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as Affected by LEDs Source and Luminous Intensity

Yoon, Seong-Tak - Jeong, In-Ho - Kim, Young-Jung -
Han, Tae-Kyu - Yu, Je-Bin - Jae, Eun—-Kyung

This study was conducted to investigate the growth characteristics and functional
materials of baby vegetables as affected by different LEDs and luminous intensity
at Anseongsi, Gyeonggi Province, in 2014. Test crops were beet, chicory, spinach,
red leaf lettuce, crown daisy and red mustard purchased from the seed company of
Dongbu Hannong and Jinheung. Growth characteristics were measured and the
content of functional materials was analyzed 40 days after seeding at plug plate.
Treatment of Red+Blue (4:1) at 150 pmol m™ s luminous intensity showed the
highest number of leaves in five baby vegetables of beet, chicory, red leaf lettuce,
crown daisy and red mustard. The highest shoot length of chicory, spinach, red
leaf lettuce, crown daisy and red mustard was obtained from the treatment of
Red+Blue (4:1) at 150 pmol m™ s luminous intensity. Fresh weight and dry
weight of all six baby vegetables were the highest in treatment of Red+Blue (4:1)
at 150 pmol m™ s luminous intensity. Content of chlorophyll a and chlorophyll b
of spinach, red leaf lettuce and red mustard showed the highest in Fluorescent
lamp at 150 pmol m? s luminous intensity whereas other crops did not show
definite trend under different LEDs lights and luminous intensity. The highest total
content of anthocyanins and polyphenol were obtained from the treatment of
Red+Blue (4:1) at 150 umol m™ s luminous intensity in all six baby vegetables.
Free radical scavenging activity was highest in all six vegetable crops at 150 pmol
m? s luminous intensity, but it was not different significantly between LEDs.

As a result, the growth and the content of functional material of baby vegetables
are generally to be increased in Red+Blue (4:1) at 150 umol m™ s luminous
intensity. Mixed light of Red+Blue is thought to give good effect on the growth
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and the content of functional material in baby vegetable crops. Because there are
many differences in regard of LED lights, crop varieties, cultivation and experi-
mental methods in their impact on the growth and functional materials of baby
vegetables among researchers, it is considered that a more precise studies are
needed for the crop responses to LED light and luminous intensity.
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HlolR Al s ZF AaFY odd oz oF 20~30Y F<F Auiste] HE LM, oF
7 Aested A Ashs AR AR OHE G PRl Tha Boj x| A9t o} A&t zHNiE‘r 7]
4o B FEgE B A4S 7 JThPark et al., 2003). E3F 8 AEjoll A #
7] well Afrart vlad Aol A7)z gkom ohA x4 Hls) Efe] gFo] Ao
gl i3] Axgre] e AFREEE B glo]l 2 5 Qo] tiFs) Hof 7har itk w5l A]
© ©] & o|fFE woH| x| Art A3 Bho] TheFate] Q]9 AR E 22Qlo] Wol #lERo]
U 7Hg oA Q1717F BThMoon, 2009). Hlo]H] A 4ol o] &H= Fx= FA, -, Bl =L
manure, fertilizer)® F-2]ojy} B a3t Y| UAAE E3sl= EFZA ZE9 &S 243)17]
8l EFolut ZAEAlY FEEHe 248 Do, HEE FE AS AR manuring,
fertilization)Z}aL gtot. ol =, E2W, Wd, 557 % A 5 O SH7F ol&H o
Azlolu} aglo o] HAvLE FE|E AH|ED, opv|igh vhEslhE, vU[E, HIEH B Ee

HeEfel 22 B2 7|sh8 EAES &3t AthBae et al, 2008; Feng, 1997).
ol AE Z3g BE AESA oA BdES I5E7HA% 840tk 7]|E9
FEH2 AEAS B8 FYL7A rEoiyo] dUAEE
o] LED7} FE51E o] olyA] &E&o] mou, wd 1Al FHoz 7]
| AgkE-= Grao] AkSon et al., 2012). 7153 ¢l ZHo
FEgo] golat, EATLS AH o £ AT F Qo] AEA
3 X 2 o] 8% 7 Uthe Hol Ao R F3]a o] AEA
o] FA 71 L YTH(Yeh & Chung, 2009; Choi et al., 2012).
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B Aol AFEH wov| A& FF-2 AlFXI(Spinacia oleracea L.; £33, 2’3 (Lactuca
sativa L.; BAAvb), 27K Chrysanthemum coronarium L., S%), 7AAN(Brassica juncea var.
crispifolia L. H. Bailey; %), BlE(Beta wulgaris L.; TIEZOIE v 3 #HE) XA
(Cichorium intybus L.; &) AH&3H o Fa= Hbs, (F)AZTTEAA T3+
AHEEFATE B AP 20149 SERE 2014 9U7MA A= b A AAIBHATE 50F
Ego|(tlAm el 187 B ERFELAEE, (F)siEeEs)E At 2Fst

RO 25 24/18C(F/°F), Y 18/6 he(F/°F), FE 45~60%3] A v SHF oA 40U -5+ A
etk FEEFES A AT ARt B olF I EE A FEo| fFAHES
AT Fe AT R HFeutt AP 3WEOE A3t on FARALS

