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Abstract - In this study, the efficiency of photosynthetic electron transfer according to LED color
temperature was verified in order to find a way to efficiently grow trees under night illumination.
The experiment was carried out with White treatment, Warmwhite treatment, and non-treatment
with donarium cherry. The study uses to a method for analyzing and evaluating the color tempera-
ture of an LED light source by photochemical analysis. We found that all treatments 115 DAT of
maximum fluorescence amount (P) had the lowest. In the treatment using white light and the Warm-
white light, the T amount of florescence of the late stage during the transition of the J-I level was
increased, and the photosystem I electron transfer efficiency was decreased. Therefore, the electron
transport efficiency of RE10/CS and RE10/RC were reduced. Especially, compared to Warmwhite,
the light intensity increased greatly in the white-light treatment, The PItoraLass of 7 DAT was the
highest value, but it was decreased to the lowest value on 115 DAT. This study has shown that the
white treatment was low in electron transfer efficiency and soundness. Warmwhite-light treatments
showed lower stress.
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Table 1. Mean temperature by measurement date

2016.6.26 2016.7.9 2016.8.13 2016.9.14 2016.10.22
Mean temperature 214 25.7 27.8 223 155
DAT 0DAT 7DAT 44DAT 76 DAT 115 DAT
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Table 2. Equations and definitions of chlorophyll fluorescence parameters (Stirbet and Govindjee 2011)

Data extracted from the recorded fluorescence transient O-J-I-P

Fo Fluorescence at the O-step of O-J-1-P

F1=Foms

Fluorescence at the J-step (2 ms) of O-J-I-P

F1=F30ms Fluorescence at the I-step (30 ms) of O-J-I-P
Fo=Fum Maximal recored Fluorescence at the peak P of O-J-I-P
F V= F M~ F 0

Maximal variable fluorescence Variable chlorophyll fluorescence (Fm — Fo) measured in the dark-

adapted state, when non-photochemical processes are minimum

Vi=(F1— Fo)/(Fm— Fo)
Vi=(Fi— Fo)/(Fm— Fo)
Fv/FMZ(FM_FO)/FM

Relative variable fluorescence at the J-step
Relative variable fluorescence at the I-step
Maximum quantum yield of primary photochemistry

RC/ABS Number of Qa reducing RCs per PSII antenna Chl

TRo/RC Trapped energy flux per RC

ETo/RC Electron transport flux from Qa to Qg per PSII

REIo/RC Electron transport flux until PSII acceptors per PSII

DIo/RC Heat dissipation at time zero, per RC

ABS/CS Absorbed photon flux per cross section

RC/CS The number of active PSIIRCs per cross section

TRo/CS Maximum trapped excition flux per cross section

ETy/CS Electron transport flux from Qa to Qg per cross section

REIo/CS Electron transport flux until PSI acceptors per cross section

DIo/CS Heat dissipation at time zero, per cross section

Plags Performance index for energy conservation from photons absorbed by PSII antenna, to the reduction
of QB

PlroraLass Performance index for energy conservation from photons absorbed by PSII antenna, to the until the

reduction of PSI acceptors

Stress factor index (LFT) Lighting stress factor index

2 A oA 2 7FA S = Qo] (Stirbet and Govindjee
01 429 U TS A R8T 7162 B}
)31 QIth(Strasser et al. 1985). 3t AutA o2 S4H 4
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A &2 AFR-E 3 Qlth(Oukarroum et al. 2007). 23 E d|o]
EHE dE4 §3349H-3 (0JIP) (Stirbet and Govindjee 2011)%
ol s 2A]3H%TH(Table 2).
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Fig. 1. Comparison of chlorophyll fluorescence transient (OJIP) and relative chlorophyll fluorescence transient (VOP) of donarium cherry at
different Illumination color temperature levels (a, untreated tree level OJIP; b, Warmwhite Illumination color temperature level OJIP;
¢, White Illumination color temperature level OJIP; d, untreated tree level VOP; e, Warmwhite Illumination color temperature level

VOP; f, White Illumination color temperature level VOP).

vE-F4)= FA2, Warmwhite, White 33 2] 25 vl
3o, FAIZA| Cross section (CS)F Energy flux$l

REI0/RC®} oA A HMEtA &2 Ploravass= Warmwhite,
2], White <22 £9ro ™ SFAI7ZA] Cross section (CS)
F Energy flux?l ETy/RC} ol HA] AR EQ Plapse= 74
2|7} 7} Yo, Warmwhite®} White7} Z}th (Fig. 2a). 7

DAT®Q] RC/ABS= White7} 7} wokom, BA2]2F Warm-
white7} B39 21, RE10/RCE} PltotaLaps= Warmwhite
7b 7V et ew, 429} Warmwhite7} B] <28 414} 0 DAT
of H|slo] £3] White A 2|9 HAAGAEC] FaH=
H37F Bk ETo/RC= F32)7F 71 W™, Warmwhite
9} White7} 0 DAT®] H]3}o] 10% B = %715 Itk White2b
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(2) 0DAT (b) 7 DAT (c) 115 DAT
ABS/RC ABS/RC ABS/RC
DF total ABS 2 RC/ABS DF total ABS 2 RC/ABS DF total ABS_— : RC/ABS
L6 16 L6
PI_total ABS 14 TRo/RC PI_total ABS 14 TRo/RC PI_total ABS L4 TRo/RC
12 - 12 12
PI_ABS DIo/RC PI_ABS DIo/RC PI_ABS 6 DIo/RC
RE10/CS ET20/RC RELo/CS ET20/RC RElo/CS ET20/RC
DIo/CS REIo/RC DIo/CS RElo/RC DIo/CS RE1o/RC
ET20/Cs RC/CS ET20/CS RC/CS ET20/CS RC/CS
TRo/Cs ABS/CS TRo/Cs ABS/CS TRo/Cs ABS/CS
‘ —— White —e— Warmwhite =—e— Control treatment ‘

Fig. 2. Comparison of energy fluxes in donarium cherry at different illumination color temperature levels (a, untreated tree; b, tree of Warm-
white illumination color temperature; c, tree of White illumination color temperature).

