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ABSTRACT

Background: Valeriana fauriei is a perennial medicinal plant native to Korea and is valued for its
sedative and tranquilizing properties. However, little is known regarding its growth and physiolog-
ical responses to light quality in controlled environments.

Methods and Results: Seedlings were cultivated for 7 weeks using six LED light treatments
[white (W), blue (B), red (R), blue + red (B + R), blue + red + far-red (B + R + FR), and blue + red
+ white (B + R + W)] under a constant photosynthetic photon flux density (PPFD) of approxi-
mately 150 umol-m-s™". Plant height, number of branches, fresh and dry weights, and Soil Plant
Analysis Development (SPAD) values were measured. In addition, physiological responses were
evaluated using the Normalized Difference Vegetation Index (NDVI), Modified Chlorophyll
Absorption in Reflectance Index 1 (MCARI1), Photochemical Reflectance Index (PRI), and Struc-
ture-Insensitive Pigment Index (SIPI). Although treatment differences were observed in the mean
values, statistical significance was detected only in some biomass-related parameters and the root-
to-shoot ratio. Combined light treatments, particularly those including red and blue light with or
without far-red light, generally resulted in higher biomass values and more favorable physiological
responses than single-spectrum treatments.

Conclusions: Under the conditions of this study, LED light quality exhibited limited statistically
significant effects on the growth of V. fauriei; however, certain combined spectra showed consis-
tent trends in growth and physiological responses. These results reveal the potential usefulness of
light quality control for smart-farm cultivation of this medicinal plant. However, the results should
be interpreted with caution because plant-to-plant variability and a limited sample size may have
reduced the statistical power.
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Valeriana 4 2 &°] T f‘i phytochemistry2} bioactivityS |
d kgt o g FEMOHAN FoFE] KA AL &
TR o e ST XHHH7]€ k] BeAdE AR 9L
o} (Li et al., 2022). 58] F o2 ¥d A7 FEHE &
A3} okl Hrtel FsE] ghom, At *@ﬂ’—ﬂ ‘?l
Soll A3 7|22 mE AT o]‘ﬂr 11%77}1] B S

ATE 2% (Lee, 1995a), EFTE (Lee, 1995b), 3= ‘il %]'
733_L B3l w2 A5} 53 §ES- (Cho ef al., 1997)

SAF Y B sAd 54 (Ahn er al., 2012)01 =7k o] 3
E}. gk 8k 5 (2025) FFF Hiﬂﬂ FALeFE A
g AR el Freldh Y mIRITaL Basiglon %
Aol whE A2 A% ikl Jdrfz AT 71| o] FAAA] %2
o}, webA] ZnfEgat 22 Alejggol A A S wke-t
AP A2 EAL Y= AL %.8_3}‘4—. Al &-0] A J,]_ o

ARHE-2 3go] A7), s
S W=t} (Hogewoning et al., 2010). 1
emitting diode, LEDY= 574 2}7g-<] 35 AU3tA A
Ue Qe ddoR, =0 e, IS AT, B8 =
& 9 22 diRbE £4 5 TR A Asery gl JF
S £ (McCree, 1972; Kami ef al., 2010; Taiz and Zeiger,
2015). #<Zoll= LED 33 z24do] 21E9] Jefa] AR oy
2t A B oAt e Hofdhe A0 R Baryo], Al
ol B A=37¢ ol e Ao 7sEA T80l
73%% 3t} (Paradiso and Proietti, 2022). 53] ¢15-42] 2~
HEY e A A opz} 23t AR E dFe m
He- Aol A 2 Alojo] FoAde T
t} (Ouzounis ef al., 2015). YHFz o 7 22530 53514
= AT 2 Ade2F STl 718k, FAE-e A=
715 7, o] FA 2 FRS “J'o— Zﬂoﬂ 3’404 gt
Mg} g asgol 23 vl
Hd 2 7E wee ot JEke
G A E] AT =
At} (Kong and Zheng, 2024). gH A& 232 22355 Qb
S frdle] Z7] Al st 93-S WX 3L (Franklin and
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2 2]2]7+¢l white (W), blue (B), red (R), blue + red (B + R),
blue + red + far-red (B + R + FR) 2! blue + red + white (B +
R + W)ellA FeFEo] AS 9 Ag)d v-8-5 w4513
t}. £3] A4 543 7 NDVI, MCARII, PRI ¥ SIPIE =
Aate] 2 AEre-S A oR Frisisith & A 4
I AntER 7Rk kA0 F9 HA5E 9% V1% 2

