013; Guo et al., 2016a; Hao et al., 2016; Yang et al.,

2017), it is important to choose appropriate light sources

for crop production.

For greenhouse cultivation, numerous studies have

focused on the enhancement effects of supplemental light-

ing on the productivity and quality of fruits at low-light

seasons. However, high-pressure sodium lamps have been

mostly used due to the high efficiency of PAR spectrum

(400-700nm) in greenhouse and the low cost (Dorais et al.,

1991; Demers et al., 1998), while LED was often applied to

intra-canopy lighting due to its low output (Trouwborst et al.,

2009; Gomez et al., 2013). Hogewoning (2010a) reported

that an artificial solar lamp using plasma lamp which closely

resembles sunlight spectrum showed higher growth in

cucumbers. As artificial lamps with a light spectrum similar

to sunlight, plasma lamps were used for cucumbers and

tomatoes at seedling and vegetative stages in greenhouses

(Hogewoning et al., 2012). Therefore, plasma lamps should

be applied to other crops except cucumber until harvest stage

for evaluation of its effectiveness. The objective of this study

was to compare the supplemental lighting effects of sulfur

plasma and high pressure sodium lamps on the growth, pro-

ductivity, and physiological characteristics of paprika in

growth chamber and greenhouse. 

Materials and Methods

1. Plant and Cultivation Conditions

Seeds of paprika (Capsicum annuum L. ‘Cupra’) were

sown on 25 September, 2015 and transplanted on 8 Decem-

ber, 2015 for greenhouse experiment and were sown on 27

March, 2016 and transplanted on 21 April, 2016 for growth

chamber experiment. Nutrient solutions were maintained at

an electrical conductivity of 2.5 ~ 3.0 dS·m-1, a pH of 5.8 ~

6.0, and an air temperatures of 25oC/18oC (day/night) with

ventilation and heating in greenhouses. Nutrient solutions of

Dutch PBG were composed as N 12.75, P 3.75, K 6.0, Ca

7.5, and Mg 2.5 mg·L-1. The experiment was conducted in a

Venlo-type greenhouse and growth chambers at National

Institute of Horticultural and Herbal Science of Rural Devel-

opment Administration (RDA) located at Haman, Korea.

2. Spectral Characteristics of Supplemental Lights

A 1000 W high-pressure sodium lamp (HPS; E-papillon

1000 W, Light Interaction, Eindhoven, Netherland) and

1030 W sulfur plasma lamp (SP; SPLS-1000, LG Electron-

ics, Seoul, Korea) were used as supplemental light sources.

Portions of ultraviolet (UV, 300-400 nm), photosynthetic

photon flux density (PPFD, 400-700 nm), and near infra-

red (NIR, 700-1100 nm) lights in HPS and SP were mea-

sured at the vertical distance of 4 m from the light sources

by using a radio spectrometer (Li-1800, Li-COR, Lincoln,

NE, USA). R/FR ratio was obtained by dividing the por-

tion of red light (655-665 nm) to far-red light (725-735 nm)

by Smith’s definition (1982). 

3. Growth Index and Photosynthesis at HPS and SP

in Growth Chamber

To identify the effect of HPS and SP on paprika growth

and development, cultivation experiments were conducted

in two growth chambers (L 1.6 m × W 1.4 m × H 1.8 m,

DS-59M, Dasol, Hwaseong, Korea) with each two HPSs

and two SPs at a photoperiod of 14 h/10 h (day/night),

respectively. Air temperature and relative humidity were

maintained at 25oC and 50% during the day and at 18oC

and 50% at night, respectively. The maximum leaf length,

plant height, number of nodes, diameter of stem, SPAD,

and leaf area were measured on 27 June, 2016; in addition,

fresh and dry weights were measured every two weeks. At

8 weeks after transplanting in the growth chamber, photo-

synthetic rates and leaf temperature were measured by

using a photosynthesis measuring apparatus (Li-6400, Li-

COR, Lincoln, NE, USA). The temperature and relative

humidity in the leaf chamber were maintained at 25ºC and

45-55%, respectively. Net CO2 assimilation rate as a func-

tion of light curves was determined at each step every 3-4

min. Variable PPFDs were beamed from an internal LED

light source ranging from 0 to 1500 µmol·m-2·s-1 at a CO2

concentration of 400 µmol·mol-1.

