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Abstract

This study was conducted to examine the optimal environmental condition for promoting the
growth of sowthistle as affected by light quality and photoperiod in a closed-type plant production
system. Seeds were sown in 240-cell plug trays and then germinated for 3 days at a 24-hour
photoperiod in a closed-type plant production system with LED lights (R:B:W = 8:1:1). Seedlings
were transplanted and grown under 3 types of LED (R:B:W = 8:1:1, R:'W = 3.7, or R:B = 8:2)
and 4 photoperiods (24/0, 16/8, 8/16, or 4/20 hours) with 230 umol - m”-s" light intensity at a
density of 20 cm x 20 cm. The experimental design was a randomized complete block design.
Plants were cultured for 40 days un der the condition of 21 = 2°C and 70 + 10% relative humidity
after transplanting. Plants were fed with a recycling nutrient solution (pH 7.0 and EC 2.0 dS-

m™) contained in a deep floating tank. Fresh weight and dry weight of shoot or root, leaf
length, and leaf area were the greatest in the photoperiod of 24/0 (light/dark) with RW LED.
The highest number of leaves occurred in the photoperiod of 16/8 (light/dark) with RB LED,
while the incidence of tip burn was higher in the photoperiod of 24/0 (light/dark) compared
to the other treatments. Chlorophyll value was the highest in the 16/8 (light/dark) photoperiod
and there was no significant difference by light quality. Chlorophyll fluorescence was the
lowest in the photoperiod of 24/0 (light/dark) compared with other treatments. Therefore,
in terms of economic feasibility and productivity for Ixeris dentata Nakai cultivation in a
closed-type plant production system, the results obtained suggest that plants grew the best
when kept in a photoperiod of 16/8 (light/dark) and light quality of combined LED RW (3:7).
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Fig. 1. Schematic diagram of closed-type plant production system using recirculation ebb and flow hydroponic system.
(A) environment control system, (B) artificial light (RBW, RB, and RW LED) sources, (C) recalculating ebb and flow hydroponic
system, (D) nutrient solution tank, (E) pump, (F) heating and cooling system, and (G) slidacs for light intensity control.
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Fig. 2. Spectral distribution of the light qualities of RBW, RW, and RB LED used in a closed-type plant production system. RBW,
red:blue:white = 8:1:1; RW, red:white = 3:7; and RB, red:blue = 8:2.
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Table 1. Light intensity of each wavelength at different light quality combinations.

Light intensity (umol'm™s’')’

Wavelength (nm) REW o RE

400-500 72.93 56.03 84.41
500-600 3521 76.17 423
600-700 11631 91.25 136.35

“The light qualities used were RBW LED (red:blue:white = 8:1:1), RW LED (red:white = 3:7), and RB LED (red:blue = 8:2).

Ht} LEDOA 94614 UEfL, 240, 2448 alil [ EDE Z3161e] RBW LED(red blue:white = 8:1:1, FC Poibe Co. Ltd.,,
Seoul, Korea), RW LED(red:white = 3:7, FC Poibe Co. Ltd., Seoul, Korea), RB LED(red:blue = 8:2, FC Poibe Co, Ltd.,
Seoul, Korea)®] 3573385 0]-850] ARl ARE-SIL.0H, SW LED chipS 0|85} Alfstaith(Fig. 2). 7t 212 '8 o
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FloflA] ebgteh. Al 3 mF 2 ag-S UERi= 400-500nm H9]ollA] 71 =] LERECH, 500-600nm HEollA 7Y
CHA| VrERg ot aiARgo] Hlgo] 7H 32 RWA= 500-600nm H 9|7 oh2 33 Bt =] UrepsithFig. 2). 994 LEDE=
A LED chipol| §FE4S L xsto] S e, o] 2 Q15 B4 LEDZ AR Z{2]of|A4] 400-700nm 2] H19]= npgo]
WA Vet Zojet Ty,

ma) o] A8 7)o Hla] o] L PR HIRtth RBW 3 HzlofA] |z o2 71 A3e B om, £5] 8/16(
B71/471) ] RBWOlA] 55 5cmE TR A 2]-tol] HIshA] Xchgo] 7 A ItkTable 2). 0= Im et al.2013)2] Lol A
=3}0] o] Hagollx] 71 Ao, thg0 2wl g A 5 0 & LRl A Mgo] gte] Bie AkS ZXIXZ 0
o, ZgAgol A= Bra] o] Ao] z|elH o2 YRt 2 AollAm RBW 3382 23 Hlg0] 50.57%2 O HA &
Mg vlgo] 31.71%= RB LEDOJ|A] Bt} o} =i5to] Axof|Aje} Zho] £ul|o] Bia] 4lde] auf2]] 0= whekect
(Tables 1 and 2), EQ+5H}] Hajofx] o] F A2 3 A 2]of] GRS 2] oFa1 24/0(787 /A7) 2] F57] A=]elxrt
AY5}53=T|(data not shown), RFF Hof ARt FAT} F571 2] IS 283 F714Q1 A7 2 71 0 2 whw| Qe

