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Improvement in Growth, External Quality, and Physiological Characteristics
of Salvia miltiorrhiza Bunge through Photoperiod Control

Eun A Kim"*, Jae Hwan Lee**, Yeong Sunwoo>®, Eun Ji Shin”®, and Sang Yong Nam®'*'

ABSTRACT
Receiqu: 2024 April 17 Background: Salvia miltiorrhiza Bunge, a medicinal plant belonging to the Lamiaceae family, is
1st Revised: 2024 May 7 commonly used as a health-promoting tea in China. This study investigated and analyzed the

2nd Revised: 2024 June 11
3rd Revised: 2024 June 19
Accepted: 2024 June 19

improvements in S. miltiorrhiza growth, external quality, vegetation indices, and photosynthetic
performance through photoperiod control.
Methods and Results: The study was conducted with four different photoperiods: 8, 12, 16, and
This is an open access article 24 hours of light period (h-d"). The results showed that the 12 h-d"! - 16 h-d"! photoperiods were
distributed under the terms of the ~ most effective for promoting shoot growth. This was determined by evaluating plant sizes, shoot
Creative Commons Attribution  biomass; various remote sensing vegetation indices including normalized difference vegetation
Non-Commercial License (http://  index, photochemical reflectance index, and modified chlorophyll absorption ratio index; and five
Cfeat'Vecom.mO”S-O.fg/ |'Ce”_595/ chlorophyll fluorescence parameters (F,/Fy,, ®p,, ABS/RC, DI/RC, and Pl,ps). Similarly, the root
by-nc/3.0)) which permits unrestricted o1y th oot biomass, and external quality parameters (CIELAB color space values and visual
non-commercial use, distribution, Do 1 " . . .
o ) score) indicated that a 12 h-d” - 16 h-d” photoperiod was the most effective. Conversely, continu-
and reproduction in any medium, : .. 1 . ..
provided the original work is properly ~ OUS light conditions for 24 h-d photoperlod §1gqlﬁcan§ly deqreased most. growth parameters and
cited. both shoot and root external qualities, suggesting inefficiency in such conditions.
Conclusions: Therefore, the study recommends cultivating S. miltiorrhiza under a 12 h-d™' - 16 h-d”!

@ @ @ range photoperiod to improve the growth, external qualities, and physiological characteristics.

Key Words: Salvia miltiorrhiza, Chlorophyll Fluorescence, CIELAB, Danshen, Daylength, Lamia-
ceae, Medicinal Crop, Vegetation Indices

M A =o] o HE F= o5t sdel wER =40l §laL 2
7+e A o) Om}z 71=5o] 3t} (Yeung, 2012).
D (Sabvia miltiorrhiza Bungey &=E3} (Lamiaceae)ol] o= 20129 5E] BAA thake] Azt AlzkE Ao

M
&35 91 F&A=o] dFoR FaoM W8 A (tea)®] A 2 dejA lom Rl T Hrh YE FH9 ke A
=2 % ]'7'1] o853 9t} Moon and Cha, 2020; Shi ef al, Abel7] et gztzee] At gesdttt (Kim e al, 2015
2019). T F2j8 o=z F=eFH (Chinese pharmacopoeia) Shin et al., 2024). 201530 ZAME vl w2 =] T4t
oA %ﬂo—ﬁ—% 2443} (blood-invigorating) Al71E 22 5A o] A AL oF 4 haol] AYaFFe oF 41 t H=olH TPk
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ojyf ‘aabI e o7 Fu AFEFEC] EdUEI Sl
(Jeong et al., 2023; RDA, 2018), Aol oA wHate]
Al g o]go] FjE Aoz rgEt;.

E3] Tk g H3ol a3t e Ho=E de ¢
Z 9Jem™ (Chen and Chen, 2017; Cheng, 2007; Li et al.,
2018), &=3foln| 374 714 (Chong et al., 2019; Hiigel and
Jackson, 2014; Zhang et al., 2016), &=+ (Guo et dl.,
2014), I (Jia ef al, 2019), FAZ (Liu ef al, 2018),
4ksl (Kang et al, 1997; Zhao et al., 2006) % TF¥3F
A 4ol a3t de AR BAEH.

