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Effects of Fluorescent Light and Light-Emitting Diodes on Leaf Morphology,
Growth and Antioxidant Capacity of Salvia plebeia
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Abstract. This study aimed to determinate the effect of fluorescent light and light-emitting diodes on the leaf mor-
phology, growth and antioxidant capacity of Salvia plebeia. The plants were grown for 56 days after transplanting
(DAT) under the fluorescent light (FL) and LEDs (White, Red and Blue (R+B, ratio 2:1), Blue, Red LED) under the
same light intensity and photoperiod (130pmol-m™:s, 12 hours). Leaf length, width and number of Salvia plebeia at
the 56 DAT were significantly higher under the FL and red LED, and lower in the RB LED and white LED. The
highest fresh and dry weights of shoot and leaf area were observed in the red LED, followed by the FL and blue
LED, and the lowest in the RB LED and white LED. After 21 DAT, leaf apinasty symptom was appeared in plants
grown under red LED and RB LED. The chlorophyll content was lower in the red LED. The specific leaf weight, the
ratio of leaf dry weight to area, was higher in the blue LED, and lowest in the FL. No significant difference in DPPH
radical scavenging activity of Salvia plebeia under the different light sources. All the integrated results suggest that
the FL light is a proper light conditions for a closed cultivation of Salvia plebeia.

Additional key words : leaf epinasty index, DPPH radical, I1Cs, radical scavenging activity
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2 2P 7FsE ARS AYx Jal(Hwang 5
2004), TEgh Fibo] Aol AEAY 2H XHo] ke
3lth(Kozai, 2007). LEDS] 7F¢ & AH = shle= &
A SIS 2t Fd Aeo] rhssle] B &
A 2 AzkEd aEa @it AFEY ST 5o
7Ies 73 & Utk FoltkHeo F, 2010; Lin 5,
2013). 21554 AuiaolA LED 3ol we Zk
TFEE ANAA] A77F TFstA o] FojAa e 2t
Fdo av= HAETFHE FL 1 AP e A=
W3 Qlth(Buso2} Bliss, 1988; Yoon 5, 2015).
ZEh] 234 ZRAEQ FHHZE(Salvia plebeia)
o] A5 wigxt=T]olH oRAHEE ARRE 1 7}
HEE R, A2, 9% AE T AREEHAST =
37, %, T, A8 9 s HIES oyl
opflog  Eydla Qe A8AEo|Y(Nugroho &,
2012; Sales 5, 2010), S=or= 1 FaEFES AMS
slaAl A7|=, AaEs, dEpdEs A9 AFAY
oA FolA FAH o= Al AL a1, HEFF TA

I w2
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Ao o m=AREY kA 7 SolA AL
ok FHRUIFE 717F BE 20 ~ 80em7HA] AL o
& BRlgeolAY v3] Foln E71= AR7lE 2ol
Seolal vk A F§ ellA A sg-7¢el &
@ mepd 2ol dw Fujsb] W AF Az Ago

U ARAAa=

2 olgErh. ZFSVE B Aol eliE Wi
oprz AMgEI AREY, Fehiols @ BRAE

o] FHrEo] ol 5ol ArI7h lom Wia &gt
gto] it} FHH|FS] ZEjR o= AJE-L hispidulin,

homoplantaginin, nepetin, nepitrin, luteolin, luteoloside,
9 eupatorin 522 FHA JtHAi-l 5, 2006; Guet
Weng, 2001; Kang &, 2003). ¥ AFoxe= graiig
=40 FHate] TP ARAE]] FREEE A
Aol ZAIRle] 7Fgolut =A] Ul 7E UldlA AF A
S P I ) s B o == e g L P B S G et

2 A5, 98 9 FslsS sk
Mz o Y
1. Koy ¢ 2
HHBNS=(Salvia plebeia) EE-E BIIRHG0(L)x40(W)

x35cm(H))(Chaesobat, Joygarden, Seoul, Korea)ol] lof-8
Y& (Baroker, Seoul Bio Co., Chungbuk, Koreays 30L%]
WAl A 20emx10em ZFAC R 9= A 109 1299]
AABIAAL AL ofefel] ExtolE Ffjo] e £ ufjolo]
HEE ST A 56 st 45 LEDFo] A
XE ARH145(L)x45(W)x91.5emH)NA H =/
S A7 235155°C FEE 4050%E BEe
130pumol'm?s'2 FF7|= 12/12h2 A3} AulskA
o}, 5= lESA7(WT-1000NC, Inc. Mirae sensor,
Seoul, Korea)s AF83l 55+5%7} AAEESE #A3}
Gk A AER7IZE B2t Bl 5% LS 308 7H
©F Watchdog H|°JE] A (Watchdog 2450, Technologies
Inc., USAYN AlS 2 A=t