22 9439 5 92 2o sy
Mz 2
1. A2 2 xulsrA
B A7e w20 SHYdSAT S Anp
Eg A F23} ATE (FE 247 2A)dA e
g AME A E2 477 S 853 FHLEE (Valeriana fauriei
Briq.) 5=, #4 /HAIE sl AF 12 em®] £Eo| 4

213151t} A= “E (Baroker, Seoul Bio, Korea)s ©|-8-3+ &
73708l (soil cultivation) W20 2 G350, JES] F2
FHARE FIE 68%, IR 147%, Befol= 7%, A
A 6%E O]E"Vﬂ‘jr 717 F 7R AR, -
T AEAE LntER AlojA|2H S Bl AFEo R

Z4 Oh;ﬂ'. Al 73, LED A 2] g2 B AFsda A 2E]
= Fig 19] AXSIATE BE Al 5Yd BT, &FE
Z710M Aeate] 2 9] S a%1e] YIS H43t
313 E‘r Aupae] Ho *71 T 18 + 1°C, AlFEE 60 +
10%2 AL, Apoll AR 870] Wt =% 20 + 1°C
At AT AAE ol8ste] 1E 30 S oF 100 mLE
THE F 47 58T 3028 FAVIE HHERSSeH, BE A
g7l L3 7 HE] 2415 285131t} Imagination Garden
SmartFarm Operation System (Imagination Garden Inc., Andong,
Korea)s ©]43t] -2k S A2 Aosision, 435t
33 SFAEUE (Photosynthetic Photon Flux Density, PPFD)=

1__};]_1_

1:!

oF 150 pmol - m2-s'2 LG 3HA FASIATh Al 7| 7F 5 F7}
Z(:I‘{o] H]Lq— 0\__ %‘%8 /\E]/\" O]'X] L—(s)»)]:q

2. LED && X{J

F4 A2l YA (white, W), Z4 (blue, B), A4 (red, R),
A+ 22 (blue + red, B + R), A + A + AZA (blue +
red + farred, B + R + FR), 2 + 22 + w2 (blue + red +
white, B + R + W)2] &/l LED 32 2|2 433139t} (Table
1). LED Z=#|E3-& OHSP-350P ¥-3+-%17] (Hopoocolor Co.,
Ltd., Hangzhou, China)E- ©|-&-3le] 4 3liom, 7zt uihd A
i Al7le AEUE 7R AA ST LukER AlojA] A
&]2  Imagination Garden SmartFarm Operation System
(Imagination Garden Inc., Andong, Korea)2 ©]-&3}t}.
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Fig. 1. Cultivation environment and seedling production of Valeriana fauriei in a smart farm. (A) LED cultivation system used for the
W, B, and R treatments; (B) LED cultivation system used for the B + R, B + R + FR, and B + R + W treatments; and (C)

seedlings prior to transplantation.

Table 1. Spectral composition of LED treatments and common cultivation conditions for growth of Valeriana fauriei.

Treatment White LED (%)* Blue LED (%) Red LED (%) Far-red LED (%) PPFD (umol-m™2-s71)
W 67 - - - 146
B - 100 - - 140
R - - 61 - 145
B + R - 19 38 - 149
B+ R+ FR - 18 36 100 150
B+R+W 4 15 28 - 150

Photoperiod was maintained at 16 h light / 8 h dark. Air temperature and water temperature were controlled at 18°C and 20°C, respectively.

Irrigation was applied for 1 min 30 s every 47 h 58 min 30 s.
*White LED included a broad-spectrum wavelength range.