TS thitolle tRFs faAdEEC] EAlsket vade=z
BFA]3= (tanshinone, Chang et al., 1990), ZHEEA]= (cry-
ptotanshinone, Li et al., 2021), AH]o}&=4F (salvianolic acid)
I ZZnA%t (rosmarinic acid) 2 DE]E (miltirone) 5]
ATk (Wang, 2010). o]¢} zro] €2 Alefiliollx] 284

% e WA Yom 2F Tl AR IEHE R 2
AuzAEOR AUE 5 U Aoz g,

ko] Ttk oFlshA o]do] wElXeol= Bt
Aol aad AAES 918 A oRIZRIE A S A
3l Aotk 7b7] v AAEEe} B AR ¥ (Kim e
al, 2013), Z-F AMF 25 A8 (Lu ef al, 2013), T3ke]
AU AR Q1% A1FEdS E8et AIAT (Choi et al,
2020; Zhang et al., 2020), oKt %o wE A} 9F
FAd] A3 AT (Kim ef al, 2024) 5 2 71 AHTH
AE0] FHEAS oFF] F57] (photoperiod)’t Tkl A
A3t F4 WH3lo)] mAEe Gl dheire ArE vt fich

kel =8 MRl FEelMe @Akl et dep X
H24S "l wet A7 el ZiAH (L et dl,
2020), WA =2 AA7EAS BY) SlsiMe AlEe] At
ot 914 A P 5 2= wte] Pt

FF71= H7] (light periody2t 9471 (dark period)®] Aol&
Ea AEF AolE A= MAUES 7K AEE] AE
o Mela o]x¥S A|¥-3hH (Jackson, 2009), 2] E-2] A7gz} at
do] & 9 v 29 5 Rt (Pouteau ef al., 2006).

doz2E F ddAEZ de] dEA Jde 43 (Chr-
santhemum morifoliumy= 717F DAl ZAgk (critical mini-
mum) BT 4 o AfsPt feEHe 2oE2 dEH e
(Higuchi et al., 2012), A4728]E (Veronica nakaiana)? W5
ol &€} (Eremogone junceay?] 7350l 35717} 7hslel 3
S MR e A2 HIEYT (Im and Lee, 2023;
Kang et al, 2022). ¥l oF&2E9 AT 7|dx%E
(Phedimusye FY 2704 Jd oz 953 A 58
YehE Aoz BuEAT} (Lee, 2023). 3HA, E70 (Perilla
Siutescensy= Y 270X AP fEEHE AoR dHA
Ao T8 ARG H-97 Yol7] wEel U E S3l 5t
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oRE3IE At A& om wFEHel & 9
o2 AuiE L ATt (Jung et al., 2003; Sul e al., 2022).

ojXH A& o]§ Fe EAe wet FF7E -
T A gt= a&AQ1 A7t 7hsetm Zhzhe] Fel gt
= FF71E s S8l thhee] HF o] asith
SEAIRE whake] Al g0 gk Z-oA FF7)7F it
A, AAEFA, AR S miAe dF B A8 BT
el gk A7t o] FolR|A] ot kA= E e FE
2 e SHE S8l Tkl i Br] 2dol A3 A+
7 Dagk AA o},

uol—/;]

ool £ ATOINE AR ThE BFV|9] FRS W Wi
o A} 1HFA] RS 2ARIom, FohH 0% 44

A4~ (vegetation indices) % FF4A Y3F (chlorophyll

fluorescence) WHe- 41S T3l whake] Ay 54 7

7Fs/dS HrlekTh

Mz % b
1. AENE

2 AFoM= 357] (photoperiod)®] FaS e i
(Salvia miltiorrhiza)®) A7 <=3 14 4 Wsle] v|wE
3l 7715 gl AR Sk w41 FEeEaEd
S®HH 3 F7F SE H SHRE Bl EEsisitt
2. AT U A dH

2 A2 AEEHA] =gl fX Ahsdidha s
of| 8t} Aol miX|=o] e 21EA (growth chamber,

KGC-175VH, Koencon, Hanam, Korea) WollX 8 7+ 4=3)
stk B571= F Ul 7K SAR U] Al eH, B
71 (light period)7} Z¥z} 8, 12, 16, 24 hd'e] H== 24
Elpit=

