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Abstract

This study has examined the impact of far-red (FR) light supplementation on photosynthesis, growth, and flowering of
Scabiosa columbaria “Blue Note”. FR treatment considerably increased the chlorophyll fluorescence parameters (Fv/Fm,
Yield), indicating enhanced photosynthetic efficiency through accelerated plastoquinone re-oxidation and improved PSII
reaction center reopening. Morphologically, FR exposure promoted stem elongation, leaf expansion, and shoot dry mass to a
greater extent than in the control. The flowering quality was also enhanced as FR increased the number and length of
inflorescences without affecting flowering time. These results suggest that FR light simultaneously improves photochemical
efficiency and induces favorable morphogenic responses via R:FR signaling, thereby enhancing both vegetative growth and
ornamental quality.
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Table 1. Total photon flux density (PFD) and photosynthetic photon flux densities (PPFD) at the plant canopy level from LEDs
with different peak emission wavelengths

Far-red PPFD Far-red Total Total
freatment RFR Blue Green Red PPFD PFD
400-500 nm 500-600 nm 600-700 nm 700-800 nm  400-700 nm  400-800 nm
Non FR 4.4 19.9 62.3 77.1 17.4 159.3 176.7
LFR 1.2 17.2 59.9 72.4 59.0 147.5 208.5
MFR 0.8 17.9 57.9 72.5 83.7 148.3 232.0
HFR 0.6 18.7 58.3 73.5 120.8 150.5 271.3
2.0

Relative quntum yield (umol/m'zls'1)

400

450 500

550

600 650 700

Wavelength (nm)

800

Fig. 1. Spectral distribution of LED light under four far-red (700 to 800 nm) ratio treatments. The spectral range from 400
to 700 nm was uniformly supplied by white LEDs in all treatments.
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Fig. 2. Chlorophyll fluorescence parameters such as Fv/Fm (A) and yield (B)and net CO: assimilation (C) of Scabiosa
columbaria “Blue Note” after 11 weeks of different far-red treatment (n =4). The error bars indicate standard error.

o qz

oF AR o] 80°Ce) AXRI|E 72417 xR
A5 2T
Scabiosa &9] Ale52 #E-2 &3KFloret)2] 3
o] 3teH(Receptacle)oll BoA] shte] Z4H Ho
2l T34 (Capitulum, head inflorescence)&
72 glow kA7t wo Al = IV HA 7 =
o & 4= St} A EAQY oA 2 A9 125§
A 3hA o] 25 S5l on, JES] gRic g
g 71 11 3HA 9] AR E SAste] e s
71E5tdnt. 3 7714 TS Fol A2 AZd R
Neta e d-S Z4skt

Aol AMEH AE2 A2 H(CRD)S 4§
sto] A2l E HjA]stgl e, 7 A2 o 107841
AlEE 7HA §EE o = ARESHIT ot gt d 49
HAEL2YF 54 A= A A94MAE A
° 2 ZHH gh& AHEsto] B4 o &-8-5k3itt. BE
ol #A2 SAZ=IH (SAS, Ver. 9.3, SAS

Institute Inc., Cary, NC, USA)= ©|-8-5}
on  {oFE X0.05°04 LHREAREA(1-way
ANOVA)Z AHAIstal, A& H+ It Hl= Tukey's
honestly significant difference analysis& 53l «
0.05°I4 4=a45te] ATHE s Alstlet. E2T Sigma
Plot Ver. 11.0 (Systat Software Inc., Chicago, IL,
USA)= AH&ste] BE T2 s 24dstint.

3. Zd U nd

2F
S

A LEDsE o83 & Aol FLsHA AlE
150 umol'm #s7'9] PPFD®| Al Fo= A

3.1, UM H2io| G2 YRAHY Y

1o = o

%

‘d st



Plant height (cm)

Shoot dry weight (g)

SPAD

BAM3Fo| Scabiosa columbaria “Blue Note” @] A5 4 73} FA ] v]x =

I 543

P <0.001

© P <0.001

a ab
b
| I
8
® P <0.001

70 A
60 -

50 -

40

J e e mm o mm |

Non FR LFR MFR HFR
Far-red treatment

B)

(3]

L 35
P <0.001
L 30
a —~
a a L 25 5
b L20 §
Q
w
15 =
Y
F10 OO
]
Lo
P <0.001
L 4.0
a 5
ab L35 &
ab S
b S
30 5
©
L25 3
14

88 | -——_—_—-—-—/[ 0.0

Non FR LFR MFR HFR

Far-red treatment

Fig. 3. Vegetative growth characteristics such as plant height (A), plant span (B), shoot dry weight (C), root dry weight (D),
and relative chlorophyll contents (SPAD; E) of Scabiosa columbaria “Blue Note” as affected by 12 weeks of different
far-red treatments (n=10). The error bars indicate standard error.
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Far-red treatment

Fig. 4. Representative vegetative growth (A) and flowering (B) appearance of Scabiosa columbaria “Blue Note” after
12 weeks of different far-red treatments.

Table 2. Flowering quality of Scabiosa columbaria ‘Blue Note” under different far-red light treatments

Far-red treatment No. of inflorescences Inflorescence length (cm) Days to flowering
Non FR* 11.0p 5.7b 56.5
LFR 14.5ab 11.5a 58.6
MFR 17.0a 12.0a 54.6
HFR 16.8a 11.5a 53.8
Significance > ok NS

Z No far-red supplemental lighting
¥ Means with different letters are significantly difference by Tukey's honestly significant difference test (@ <0.05)
XNS, *, or ** Nonsignificant or significant at /X 0.05, or 0.001, respectively
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