2ot o] AT HES-2 B 17T ol bt 57 tohe Ao ATHAE Bl o, RW FoA 7 sk H3d=
HtHTable 2). 8/16(%F71/&7 1)1t 4/20(7F 71/ 1) A ejolx BAIG AEFC] 7P R 3k BG.on], Fdof| ok 50
Q1 Afoli= VFERAA] 93kt 24/0(F 71/t DellA] BAIS I 1E50] RW FofA] fefd o2 71 B0, 16/8(7
71/47DelA = RBW Fo]| Hlgto] RWEFRB 337 A 2ofx] It T2 A2 2} 500-600nm 917} =] Lepd RW
G A et 2]okee] PAlE 9 THEFo] Aot Aake] Moyt A UreRd Hejol|A] Bt =2 H3S B
T} Heo et al.(2009)-2 thoeh g 4S 2toh= 6 27004 S ofAlepR Tt Aot AR 0] AEF-2 29 Tl 4]
2]z2710] 2t A ook AR Kt F-0]4 0 2 =9tk H 16kt Ohashi-Kaneko et al.2007)2] B oAtk ¢}

Table 2. Effect of light quality and photoperiod on length of the longest root, fresh and dry weights, and T/R ratio of sowthistle grown in a
closed-type plant production system.

Photoperiod Light Length of the Fresh weight (g) Dry weight (g) IR satio
(light/dark) quality” longest root (cm) Shoot Root Shoot Root
RBW 44.8 abc’ 396b 188 ab 323b 1.72ab 1.84¢
24/0 RW 449 abe 534a 23.1a 463a 194a 251 abe
RB 389 bed 34.1bc 1500 276 be 134bc 2.10abe
RBW 42.1ad 249¢ 1450 2.08¢ 1.18¢ 1.82bc
16/8 RW 421 ad 358be 183 ab 257be 1.56 abc 1.60¢
RB 41.5ad 38.5be 189ab 231be 143 be 163¢
RBW 555a 48d 19¢ 031d 0.17d 1.90 be
8/16 RW 524 ab 53d 18¢ 043d 0.18d 2.17bc
RB 443 abe 57d 27¢ 034d 0.15d 2.12bc
RBW 389 cd 20d 04c 0.14d 0.05d 3.13a
4/20 RW 296d 23d 07¢ 0.15d 0.06d 2.90 ab
RB 126¢ 12d 02¢ 007d 0.03d 2.19bc

“The light qualities used were RBW LED (red:blue:white = 8:1:1), RW LED (red:white = 3:7), and RB LED (red:blue = 8:2).
*Mean differences within columns by Duncan’s multiple range test atp = 0.03.
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Table 3. Effect of light quality and photoperiod on leaf length, leaf width, leaf area, number of leaves, and incidence of tip burn of sowthistle
grown in a closed-type plant production system.

. . Leaf Tip
Photoperiod Light - No. of

(light/dark) quality’ Length Width Area leaves bum

(cm) (cm) (cm’/plant) (%)

RBW 282ab’ 78a 9472 ab 16ab 442

2400 RW 308a 84a 1,168.1a 17ab 492

RB 309a 77a 7324b 14b 311

RBW 252bc T4a 7227b 14b 20.1

16/8 RW 25.1bc 8.1a 702.6b 17b 24.1

RB 22¢ 72a 999.2 ab 20a 0.0

RBW 146d 48bc 166.7 ¢ 9¢ 111

8/16 RW 14.0de 52b 1726¢ 9¢ 17.1

RB 157d 53b 1653 ¢ 8¢ 13.1

RBW 9.0f 37cd 783¢ 8¢ 16.1

410 RW 95ef 39cd 95.1¢ 8¢ 0.0

RB 6.7f 29d 404¢ 5¢ 111

“The light qualities used were RBW LED (red:blue:white = 8:1:1), RW LED (red:white = 3:7), and RB LED (red:blue = 8:2).
*Mean differences within columns by Duncan’s multiple range test atp = 0.05
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Fig. 3. Changes in chlorophyll value (SPAD) as affected by light quality and photoperiod of sowthistle grown in a closed-type
plant production system. (A) RBW (red:blue:white = 8:1:1), (B) RW (red:white = 3:7), and (C) RB (red:blue = 8:2). Veertical bars
represent the standard error (n=9).
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type plant production system. (A) RBW (red:blue:white = 8:1:1), (B) RW (red:white = 3:7), and (C) RB (red:blue = 8:2). Vertical
bars represent the standard error (n = 3).
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