2B S 2] olgsgd oz X3 light-emitting diode
(LEDy= A4« 44 -4 - A0S 402081 29 H|
2 A=A AP W e FHE HEEAM
(SpectraPen mini, Photon Systems Instruments, Drasov, Czech
Republic)E ©]-&ste] FHPA FHFAEUE (photosynthetic
photon flux density, PPEFD)7} 500 pmol'm?s'o] HEZE 2]
&3 LED 7H] AglE 2dsiith

HjR]= Yol 8 FH)’JE (Hanareumsangto, Shinsung Mineral,
Goesan, Korea), ¢A7F 3 mm - 5 mm =7]<l HEpo|E
(Ecolite Perlite, Homan Saneob, Jeongeup, Korea)?} Hu|E
Z}o|E (Ecolite Jilseog, Homan Saneob, Jeongeup, Korea)s

2E 111 el g BRI ALeaisit. A%
A BE AsRoR AT ARAe] s S &

KN
=

HW2)517] 93l =ol7t 16.0 cm©]3 @10 mm =71<] 47)9)



2120} - OxfE - M

7 e FEE A ZEkiE AWE A9lon, =,
A&, E=o)7} zkzt 350 cm x 27.5 cm x 7.5 cm =781 HA}
248 Aol & TEO WIEE A4

AF 717 FoF FHFLwe} Agges 22t 300 + 1.0TC,
762 + 154%3Tt #re ATAed 2o A4s SR
(High Grade S 7-10-6, Hyponex, Osaka, Japan) 1000 ppm
< Fete] TR o, ArE AE AFE 7]
Hog 1 F -5 FPHAE 500 ml, 6 F — 7 FAHA =
800 ml, 8 Fx}oll= 900 mé 2 Wi 13] B535HA

o

Y7719 Fge

A FHS ko] W ARE AR CH, o f1g |
g
7} (CIELAB color space) %t (L", a', b"), 2t 2ol tjgh
FHEE YEPE Royal Horticultural Society (RHS) %,
124 (visual score)E H715IAt). A’4% CIELAB 749
42 Lee & (20222)°] 24 WHE FaLste] B3EEA
CM-2600d, Konica Minolta, Tokyo, Japan)E CIELAB D65/
10°2 A 7 721919 oS st S on, Ft
A1Z (specular component included, SCI©] ¥8-¥l CIELAB
L', a, b #& 4ot
S, A3 CIELAB #ke] 7Z-9-oll= Hel
o] WFE AN E Wt TS AR S
stk RHS #& 22| L, o, b° A3 %
Skl & ASA (2024)2] RHS Color Fanoll b
RHS A7 2FES} M2 tixsto] 7t 2= RHS
£ AAste Frkeisith. F7E= 7 AEd AEe]
Zettl (2024)°] 3Rk Converting ColorsE ©]-8-31
uig] Aol CIELAB L', o, b A3 e W Ago=
AlZkstsigic
AR B AJZPSE Kim 5 (2024)9] H7hE S F

- H= 1

son, wg, AEEded, A7, el 5 12 Qo] 0
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- 10 Ato]o] MR AZHGE wiAT. oW, F71=
sheks zAbel7] 918 SPAD %F (SPAD units)S Z43H3.0
o, Fohg =44 (SPAD-502Plus, Konica Minolta, Tokyo,
Japan)E &85t ZAFSIATH

L ASR| - Mg

LAY 2 AR 4 (remote sensing vegetation indices)=
Fo& 2 EATAS4 =794 (PolyPen RP410, Photon Systems
Instruments, Drasov, Czech Republic)S &3} t}. oW, A4t
2] (normalized difference vegetation index, NDVI, Rouse
et al, 1973, 4] 1), F3}8 WAFEA] S (photochemical
reflectance index, PRI, Gamon et al., 1992; Gamon et al.,
1997, 4 2), FAE HEL FFEAT (modified chlorophyll
absorption ratio index, MCARI, Daughtry et al., 2000, <~
2] 3yt #d 72 vt 2om, o] & olgste] #5719
B W2 Wkl AE)A e JhA 7sdE ke

NDVI = (NIR — Red)/(NIR + Red) (1)
PRI = (ps31 = Ps70)/(Ps31 F Psz0) (@)
MCARI = [(p709=Pg70)—0-2 % (0700 — P550)1 X (P700/ Pe70)  (3)

A=4 ¥F (chlorophyll fluorescence) WHg- #2448 Fof&
AE4L ¥4 =47] (FluorPen FP 110/D, Photon Systems
Instruments, Drasov, Czech Republic)s AR5} oH, & tf
A 7R w7l S (F/Fp ©po, ABS/RC, DIYRC, Plygs)s
AT 954 FF WS AR S8l A=A 7
ojlmgiQlS Frxste] @A HAS 2 ZEH (detachable
dark-adapt leaf-clipys &-8-3td 2EAE °F 15 &4F 448
A7l & 24315 (PSI, 2024).

