SELFPEFIG AL FPREE LG AR LT

L
Master’s Program in Natural Healing Sciences
Department of Natural Biotechnology
College of Science and Technology

Nanhua University

Master Thesis

ek £ 27 sk 3k ) K ¥ (Spinacia oleracea L) # 2.3 4 E 2582 §F 3
The Effects of Light Wavelength and Photoperiod on the Physiology and
Growth of Spinach (Spinacia oleracea L.)

w5 % 3
Bing-Cheng Shi

by S g

Advisor: How-Chiun Wu, Ph.D.

PEARI2E 6

June 2023



M O E K 2
AR PIRHR R 2 B SRR T 1
=R A

ik S 5638 B ¥ 5k ¥ (Spinacia oleracea L) AR R % R HEZ
The Effects of Light Wavelength and Photoperiod on the Physiology

and Growth of Spinach (Spinacia oleracea L.)
\ L4 i,
Wigd: TeBIN

KEZ AR EEEH
OEZEE % \% "@)

BB

() & g
sy ke T

T
LEEFRE) M’—Eﬂ

s HE : PERE 12 £ ¢ A 2/ H




4 & fozp

S|
<

R ;};;lj;lagr;{ kR FE R i’r;ﬁg;grz;:%a@a R
ARERB PR ITLEE AL P hs 37 B £ 2 L P
Fheipdnd Linfed maor o

AT KPR AT LED > Mo K(HBE) Lk FRk L F
kiw w kg LRI 0 2 & REH (14h)foEk i (10h) % i i 7
Fo AP S EASEARAE  Blc bttt ol T 4ds £ 4

s
=g
gt
o+

T S FCE

/4

PR A 14 h ke ki ET o ook BAEE
é

o ff o pF il B % 14h £442 el § 1)

R

MEBEE S GeE ~Eaff o NREEFDF B ABETEEY > THER
BI0hve L ade™ » BB EFHEF N dh B iEF o 8

P k2 R 0h S Eal A R e 2B i amek o 4p



=
=
3
L
C\*"'
o
e
)
=
§ir
D
=k
w3
gt

f
i
F
gﬂ]-
F_&
a_.
o
ut
=
=
5y
&
‘\xr

PIF A6 b % 14h kP friok 10hkFPHa olond mis
PHEFNH VAL R o AH IR SR F R AR KR L AL

KFH 14 h AOL g S A RO E R 10 h AU > H Y chie
FEhamial0ha 4had B par™ 3 2 8o ufcd vk
B ILAR PR F R -

d AP RERT AR R L E kY R T R E

Y

Mets P FR P -FEBE L P RIES S EFLR > RE



Abstract

Spinach is a high-value, long-daylength crop that thrives under cool
conditions. Its growth and development can be adversely affected by light
quality and photoperiod, which can directly result in poor crop quality and
early flowering. The aim of this study was to investigate the effects of light
wavelength and photoperiod on the growth and physiology of spinach

plants grown indoors.

Four light-emitting diode (LED) treatments were used: white LEDs
(control), red LEDs, blue LEDs and red+blue LEDs. In addition, the
spinach plants were grown under two photoperiod treatments: 10 h and 14
h. Data for vegetative growth, flowering, chlorophyll inflorescence
(Fv/Fm), nutrient content, chlorophyll content, carotenoid content, total
phenols, and DPPH activity were collected. Results showed that red LEDs
with a 14-h photoperiod increased the fresh weight, dry weight, and leaf
area of spinach, whereas these growth parameters were significantly
reduced in spinach grown under blue LEDs with a 14 h photoperiod. With
regard to flowering at day 35, results showed that regardless of the light

wavelength, the flowering percentage of spinach was significantly lower



in the 10 h photoperiod than those grown under a 14-h photoperiod. In
particular, red LEDs and red+blue LEDs under a 10-h photoperiod were
able to completely inhibit flowering. In contrast, flowering of spinach
plants was stimulated in the blue LED treatment with a 10-h photoperiod,
which was significantly higher than those cultivated in the other 10-h
photoperiod treatments. Irrespective of the light wavelength, flowering was
present in spinach plants when grown under the 14-h photoperiod treatment,
however, those in the red and red+blue LED treatments produced

significantly lower numbers of flowers.

