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Comparison of Plant Growth and Electrical Power Consumption between
Red/Blue LED and Fluorescent Lamp in a Plant Factory
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Abstract

The effects of red and blue light-emitting diode (LED) irradiation patterns and time on
the growth of leaf lettuce in a plant factory were investigated. During the same cultiva-
tion period, fresh weight was statistically higher for alternative red and blue- LED irradia-
tion (SHIGYO™ method) than for the other two treatments: simultaneous red and blue
LED irradiation and fluorescent lamp irradiation. The SHIGYO method was effective for
the light-dark cycle (LD) 16:8 h, and for continuous irradiation (24 h light). Due to in-
creased plant growth rates, the SHIGYO method decreased the time taken to reach har-
vest, therefore, increasing the number of harvests per year. The electrical power con-
sumption for growth per plant unit using LEDs was less than that for fluorescent lamps.

These findings are expected to contribute to increased productivity in plant factories.
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FITHRB TR, FREOBEBHOREF Y- 22D
ZET, W THAECBITARE LED & B #E R
(SHIGYO ) 0AFRENRBLIURK MO REH
Bz S50, BN 2ERALRERLEEEIERZ R
4528 T, LED 2 HL BB B 2B R A0
AN R RATON TR E BT o7

MEBLOHE

eI —7L 8 X (Lactuca sativa var. crispa ‘LR
TrAY— FXATEH) L7z BTEILY VARV IICHE
LC1HHBAEL , %% 8~ 10 HEFCRABRELIT
(FHF32-EX-N-H, 783V =y (#), LF FL. B&HKE
PR FEEE (PPFD, P) 120 umol m2s™) FTTHHEL
7. D%, K#EB (TAPS-1SW, Z ARy 7 Iy Y
(BR)) ~HRM 15ecm T 1RBRR 5720 16 bex EM L
Table 1 ICE REIC B2 EEH &AERT. BRENE
(DLI) 3&#Ek 1, 2 0L TORBK BLIOEBX -8
7. SRETOMERPS, V—7L% A0 SHIGYO #ikiE T
RS %2 R12 B¢ B12 & T 500 R ORI

R« KH - A

EHNDPoTHAE ™, 22T, RER 1 BIU 2 ITBWTHER
Rizi3 12 & D RB R H B4 X (SHIGYO #[X, S
R) #&%ELz. FHEETRB REBRENCTLYF 774
—DHRER/BILIZ3 THAHZ LR L (F—8). £
CTHRETIEHE R/B LA E 2 3IC DLI 2 BRE—F ¢
57:0, SKTHHROMBENBOIMHILILIREL
7o, BB 1 O BRIE— RN EY THTRESLTHS
SR (BH 16, A8 M) %RAL, RBH
EHESTX (RB16 X) BIUHOEITESR (FLI6X) &L
72, RER 2 120V R O BT R % 24 BERIEL, RB
FEEAS X (RB24 X), BLUHEITRER (FL24 X)

FHRELL BFICIZESE LED 527 (SHIGYO® 4T
RRB, & % : UL0005#02, LED 7 v 7 B: GA2PT450G, R:
HRP-350F, FBAIE T (¥ ), 553% B: 114 gmols™
W' R:1.62umols” WLE¥— 2 E B:450nm R:
660 nm, Fig. 1) #4# AL , Table 1 DXRE LA THERL
7o BOBITRE R OB FL 2 MBI T4~ 6
AR L7z RiRid 23 C—& , HIxHBEEL 70 %, CO: i
FEIX1000ppm & L, B WX KRIEAM K (EC:2.14dS
m™, pH: 6.0 - 6.5) THEIEETo/. HEH 2HEBI

Table 1 Detailed lighting conditions for each experiment.

Z
Experiment number Treatment code

LED Irradiation pattern Irradiation time DLI"

Exp. 1 S 120 40 alternative R12h, B12h 6.9
RB16 9 30 simultaneous 16h 6.9
FL16 120 - 16h 6.9

Exp. 2 S 120 40 alternative R12h, B12h 6.9
RB24 60 20 simultaneous 24h 6.9
FL24 80 - 24h 6.9

z: Photosynthetic photon flux density on the cultivation panel (umol m?s™).
y: Daily light integral (mol m™=2d™).
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Fig. 1  Spectral curve of red and blue LEDs of Showa Denko K.K. Red and

blue LEDs are dimmable individually.



NLIEEUAEY T332 30 77 LED &80T R O R iR B L ONH # B ORI 215
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Fig. 2
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Lettuces grown for 32 days under each of the treatment from Exp.1.
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Fig. 3  The relationship between light condition and fresh weight: a) Exp.1, b) Exp.2. Data are
presented as mean * standard error. Different letters indicate the significance level of
0.05 performed byTukey—Kramer's test (7 = 6).
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Table 2 Effect of shortening the days before harvest.

Days from sowing to Days from planting Relative cultivation period

Treafment harvest(d) to harvest(d) after planting (%)
S 39 24 70
RB16 36 28 o
FL16 42 34 100

Table 3 Comparison of electrical power consumption under each light condition.

PPFD’ P/U .. Cultlv.atlon Relative  Electrical  Electrical power
Irradiation  period ;
time after fresh power consumption

R B R B o —— weight consumption  per unit plant”

Unit gmolm™®s™ umolm™?s” W h d % kWh % kWhplant™ %
S 120 40 2.9 2.0 R12, B12 24 100 17.3 56 19 28
RB16 90 30 29 2.0 16 24 67 17.3 56 29 42
FL16 120 1.5 16 24 50 30.7 100 68 100

z: Photosynthetic photon flux density on the cultivation panel.
y: Photosynthetic photon flux density per unit electrical power. The values were calculated using results of

Fig. 5.
x: Assumed 100 g of fresh weight per plant.
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Fig. 4

Growth curve after planting. The harvest date of RB16 and FL16 were

estimated by extrapolation at the end of the known growth data.
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Fig. 5 Relationship between PPFD and electrical power. Linear
approximations of each light condition are shown.
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