EM A

172 77wl 13] AAlst
} (plant height)Z} 2] 5> (number of
branches)°]™, 7] ¥HE-4= X2]d 1071A . o5t A6) 7]
7FF AR AL ALR QlE] HF Ae FETe 54§
B9 Aol met MR thd Aot Y] fHEA
FES AR gk A3 A 3#E SPAD 502 Plus
(Konica Minolta, Japan)& ©]-8-3to] vl H o2 =439,
A= SPAD ez vehllet A=Al o] el 24 |7t
= RP410/UVIS (PSI, Czech Republic) Ftla 2R 5ZA47]
£ ol&ste] st on, Fatst AR (Normalized
Difference Vegetation Index, NDVI), 7748 G54 &
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T4 FELE FFRIASF
(Modified Chlorophyll Absorption in Reflectance Index 1,
MCARI1), 3&3}8} HEARR] S (Photochemical Reflectance Index,
PRI) ¥ % 7%= A A A AX 4 (Structure Insensitive
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Pigment Index, SIPDE 43It AWl $8 & (7% 2+ A
2] AEAE AFH st 27, BRS¢, AT (fresh weight)
2 AES (dry weight)S ZARBIACH, AEFE 4137
of| Al €8] Axg & AUt

4, SAEM 2 D2l =M

@A A FNA S FES dAEAEA (one-way
ANOVA)E o83t A 7+ 2pol& AR M, f-9]/do]
1% 739 Tukeye] HSD 74 (p < 0.05y& F3ll o 7+ 2+
o|& HlWaItt FAPER WHE S35 32 vHESA] o]

EAHEA (repeated-measures two-way ANOVAYS- AA|51e] A
2, Al 2 A x A S Age] aaE s, 2
Al Bonferroni®] thgH|aL HA S T35t RE 2 Z=
GraphPad Prism 10.0 (GraphPad Software, San Diego, CA,
USA)S Abg-3te] 2HAdstlon, A3te Hd + B-HAL
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1. LED 2 X2 ~HEY S
LED 34 gl w& S EY AT 7+ 3

o5 LERSITE (Fig. 2). 413 A2l (W= 713 A 99
o Azl vl A&HR1 2 ERS W] tpefst v £
gtel B3-S ST (Fig 24). 383 AT (B)=
450 nm F-2o)A F318 935 JeERIeH (Fig. 2B), ©l&
cryptochrome 2 phototropin¥ ¥HA% tE2] A3 spPdoi=
242 A ¢t} (Folta and Carvalho, 2015). 2433 28]+ (R)=
oF 660 nm oA 7 FAE HAUIL (Fig. 2C), °l+=
phytochrome "7} ¥h&-3 WA HHE 9F 502 )4
Ht} (Casal, 2013). B3 7 A2]Folx= F 7l olde] 4
g 37} FAlel BRI B + R A2 FA 3t 24
g ¢] 9 =7} 37 VEREOH (Fig. 2D), B + R + FR 2]+
= 660 nm 2] A2 339} $H) 730 nm -] 4H4 7]
A7F F7HE BRI (Fig. 2E). olgjgh 23 EY 54
phytochrome®] Pr/Pfr 13t 3! A R:FR 37X ] Fe|F A 1t
S #HR| ] 3T 4= ST} (Casal, 2013; Demotes-Mainard
et al., 2016). $F4, B + R + W A 2|7 A, 248 gl ujallsg
o] ~¥EY QA2 R I3}l (Fig. 2F), the 227kl H]
3] B} B31AQ1 F3S FASINT olek e A &
HER 9] Rpol= o5 2 X4 P (Fig. 3 and 4),
AAF %2 (Fig. 5 and 6) 2 A2)2] A% (Fig. 7)°] ZlE 3
Ashe 712 AAEE g

gl

3} 2}

SEfN AE UES
2.1. LED Z& X2lof| 2 =I5 e £ Hlw
LED 232 Agld we} | eEFEe] 5 Fed S A=

2.