4. Growth Index under Supplemental Lights in

Greenhouses

The greenhouses (W 9.6 m × L 45 m × H 5.5 m) were

divided to three plots for comparative experiments: with
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the sunlight with two supplemental lighting treatments of Sun

+ HPS and Sun + SP, and the sunlight without supplemental

lighting (Sun). Supplemental lighting started from 1 March to

31 May, 2016 and fruits were sampled from 6 April to 28

April, 2016 in order to reflect the pure effect of supplemental

lighting (Fig. 1). From 07:00 to 21:00, the supplemental lights

installed at the height of 4 m from the ground turned on when

outside solar radiation was below 104.2 W·m-2 (in the average

of 10 min) until 1 June, 2016. From 07:00 to 21:00 in a day,

supplemental lights in the greenhouses turned on for about 3

hours a day (1 hour in the morning and 2 hours in the eve-

ning) on a sunny day and about 14 hours a day on a rainy or

cloudy day under the outer irradiation of 100 W·m-2.

In order to make the same PPFD, eighteen SPs were

installed at an interval of 3 m × 3 m and fifteen of HPSs

were installed at an interval of 3 m × 4 m. The PPFDs at

the floor (15 areas) under lamps were measured at night by

using a quantum sensor (Li-250A, Li-COR, Lincoln, NE,

USA). The average PPFDs were 113.1 and 112.1 µmol·m-2·s-1

at HPS and SP, respectively (Fig. 2). To assess the differ-

ence in light environment in the greenhouses under supple-

mental lights, the light spectra were measured at Sun, Sun

+ HPS, and Sun + SP in the greenhouses on a clear day and

a cloudy day by using the radio spectrometer. The number

and weight of fruits were measured weekly from 6 April to

28 April. The plant height, number of nodes, diameter of

stem, and leaf area were measured at 1 June, 2016. 

5. Statistical Analysis

Data were analyzed by one-way analysis of variance

(ANOVA) using the SAS program (Statistical Analysis Sys-

tem, 9.2 Version, SAS Institute, Cary, NC, USA). Treatment

means were compared using LSD test at p < 0.05 for green-

house experiment and t-test at p < 0.05. Graphs were gener-

ated with Sigmaplot 11 (Systat software Inc., CA, USA).

Results

1. Spectral Characteristics of Light Sources

The spectral characteristics of HPS and SP were mea-

sured in the growth chambers. SP has a more similar light

spectrum to the sunlight than HPS which has two peaks

around 550 ~ 650 nm and 800 ~ 820 nm (Fig. 3) and

showed 1.3 and 4.7 times higher in PAR and UV ratios,

and 17.0 and 1.3 times lower in NIR and R/FR ratios than

HPS (Table 1). SP showed the R/FR ratio closer to sun-

light than HPS. The photon flux sum of R and FR (Myers,

1971) in SP was 1.3 times higher than that in HPS.

In addition, light spectra in the greenhouses were mea-

sured before sunrise, after sunset, on a cloudy day, and at

night on 2 March, 2016 (Fig. 4). Regardless of different

solar radiation conditions after sunrise, before sunset, and

on cloudy days, the light intensities were very low at that

time and shown as similar spectra patterns to those

observed in the growth chambers. 

Fig. 1. Cultivation of paprika and supplemental lighting schedules in greenhouse.

Fig. 2. Distributions of photosynthetic photon flux density
(µmol·m-2·s-1) at the floor of the greenhouses where high pres-
sure sodium lamp (A) and sulfur plasma lamp (B) were
installed. 
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2. Growth and Photosynthesis at SP and HPS as

Main Lights in the Growth Chamber

The plant height, leaf area, leaf fresh weight, and leaf dry

weight at SP in the growth chambers were significantly

higher than those at HPS, while the stem diameter, number

of leaves, SPAD, stem fresh weight, and stem dry weight

were not significantly different on 27 June, 2016 (Table 2).