Results also showed that chlorophyll content of spinach increased when
grown under blue LEDs. This was evident in the significantly higher
chlorophyll content in spinach grown under both 10-h and 14-h
photoperiods under blue LEDs, compared to the other LED treatments.
Analysis of the nutrient composition of the spinach plants showed that
when grown under blue LEDs with a 10-h photoperiod, the nitrate content
was significantly higher than other treatments, however, when grown in the
14 h photoperiod under the same wavelength, their nitrate levels were the
lowest of all treatments. This finding clearly demonstrated that, when

v



grown under blue LEDs, the photoperiod is the key factor affecting nitrate
levels in spinach. Furthermore, the highest sodium and potassium levels
were found in the white LED treatment (14 h photoperiod) and red LED
treatment (10 h photoperiod), respectively, which were significantly higher
than all the other treatments. Analysis of the total phenol content revealed
that under the same wavelength treatment, spinach grown under a 14-h
photoperiod possessed a significantly higher total phenol content than
those cultivated in a 10-h photoperiod. Moreover, the total phenol content
of spinach exposed to red+blue LEDs in both the 10 h and 14 h
photoperiods were significantly higher than all the other treatments in their

respective photoperiods.

The findings reported in this study demonstrated that not only are the
growth and development of spinach plants affected by different light
wavelength and photoperiod treatments, but their chemical composition is

also significantly influenced.

Keywords: Indoor cultivation, Light-emitting diode, Long-day plant,

Plant factory, Total phenol
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PPFD (Photosynthetic Photon Flux Density) 3 150+10 pmol.m?.s! » &
FH 14h-

FT TP MEFL T HEI I AL FEY AL H P ES
JEE 17 1lem>~ % - 134ecm~ % S5ems PR l6em s M E D12
cm~pF (3em (R 3.1) 2 RATHIREEZE 3 BOPRBF
FEAnIz-F 5 A8 (B 3.2)c H 433 4 e »4f &

LB arsgl (N:P:K=15:15:15) 4 g 2 ;24 880 mL -k~ 2 3¢ » ¢

;}i‘ ;“u Av\ /Ek! ’f\'."i::‘jg o

14



W32 #*»aBEIFTE

3.1.3 LED /&2

AR E Y k- MR A E ER G ISP (§5 B
o) % W 4h k3 £ pl &k (International Light Technologies;
ILT900, USA) £ LED %34 # 22 £ £ | » » & LED * j if
ek R £ e P]Ar ) 3.3 ©

FEy %k v sk LED (W) @i » 1% &3k LED (R)~ &
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18R AR B 5 £ 4 w2 LAQUAtwin A1 2 B dE+ 3~ 49385 35 - 4
3+ 3+ (HORBIA Advanced Techno, Co., Ltd, Japan) if| & H #7 3 &'

Fef ~ 4o 3 ~ g3 &> H =5 ppm o

324 £ 528§ R T

o3
=
o
o,
o
=
(¢}
(¢}
-
=
—_
(\O]
(e
.
(V)]
~
(w.
A
W
o
Sy
o
W
=F
%
}S—
5
.\_‘_
4%
[
b4,
¥