SAS ZZ 1 (SAS Institute Inc., Ver. 9.1, Clay, NC, USA)S ©]&3}% T}
2. LED A g%H

LEDs (Light Emitting Diodes)= & A 32 93] S&B IndustryAoll A 74.6 cm (W)x73 cm
L) 2712 3MEE AZSFATE LED 342 1 52t o]y x4 Aujo] fasiota <l
¥ Red (660 nm), Blue (450 nm)E AR8-3FHTHSon et al., 2012; Wu et al., 2007; Wang et
al, 2009) 2| EA & =1 2H7]S X831 Red (660 nm)+Blue (450 nm) 1:1, Red+Blue
2:1, Red+Blue 4:12 ZH3}P o™ ZTE &35 (Fluorescent lamp) -2 73} Z} A g
THE A B 7S4S Hustdth =5 Fxo mE wolnajie] A& H 754
24 vnE 98 dz7E 3 ZE AHFEZ 242 100 pmol m” s, 125 pmol m”
s', 150 pmol m? s'2 FYEA A3 tHTable 1).

LEDE ZgHolA Ue A = e FHZ A EAZEE oF 35 cm 9o X552
H ZF AETEE o8 Fdo] FYEHA EE AguE A s

Al
<

Table 1. Treatment of LED lights and luminous intensity

LEDs Luminous Intensity (umol m? s™)
100
Fluorescent lamp (Control) 125
150
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LEDs Luminous Intensity (umol m? s™)

100

Red+Blue 1:1 125

150

100

Red+Blue 2:1 125

150

100

Red+Blue 4:1 125

150

3. A%z

LEDs 9ol W& wolnjafjie] S EHL 3T 5 40€A 523t Fluorescent
lamp (100, 125, 150 pmol m? s™), Red+Blue 1:1 (100, 125, 150 pmol m? s™), Red+Blue 2:1
(100, 125, 150 pmol m™ s™'), Red+Blue 4:1 (100, 125, 150 pmol m? sHE &3 671A] ZE
oA Zzp 54 st 5, 23, AT, dETS AT A2 7 F 40

T dFAx7)0A 2AIZFES AxAZ & =H3 T

A= 43 BA LS Inskeepd} Bloom (1985)2] HHHS oFzt W E o] 01%6‘}911:}. A

0.1 gl N,N-Dimethylformamide (Sigma Co., USA) 10 ml 37} 3 4C F&olA 2443

W28k th o) 7% (Whatman No. )& & 3 A5 2 A}8-3lo] 647 m9]- 664.5 nmol| A &
o £ Z7(Optizen pop, Mecasys(F))etR o ZSHH FHEE ot 2o thd
o

T E
A2 ast G2 be] FFS THAL

Chlorophyll a (mg/g) = 12.70A664.5 — 2.79A647
Chlorophyll b (mg/g) = 20.70A647 — 4.62A664.5

Z dEA P FEF 42 Yang (2010) 5o WS Wyt o] §3tAuth EHAIE 0.2
2ol 80% Methanol 5 ml&} 0.1 N Hydrochloric acid (DUKSAN, Korea) 5 mlS &&3t 5 A2
of| A} 2443t &9t shaking (SK-300, JEIO TECH, Korea)dlod o 3}2](Whatman No. 1)Z A&



LEDs #24 3 F=7h wlojHlx i) 4§ 8l 7542 nA= 9% 553

T A EZ ARESIHT AlEE 520 nmollA] #3333 =7 (Optizen pop, Mecasys(F)Z 3=
& A3 o, FEZ 2 Kuromanin chloride(Sigma Co., USA)E ARg-ste] HEAS 2
gttt

HlolnAf 4o AAFos A2 Blois (1958)9] WS W3] 3319tk DPPH
(1.1-diphenyl-2-picrylhydrazyl)<= QFEH radical 24 Y= B S Ha QA0 tst &
o] e AR Wk Yo AS Qo ko g WA ok BEHARE 0.5 gl
80% Ethanol 12.5 ml2 7}sl] 204 24417t &<t shaking (SK-300, JEIO TECH, Korea)3}
o] o 7} % (Whatman No. )& AL & A 8& A&t 1 % 0.2 mMe DPPH& (2
flaskoll A1 99% Ethanololl %<, Sigma Co., USA) 3 mlol Al& 300 ul & &3l 308 3o
517 nmolA FFEE =% (Optizen pop, Mecasys(F))3tH o™ FFEHL  L-ascorbic
acid(Sigma Co., USA)E AH&-3ITh AAgos Bde AEE 7] A 9 F3=
2po] S WME-8(%)Z YERAATH

DPPH radical 2271243(%) = (control” - sample® / control) x 100

%
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DAl& thAl Ethanol e 7}
IAARE H7)3) "L de] TR
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F ZEdE g2 HE=44EZ Q] phosphomolybdic acide} ¥Hg-3te] HdA o g W=
A& ©]g3}k Folin-Ciocalteu (Dewanto et al., 2002) WS ¢kt W3] 3431t 2

AE 0.5 goll 80% Methanol 12.5 mle T F F2ollA] 24A31-5<E shaking (SK-300,
JEIO TECH, Korea) 3to] &]2}x](Whatman No. NE AE & AR Z AU AlE 300 ul
ol 1 N-folin ciocalteu reagent (Sigma Co., USA) 300 ul & 3713l 10% Na,CO; (DUKSAN,
Korea) 600 ulE 713+ ¥ F7/FF 2400 ul & 93 FUT 308 3o 760 nmoA STH=E
=7 (Optizen pop, Mecasys(F))3tA 2™ FEFEH-L gallic acid (Sigma Co., USA)E A&-3}
of A& AAFHoERE F EYds FFS AtstAth