In particular, SP significantly enhanced the leaf area by 29%

as compared to HPS and also induced a higher plant height,

leaf area, and dry weight than HPS during the growth period

in the growth chamber (Fig. 5). In particular, the plant height

and dry weight were significantly higher at SP than HPS all

the time on 27 June (Figs. 5A, 5C). The leaf areas at SP and

HPS showed similar patterns until 12 June, 2016; however,

the rate of leaf area at HPS decreased afterwards (Fig. 5B).

The photosynthetic rate was significantly higher at SP than

that at HPS on 16 June (Fig. 6). Below the PPFD of

300 µmol·m-2·s-1, the photosynthetic rate was similar

between SP and HPS; however, afterwards it became signifi-

cantly higher at SP (Fig. 6A). The stomatal conductance and

transpiration rate showed similar tendencies to the photosyn-

thetic rate, showing increases at SP and decreases at HPS

with increase of PPFD (Figs. 6B, 6C).

Fig. 3. Spectral quantum distributions of sunlight (Sun, 11:00 on 2
March, 2016), high-pressure sodium lamp (HPS), and sulfur
plasma lamp (SP) used in the growth chamber.

Table 1. Spectral characteristics of high pressure sodium lamp
(HPS) and sulfur plasma lamp (SP). 

Specification HPS SP

PPFDz (μmol·m-2·s-1) 1850 1444

PPFD / Watt (μmol∙m-2·s-1∙W-1) 1.85 1.40

UV (300-400 nm) ratio (%) 0.03 0.14

PAR (400-700 nm) ratio (%) 23.40 30.65

NIR (700-1100 nm) ratio (%) 56.05 3.29

Red (655-665 nm) / Far-red (725-735 nm), R/FR 2.96 2.09

Sum of Red and Far-red (R+FR, μmol·m-2·s-1 ) 3.70 4.87

zPhotosynthetic photon flux density

Fig. 4. Spectral quantum distributions with time in the green-
houses under sunlight with no supplemental lighting (Sun), sun-
light with high-pressure sodium lamp (Sun + HPS), and sunlight
with sulfur plasma lamp (Sun + SP): (A) before sunrise, (B)
after sunset, (C) cloudy day, and (D) midnight on 2 March,
2016.
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Fig. 5. Changes in plant height (A), leaf area (B), and dry weight
(C) of paprika grown under high-pressure sodium lamp (HPS)
and sulfur plasma lamp (SP) in the growth chamber (from 18
May to 5 July, 2016). Vertical bars represent the standard error
of the mean (n = 5). *, ** show significance at p = 0.05 or 0.01
according to t-test on 27 June, respectively. 

Table 2. Growth indexes and chlorophyll contents of paprika (n = 5) grown under high-pressure sodium lamp (HPS) and sulfur plasma
lamp (SP) in the growth chamber (on 27 June, 2016).

Light
source

Plant
height
(cm)

Stem
diameter

(cm)

No. of
leaves
(ea)

Leaf
area

(cm2)

Chlorophyll
Content
(SPAD)

Fresh weight (g) Dry weight (g)

Leaf Stem Total Leaf Stem Total

HPS 48.8z 11.3 40.5 3862.6 62.7 178.9 79.0 257.9 17.0 8.1 23.0

SP 57.5 10.5 43.0 4976.9 60.7 194.2 79.7 273.9 18.5 7.8 26.4

Significaney * NS NS ** NS * NS NS * NS NS

zMean separation in columns according to t-test (p < 0.05). 
yNS, not significant; *, **significant at p = 0.05 or 0.01.

Fig. 6. Photosynthetic rate (A), stomatal conductance (B), and
transpiration rate (C) of paprika grown under high- pressure
sodium lamp (HPS) and sulfur plasma lamp (SP) in the
growth chamber. Vertical bars represent the standard error of
the mean (n = 3).
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3. Yield and Fruit Number of Paprika at SP and HPS

as Supplemental Lights in the Greenhouses

In greenhouse, the stem diameter was significantly big-

ger at Sun + HPS and Sun + SP treatments than at Sun

(Table 3). The accumulated yield and number of fruits were

significantly higher at Sun + HPS and Sun + SP than at

Sun (Fig. 7). Specifically, there were 79% and 227% higher

in accumulated yields (Fig. 7A) and 81% and 309% higher

in numbers of fruits, respectively, at Sun + HPS and Sun +

SP than at Sun from 6 April, 2016 (DAT 119) to 28 April,

2016 (DAT 147) when supplemental lighting affected the

growth of the plants (Fig. 7B). Consequently, the number

of fruits and weight of fruits were higher at SP than at

HPS. Considering the difference in amount of fruits, the

yield of paprika per energy was higher at SP than at HPS.