2. AExz|

A¥Agl= LEDHZVAS-02-0300, Sunghyun Hightech
Co Ltd, Koreay& ZM(R), g4 (B), A3} g9 =3
F2:18]8)(RB2:1), WA Wygoz A thET
2 FB5(FLYS Agsiieh. Fd == LEDZHY] A9y
F AR5 ol83l FUoZHE 25cm Rl AEA A
5 Sl 3poxe] et 3-8 (photosynthetic
photon flux density, PPFD)°] 130umol'm?s'S& =%
& ugste] A A7t Bt sYS FEE AR

A4 3 7 Do 259 59 9, 9F, g,

- Hel

= -

B

=] ©
=%

index, LE= o] 2 Z/id Fo =3Itk A

2 5 259419 sedAlelle W, Helde], AV
g AalRe] AT, AEFS ZARIAH.

3. SHEE I MUY

A2 & Fruje) S-S Blwsly] Ysie] FA 3

B, Fr(@E°l 1.0em ol A
2 J=4 FEH(SPAD-501, MINOLTA, Japan)
& Tetdds Bl AARRM EBRB) A
LW&EE) LbEske o
% Aelo] AehE skl SalenE ekt
(leaf epinasty index = 1-0.5 x (LD/LW))(Fukuda, 2008).
A2 318, 27, 51 2 569409 B =A7](Model
6400, Li-COR, Lincoln, NE, USA)Z 1500pmol-m?s’!
BFEBT CO, 400 ppm XA FRolEES
(Water Use Efficiency, WUE(= umol CO, / mmol H,O
= net photosynthesis rate (P,) / transpiration rate (E)),
71¥ =SS (Stomata conductivity, Cond), AW ©]
2Bl EE  (Intercellular carbon dioxide concentration,
Ci), SAF& (Transpiration rate, Trmmol), g3} t)7]<]
T57I19A}F (Leaf to air vapor pressure deficit, VpdL)E
Skt B4 $ 2893 56l FHe JHAY]
(GA-5, KIYA, Japan)s ©]83l] 4319, HETS
Z71Z7](HB-504F-0, Inc. Hanbaek science, Korea)s ©|
831 65°CoA 7RI AR F ARAE(HS-4104,
Inc. Hansung machine, China)2 Z73I3t). vIES
(specific leaf weight: SLW) FHAY AEFT(mg)o=E
FA. A¥Ee Y dFS ST F AFA
F(EFPHHE AT SN EERGR:  relative
growth ratey> (RGR = (In W, — In W))/(t-t))E ARt
skt

T3 Selle kst AEOPPHEA)EE 52 S7ds)
7] flat] AP F AEAE AE - & 44 A -80°C
W531(DF8524, Ilshin, Korea)ll W% & &=x15o8 &
A 7Z7](FREEZE DRYER, ILSIN Lab, Korea)l]l 7
Z3fo] E7])(HR2860, Philips, Germany)Z ©]-8-3}]
A & A HAACIE] A7dEte] DPPH  radical
(2,2-Di(4-tert-octylphenyl)-1-picrylhydrazyl) 24 &4 =4
Hoz ghrlslse SA3IATE AlghE(EtOH) 10mLol] Al
g 0.1g5 =9 50°C 60%3F Sonicationgtr $-, 4000rpmel]
A 2087 A4 BEg § A4S ARt ARSSRT olle
Lol HAEZ FE(1%, 0.5%, 0.25%, 0.125%, 0.0625%,
0.03125%, 0%)2 3148k AJPEZ 500uLel 0.2mM
DPPH 2500uL, €& 2000uLS 7l £33t & 4°C
301 WS £ 517nmelld SAg RS- o] FHE

p s bl R8s

Protected Horticulture and Plant Factory, Vol. 26, No. 3, 2017



U5} WYriol o Pelo] FrulFo] 4%, §F % PS5l VA P

o} B A7} 9] F3%E H|wdle] Alg =¥ DPPH
radical 2758 S4)S FHlal ICs@ks 738l &
28} 58 Frkeigdth. R tiERTFOE Ascorbic Acid
£ o83l FUS WHORE 1CswkS Tl AH
Fads &2l s