L dlolnf &9 BHEA 8l 7142 T

1) HE
LEDs 39 3 Fxo| wE nES A& 7sded FFe =ARE 23 Red+Blue
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(2:1) 150 pmol m™? s} Red+Blue (4:1) 150 pmol m™ s'ol A FFE= 530 = 7Hd Bokow
th =<1 Fluorescent lamp 100 pmol m™ s'oll A 33702 71 At} 23S Red+Blue (4:1)
100 pmol m? s'o A 9.87 cmZ 7} %121 Fluorescent lamp 100 umol m™ s'o| 4] 6.83 cm
2 744 Aokt A AF-S Red+Blue (4:1) 150 pmol m? s'oll A 1.88 gplantZ 7+ =k o™
Fluorescent lamp 100 pmol m? s'ol A 0.74 g/plant 2 7} 43l AEZF S Red+Blue (4:1)
125 pmol m? s'2} 150 pmol m? s'oll A 0.18 g/plant & 71 =32 ™ Fluorescent lamp 100
umol m? s'ol A 0.07 g/plant = 7 Skdth 2 ZHEL olYu} Kim et al. (2013) 15
Wolo] Ago] E3F AP ATt steH ol 7 APH A sk FE
o]t

A E24 a2t b Fluorescent lamp 100 pmol m? s'ollA Z+2; 31 mg- g, 1535 mg-g'& 7}
=& %S JelW 2™ Red+Blue (4:1) 150 umol m? s'oll A Z+2F 11.22 mg- ¢, 3.03 mg
g2 M B e Yeth F kEAold 33FE Red+Blue (4:1) 150 pmol m” s’
ol A 131.60 pg-g'Z 7F4 =521 Fluorescent lamp 100 pmol m? s'ol| A 41.31 pg-g'2
71 Skt Free radical 22752 Fluorescent lamp 150 pmol m? s™'oll Al 71.99%=Z 714 =
ko™ Red+Blue (1:1) 100 pmol m™ s'ol|A 59.15%= 7} Wy F ZedlEs FFe
Red+Blue (4:1) 150 pumol m™ s'olA 323 mg-g'2 7} ¥9k2™ Fluorescent lamp 100
umol m? s'ol A 1.82 mg-g'2 7 P4t} Lee et al. (2005)2 HIE2] DPPH radical 271
5°] $38}FaL phenol o] FoF o] 5 Afololl Ff FHAATL HLHo 4sH ~EH
2 MAEFH7E =0 e & AFoAE HIEE 70% o]’ DPPH radical 475
Hoj 7o A7 A} dA)ste A Fol A THTable 2).

Table 2. Growth characteristics and functional components of beet as affected by LEDs
source and luminous intensity at 40 days after seeding

Luminous Shoot Fresh Dry Chlorophyll Total |DPPH free| Total
intensity | No. of weight | weight content | anthocyanin| radical  |polyphenol
LEDs 2 length (mg-g") .
(umol m™ | leaves (cm) (g- (g- g8 content | scavenging | content
) plant™) | plant™) a b (ng-g") | activity(%) | (mg-g")
100 333 6.83 0.74 0.07 | 31.00 | 15.35 41.31 68.04 1.82
Fluorescent
125 4.00 9.00 1.08 0.11 | 2949 | 12.93 52.41 69.84 1.90
lamp
150 4.00 9.30 1.40 0.13 | 23.71 | 11.69 61.88 71.99 2.51
100 4.00 7.10 0.80 0.08 | 2091 | 6.62 72.51 59.15 2.77
Red+Blue

(1:1) 125 4.00 9.17 1.23 0.11 1578 | 4.14 72.98 63.66 2.81

150 4.00 9.63 1.62 0.15 | 11.83 | 3.04 84.13 68.05 2.87
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Luminous Shoot Fresh Dry Chlorophyll Total |DPPH free| Total
intensity | No. of weight | weight content anthocyanin| radical |polyphenol
LEDs 2 length (mg-g") .
(umol m™ | leaves (cm) (g (g g8 content | scavenging | content
s) plant”) | plant) [ b | (ngegh) |activity(%) | (mg-g’)
100 4.67 8.40 0.92 0.09 | 2353 | 838 91.61 61.28 292
Red+Blue
@ 125 433 9.67 1.26 0.15 | 1871 | 551 92.99 6231 278
150 533 9.17 1.59 0.15 | 11.60 | 3.85 103.35 66.05 297
100 4.67 9.87 1.37 0.14 | 1552 | 4.67 122.50 60.49 3.03
Red+Blue
@ 125 5.00 9.50 1.86 0.18 | 12.18 | 3.72 123.23 62.17 3.09
150 533 9.37 1.88 0.18 | 11.22 | 3.03 131.60 62.89 3.23

LSD(.05) bet. LEDs

040 | 036 | 015 | 002 | 121 | 124 1.84 1.94 0.10
source (A)

LSD(. . Lumi

SD(03) bet. Luminous | 3| o3 | o143 | 002 | 105 | 108 | 159 1.68 0.09
intensity (B)

LSD(.05) bet. (A)x(B) | NS" | ##+2 | N§ NS ** | NS o NS *x

D' NS: Non-significant at 0.05 probability level.
Dk kwk: Sionificant at P=0.01 or 0.001 respectively.