21



ZHRIBEH TEHELT LFIT4LCTEE 30 448030 4

“éﬁ-

ER S

PR e g 0 de 4% 4°C 2 1000 rpm &ges 10 4 4878 P~ i 200

Y

WL I 3t > 2 » sk # R fo % 2|3 % ( BMG LABTECH Pty, Lid,

Germany ) 4 %] 664 nm ~ 648 nm ~ 470 nm ¥ T & #-p] o iE s

Ik

EPEAESERaFR FER DGR ORESRFE M

R

:‘-ﬁi—b % % a /;_4\ ﬁ(ug/mL) =13.36 x A664_ 5.19 x A64g

"‘.ﬁ: & % b 'E‘_ (ug/mL) 27.43 X A64g 8.12 x A664

325 $p g ERIE

W ps 7 £ * o Folin-Ciocalteu (IN):##] » 2 * Sato et al. (1996)+
W2 3 EAeE o ViR * 2 kR &3 f (Gallicacid) * 3t iF
YR AFERAZE2 28 %3 p Chungetal. (2005)i2 2 $8
2.3 o e 50403020 10pg/mL % 7 kB iz & F paik g
i 4e &% 150 pL ~ Folin-Ciocalteu ( IN) 3#4 150 uL 3 1.5mL
MBS F R Y LERZ EAFFE S AL 75 *e 200 uL NaCOs
S0 F 10 A 4TS 0 R P31 A H Bt i 200 ul I 3t -
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F2 3k EEOfCE S5 KB 730 nm 0 Ak o ek (B4 T 30dk (T
I d R TR TN

MRRAFEBRETSE S BPRBRETE P RAESBIT B R
Ao B~ 0.1g kA% % %2 10mL 7RO (Reverse Osmosis) -k » # 3z
B SOmL gt # Ed RS BRT 1 AR R e Lo e
121000 rpm > 10 A g » BH P FR S E R iER 0 WH RS
Boj o AR F Be 2 ¥4k A PR 150 ul ¥ Folin-Ciocalteu ( IN)
A 150 UL i@ fo > # B 5 A 4815 £ i 4 NaC03200uL ¥ i & fis 10 4
Bis o M | A4 Bl i 200 pL 1 96 344 0 14 2 ke fr kX
HERP) 730nm B H T B B o BB AT B BHH A

B~ R A ’,;Zfiﬂ\zﬁﬁﬁﬁgﬁ°

3.2.6 DPPH fi d Rif'poxd 2 B2

DPPH(1,1-Diphenyl-2-picrylhydrazyl) i & A i Eard 2R S
A Yamaguchietal. (1998)i2 ixfs 2. 2 jFom F otk A F PR B 173 2
MR E P AR RS A AR B 0S g AR AZ S
mL 9 95% ¢ > i UEE RTERT 1 AR IR L3k
* gt 452 1000 tpm o e 10 A 4> B8 b i 5 R KSR

BH B o B A Bk 4 95%¢2 fiE 250 uL ~ DPPH 3#](0.1 mg

23



1,1-Diphenyl-2-picrylhydrazyl > 1 L 95 % Ethanol) 750 puL #¥tpe 2%
s R R AZ B 20 ul ~ 95%¢ fig 230 ul ~ DPPH :#4&] 750 uL % §
B oHMBR Y TURTWBRT I A AEIREBERY FE
30 A48 o (5P Fi 200 uL I 96 4 0 12 2 ke fok K KR
517 nm vk ig » FHHBES|TER FHRES|TE > T 505
R L B

[1-(FHes cim/$#ResiciE)] x 100 = #4/F (%)

3.3 it

HFLEAERELZE LA BRFHRILT L L LA EF
L w (B13.8) Bt 48 Hthhd (FRAESHREE =
RRPERFOH ) IS RENT 2 L S lcx 2 BPE I HFL - 52
T EFeHFEFECBTER-PELCESEEF L FvFm & NOs»
Na" "K'+ 2 & o @ * §Fo47304 - 27445425 (DPPH p d A
“ﬁ‘}é'lbi‘ P2 72 V¥ B F 72 )ik r L €472 o
R E R >N K 2 (Completely Randomized Design) » 12 3zt dic
2 PASW Statistics 18 & {7 5e3t 4 45 > B % % > & 17 (ANOVA){-En
¥ <37 % %% 4 $7(Duncan’s multiple range test)ip|sk H % g2 T 5