Discussion

1. Growth and Photosynthesis at SP and HPS as

Main Light in the Growth Chamber

The growth indices of paprika was stimulated by SP than

HPS and the individual leaf area increased at SP in the

growth chamber. Active phytochrome activated by red

light, such as supplemental lamps like SP and HPS,

increased plant growth as a result of increased photosyn-

thetic rates. The ratio and R and FR in the sunlight on clear

days was calculated as 1.09 (Smith, 1982). In this study,

the ratio at SP showed closer to that on clear days than at

HPS. It means that SP stimulated photosynthesis than HPS

and active photosynthesis transferred growth signal by

active phytochrome (Paul, 2016). 

The higher photon flux sum of R and FR at SP than

HPS, the more stimulated the improvement of photosynthe-

sis by Emerson effect (Myers, 1971). In particular, SPs

have widely spectral characteristics that stimulated the

plant height due to more red wavelengths and smaller R/RF

ratio like the sunlight. Furthermore, these results may come

from higher photosynthetic rates of paprika grown at SP

than HPS lamp in the growth chamber due to the high sto-

matal conductance and transpiration rate of paprika grown

at SP. Light quality had no impact on the initial slope of the

CO2 response curve in our results, while the temperature

could influence the initial slope (Sage and Sharkey, 1987;

Sager et al., 1989; Sharkey et al., 2017). Since the initial

slope was Pepindetermined by the Rubisco activity (von

Table 3. Growth indexes of paprika (n = 3) grown under sunlight with no supplemental lighting (Sun), sunlight with the high-pressure
sodium lamp (Sun + HPS), and sunlight with the sulfur plasma lamp (Sun + SP) in the greenhouses on 1 June, 2016.

Light 
source

Plant height
(cm)

Stem diameter
(cm)

No. of nodes
(ea)

Leaf area
(cm2)

Sun 186.4 17.5bz 50.8 6235.2

Sun + HPS 173.4 18.5a 47.3 5891.2

Sun + SP 182.4 18.2ab 52.5 5867.5

Significancey NS * NS NS

Fig. 7. Accumulated yields (A, kg·m-2) and fruit numbers of
paprika fruits (B, ea/m2) grown under sunlight with no supple-
mental lighting (Sun), sunlight with high-pressure sodium lamp
(Sun + HPS), and sunlight with sulfur plasma lamp (Sun + SP)
in the greenhouses from 6 to 28 April, 2016. Vertical bars repre-
sent the standard error of the mean (n = 3).
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Caemmerer and Farquhar, 1981), this indicated that the

plant treated with high light limited the Rubisco activity.

Photoreceptors, such as phytochromes, phototropins, and

cryptochromes, are involved in physiological responses,

such as stomatal density or size of aperture and photosyn-

thesis characteristics, and these are affected by light qual-

ity (Hogewoning et al., 2010a, 2010b; Amoozgar et al.,

2017). The blue wavelength has been reported to increase

stomatal opening and improve gas exchange for photosyn-

thesis (Kinoshita et al., 2001). The higher blue band spec-

trums found in the plasma lamps can have a greater effect

on the light saturation and compensation point (Fig. 6A). 

2. Yield and Fruit Number of Paprika at SP and HPS

as Supplemental Light in the Greenhouses

Previous research reported that the yield of tomato

increased with the increase in the amount of light received

from flowering to harvest (McAvoy et al., 1989). When the

light level on the top of the canopy or within the canopy

was low, application of supplemental lighting at the top of

the canopy or within the canopy enhanced the yield of

tomatoes and other vegetable species (McAvoy et al., 1989;

Hovi et al., 2004; Pettersen et al., 2010). The results of the

present study are consistent with these findings. 