2) ®7Hze

LEDs #9d 9 F&o g XA B&3 7 EL FFES AR 27 RedtBlue
(2:1) 125 pmol m™ s'9} Red+Blue (4:1) 100, 125, 150 pmol m? s'ol A FFE 6.70Z 714
w@ekom 72l Fluorescent lamp 100 pmol m? s'oll A 437012 71 2tk 242 Red
+Blue (4:1) 150 umol m? s'ollA 11.73 emZ 7}¢ 312 Fluorescent lamp 125 pmol m? s’
ol A 7.9 cemZ 71 2t A S-S Red+Blue (4:1) 150 umol m™ s'oll A 3.19 g/plantZ 7}
A =950 Fluorescent lamp 100 pmol m? s'ol A 1.92 ghplantZ 7FF Skyl AEFLS
Red+Blue (4:1) 150 pmol m™? s™oll A 0.31 g/plantZ 7} =352 ™ Fluorescent lamp 100 pmol
m? st A 0.18 gplant Z 7 SUTH Pyo et al. (2010)2 XA S A+ 314 5
o Al Wopa|Zl & Zh7; AAFOo 7 A A A d7, FA, AEF 5 @4 LEDZ

]

S
of wls) A+ =33 sholl M FdThaL sk Ao ska Awsiy Fgo] otar
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B Ao A% Red+Blue (4:1) FLolA 718 2L AL WSS B Ar]e A
A 3h= A oIt

£ a& Red+Blue (1:1) 150 pmol m™ s'ol| 4] 30.52 mg- g, §52 b Red+Blue (4:1)
150 pmol m™ s™'ell A 1325 mg-¢' 2 74 ¥ FFS JEPA 21 Red+Blue (2:1) 100 pmol
m? 5" A Z47F 2343 mg- g, 5.85 mg-g' 2 71 W& S UERTh F FEAORT 3
28 Red+Blue (4:1) 150 umol m? s'oll A 3.66 pg-g'2 7F4 =352 ™ Fluorescent lamp 100
umol m™? s'ol A 1.11 pg-g'Z 74 S4th Free radical 2427158 Red+Blue (1:1) 150 pmol
m? sl A 8221% % 7H =950 Red+Blue (2:1) 100 pmol m? s'oll A 77.22% = 7} v
gk & Z ¥ -8 Red+Blue (4:1) 150 pmol m? s'oll A 3.22 mg-g'2 714 EhoH

Table 3. Growth characteristics and functional components of chicory as affected by LEDs
source and luminous intensity at 40 days after seeding

Luminous Shoot Fresh Dry Chlorophyll Total |DPPH free| Total
intensity | No. of weight | weight content | anthocyanin| radical | polyphenol
LEDs 2 length (mg-g") .
(umol m™ | leaves (cm) (g- (g- g8 content | scavenging | content
) plant™) | plant™) a b (ng-g") | activity(%) | (mg-g™)
100 433 7.93 1.92 0.18 29.05 8.65 1.11 78.42 1.34
Fluorescent
) 125 5.00 790 | 224 021 | 2790 | 8.50 243 80.10 1.66
amp
150 5.00 810 | 236 023 | 2605 | 7.22 2.54 81.68 2.09
100 5.00 817 | 214 021 | 2772 | 971 2.46 81.06 2.14
Red+Blue
() 125 5.00 8.13 238 0.23 | 30.26 | 10.31 2.56 81.50 245
150 6.00 8.83 2.51 024 | 30.52 | 10.75 3.49 82.21 248
100 6.00 830 | 251 025 | 2343 | 585 2.06 71.22 2.52
Red+Blue
@) 125 6.67 9.13 2.51 0.28 2875 | 945 2.48 77.54 2.57
150 6.33 10.77 2.83 0.28 29.50 | 10.59 3.44 78.12 2.57
100 6.67 | 1037 | 271 024 | 29.14 | 943 2.61 79.63 2.63
Red+Blue
@ 125 6.67 | 10.77 | 2.78 0.28 | 30.14 | 10.33 2.56 80.01 2.72
150 6.67 | 1173 3.19 031 | 30.16 | 13.25 3.66 81.17 322
LSD(.05) bet. LEDs 0.33 0.30 0.15 0.02 2.10 1.13 0.74 1.47 0.12
source (A)
LSD(. . Lumi
SD(03) bet. Luminous | - ) |6 | 013 | 001 | 182 | 098 064 1.27 0.10
intensity (B)
LSD(.05) bet. (A)x(B) | *? #xx | NSY NS NS | ** NS NS *x

D'NS: Non-significant at 0.05 probability level.
Dx wk ks Sionificant at P=0.05, 0.01 or 0.00] respectively.
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Fluorescent lamp 100 pmol m? s'ol| A 1.34 mg-g'2 7} Y9kti(Table 3). Kim et al. (2011)
o] AFAF A ol £ 8~18YUZT FEANA ASH HAXAYE AT ¢ T 0.5 mg ©|3}
o] ¥o ZEvEs e BT el B AFAAE 13 mg-g' el ZEvE
S AT ol B AlPdA AHEE Folin-Ciocalteu A2k ¥E§-Sl= ©3lE, &
A, amineF 5o FHLAE BN Aol7} o] U A= HoXin.