5. SAIXzZ|

AS 4L 9%, 9%, 99 FA IHE 28971
A F 43lo AA ZF vtk M o) 2EA|, B4
% 20URE 56A7MA= F 43l 2A ZF gt} 2e
H ol AEAC di&l ST 54 e A2
SRE] 28U7IA] F 48]0l AA 7} Fwin A2E 20
21 EA ZF 3HkEo g 350 567 A= F 33
Ax 7} it A2E ) AEAe 7 ez =
Atk GuzEe A4 3 28Ue] ) AEAS uHE
o2 A 3 560l VI AEAE 2o E S5
o, ol g2 T 28l Il AEAE HEoT
A2l T 56l o/l AEAE o2 ST A
AR g 2SR AT gA T osedell S8 o7l
AEAE HHEO R, AP B At dETS A2
3 28YUol 3 R AEAE HHEoE A F 56
o)l 3 ) AEAS eEog =AUt 55}
A A2 T 28 ol AEAE REEoRE 2
$ 2995E 56974 F 43]el AA 7} 3eict 67l 2
EAE Mo E AT FAEAS SAS 21
W (SAS, SAS Institute Inc., USA)CZ 3} om it
7t v]3= DUNCANS] T8 9] 74S o83t
g3 & nE

A2 T 56940 S 97, 9F € g5= ZN
LEDR)?} HiZ7¢1 FR5(FL) Aol frolxo=
EQAL EIRFRB2:1)F A LED(W) A2lollA ek
Ch(Table 1). FBAG(EF/AF)= 44 LEDR)S} ti=
Tl FFS(FL) HFolA ooz =9 &34

(RB2:1} ¥4} LED(W) H2]7el SithFig. 1). ©]
A g A7aseld Ha LED7F 98 24 f=
Fthar sEd(Lee 5, 2010; Son 5, 2012), FHH|
Zo] A9 AN LEDR)S} FFLES(FL) X7t g9 m
oiel AF= WA f=sidar EFFRB2:1)T 9
LED(W) A= et e}l (s feojxoz v
At wEbA Zb A8 weh LED BEel| g §kgo]
02 28 ¢ 9 AthKim 5, 2013). H)dels 342
o W& o)t JATHTable 1). A BAF, A&
= 4 ¢gdza =% 24 LEDR) ATolA 7% =3

FB=FLY FM LEDB) 77t 1 thgos
A VeRgom E33RB2:1) WA LED(W) X2+
oA STh(Table 2). Qo] 7FEAlE)7} olg& BolA=
518 (epinasty)e A4 219 ©]F5E A4 LED(R)
o} EFFRB2:1) ATl M HASIAT 31 e
A LEDR) AzTellx o Ashl ueRt HA
LED(R) #o] 43137 d3gh #o] Sl 2oz 1’
Qltt. o] Avk= A4 LED Fo| Aehy A& Fakd
S 4=Elar A LEDZ) 1 Sslaids A

% A ALS fedte d7adet gxEn
(Fukuda, 2008). 2] ¥ 18, 27, 51 ¥ 562 F33

Hr K
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Fig. 1. Leaf shape index at 1, 7, 14, 21, 28, 35, 42, 49, 56 days
after transplanting (DAT) under the fluorescent light (FL) and
LEDs (White, Red and Blue (R+B, ratio 2:1), Blue, and Red
LED). The data indicate the means + standard errors (n=9 or 6).

Table 1. Leaf length, width and number, root length and leaf chlorophyll content (SPAD meter value) of Salvia plebeia grown for 56 days
after transplanting (DAT) under the fluorescent light (FL) and LEDs (White, Red and Blue (R+B, ratio 2:1), Blue, Red LED).

Light Leaf Leaf Leaf Root
Source length width number length
FL 15.05a” 6.88a 103b 27.95a
White 12.05bc 6.23ab 66.33¢ 31.42a
R+B 10.88c 5.95b 79.67bc 30.33a
Blue 13.63ab 6.35ab 80.67bc 32.88a
Red 14.48a 6.73a 135a 30.15a

“Mean separation within columns by Duncan’s multiple range test at P < 0.05.
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Table 2. Fresh and dry weights(wt.) of shoot and root, leaf area, specific leaf weight and leaf epinasty index of Salvia plebeia grown for
56 days after transplanting (DAT) under the fluorescent light (FL) and LEDs (White, Red and Blue (R+B, ratio 2:1), Blue, and Red

LED).
Light Fresh weight(g/plant) Dry weight(g/plant) I;re:; Spevigl;tleaf LD LW*  Leaf epinasty
Source Shoot Root Shoot Root (cm?) (mg/cm?) (cm)  (em) index™
FL 42.77a* 10.56b 4.46ab 0.77bc 1378a 3.53¢ - - -
White 23.09b 10.14b 2.62¢ 0.61c 723b 5.25b - - -
R+B 26.83b 14.26a 3.18bc 0.84bc 711b 5.94b 10.10  10.90 0.537
Blue 35.38ab 12.03ab 4.22ab 0.97b 826ab 8.34a - - -
Red 44.24a 14.29a 5.53a 1.31a 948ab 5.53b 12.80  14.50 0.559

“Mean separation within columns by Duncan’s multiple range test at P < 0.05.
YLD: the distance between the two edges of the leaf at level of the maximum width.