Stirbet?} Govindjee (2011)9} PSI (2024)9] A+E =3
zF wj7iaee] A, 2, AR vaak Ak 34 1
(PSINe] H YA} 45 (maximum quantum yieldyS LERY
= F/Fa (FA 4) 5579 327 282 EE (probability
of photon dissipated)s WERH = @p, (52 5), RH&-F4
(reaction center, RC)d S-4%F (absorption flux, ABS}S 4
EME= ABSRC (574 6), W4T &AtEE duA|e] &
(dissipated energy flux)S WERH= DIJRC (2 7), $°8%F
7|5 (absorption basis)®] “35A (performance index, PI)
£ Ei= Plaps (72 8)F ol&3le] #5719 e w2
ko] AElA e E Ertsisin

F,F, = (F, —F)IF, “
@y, = 1-®,, =FJF, ®)
ABSIRC = M, x (1/V;) x (1/ ®p,) ()
DI /RC = (ABS/RC)—(TR,/RC) (7



Pl s = (RCIABS)x [@p /(1= Pp )] x [ ¥, /(1 - ¥)] ®) AE2 Aol wEk terst Aeld w1k e ol&
BE7|olgtal St (Nam er al., 2024). 2129 AA 7} \f
4. SAHEAM o|lQum 2 el Het tkst e F E, B 2 F

A3 Azfo] A8 SAS 94 (SAS Institute, Cary, NC, USA)  F7|7} A33] F23F 9¢log #3|1 v} (Heuvelink and
= AMgste] QiR BAREA (one way ANOVAYS =388} Dorais, 2011; Went, 1953).

Aot A2 AJe Ml AY (completely randomized design) A, Liu 5 (2020)2] 7ol w2 hike Azlys)r)
o2 Hgd ik 20 JHAIE wiAEHY. HdEk Hlae & AoE BiEoe] x| wA|7} folstal & Auiz}t 7t
5% 2] 979 U574 (Duncan’s Multiple Range Test, 8 AAN] S 1E T Teioh A e T2 24
DMRT)S.Z F74 stk (p <0.05). AR A= S = A o)7] wjitol] FF71¢] Ao of

= Aot 3y ofFl Aol mEW Tk AFEYS
g8t Auj7t 7Fss Aes HIEAOW (Choi ef dl.,
2020; Zhang et al., 2020), W= HHE SEAE 2 25

dp 3 v

=

1. Chalo] AMZEF DfJHtH- 7 Alzwlol s Wik Aol o] FF7]e] Hgo] e
FF719] G e A (Salvia miltiorrhizaye: 3730l Aoz Bt} (Goto, 2012).

oksh g3k W= Ao ® YeRdth (Fig 1 and Table 1). ol Ao wE, A& A48 BE (Beta vulgaris ssp.

B Ay Agolr B5719] G ke ko] 2L 8 vulgaris)S Al Wl 16 hd! ATl Bls) 12 hd! 22

hd' - 16 hd'e] AT =A YepteH (1155 cm - FollX B &2 243 935 Yehlls 2102 Bi=AT

1337 cm), ZZ& 1571 cm - 18.14 cm 2] HYE /K= A (Hernandez-Adasme et al., 2023). ¥FAdl 5= (Lactuca sativa
o2 Yepth ol#fg A3 943 (continuous light, 24 ‘Seonhong Jeokchukmyeon’ = 7] (light period)7} Zoi&
h-d") 27381 YeRd 24 (7.00 em)a} 23 (12,13 cm)e] TE AEY 24 AT 9 el vlEst Sk
Aste} Fefu|t 2] (p < 001 - p < 0.00)E 7= AL ZoE Uepgton g zistol Aol 7P A S
2 A=A He Aoz BAEHAT (Park et al., 2012).

