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Abstract. In this experiment the effect of supplemental lighting on the growth and yield of cucumber (Cucumis sati-
vus L. ‘Fresh’) plants during low radiation period of winter season were investigated in glasshouses using common
high-pressure sodium (HPS) lamps and newly developed plasma lighting system (PLS) lamps. Plants grown without
supplemental lighting were considered as a control. Supplemental lighting was provided from November 20th, 2015
to March 15th, 2016 to ensure 14-hour photoperiod (natural+supplemental light), also lamps were operated automati-
cally when the outside sun radiation levels were less than 100 W-m™. Spectral analysis showed that HPS lamp had a
discrete spectrum, lacked of the radiation in the 400-550 nm wave band (blue-green light), but had a high output in
the orange-red region (550-650 nm). A higher red light output resulted in an increased red to far-red (R/FR) ratio in
HPS lamp. PLS had a continuous spectrum and had a peak radiation in green region (490-550 nm). HPS has 12.6%
lower output in photosynthetically active radiation (PAR) but 12.6% higher output in near infra-red (NIR) spectral
regions compared to PLS. Both HPS and PLS lamps emitted very low levels of ultra-violet radiation (300-400 nm).
Supplemental lighting both from HPS and PLS lamps increased plant height, leaf number, internode number and dry
weight of cucumber plants compared to control. Photosynthetic activity of cucumber plants grown under two supple-
mental lighting systems was comparable. Number of fruits per cucumber plant (fruit weight per plant) in control,
PLS, and HPS plots were 21.2 (2.9 kg), 38.7 (5.5 kg), and 40.4 (5.6 kg), respectively, thereby increasing yield by
1.8-1.9 times in comparison with control. An analysis of the economic feasibility of supplemental lighting in cucum-
ber cultivation showed that considering lamp installation and electricity costs the income from supplemental lighting
increased by 37% and 62% for PLS and HPS lamps, respectively.
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Fig. 1. View of three experimental small glasshouses equipped with plasma lighting system (PLS), high pressure sodium (HPS) lamps,

and without lighting lamps (control).
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Table 1. Spectral characteristics of PLS (plasma lighting system) lamp and HPS (high pressure sodium) lamp (distance between lamp
housing and detector 100 cm).

Photon flux density (umol m™s™)

Lamp Total Ultra-violet PAR Near infra-red R/FR*
(300-1,100nm) (300-400nm) (400-700nm) (700-1,100nm)

PLS 184.1 0.6 146.5 37.0 2.25

HPS 167.2 0.5 110.4 56.3 3.70

Table 2. Spectral output of PLS (plasma lighting system) lamp and HPS (high pressure sodium) lamp in the ultraviolet (UV), photosyn-
thetically active radiation (PAR) and near infra-red (NIR) range (distance between lamp housing and detector 100 cm).

Spectral output (%)

Irradiance
Lamp (W-m?) uv PAR NIR
(300-400 nm) (400-700nm ) (700-1000nm)
PLS 37.7 0.5 85.3 142
HPS 30.5 0.5 72.7 26.8
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Fig. 3. Net CO, assimilationrate of cucumber plants grown under
supplemental lighting and no supplemental lighting (control)
measured at daytime (12:00-13:00) and night time (19:00-
20:00). Vertical error bars represent standard error of the mean
(n=4). Mean values with the same letter are not significantly
different at p < 0.05.

Table 3. Air temperature and relative humidity in greenhouses equipped with PLS (Plasma lighting system) lamp and HPS (high pressure
sodium) and in greenhouses without supplemental lighting (control). Data was recorded in December 1-7, 2015.

Air temperature (°C) Relative humidity
Lamp - o
Mean weekly Day Night (%)
Control 18.7 20.8 16.6 55.0
PLS 19.3 21.3 17.3 53.1
HPS 19.5 21.5 17.6 50.3

Table 4. Growth characteristics of cucumber grown under supplemental lighting and no supplemental lighting (control) measured at 70

days after planting.

y Plant height No. of leaves St.em Leaf Fresh wt. (g/plant) Dry wt. (g/plant)
amp dia. area
(cm) (ea/plant) (mm) (cm?/leaf) Leaves Stem Root Leaves Stem Root
Control 212b 15.0b 7.4b 424b 280.5b  127.0b 9.7a 24.0b 11.1b 0.8a
PLS 293a* 18.0a 10.2a 589a 421.2a  235.1a 1l.4a 48.0a 18.4a 0.9a
HPS 283a 18.0a 10.2a 600a 4446a  2124a 1l4a 47.7a 17.6a 0.9a
“Mean seperation within columns by DMRT at 5% level.
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Table S. Marketable fruit yield of cucumber grown under supplemental lighting and no supplemental lighting (control).

No. of fruits Fruit weight
Lamp
ea/plant ea/10a g/plant kg/10a
Control 21.2 (100)b 57,240b 2,895 (100)b 7,817a
PLS 38.7 (183)a 104,490a 5,545 (192)a 14,972a
HPS 404 (191)a 109,080a 5,590 (193)a 15,093a

“Mean seperation within columns by DMRT at 5% level.

Table 6. Electricity cunsumption and economical efficiency by supplemental lighting with HPS and PLS lamps in cucumber cultivation.

Lamp Elec.triczity Economical efficiency (thou. won/10a)
consumption” (kW/h) - Gross profit’ Lamp install Electric charges Income
Control - 15,844 - - 15,844 (100)
PLS 53,369 30,347 6,200 2,501 21,646 (137)
HPS 41,135 30,746 3,100 1,896 25,750 (162)

“Supplemental lighting was provided from November 20th, 2015 to March 15th, 2016.
YPrice of cucumber fruit is 2,027 won/kg, The number of cucumber plants per 10a is 2,700.
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