*LW: the maximum leaf width when flat.
“Leaf epinasty index = 1-0.5 x (LD/LW)

Table 3. Photosynthetic characteristics of leaves of Salvia plebeia grown for 18 and 27 days after transplanting (DAT) under the fluores-
cent light (FL) and LEDs (White, Red and Blue (R+B, ratio 2:1), Blue, and Red LED).

Light Water use Photosynthe51s Stomatal Internal COQ Transplratlon rate Leaf to air vapor
Source efficiency (umol CO;'m?>s™") conductange] (umol-CO,mol " -air)  (mol'H,0'm™>s™) pressure de_fzicg
(mol'H,O'm™+s™) (mol'H,O'm™s™)
18 days after transplanting
FL 0.166bc” 5.217a 0.216b 339ab 3.16b 1.58a
White 0.244a 5.380a 0.135b 314c 2.23b 1.74a
R+B 0.122¢ 5.943a 0.470a 358a 4.86a 1.21b
Blue 0.211ab 5.590a 0.188b 327bc 2.73b 1.59a
Red 0.181b 5.143a 0.191b 332bc 2.84b 1.64a
27 days after transplanting
FL 0.156b 6.100a 0.599a 366a 3.98a 0.831b
White 0.209a 5.167b 0.261b 352b 2.48b 1.047a
R+B 0.144b 5.76ab 0.616a 368a 4.02a 0.825b
Blue 0.262a 6.197a 0.253b 341b 2.43b 1.067a
Red 0.131b 4.160c 0.398ab 368a 3.25ab 0.956ab
“Mean separation within columns by Duncan’s multiple range test at P < 0.05.
£ 24T FWNE A% F 272 olFY bt § T
Al B4 F 18, 2790] SR AW ANSIA. gon
BRG] 15Q0] ZAHAS W A2 W flA 2 oy |
Plort 272e] FYUS W AN LEDR) Aol F |
felHos AP USitk(Table 3). o) Ao A4 F
142 0% Al LEDR) Hel7olM] Faidde] 2ag 2 0
AR vAIES )} #-e] e ZeE Hg. & A9 g oo
o] & WA AuIE 43t A} Fsiedo] YeR) 0.02
A3o] 3o U2 AL U oggil:}(x}g n|AE). 000
FL White R+B Blue Red

2 LEDR) AETolA #HF A2 7P =3AT
A2l 2983} 56 Alo] *JWME(RGRM g ®Ho
e Aow Kol A LEDR) Ag)TolA B4 21Y
7R WE ASo] YIS & 5 JkFig. 2). 4

AAE =

211

Fig. 2. Relative growth rate (RGR) of shoot between 29 and 56
days after transplanting (DAT) under the fluorescent light (FL)
and LEDs (White, Red and Blue (R+B, ratio 2:1), Blue, and
Red LED). The data indicate the means + standard errors (n=3).
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e A4 LEDR) ATelx 7P HW3kar o
2 AgFMe Al V=R AeE HA ST
(Fig. 3). ol A4 LEDR)E AlLlg & Agl7+= &
T ANBE 7RI JojA Hago] oA dEA
Ay} B0l AS ¢ T UK Hogewoning 5,
2010; Johkan 5, 2010). ol a8L 7lad=w9}
ZF2kEo] fodog vt WAl LED(W)A 22t A
A LEDB)A =4 Jeidth W89 55 (mg)ys
Yehll= H195S A4 LEDB) A2l7olA 7P =2
I FFS(FL) AHEFolA 7P Ekem 1 9 &
2275 (W, RB, RyHIE oz Qidck A
LED(B) A2l72] HI9ZF-S FF5(FL) 2el+ B oF
248 =& e Bt ol HA LEDAE T #R
Hi <o FAZE @3S (FL) 2eTrolx A AR

7k e orlskn ANge] Qo) 982N FYS

F

It

frestthe 295 S $Hok(Xiaoying &, 2011).
ZAge e frRge R e AT JWF

<7F ol uist A7 Ayso] Wol] WhaiEo] i
(Johkan 5, 2010; Son %, 2012), & Aol % FHH)
Fo] Algo] A LEDR)?} F35(FL) A7l €

50 -
—-FL —<4-W —4&R+B B —R
40

35 F

Chlorophyll (SPAD value)

30 -

Days after transplant

Fig. 3. Chlorophyll content of shoot at 7, 14, 21, 28, 35, 42 days
after transplanting (DAT) under the fluorescent light (FL) and
LEDs (White, Red and Blue (R+B, ratio 2:1), Blue, and Red
LED). The data indicate the means + standard errors (n=3).