Fig. 1. Representative image of Salvia miltiorrhiza as affected by four different photoperiods for eight weeks. (A) 8 h-d”. (B) 12
h-d". (C) 16 h-d". (D) 24 h-d™.

Table 1. Plant growth parameters of Salvia miltiorrhiza as affected by four different photoperiods for eight weeks.

Photoperiods Plant sizes (Cm) Leaf sizes (Cm) Ground cover
O - - - No. of shoots - No. of leaves ;
(h-d™) Shoot height ~ Shoot width  Stem diameter Length Width (cm)

8 12.07+4.4* 15.71%+5.8* 0.43=0.16" 2.0+0.9? 4.52+1.4% 2.70+0.7*  33.5+16.1° 279.1x1972

12 13.37+6.5*  16.94+6.0° 0.40=0.12" 2.8+1.22 4.61+1.6" 2.76+0.9°  48.3+13.5* 322.2+207°

16 11.55+4.0° 18.14%x54* 0.63*0.20° 2.8+1.0° 4.68+1.27 3.09+0.9° 49.3*17.9° 357.0+195%

24 7.00+2.6> 12.13+3.8* 0.50+0.13°  22+0.9* 32414 208+09° 282+12.1°> 161.4+101°

Significance” ## ## #H# NS # 7 FR FE

Means + standard deviation (SD), (n = 20). "Means separation within columns at 5% level by Duncan’s Multiple Range Test (DMRT, p < 0.05),
same lowercase letters indicate no significant difference. "Significance; NS, #, ##, and ### are non-significant or significant at p < 0.05, 0.01, and 0.001,

respectively.
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Fig. 2. Root length and number of roots of S. miltiorrhiza as affected by four different photoperiods for eight weeks. (A) root
length. (B) number of roots. Vertical bars indicate standard deviation (n = 20). Asterisks (") indicate significance at p < 0.01.
Different lowercase letters indicate significant differences at p < 0.05 based on Duncan's Multiple Range Test (DMRT).

3

T =2 1
7 FARE ez Yyt xR slgs X8k
omgt zol= fle AoZ YERor, 12 hd' - 16 hd!

237 22| Az}l FAM 8 hd! - 16 hd'olA =
yepRtom AT @2 3.24 cm, 2.08 cm)2} F-
oulgk 2ol (p < 0.05 - p < 0.0)Z YERIATE 5=
12 hd! - 16 h-d'e] WA 483 7] — 493 7= Yepte
o, 98 AHe 249 2Zo] Aiel fALSHA 8 hd! - 16

5

HeelA 2.8 TNE A vehhs Adde Btk 989 95
KR
I

[e=Etul

s L-T1 O

hd! A2)TolH E58 )55 Yephan 279.1 af -
357.0 af). olH AFES EUE B uf, whare] AALe)

718 FUAZI7] IAE 12 hd! - 16 hd' 9l 25

7] &fellA ik Auishe o] a3 ol
S, 4L 16 hd! 2ol 2667 cn 2 7P LS
o, 8] JHFE 16 hd' - 24 hd! HHoM 68 7 -

6.9 = FefrskAl SH=EAT (Fig. 2).

Lowe 5 (1976)2] A7l w=H JIAM} (Manihot esculenta)
A 2ol AP Aol FX1EA o I (tuber)®]
wgo] AsjjEl= A= yEith. olok 2, »it (Lepidium
meyeniilye “FAOZ T 27 vlsl A 2zAA] Sl
9] 73} uAlZ (fine root)e] =717} HIUEIAE Aoz
R o] (Zaytseva et al., 2022), ZHEvlch X|sHte] S
FANTIE BF7I7F AR Adeldks & ATk

2 AT Ao =W whte] F8 o8 FLIl W] A
7€} A 2785 AlA SAlell FThA1717] fAsiA
16 hd'e] FF7] dfllA Aufske Aol 7HE T84S
T AT ok, 2 Aol e FFr] 2§ 717ke]

L

pu

~=
=

pu

oo 1S 1|
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Hlo] Qul 2 (biomass) A1 ollA] THFe] XAFE AAFS 12
hd! Aol 634 g0 2 7 =A] et oH, A 7
EZ2 16 hd! HETolA 148 g0 2 7FF =4 Yepdth
(Table 2).