3) AlEA

LEDs 2 2 F&=o mE A2 453 7edEd ddFe AR 27 RedtBlue
(2:1) 100 pmol m? s'ollA FFE= 9.7MZ 7P ©okow thx7<l Fluorescent lamp 100,
125 pmol m? s'9} Red+Blue (2:1) 125 pumol m? s'ollA 702 7P ZAJoh 2H&
Red+Blue (4:1) 150 pmol m™ s'oll A 11.57 emZ 7F& Z1.©™ Fluorescent lamp 100 pmol m™
sTol A 7.8 emZ 7Hd Zgkth, A A 5-2 Red+Blue (4:1) 150 pmol m? s'oll A 2.84 g/plantZ
71 53k ™ Fluorescent lamp 100 umol m™ s'ol A 1.47 gplantZ 714 g HEZFTS
Red+Blue (4:1) 125, 150 pmol m? s'ol A 0.27 g/plantZ 7} =521 Fluorescent lamp 100
umol m? s, Red+Blue (1:1) 100 pumol m? s'ol A 0.14 g/plantZ 7} St}

HA=2 a9 b Fluorescent lamp 150 pmol m™* s™'oll Al 22+ 30.51 mg- g, 15.12 mg-g'2
74 =8 S YERY 0™ Red+Blue (4:1) 100 umol m? s'oll A 24 at= 20.86 mg- g,
Red+Blue (2:1) 100 pmol m™ s'oll A FF2 b= 433 mg-g'2 71 &

% UEAoPA &7 Red+Blue (4:1) 150 pmol m™= s'oll A 3.65 pg-g'2 74 =9k
Fluorescent lamp 100 pmol m? s'ollA 132 ug-g'2 7 WUt} Free radical 4
Red+Blue (2:1) 150 pmol m? s'olA 9.71%=Z 71 =3k ™ Fluorescent lamp 100 pmol m™
sToll A 1.51%E 7H4 @il & 289 32 Red+Blue (4:1) 150 pmol m? s'ol A 0.34
mg-g'Z 7P ¥3k ™ Fluorescent lamp 100 pmol m? s”, Red+Blue (2:1) 100 pmol m? s
oA 023 mg-g'Z 7F WTH(Table 4). Lee et al. (2005)2 Al 532]2] phenol 3} DPPH
radical 275 S #2418 A phenol T2 F 80 pg-mL'Z FYH HEHAC| DPPH radical
2% I9A $8kA ZRTAL Sk B Aol AREE AlEAlE 10% W @
DPPH radical 27158 B 47]9] A7 A4} A st AeFolIdAR & gds 3
S 1 mg-g' W FFE B i Aol Ue ATt ol B AlgoA ALE
Folin-Ciocalteu A ¢F3} HF-3-8l= ©<3lE, DA amineF 59 U3 EAdA 9] 2o}

Ao v Az HoZin,

it ol
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Table 4. Growth characteristics and functional components of spinach as affected by LEDs
source and luminous intensity at 40 days after seeding

Luminous Shoot Fresh Dry Chlorophyll Total |DPPH free| Total
intensity | No. of weight | weight content | anthocyanin| radical | polyphenol
LEDs 2 length (mg-g") .
(umol m™ | leaves (cm) (g- (g- g8 content | scavenging | content
) plant™) | plant™) a b (ng-g") | activity(%)| (mg-g™)
100 7.00 7.80 1.47 0.14 | 29.05 | 13.55 1.32 1.51 0.23
Fluorescent
125 7.00 8.10 1.61 0.15 | 30.12 | 14.23 1.38 1.54 0.25
lamp
150 7.67 8.27 1.94 0.18 30.51 | 15.12 2.14 1.66 0.29
100 7.33 8.07 1.49 0.14 26.80 | 9.32 2.14 6.64 0.28
Red+Blue
(a1 125 8.00 8.43 1.72 0.17 | 2731 | 991 2.11 6.76 0.28
150 8.00 8.63 1.99 0.19 | 29.03 | 12.35 231 6.79 0.29
100 9.67 8.83 1.66 0.17 | 21.14 | 433 245 9.30 0.23
Red+Blue
@ 125 7.00 8.73 2.36 023 | 21.60 | 5.40 2.56 9.44 0.25
150 8.33 8.67 241 0.22 2418 | 6.40 3.19 9.71 0.29
100 8.33 10.70 2.01 0.20 20.86 | 4.47 2.33 4.06 0.29
Red+Blue
@1 125 9.00 | 11.13 2.74 027 | 21.01 | 5.61 2.46 4.13 0.31
150 933 | 1157 | 2.84 027 | 2523 | 7.85 3.65 4.46 0.34
LSD(.05) bet. LEDs 0.48 0.37 0.10 0.05 238 | 1.02 0.72 1.22 0.04
source (A)
LSD(05) bet. Luminous | 5 1103 | 008 | 004 | 206 | 088 | 062 1.06 0.03
intensity (B)
LSD(.05) bet. (A)x (B) | ***2 | NSV | % ##% | NS | NS NS NS NS

D'NS: Non-significant at 0.05 probability level. ? ***: Significant at P=0.001 respectively.

