Protected Horticulture and Plant Factory, Vol. 29, No. 2:105-109, April (2020)

DOI https://doi.org/10.12791/KSBEC.2020.29.2.105

o2 =S EBYE o

pISSN 2288-0992
elSSN 2288-100X

Effects of Lettuce Cultivation Using Optical Fiber in Closed Plant Factory
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Abstract. This study was conducted to the improvement of solar light-based artificial light supply system and effect of
lettuce cultivation. The artificial light supply system was consisted of units such as light source, power, system
measurement and controller. The light source supply was composed of a solar transmitter and an LED lamp. The power
supply consisted of an leakage breaker, SMPS, LED controller and relay. The solar transmitter was made of a quartz
optical fiber with optimal light transmission. Artificial light used white lamp among LEDs. System measurement and
control consisted of touch screen, Zigbee communication module and light quantity sensor. The results of test confirmed
that the LED light is automatically activated when the intensity measured by the light intensity sensor is 200 pmolm™s
or less. Moreover, the leaf length, root length, chlorophyll content and root fresh weight of optical fiber treatment was
hight than LED lamp treatment. Therefore, it can be inferred that the energy-saving solar light collector device can be
effective in the indoor lettuce production. However, the use of LED lamp is also recommended to assure the availability

of sufficient sunlight in cloudy and rainy days.
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Fig. 2. Collector devices design of outside(A), inside(B) and light supply algorithm(C).

106

Protected Horticulture and Plant Factory, Vol. 29, No. 2, 2020



H,

Ay ABTR ey

(Microplate Spectrophotometer, EonTM, BioTeklInc.,
Vermont, USA)E 0]-85}0] Z-3% 420nm oA 45Tk

A =(Jeong 5, 2017)E ARSI,
28] B GO 480 $& 52 2
HGOF; Glass Optical Fiber) & E3[4 A= Al 7| 2 %
AlZTE B A7k = | Fojef A K A
o] Zjj= 4 3 2 FAJ ¥ SOF(Silica Optical Fiber) 6 71E
welgke] 212 17l & F438kQlaL T EREe| A5 0% S
H 2170l dem @l WHAPES a17g5t0] 3 885 E=3itHLee
55 2019). B A =B 3 AR AIS H A
ol i, A FgH= o] et B Fai= EHE A
S (3Tto|H)2FLED (Rl = HdstlaL, B
B AR =B ASE| ek A FAE o] 3 Optical

o)

I3

oJHE o]&3t

&5 Al a

fiber) 2 AlZHJeong =, 2002; Kim¥} Kwon, 2009) %] 312
Q1-&34-8 LED % White #Z(LG innotek 5700k, 150 mA,
3V)E ARESFIHFig. 3-A). AlAE AlS 2 Aloj = EA]
23713} 2| 71H|(ZigBee) A1 Mg, F5F Al = 8kt
(Fig. 3-B). A9 54+ 74 A7), 2 H&57), i
SHFA A Y5342 (Switching Mode Power  Supply,
SMPS), LED A|o]7], o2 LA tHFig. 3-C).

F3049] Fd B LEHS AR E
Gatolw )7} 7.57 umol-
CO,;m™s”, LED &7 6.50umol-COy'm™>-s"' & E7
ARl o2 Figlt). g 7| e 9 ek e
aloH A 2|e} LED A2j7t A1l f-el4do] gl= A=
UERsit ofefgt Aik= AlE-g g ol Al A5 ul Al 3gego]
EorE T o] =2 A o8 Ulth= Aul(Parkyt
Lee, 1999)} t}-2 QS B o=t o] A A7 |ZH &2t +
F7 93} 87} 0= do| Wl WjE o & HeErh

5 oHE T304 HSEALS AR A3k= Table 29+
At G2 Futold A7} 19.93cm & LED A2+
16.0cmEC} Fom, Ma|Zo|x Pulo|H 22|17} 24.6cm
2 LED #2329 20.53cm Er} At} E3F =4 gleko 37
Tto|w] %]2]7} 18.03 SPAD ©]31al, LED *]&]5-= 15.20

Light sensor Zigbee module Touch screen
©
Name Specification
Leakage breaker AC/220V, 30A
Phase electronic contactor 30A
SMPS DC 5V, 15W
Relay DC 24V
N,L Irrigation controller AC 220V
Pan controller DC 24V
LED lamp controller Input, 3CH, DC 24V
LED lamp controller Output, DC 24V
485 communication terminal block -
Power supply DC 24V, 450W

Fig. 3. System of light supply part(A), measurement and control part(B) and power supply part(C).
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Table 1. Photosynthesis and root activity of affected lettuce 30 days after sowing.

Light source Photosynthetic_:2 re}'lce Stomatal condgctince Transpiration _zrat_? Root activity
(umol-CO;m™s™) (mol-Hb,O-m™:s™) (mmol-H,Orm™s™) (Absorb., at 420nm)
Optical fiber” 7.57 @ 028 a 341 a 021 a
LED 6.50 a 022 a 283 a 0.20 a
“Optical fiber + LED
*Means followed by the same letter are not significantly different using T-test, P < 0.05.
Table 2. Growth of affected lettuce 30 days after sowing.
Light source Leaf no. Leaf height Leaf diam. Leaf2 area Root length  Chlorophyll Fresh wt.(g/pl.) Dry wt.(g/pl.)
(ea/pl.) (cm) (cm) (cm7/pl.) (cm) content (SPAD)  Top Root Top Root
Optical fiber”  7.83 @’ 1793 a 1630 a 649 a 24.60 a 18.03 a 2499 a 551a 104a 039a
LED 7.50 a 16.08 b 16.65 a 610 a 20.53 b 1520 b 2369a 374b 097a 039a

“Optical fiber + LED

*Means followed by the same letter are not significantly different using T-test, P < 0.05.

Fig. 4. Harvested lettuce under optical fiber of solar (A) and LED light (B) at 30 days after sowing.
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