@ B ¥ 1 £ B (P<0.05) o
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W EAEF(F 24 h)

J

7% 78(4%140)

J

TS H 2435 &

4

Ale 5 b Je
A8 A 35 )

frleik & Bk

J

FiHEl - 10h~ 1410

4

EUR AR R R RS R ETEEE

HE a®E  FEM TR0 MR R F
HF %K FvPm {2 ;DPPH A & A mid it 4%

5FBPANESE INOy ~Na” ~ K@t

W 3.8 R S inAZW
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e
=
s

5%

41k %2 RGHPHRHEFLIEFTE AR

vk RBENET R E > WI0 T g (528 g) 2 E o ff

(11531 cm?) > 354 BB F 33 W4 AL € (4.38g) v & #

(8269 cm?) (% 4.1)c §eEA v XA D F AN FLE > ¥ P i
PR WI4 % 8 WI0 (A 5% 13.52 40 10.31) « 8 =kt £ 48
BT REPREDRIA I AL ~ 0L ~Ed ff - EVEE2

SH T R

EFE O PHEFRFRIOO ) PHP HWEZGGERFRNET
o H Ek LK R i Bl4 i E 2 §rE B E A 2 BIO

RB10 2 RB14 % 2 » H# & ~ 52 2 £ o
F3R 4 ) E_RB14 & ¥ % ** RB10 &2 ; RB14 = RB10 &

uﬁ’{ ’V\ T\

Er#ck e w5 122540877 (£ 4.1)-

7

LiEH 10h #6727 1% okt & RSS2 > R10~B10~RBIO =

(9}
[

arkp R WIOHREGO R (£ 41) =2 2oL -

o ps

~E

#e

cFIBMEAT WI0 ek P T F LR - 2 F

Z I W10 fr B10 e wehig & 4pig - E ¥ s B 5 1031 - 10.85¢
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M ik eR10 22 RB10 = 2> & iﬂ’ Fenf P i Riaalf ¥y £ 8

A% 777 40 8.77 0 = R10 £2 RBIO & ‘2 3 2 #ichf ¥ i3 W10 fr

B10 = & (% 4.1)-

241 2 k&2 230 BESBEFISX @l 2 L2 PP

L #E (g) e (g) o (cm?) B

W10 528+241° 042+0.19* 115.31+51.66° 10.31 £3.66°

W14  438+£276° 041+£027° 82.69+4824> 13.52+5.43°

R10 431+134% 0.30+£0.10° 91.34+27.05° 7.77 £1.244

R14 6.35+2.32*  0.52+0.23* 121.29 +42.02% 12.17 +2.62%
B10 2.46+0.86° 0.22+0.09 61.93+24.22¢ 10.85 + 3.79%°
B14 3.55+1.12¢  034+0.11° 76.23 £27.09%¢  11.56 + 2.48"
RBI0 3.51+139¢ 029+0.11° 77.58 £30.90%¢ 877 +1.70¢

RB14 3.55+£1.62¢ 0.32+0.15° 74.04+32.24% 12.25+3.13%®

¥ W= 4 %k LED; R=
h:14= %:%# 14h

TR - IR R E R A PR AT

B3 W4 ¥pe ~Bl4-RB14 = %2> W14-Bl14~RBI14 = & &J

e

kFH 14hehRI4 2B L

27

Z

;%

% LED; B= g% LED; RB= 4 g% LED; 10= it # 10

i wn &I F L B (P.05)