FAHS JERAQITE (Fig. 3). 783F thE o]n] A= v sk
# B+R B+R+FRYZB+R+ WAz W,BY
R 22|l Blal] Ak e o] o WA F4= 2 o A
7h g S B3k 53] B + R + FR A= AT
Aol WA FEHOH, B+ RE B+ R+ W A=
#Ye 23S YeRlUT) ol s a3 43Tt A
A 9 B EA RESe EHR o= o
31, & Aste] F717) phytochrome 4 AEE 53l 2174
Aol Y = F Uthe 71 B AR S B
T} (Hogewoning et al., 2010; Casal, 2013; Demotes-Mainard
et al., 2016). RF, R 22| LT 7RAo A AP o] 4
Ao AgHA o vepston, B Aelae dMo] xleHA &
Ze = A B3t ol AR T e Bk
M5 7t FHEA Ee T , A3 cryptochrome
phototropin A 55 Fall AF4 F2 7 FINF Aol FAL
7] wiEo & jAHt} (Folta and Carvalho, 2015; Wang ef al.,
2016). =3 B+ R, B+ R + FR 2 B + R + W #|g]Fol| A
HEEQl g AL HlRd Qg om BaE de ok g
ol Fell FAoll Bt frElshAl 288le 7S AAE
Foh, o, Fig. 32 3k o|w]R]ol] 7nkgk /42 HlaL #pg o]
v, el 7k Fe zkeloll gk A2 Fig 491 2% 2 &
Ag Az} 3| THH o7 Ateh= Aol BFgsitt
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LED 34 Azgldl we} FoeFEe] 243 #A5e= A
HE MR oE S JERIIT (Fig. 4). 232
TAllA] Al 717F 9t A o2 S8l o, 4] o] &
AT 7F Hatgk 2el7h Axt gfjEl= 73 ee] dEE et (Fig.
4A). 772 Hit 23S B + R + FR A2 7oA 16.6 emZ 7+
2 =943, B A2l +9} B + R A+ 47 14.1 eme} 13.9
emE VERNITE WHE, R A E]7E 104 emZ 7P W3kom,

= =
2=

“(B)

TR TR

“[(A)

e —

e

L

Fig. 2. Spectral distributions of the six LED light-quality treatments used in this study. Emission spectra were measured using an
OHSP-350P spectrometer. The treatments were white (W) (A), blue (B) (B), red (R) (C), blue + red (B + R) (D), blue + red + far-
red (B + R + FR) (E), and blue + red + white (B + R + W) (F).
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B+R+FR

B+R+W

Fig. 3. Representative shoot morphology of Valeriana fauriei at 7 weeks after transplantation under different LED light-quality
treatments. Representative plants grown under six LED spectra (W, B, R, B + R, B + R + FR, and B + R + W) are shown.

Scale bar = 5 cm.
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Fig. 4. Growth responses of Valeriana fauriei under different LED light-quality treatments. Weekly changes in plant height during 7
weeks of cultivation (A) and number of branches at 7 weeks after transplantation (B) are shown for plants grown under six LED
spectra: W, B, R, B + R, B + R + FR, and B + R + W. Values in (A) are mean = standard deviation. In (B), boxes indicate the
median and interquartile range, and whiskers indicate the minimum and maximum values. Asterisks indicate significant
differences between treatments at the same week (‘P < 0.05, “P < 0.01).

We} B + R + W HZ= 27} 133 em@t 132 emE B3t
ol gt Aok PG} Aalge] 23}, 18]a 4FAe] 7t
7F FEEA R A A @S mE F dvks 7€ 1A
o} FARSH ®EdS BT} (Hogewoning e al., 2010; Demotes-
Mainard et al., 2016). WHEZ24 o] AL HEA] A3 242 A
] 7173 whet 913k WskE eI Mt 717k 3E
Z2He = folslTt. 3 Bonferroni®] TRy A3 W A2
Tk B + R + FR A2l Alelolld 557212} 67joll= p < 0.05,
TFAE p < 0.01 <59 Frol gk xfel7F ER1E At g, 7
F2F A= B + R + FR A FllA 8.0M= 7P =%,
R,B+R¥ B +R+ WA=

z¥z+ 7.80, 7.6 2 770
£ UERH ATt (Fig. 4B). ¥H4, B A 2|79 W A2]+= 22t
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Fig. 5. Representative shoot and root morphology of Valeriana fauriei after 7 weeks of cultivation under different LED light-
uality treatments. Representative plants grown under six LED spectra (W, B, R, B + R, B + R + FR, and B + R + W) are

shown. Scale bar = 5 cm.
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ojmR|of|A] ERIE T (Fig. 5). W, B & R A2]74= it
2O 7 AP o] tha: AFHAQl A Hlon, 53] R
Aol e o A7 oA o2 A2 WA 7 A= S
WA, B+ R, B+ R+ FR Y B+ R+ W Xz 7ollXE A4
59 A7 A kst AR 7 E AT o] s A
ARG Aol 2§, av|a ARAge] STt AEe] ¥