Table 3. Comparison of chlorophyll fluorescence parameters of donarium cherry at Illumination color temperature levels

RC/ABS ABS/RC TRO/IRC DIo/RC ETo/RC REIo/RC
Control 0.4927 2.0445 1.5956 0.4489 0.8819 0.5673
0DAT White 04722 2.1187 1.6913 0.4273 0.9720 0.6110
‘Warmwhite 04781 2.0930 1.6578 04351 0.9618 0.5223
Significance NS NS NS NS NS *
Control 04631 2.1730 1.6589 0.5140 09711 0.7014
7 DAT White 04236 23752 1.8845 0.4907 1.1498 0.6994
Warmwhite 0.4639 2.1557 1.7568 0.3988 1.0985 0.6256
Significance * * NS HE wE NS
Control 0.6152 1.6279 1.2567 0.3711 0.7004 0.3703
115 DAT White 0.6351 1.5749 1.2184 0.3564 0.6451 0.3198
Warmwhite 0.6516 1.5392 1.2064 0.3327 0.6591 0.3060
Significance NS NS NS NS NS *

Statistically difference. NS: no significance, *

:p<0.05, ¥ p<0.01, *¥%: p<0.001.

RC/ABS: Number of Qa reducing RCs per PSII antenna Chl, TRo/RC: Trapped energy flux per RC, ETo/RC: Electron transport flux from Qa to Qg per PS, RE/o/
RC: Electron transport flux until PSII acceptors per PSII, DIo/RC: Heat dissipation at time zero, per RC, ABS/CS: Absorbed photon flx per cross section.

Warmwhite®] 2] ¥ 795 Ao FPYEo] 2718
T AZHth(Fig. 2b). 115 DATS] RC/ABSE= F*12], Warm-
white, White ZA 8|3+ 2% H|£3¥OH, REIo/RC=
WarmwhiteZ} 7P Yo ™, White, 28] £ 2 =9It}
White 21 72] AAHTE o] A% ZAEE W3} 29
t}. ETo/RC= A 2Rt} Warmwhite®t WhiteZ7} 745 QL
t}. 0 DATS} v 3jA BA 2], Warmwhite®] REIo/RCS] ¥
StE o} Whited] ®H3}7F 91T (Fig. 2¢).

THHLE White FA oA FATAAAG o|qA =
A9 REI/CSS] AAAYE YA ZH A (Energy Flux)7k
0DAT thH] 30% 2% om, FATAREA|7HR] o] At
Ago] & o] Foj 2] Pt ETo/CS Y REI/CS= 0 DAT
of v]&j 7DAT] 718 F 11SDAT] ZAaHE Ao 2 3
A7 & AP FE=Fol A2 F TDAT o|$=2 571 & A

57 I° 115DATe| Zr2Ee 27 22 3oz Azdd.
o|¢} 22 AT White A7} JI Holof4 AEHAS

who} 45'21]177]-1] Cross section (CS)3 Energy flux?l REIo/CS

7F 60% oJHZ 742 Yeht ARG 5| AEE A
o2 wohdch
| 7} ¥ 4= (Parameter) 2] SAEA] o) o3 7DAT % ETo/RC

o A A7t Foldo] A=A (p<0.01). 1L ETo/CS
TN ME p<0.0012 TEQ] oo QAL oA FAE
Y& AR FZ E-go] 7Hseh Ao 2 THE QI ThH(Table 3).

3.33313 AR ® 24

FANLL FALY oA A7F AE&H 02 ATEH=AE Lot
H X Performance index (P)= AZATS & 4= Q&= Aoz
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Fig. 3. Comparison of performance index in donarium cherry at Illumination color temperature levels.

AH A £k (Oukarroum et al. 2007; Stirbet and Govindjee
2011). Plrotarass R PIABS—J T2 ]7]' o U7l A&
Aoz Agteo] AMLS & 4 e AR= ARHI U
(Oukarroum et al. 2007).
0DATS] FAH AN HSA% Plaste BE X7
oA Bl ow, FH ARG AeAle
White, F-% 2], Warmwhite =22 2ottt A& & 74 §9]
PIABS‘_ Warmwhite %] 2] 7oAl &8 tiH] 40% &2 4]
oo White A2FolA= 10% £ FXE BAS
"]', PlrotaLapss= Warmwhite, White 25 X2 djH] <F
30% ol & FAE Bt 115DATOA] Plapsi= Warm-
white Aol A FAE diH] 10% & A& 2goH,
White 2251 F4]2] tH] 10% o %2 #2& HA.
PItotaLaps= Warmwhite X2 FLo| A FA 2 e 18%,
White 3 2] = F42] djH] 20% %2 +X 5 HAth(Fig. 3).
PSIIE T} PSIO|A & Aol 2 Qho]F| A m, Whited]
Pltrotarass 3% 0 DATO| FA2] tH] =& £x& HJ o
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FACEe A ag&o] 24 4 2
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Toll 2 ¢l log (P) AHHA+S 283
(DFHE 2EH A 72 8313 9t} (Oukarroum et al.
2007; Yoo et al. 2016). o]of] wrabA E AL =3t log (PI) A
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(LFDE AHgsto], g2 o3t 2E A A #2 B8543
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