Ak
o

LEDs #9 2 F5o g 43 453 7|4 Ed FFS
(2:1) 150 pmol m? s'¥} Red+Blue (4:1) 150 umol m™ s'oll A F4= 7702 7 Bktom
th 27-¢] Fluorescent lamp 100 pmol m™ s'ell A 53702 714 AUt} Shin et al. (2013)S &
Am} Aol s A+ G st A 7 Btk stasdl ol B A3 dAE=
7ol ATt 2H-LS Red+Blue (4:1) 150 pmol m? s'olA 9 cmZ 74 Z1.2™ Fluorescent
lamp 100 pmol m? s'ol|A 6.87 cmE 714 Zgkth A 5S Red+Blue (4:1) 150 pmol m™
sToll A 3.93 g/plantZ 7FE =991 Fluorescent lamp 100 pmol m? s'oll A 2.06 g/plantZ 7}
A Wty AEF S Red+Blue (4:1) 150 umol m™ sl A 0.39 g/plantZ 71 =352 ™ Fluo-

4)

il
-

ZA3 A3} Red+Blue
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rescent lamp 100 pmol m? s'oll A 0.2 g/plantZ 714 4T Lee et al. (2010)2] Hiro] wp=
A, A Aol Ao A5 Aol AR AR Foa sigled ol B Add

= Fluorescent lamp 150 pmol m? s'oll A Z+zF 292 mg- g, 12.52 mg-g' &
< yeld o Red+Blue (4:1) 100 umol m™? s'oll A 27+ 19.35 mg- g, 5.47
vho gaks Yelth F QtEAlobd 382 Red+Blue (4:1) 150 umol m™
sToll A 46.26 pg-g'ZE 7Hd =32 ™ Fluorescent lamp 100 pmol m? s'ol A 19.91 pg-g'=
7F ST} Free radical 227152 Red+Blue (4:1) 150 pmol m™ s'oll A 73.42% 2 71 =9k
o™ Fluorescent lamp 150 pmol m? s'ol|A 5248% =% 7P Yok & Z@dE e
Red+Blue (4:1) 150 pmol m? s'ollA 134 mg-g'2 7F¥ %S m™ Fluorescent lamp 100
umol m? s'ol A 1.05 mg-g'Z 7H St tH(Table 5).

Table 5. Growth characteristics and functional components of red leaf lettuce as affected
by LEDs source and luminous intensity at 40 days after seeding

Luminous Shoot Fresh Dry Chlorophyll Total |DPPH free| Total
intensity | No. of weight | weight content anthocyanin| radical | polyphenol
LEDs 2 length o] .
(umol m™ | leaves (cm) (g (g (mg-g’) content | scavenging | content
s) plant’) | plant’) | a4 | b | (ug-g!) |activity®)| (mg-g”)
100 5.33 6.87 2.06 0.20 27.10 | 11.06 19.91 53.34 1.05
Fluorescent
| 125 5.67 7.00 2.17 0.21 28.73 | 12.09 20.19 55.70 1.08
amp
150 6.67 7.27 2.36 0.23 29.20 | 12.52 2091 5248 1.10
100 5.67 6.90 2.16 022 | 2429 | 9.01 25.23 59.42 1.17
Red+Blue
(1) 125 6.00 7.10 225 023 | 2515 | 9.70 26.57 52.72 1.21
150 6.67 743 2.64 025 | 29.05 | 12.40 28.42 54.51 1.21
100 6.33 7.13 2.18 022 | 2028 | 633 30.39 62.06 1.23
Red+Blue
@1 125 6.00 7.67 237 023 | 2736 | 1145 32.14 65.16 122
150 7.67 8.57 2.99 030 | 2742 | 1193 3535 67.37 1.24
100 6.33 8.17 338 033 | 1935 | 547 41.39 70.19 1.31
Red+Blue
@0 125 6.33 8.67 343 036 | 20.66 | 5.93 43.44 71.32 1.33
150 7.67 9.00 3.93 039 | 2256 | 7.78 46.26 73.42 1.34
LSD(.05) bet. LEDs 0.56 0.26 0.13 0.02 4.10 | 2.07 3.01 3.20 0.05
source (A)
LSD(03) bet. Luminous | 4o | 003 | 011 | 001 | 355 | 179| 261 277 | 004
intensity (B)
LSD(.05) bet. (A)x(B) | NS” | NS NS NS NS | NS NS NS NS

D' NS: Non-significant at 0.05 probability level.
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LEDs 39 3 F=o wg #zte] A{3 Ved=d dFS A 23 RedtBlue
(4:1) 150 pmol m? s'olA FFE= 3R 7P Bkom thx7<l Fluorescent lamp 100
pmol m™? s'ol A 83702 7 AUt} 248 Red+Blue (4:1) 150 umol m? s'oll Al 11.83 cm
2 7P z1°™ Fluorescent lamp 100 pmol m™ s'ollA 7.3 emZ 7H Zgkth A&
Red+Blue (4:1) 150 pmol m? s™oll A 3.99 g/plantZ 7} =352 ™ Fluorescent lamp 100 pmol

> 5ol A 2,57 gplantZ2 7HE Skl AEFS Red+Blue (4:1) 150 umol m? s™'oll A 039 ¢/
plantZ 7} %3k ™ Fluorescent lamp 100, 125 umol m? s 2} Red+Blue (1:1) 100 umol m?
sToll A 025 gplantZ 7+ 2EtTh