In this study, supplemental lighting was applied from 1

March, 2016 to 1 June, 2016 for three months because the

supplemental lighting effect drastically decreased after 1

May, 2016 due to longer day length. Therefore yield data

were collected from one month after the treatment to before

May, 2016 as pure results of three-month supplemental

lighting because the yield was somewhat affected by previ-

ous sunlight condition for one month after 1 March, 2016

and was little affected by the supplemental lighting after 1

May, 2016. With supplemental lightings, the growth and

yield were enhanced than those without supplemental light-

ing (Fig. 6). In the greenhouse, the yield of paprika was

higher at the supplemental lightings than in the control. 

Many studies have reported that individual wavelengths

can differentially affect fruit production (Li and Kubota,

2009; Hogewoning, 2010a, 2012; Hikosaka et al., 2013;

Guo et al., 2016a, 2016b; Hao et al., 2016; Amoozgar et

al., 2017; Yang et al., 2017). For example, Pepin et al.

(2014) suggested that tomato crop yield may be achieved

by providing supplemental LED lighting within the plant

canopy under low natural light conditions. Also, applica-

tion of plasma emitting lights produced a 5.5% increase in

dry matter with a 13% increase in fruit number of paprika

(Lee et al., 2014). In addition, tomato plants under plasma

lighting also had more consistent fruit size with a higher

nutritional value and better taste (data not shown). Since

plasma light has more ultra violet wavelengths and less yel-

low and red light than HPS, this can impact the biochemi-

cal metabolites in fruits.

The supplemental lighting is an effective method of

enhancing crop growth and yield. Considering that our

experiments started from March to April, 2016, the cultiva-

tion conditions rapidly improved with the increase of solar

radiation and air temperature. As the supplemental lighting

promoted the physiological activities of the plants, ade-

quate fertigation might be adjusted to meet the increased

requirements. Despite this condition, the results indicate

that supplemental lighting, particularly SP, could a proper

artificial light source. SP showed a light spectrum similar

to sunlight, higher PAR and photon flux sum of red and

far-red wavelengths than HPS, which increased the photo-

synthesis and yield of paprika. Further studies are needed

to investigate the fertigation system control adapted to sup-

plemental lighting.
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황 플라즈마 및 고압나트륨 램프의 보광에 따른 생육상 및 

온실에서의 파프리카 광합성 및 생산성 비교

박경섭1†
· 권대영2†

· 이준우3
· 손정익3

*

1국립원예특작과학원 시설원예연구소, 2청주농업기술센터,
3서울대학교 식물생산과학부 및 농업생명과학연구원

적 요. 인공광을 이용한 보광은 시설재배에서 작물의 정상적인 생육과 수확량을 유지하고 품질 향상을 위하

여 사용되는 실용적인 방법이다. 본 연구의 목적은 황 플라스마 램프(SP)와 고압 나트륨 램프(HPS)의 보광이

파프리카의 생육 및 수확량에 미치는 영향을 조사하는 것이다. 생장상에서는 SP 및 HPS를 기본 광원으로, 온

실에서는 보광으로 사용하여 작물 생육에 미치는 효과를 비교 분석하였다. 생장상에서는 정식 2 주 후 SP와

HPS 하에서 초장, 엽면적, 줄기 직경, 엽수, 생체중 및 건물중을 매주 측정 하였다. 온실재배에서는 무보광을

대조구로 하였다. 보광은 07:00부터 21:00까지 외부일사 100W·m-2 미만일 때 처리되도록 하였다. 보광 처리 후

3주부터 매주 생육량을 측정하였고, 2주 마다 수확하여 과실수와 과실무게를 측정하였다. 생장상에서는 높은

광합성속도로 인하여 SP가 HPS보다 생육이 양호하였고, 온실에서는 보광처리가 대조구보다 수확량이 유의적

으로 높았다. 온실에서의 초장, 마디수, 엽장, 생체중, 건물중은 SP와 HPS 간의 유의적인 차이는 없었다. 그러

나 수확 시 과실수와 수량은 광합성 증진과 및 과실수의 증가로 인하여 SP에서 많았다. SP는 태양광과 유사한

광 스펙트럼을 보였으나, HPS와 비교하여 높은 PAR과 적색과 원적색 파장의 광양자속의 합이 높았기 때문에

파프리카의 광합성과 수확량을 증가시켰다.

추가주제어: 온실, 생육상, 황플라즈마등, 고압나트륨등, 태양광, 보광 