A AolM 82 wilS= (Brassica rapa ssp. pekinensis
‘Qingtai No. 4= 12 hd' — 18 hd! W99 Z57] HolA
16 hd'e] #7719 o 7P &2 AT Yehlls 2=
HIERom (Liu e al, 2023), A& A28 BIES] AES
Z AHETE (Raphanus sativus)2] BF] Q2= 16 hd! 2]
FollA 71 =A YERY (Guo et al, 2019; Hernandez-
Adasme et al., 2023), ¥ A7<] Axpe} IH FASIATE vE
H, olo|AZME (Mesembryanthemum crystallimum)y= 35
7173l ZgAhol 20 hd'e] FF7] sellA 7Y =2 AT
I AESFS Yele 2oz ¥uEAY (Xia and Mattson,
2022).

Aot 22 AT A4S EUE E o, 74 AEF vtk A
As aHHoR A F e AR U UES ¢
T AAJT B Aol Tl A AATS 12 hd! -
16 h-d' ®2lollA 231 g - 235 g 501 Hog FALE
Row, At AEF] Als 12 hd' - 24 hd! Heol
M BAFSE Fenlgh 2pol7t YA 9 Ao 1]
=o] (0.57 g — 0.85 g), T Zzol Hla] Fd ZefA
Afsh= Zlo] A o2 white] A5t vlolemjAE Fof

o e & AT

7_,1—



Table 2. Shoots and roots fresh and dry weight, and relative moisture content of S. miltiorrhiza as affected by four different photoperiods

for eight weeks.

Photoperiods Shoot weights (g) Root weights (g)
(h-d™) Fresh weight Dry weight Fresh weight Dry weight
8 2.68+2.5% 0.76+0.5° 0.54+0.4° 0.21+0.1°
12 6.344.2° 1.17+0.8" 2.31+1.9 0.57+0.4
16 4.51%3.7% 1.48+0.7 2.35+2.32 0.85+0.6°
24 1.23+0.9° 0.92+0.5° 1.24+1.1b 0.68+0.5
) H##H#H # ## ##

Significance’

Means =+ standard deviation (SD), (n = 20). "Means separation within columns at 5% level by Duncan's Multiple Range Test (DMRT, p < 0.05).

YSignificance; #, ##, and #*#

B7)o] IS W k] A wiive] A9E T
sle] B o, 2PdRe} A S-S wEslal 27|17 33 FAL-
Hlo] QuiA~E 717 A EAE AYAakslr] YsiHE 12 hd' - 16
h-d! ele] F571elA Auisiz 2ol 7P Ajst Ao= &
Ial=0

71l Y& MAY]

2023), 23 AJ7to]
gk ol oA FHE FFS nA
St} (Nam et al., 2022).
o] oHFHol| Ag Ao HE (lightness)S HERA=
MF7F (color space) PHZHHQ] CIELAB L™ %+ A7t
Fevlek 27t fle A= YERHT (Table 3). Wbdel] =
A o) - AN (D YEhlie AE7E vzl CIELAB
av AEF SolA 818 frejwlgh zfol7F vrEbith $H,
B () - B (H el A7t w7l CIELAB
= A% slellr 2778= TP A vEl oy I T
2 =7 Ues 8 hd'el 3571 (26.51)9F FAXL Ao
= flE 2e= vehhtt. APe] 271, A A A
=% 3 CIELAB 37k ¥4 4345 T4 o= A o,

A AR sEdat ABe) g

F gomz Folsjol

A

|

.
=36 =

are significant at p < 0.05, 0.01, and 0.001, respectively.

Ao AR AE o= AxsE 8 hd, 24 hed!
Aol B o] FAE (yellownessy’t w1 = Ae o

-
Al

T Ao, 3] A& delMe (greenness)= F
A kolA Ao s e Fdo] e & 5 A

ol AFNA vIIE (Orostachys japonica)®]l AsH5- 71
53 b7F 29 RS TR E eZ YO ™ (Lee
et al., 2022b), VI¥E= (Delosperma cooperi)® 735 A%
iRl L) p7F &2 RIS TR E AoE B
ATt (Lee ef al., 2022c). ©|9 U3 FAFSHA E ATolA
A7 o] A oE AxsId A% 28l ¢
Aol p7t Frkeke Aoz FEEAT A, Hele] HF
Hof| st AxpellA] L' ellA Uehe Adkel fAH
EAASRE fFouet Aol7t gl AoE Yepyith a9 7
ol 16 hd! A2l ol 13.192 71 =4 vepdon, b
£ 12 hd' - 16 hd” HIIA 17.04 - 171622 THE A