Table 6. Growth characteristics and functional components of crown daisy as affected by
LEDs source and luminous intensity at 40 days after seeding

Luminous Shoot Fresh Dry Chlorophyll Total |DPPH free| Total
intensity | No. of weight | weight contel?t anthocyanin| radical |polyphenol
LEDs 2 length (mg-g") .
(umol m™ | leaves (cm) (g- (g- content | scavenging | content
) plant™) | plant™) a b (ng-g") | activity(%)| (mg-g™)
100 8.33 730 | 257 025 | 1730 | 5.73 2.01 71.09 1.53
Fluorescent
| 125 9.00 753 | 262 025 | 2023 | 6.28 2.03 72.56 1.54
amp
150 10.67 833 | 291 028 | 2048 | 6.78 2.04 75.35 1.54
100 9.00 777 | 262 025 | 1738 | 547 2.08 82.12 1.57
Red+Blue
() 125 10.00 783 | 278 027 | 2021 | 625 2.14 83.31 1.59
150 11.67 897 | 3.01 029 | 2029 | 6.87 2.13 83.86 1.61
100 9.33 8.50 2.90 0.29 14.01 | 4.07 226 76.32 1.63
Red+Blue
@1) 125 10.67 8.60 3.09 0.30 17.22 | 5.67 222 76.54 1.64
150 12.67 | 1070 | 333 032 | 1955 | 6.16 2.28 78.67 1.63
100 10.67 | 11.50 | 3.85 0.38 9.64 | 3.38 3.14 76.23 1.69
Red+Blue
@ 125 12.00 | 11.70 | 3.85 037 | 1021 | 3.71 3.51 76.92 1.72
150 13.00 | 11.83 | 3.99 039 | 1025 | 3.92 3.82 78.42 1.72
LSD(05) bet. LEDs | o e | 034 | 013 | o002 | 130 | 131 | 084 1.99 0.03
source (A)
LSD(.05) bet. Lumi
(:03) bet. Luminous | o, |30 | 010 | 01 | 113 L4 | 073 172 0.03
intensity (B)
LSD(.05) bet. (A)x (B) | NSV | ##2 NS NS NS | NS NS NS NS

D'NS: Non-significant at 0.05 probability level. 2) **: Significant at P=0.01 respectively.
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A =2 at Fluorescent lamp 150 pmol m? s'o| 4 20.48 mg-g', ¥ =24 b Red+Blue
(1:1) 150 pmol m? s'ollA 6.87 mg-g'2 7}d £& 35S Yehd o1 Red+Blue (4:1) 100
pmol m? s'oll A Z+ZF 9.64 mg-g!, 3.38 mg-g' 2 JPY $e S Yl F okEAo}
Y 3 Red+Blue (4:1) 150 pmol m? s'oll A 3.82 pg-g'2 7P =4 ™ Fluorescent
lamp 100 pmol m™ s'ol| 4 2.01 pg-g'2 7} WU TE Free radical 42752 Red+Blue (1:1)
150 pmol m™ s'oll A 83.86%% 7H& ¥=3k2. ™ Fluorescent lamp 100 pmol m™? s™oll A 71.09%
2 7bg 9oka & s &3-S Red+Blue (4:1) 125, 150 pmol m™ s'ollA 1.72 mg-g'&
71 3%k Fluorescent lamp 100 pmol m? s'oll A 1.53 mg-g'2 7} SE4THTable 6).
Kim et al. (2011)2] AFZAFoA Lo} T 8~18UZt FEANA AFH &7 AT ¢ T
0.5 mg ©]3}2] B ZEdE FFS Ho|al free radical 25 14% WL ATHAL A=
o 2 AldoAdes 12 mg-g' W Zg)dE 5 70~80% W29 free radical 275 S
Bt ol B AgolA AHEH &7t FF, A7zt 2 Aol A7) ATl AE
H &7} A =E Aolste] Y2 ARE YZHET)

6) 74At

LEDs 39 % F=o] W& Az {3 7IedEd FFSE A 23 RedtBlue
(4:1) 125, 150 pmol m? s'oll A P4+ 57/0E 7HF 2kom thx7-<l Fluorescent lamp 100,
125 umol m? s, Red+Blue (2:1) 150 umol m? s'o| A 47| 2 713 AJth. 248 Red+Blue
(4:1) 150 pmol m? s'olA 11.77 emE 7P %12 Fluorescent lamp 100 pmol m> sl A
9.1 emZ 7H& At A FLS Red+Blue (4:1) 150 pmol m™ s'oll A 3.29 giplantZ 7+ =
2k2™ Fluorescent lamp 100 umol m? sl A 1.79 g/plantZ 7} @3k A E58 Red+Blue
(4:1) 150 pmol m™ s™'o A 0.32 g/plantZ 7} =9k S Fluorescent lamp 100, 125 pmol m™
s'9} Red+Blue (1:1) 100 umol m? s'o 4 0.18 g/plantZ 7} SESLTE. Pyo et al. (2010) &
AAE A+ E9bF stoll A Dopal & Zbz) wpatol AAFo g &7 Aujet A

A%, A, AEF 5 WA LEDFol e A+ g 4 S5 ol A EThi AT A

o] sta st Felo] Ukl AT B AP A= Red+Blue (4:1) FLolA 7He
=S AF WS BHol Y)Y AT Aot A= AEFoldTh