A3 A ol A = F Uthe 71 Balel fAKSE
S RAY (Hogewoning et al., 2010; Demotes-Mainard
al., 2016). 3+, A5 FeloM = 2] 7k Zpo]7t Ui
AR, d3E oA o 7]nkgk YA A H]ao| B Eg]
AEE AFH o2 Addsl= o= A7 Atk A=
W H R Aol e Blwd Fogh Akt AsS 1Sl
WA7F 1=, Fig. 5v-& AR 54 Ao #e] A%
Fretthal @ sh )= ok mebA Fig. 5 LED 33
of whet 5k Al A=A &] AV H A FEfel] Zpol 7t b

o T =
EPd F S-S HolFe B2 ARE sjdsl= Aol eldsit

4. MAIEHEF Y R/S ratio ¥}

LED 33l me} 7 emEe] AT, d=T 3 R/S ratio=
A THER 2JolE Yepl o, 53] AF A 9 A5y
A F FE RS ratiod| A 2] 7+ Felgh zfo] 7t 1=
o} (Fig. 6). A7 AAS B2 W, B, R Hg]olA 2zt
12.90, 18.19 2 1833 go]03Z, B+ R, B+ R+ FR ¥ B + R
+ W A2 Fole ZH2t 2740, 31.12 2 2561 go & Atz

E2 3 YERISUTE AN AEF =3 W, B, R A2+

oA ZtzF 1.82,2.75 2 2.10 go]AH ¥ B+ R, B+ R +
FR % B + R + W A FoX = 742} 4.11, 6.14 B 3.77 g2 =

100

F2 A% Btk 53] B + R + FR A7 AP35 AA
3 €52 Wakel 7P =of, 98 o] 23 B 24
o] AFE- A Sl e MIHE RS AlAFe

olefgh gk A gl AAM A 5T} A Ee] PP A
Hkgol Feded 4= Qlrhs 7)1E Bash fARE WS Byt

(Casal, 2013; Demotes-Mainard et al., 2016). XS+ AL A
Ag]Trel] whet etk xfolE eI X AT W,
B,RRB+R B+R+FR % B+R+W Xz o)A 77}
13.42, 5.72, 11.56, 15.20, 12.65 & 11.07 go|A L, A5 A=
2 747} 1.76, 1.27, 1.36, 3.18, 2.62 2 2.36 g© & YEPT)
53] B + R A= Asht AAlSH AEFIAM 7P =2
BWitgkS B3, B + R + FR A% H oA 52 758
ol& MG} AAFo] 239, avla gL F
717k 7130 A ol G mE 7R S Alrkske A
F#=2 |2 4 At} (Casal, 2013; Demotes-Mainard et al.,
2016). -4, B Ao At AT e 22 5.72
g 127 g0 & T Aol vlaf W A3FS Bt o=
2 A 270l FAE T A7t A A A0 4
iz e g e A83S 7FsAS BoFAT HAge] &
= 2, B, A 71 o sgake] gl meE o
2A Yehd  Jomg B A 27olA B v o= A
stale] sAe B a7t Q) (Wang ef al., 2016; van Gelderen
et al., 2018). R/S ratio= A 2|7+ 7+ A= Tl <] 2Jol&
vk 319t (Fig. 6E). B4 W, B,R, B+ R, B+ R + FR
4 B+ R+ W A& FelA zk2}F 091, 0.70, 0.92, 0.68, 0.52 2
0.74= Jelsth B + R + FR A= A A= A8
o] ¥2 WA R/S ratiow A o2 o}, Y| Alo] ke
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Fig. 6. Fresh weight, dry weight, and root-to-shoot ratio of Valeriana fauriei grown under different LED light-quality treatments.
Shoot fresh weight (A), root fresh weight (B), shoot dry weight (C), root dry weight (D), and root-to-shoot (R/S) ratio (E) were
measured after 7 weeks under six LED spectra: W, B, R, B + R, B + R + FR, and B + R + W. Values are mean + standard

deviation. Asterisks indicate significant differences between the indicated treatments (‘P < 0.05, P < 0.01,
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Fig. 7. Weekly changes in physiological parameters and vegetation indices of Valeriana fauriei under different LED light-quality
treatments. NDVI (A), MCARI1 (B), PRI (C), SIPI (D), and SPAD value (E) were measured weekly for 7 weeks. Plants were
grown under six LED spectra: W, B, R, B + R, B + R + FR, and B + R + W. Values are mean = standard deviation. Asterisks
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indicate significant differences among treatments within the same week according to Bonferroni’s multiple comparisons test
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