=y
a

7ol js) felmlshl B et 37709 9P we w
Aol We) AT (@) FAE (b= A Aeks Ao

2 Bolt,

@ake]l x4 Royal Horticultural Society (RHS) 24k
£ 8 hd'e] FF7]e A 146D, 147CE H7IENoH, 12
hd! - 16 h-d'e] ¥MelE 146C, 147CE o|HTh= 243}
A O ofF2 Mold Ao 7Tt (Table 4).

AR

Table 3. Leaf and root color reading values of Commission Internationale de I'Eclairage Lab (CIELAB) of S. miltiorrhiza as affected by four

different photoperiods for eight weeks.

Photoperiods Leaf color reading values (CIELAB) Root color reading values (CIELAB)
(h-d™ L a’ b L a b
8 47.95+2.8 -9.15+0.8" 26.51+3.7° 31.98+3.2° 9.43+2.2P 16.10%2.3%
12 46.44+3.2° -9.52+0.9" 25.50=4.5% 31.60+4.1° 11.48+4.2% 17.16+3.5
16 46.51+2.5° —9.44+0.6" 23.89+3.0° 31.34%4.12 13.19+5.2? 17.04=3.22
24 47.54x3.0° -8.18+2.2° 27.78+3.9° 28.99+3.5° 9.50+2.8" 14.57+1.4°
Significance” NS ##* # NS # #

Means + standard deviation (SD), (n = 20). "Means separation within columns at 5% level by Duncan's Multiple Range Test (DMRT, p < 0.05),
same lowercase letters indicate no significant difference. "Significance; NS, #, and ## are non-significant or significant at p < 0.05 and 0.01,

respectively.
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Table 4. Royal Horticultural Society (RHS) values, converted color, and visual score of S. miltiorrhiza as affected by four different
photoperiods for eight weeks.

Photoperiod Leaf external quality Root external quality

otoperiods

(h~F(;'1) RHS Converted Visual RHS Converted Visual

values” color? score (0 - 10) values color score (0 - 10)
8 146D, 147C I 5.8+1.1° 174A,1778B I 4.9x1.2°
12 146C, 147C _ 7.3%+2.0° 174A,177B _ 5.8+2.3%
16 146C,147C | 71+1.6° 174A, 1778 I 6.3+1.6°
24 147C, 148C _ 2.4+0.9¢ 175A, 177A _ 3.4+1.1¢
) H#H#H#H H#H#H#H

Significance®

Means + standard deviation (SD), (n = 12). "Means separation within columns at 5% level by Duncan's Multiple Range Test (DMRT, p < 0.05).
YRHS values; Royal Horticultural Society (RHS) color chart values referenced from the ASA (2024). ?Colors converted using CIELAB color space
values (L", a", and b"). ¥Significance; #** is significant at p < 0.001.

3, A3 sl E 147C, 148CE GAo] oF7F &3kst A HAT) (Table 5). 38, 9AEAL A A= (remote sensing
oz HrHEATE A A2 ge] A= 12 hd' - vegetation indices)E YERN = wi/lES T G2 AR
16 hd'lX 7.1 — 7.3 HHQ H4=2 =4 H7I=ESeh X8t (normalized difference vegetation index, NDVI), 33}8t b
F RHS 242 8 hd! - 16 hd! 5 174A, 177BE AFEA]S (photochemical reflectance index, PRI), F4E ¢
7HEIG o A4 oM 175A, 177AR SFF o] F-& A 24 F3YA S (modified chlorophyll absorption ratio
g A0 HriEdnt olgg Ade HEer AETt A index, MCARD)®] A¥ol|A ©hhe M= e 357] ol