A=2 a9 b Fluorescent lamp 150 pmol m™? s'oll Al 27+ 29.39 mg- g, 12.33 mg-g'2
7 = g Yl o1 Red+Blue (1:1) 100 pmol m? s'oll A 242+ 10.12 mg- g, 2.91
mg-g'2 7P e S etk & ekEA o $HaF2 Red+Blue (4:1) 150 pmol m?

sToll A 12,6 pg-g'Z2 74 =921 Fluorescent lamp 100 pmol m? s'oll A 4.86 pg-g'= 7}
ZF Wk}, Free radical 271%-2 Red+Blue (2:1) 150 pmol m™ sl A 28.76% 2 7+ E=9ko
™ Fluorescent lamp 100 pumol m? s'oll A 20.63%% 7} Wty & Zds 3-8 Red+

Blue (4:1) 125, 150 pmol m? s'ol 4 0.36 mg-g'2 714 =3t ™ Fluorescent lamp 100, 125
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pumol m? s'2} Red+Blue (2:1) 100 umol m? s'o|A 0.25 mg-g'E 7P 2EUTHTable 7).

Table 7. Growth characteristics and functional components of red mustard as affected by
LEDs source and luminous intensity at 40 days after seeding

Luminous Shoot Fresh Dry Chlorophyll Total |DPPH free| Total
intensity | No. of weight | weight contel?f anthocyanin| radical |polyphenol
LEDs 5 length (mg-g") R
(umol m™ | leaves (cm) (g (g content | scavenging | content
s") plant’) | plant!) |, b | (ng-gh) |activity(%)| (mg-g")
100 4.00 9.10 1.79 0.18 20.51 | 5.21 4.86 20.63 0.25
Fluorescent
) 125 4.00 9.30 1.91 0.18 | 2526 | 8.24 5.10 24.71 0.25
amp
150 433 9.67 221 021 | 2939 | 12.33 6.22 26.48 0.26
100 433 9.40 1.92 0.18 | 10.12 | 291 7.26 22.13 0.30
Red+Blue
(a1 125 433 9.83 2.04 020 | 15.07 | 347 7.25 26.73 0.30
150 433 | 1047 | 243 023 | 18.10 | 598 9.34 25.04 0.32
100 467 | 10.00 | 2.09 0.21 1641 | 4.55 9.32 23.38 0.25
Red+Blue
@) 125 4.67 10.50 2.16 0.21 21.08 | 6.19 9.35 27.56 0.27
150 4.00 11.53 2.81 027 | 2334 | 6.73 9.35 28.76 0.31
100 467 | 1093 | 236 025 | 1870 | 433 11.51 22.14 0.35
Red+Blue
@1 125 500 | 11.10 | 3.13 030 | 21.05 | 6.13 11.78 22.71 0.36
150 500 | 1177 | 329 032 | 2146 | 6.20 12.60 21.47 0.36
LSD(.05) bet. LEDs 0.49 0.25 0.07 0.01 1.97 1.54 1.36 2.39 0.02
source (A)
LSD(. . Lumi
SD(05) bet. Luminous |- 131055 | 006 | 001 | 171 | 134 | 118 2.07 0.02
intensity (B)
LSD(.05) bet. (A)x(B) | NS” | NS | #%#2 ok NS | NS NS NS NS

D'NS: Non-significant at 0.05 probability level. ? **, ***: Significant at P=0.0/ or 0.00 respectively.

V. A <]

LEDs 3¢ 9 F=o 2 wojnaja 62 AS 547 7| EE e FHs)
312} Fluorescent lamp (100, 125, 150 pmol m? s™), Red+Blue 1:1 (100, 125, 150 pmol m? s™),
Red+Blue 2:1 (100, 125, 150 umol m? s™), Red+Blue 4:1 (100, 125, 150 pmol m? s7) Z
stoll Al 1hF 409 Fol] 38t AR A the 2T

o
of
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L. Hlolrf 40 Fae AFAE AQS HE, XA, A4, &2, AR A Red+Blue
(4:1) 150 pmol m? s' A glolA 713 Etoh

2. 2L HEE A XA, AFA, FAF, &7 AR A Red+Blue(4:1) 150 umol

s 5‘43]"1]/‘1 7+ =Tk

3. AATH AEFTS HE, AA, AR, F45F, &3 AR A Red+Blue(4:1) 150
umol m~? s 5‘1!“4"”*1 7Hd =Skt

4. FE4 a, FE4 b FHF2 AFA, A5, AAZE HEZ2F<] Fluorescent lamp 150
pmol m? s'oll A 7 =gkt

5. F AEAoMIT F EEHE 2 HIE, XA, AX, A4F, &3t ARl A
Red+Blue(4:1) 150 pmol m™ s A &olA 7+ =9k}

6. Free radical 27%2 HIE, XA 8, AlFX], AAF, &2t A& 150 pmol m™ s ol A
EUAIRE LEDs FAEEE 2ol HolA] it

oo ARE T E wf HE, XA, AFA, A4F, &2 ARG wlol] AAE
Red+Blue (4:1) 150 pmol m? s'ol A Aujgithd & £ A% a942 708 4 Y 7)
54 B4 35 o2 P59 nludte] AgFos Fgong 3 Ay]o] Ho]n] x| A
AR A F&S 7 2AETE 2 Ao R AEn
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