Sl =dT ST A4 LEDR) Aol A4
T 219 o]FRE Foldgo] dofuh AEAS "ol

© Z2HE B3 7 ol &3k A
B} AP JELo) il anHes Fouo] FH
dell F-83HA o &= 2 E (Carvalho 5, 2011) FFY &
=o)7] 915k BPo= AHAY &go] Hrt SRRt
2552 FFeF A ¥HS-(photomorphogenic responses)
< skt oekst o (wide-spectrum)®] F-S Ab
S3h=dl -85 o] Uth(Kendrick?} Kronenberg, 1994).
A48 I EFF (phytochrome), A3 /UV B
£7](blue/UV light photoreceptor)oll ]3] S==HA] &
T 3PP WS fAxskedl a3 o|tk(Barnes
and Bugbee, 1991). WbA A% o] g=z710014
A= 5 543 1 olsirt Basttal dFth(Goins
= 1997).

DPPH free radical 2AEAS FHHF AXE
0.03125%l14 1%%2 S7HA7IH BEERES o BE %
TN FE oEFoE FrIEUeH i aAE
7 AeE YEyit) AR 1 av= A 1t i
27} gIQITH(Table 4). ¥t ICsi(the half maximal
inhibitory concentrationy> &% LED(RB2:1) 0.39%, %
A} LED(B) 0.37%, @85 (FL) & 2" LED(R) 0.36%,
WAF 034%= AP T FoR= (lHh Lim
2007y FHH}F9] Fkslsel tigh AF-ATelA Hl
PApz719] vigkE F=<49] DPPH radical £2715°] &
T oEFo R AT Buste] B A dyel &
ko™ RCsy #ol 51.1pg/mLoZ UEhfo] =& 3tk
skss Heltkar ®ug vf ot

fo] dA=s T B uf FEujFe A2 ¥
FS(FLeF A% LEDRPIA oh2 A2l Hlsle
FrojHem Fgtort A4 LEDR) olxe Fsiade
2 QA EE Ast dolwar diskse Bl ot
E & A7} YRR ol o] FRmFE A
AN QAFoF A A e Fdo= AhEnt ko

(3
o

_{

ol

)

Table 4. The DPPH radical scavenging activity(%) and half maximal inhibitory concentration (ICsy) with different extractant concentra-
tions from Salvia plebeia grown for 56 days after transplanting (DAT) under the fluorescent light (FL) and LEDs (White, Red and Blue

(R+B, ratio 2:1), Blue, and Red LED).

Light

Source 1% 0.5% 0.25% 0.125% 0.0625% 0.03125% ICso (%)
FL 97.46a" 76.19a 47.35a 26.42a 17.20a 6.01a 0.36a
White 94.85a 80.53a 51.24a 20.53a 10.02b 4.06a 0.34a
R+B 92.22a 86.01a 48.50a 32.74a 8.30b 4.85a 0.39a
Blue 94.41a 76.05a 39.00a 28.58a 10.89b 6.92a 0.37a
Red 94.43a 77.28a 49.15a 27.84a 8.12b 4.69a 0.36a
“Mean separation within columns by Duncan’s multiple range test at P < 0.05.
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S(FL) ATl FHOR Eha EFBRB2 1
4 LEDOW) Aol Ssiek ARAR 5%
= 24 LEDR)} =79l FFS(FL) Helraln
ojH o =g EFRB2:1)T WA LEDW) X7
oA Goktt AR AAF, AEF 2 Uy 25 F
A LEDR) H&]7olM 71 &kl 35 FL 34
LED(B) g7} 2 thgog =4 yehgon] &34
(RB2:1)2 ¥4 LED(W) H|7olld sigich. 9e) 43}
e A2 219 o]TRE A LEDR)Y &3
(RB2:1) )7l Aqt 2ASITE. JE4 ke 24
LEDR) HgTolA 7P with ngEses A
LED(B) A&lolA 7Fd #=9ka1 F35(FL) AelolA
7P GQIth. DPPH free radical 22832 2] 1+
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