Ao

&3 z7dstollA Sl dtetehs Aol AU W] A cheFet WS JERRITE
2 Helth 3HA, Ashite] A= 16 hd! AE+7F 6.3 oA 91F% NDVI, PRI, MCARE= BT} #<] HPgo g
Hoz 71 EA Vet A& A AFE Hrlskedl AREEA Jdom, teke A

el exEde] AAE el o), B571e] 3 ol 2 -840l ASHAT (Catania er al, 2023; Jang
E AR A% 12 hd! - 16 hd!, X3-9] 49ol= 16 e al, 2023; Oh and Lee, 2022). &41e tido= & 35
hd'e] ZzoA] AlsRs Ao] 7H E9bA0l Aoz Tty 715 243k 22T 70 NDVI 3+ F9u|3k xo]7} 9l
U RHS 7t #4188 23 8 hd', 12 hd'e} A%4e] fefn] & Z0=& vepdth PRIE 28] 334 &S Asiirle
3 2ol gl Ao® HEAL, AAHSFE th Btk WAYUE IAEF M F5d8 98k (xanthophyll
pigment interconversion)2 BT ZQl WhHo 2 ALSH| ¢

ot

17

3. AN U IS4 S Uig FA &) AMEETH (Magney et al, 2016). ©] PRI®] 7Z$-<le 8
A} A F AF7)e] IS WS thate]l JE4 ¥ hd! - 16 hd'9] #F7] SllA 0011 - 00172 EGoH,
(SPAD units)> FAIH o2 Fou)d zol= QlE oz ¥ FAA foud zole YA itk 2y 4% =

Table 5. Chlorophyll content (SPAD units), normalized difference vegetation index (NDVI), photochemical reflectance index (PRI),
modified chlorophyll absorption ratio index (MCARI), and five chlorophyll fluorescence parameters (F,/Fr, @po, ABS/RC, DI/RC,
and Plags) of S. miltiorrhiza as affected by four different photoperiods for eight weeks.

Photoperiods CT;:?ep:ty” Remote sensing vegetation indices Chlorophyll fluorescence parameters
hd)  spaD unity  NDVI PRI MCARI Fu/Fmn Do, ABSRC  DIy/RC Plass
8 3027+74" 0633003 0.011x0.006" 0.269+0.07° 0.809+0.01° 0.190+0.01" 1.68+0.19" 0.325+0.07° 3.32+1.18"
12 2981470 0.615+005" 0.013+0.006° 0.303+0.09" 0.806£0.01" 0.193x0.01" 1.65+0.24" 0.322+0.08" 3.33=1.19"
16 32.55+6.6" 0642005 0.017+0.006° 0.261=x0.05" 0.801+0.02" 0.198+0.02° 1.66+0.23" 0334+0.08" 3.53+1.49"
24 27.18%7.2 0.620+0.05 -0.008+0.020° 0363£0.08" 0.752+0.08" 0247+0.08" 1.96+043" 0517+0.31% 2.35+1.32°
Signiﬁcance” NS NS #H#H# ##H# #H#H# #H#H# ## ##H# #

Means + standard deviation (SD), (n = 20). Means separation within columns at 5% level by Duncan's Multiple Range Test (DMRT, p < 0.05),
same lowercase letters indicate no significant difference. "Significance; NS, #, ##, and #*## are non-significant or significant at p < 0.05, 0.01, and
0.001, respectively.
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ZE#H A S A ske 7IRMeE 7P AH SIS AREE

™ (Park et al., 2023; Van Kooten and Snel, 1990), T}
Sk Aglskd] Ao ALt (Kawakatsu and Fukuda,
2023; Shin e al., 2023; Zheng et al., 2023). A (PSIN)
o] Hd YA & (maximum quantum yieldyS YEN=
m7 el FUF, = AEGAS ] Qe pEAEe] A
ok (780 - 0.840¢] S A= Aow IEA Ut (Yoo
et al., 2012; Muniz et al., 2014; Asadi-Sanam et al., 2015;
Hwang et al., 2019).

£ A3 Aol F/F,E 8 hd! - 16 hd! tﬂ%oﬂ/\i
0.801 - 0.809 TFo& eht} Thito] s Hele] F57]
sloie ZEHAE W] e Zo® HUhE 131‘4',
A&F =AM = F/F7F 07522 A3 ®919] A1
0.780 Ht} WSk oz yeht A FAree] siets
*EE AU

s, SE 3R &28E EE (probability of photon
dissipatedyS LFERNH, 2159 2EH A XRE AMLEE dp,
E %3 sl 02472 =A depgeh wke S
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ERll= ABSRCE A53 2=4138llM 01962 7P =71 v
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