4

LI B F

b
>

cE o

& A 2

St
W

I

FaREFLE Lt WI4 (13.52)0E & ki ¥ % Bl4



(11.56) » @ W14 frRBl4 2. R g g % £ £ -

427 PR £ 2 XGHHFE AR EBE

Lk EZ R EIT T RE SR E > L Ly 21 = 228
T35 X2 BB ARR TR AKFA LY 21 X (B41A)
W10 +R10~R14~RB10 - RB14 2@ B iof % o > kv kI p|
KFHRE D WI4 25 F 42%F =5 > @ BI0 & Bl4 i w5
20.8%Fr 14.6% % =5 » B % BT EP BAIZT BIO K F et FFE
Bida ki PREBl42aEELR (B 41A)-

§ 28 xpF (Bl 41B) > W10 2 W14 B Cdics &) 5 10.4%7c

542% et FEAWI4A B3 B F 35 WI0-RI0 e X ik R &

Eu
K
5
N
3
el
[S—
AN
e
E
?T
F_‘.
e

L 0% B T 16.7% 0 o 4t ¥ R
FI MR RIT e F R AU egpt > BT R ¥ M - BIO e
Bl14 hf fo#ich B 5 50%Fc 60.6% » B14 2B ik #ic hisFe £ 5 8
BIO 2 g2 » ¥ WI4-BI0-Bl4 = 2o % £ & - RBIO

BRILAVEE B F 28 A IR AR Tk 0% @ RB14 R - %R

o

JE_0%H 4 31 3 41.7% > ® RB14 & ¥ 13t B14 0@ - 5
% 35 gz p (B 4.1C) > W10 i W14 B =#cs W 5 29.2%Fv

83.4% o ¢t #t R10 e v#ciz 28 5 04% > @ R14 chfR =3 PlE R &
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16.7%34 4 & 45.8% > B10 2 Bl4 B “fcs &) 5 72.9%F+ 89.5% > B10
-S4 22.9% ;5 B14 BI#% B 29.1% ° 23t RBI0 2> & Fl# it
PEXRBIEHZEAREIFLONR >m RBI4 2B R - % chpr P p
#27 14.6% > RB14 £ R14 ‘efp it ol BanB o 3 W & i R i &
ANFALR - 2% PRWI4E2 Bl4S ehB EFEBYAEF L
BB EZ AT EIL o b s AkiEE 10 h BJIL P BI0 9y 3§

B3 s ® T 4238 70% @ R10 2 RBI0 a2 ¥ d (e 1

b

3

ARERTEEASRY HM 2 RHAWI0 o W4 5 o e
ENFLR B EE L WIORWIAHE 455455 528cm
fr438cm (B 42) B kP2 ap g > LFH R L RIS 2F 3
RIOEJ2 2w 3 ¥ LR » @ LR 22 4pF > B10 (8.66cm) &

¥3 % Bl4 (3350m) A2 > & = EX L RBIO (3.51cm) fr

4m
4

RB14 (355cm) A e TR S5 T aF AR o d B5 ¢

i

HEFHE 14h & 10h PR ERED B AEE » 5L
ﬁf,,i%j.m PEE o o kikdp [0h e £ 15T > B10 Ao 5 £
%" WIO~RIO-RBIO = 2~ * £ R &5 ¥ (H 4.2)- # ¢ R10{- RBI10
FAeap ek R e o A B R A APIT T HEF KT WI0 &
BT o @ AkiEH 14hehd EiEiT > R14 ¥ A F B3 W4~ Bl4 -
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RBI4z& >2pt-ef@alxid  WI4-Bl4-RBl4 5 5 £ 4
b % 438cm~335ecm~3.55cm s e m A E A B e W4 e 5L

FHUvA e (Bl42)-
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B it % (%)

B 1 % (%)

100%
90%
80%
70%
60%
50%
40%
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20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
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20%
10%

0%

100%
90%
80%
70%
§ 60%
""ﬂ' 50%
12
40%
o
30%
a
a 20%
b 10%
b b b b b 0
0%
W10 Wwi4 R10 R14 B10 B14 RB10 RB14
Kk kR IE
ab
d
c
w10 wi4 R10 R14 B10 B14 RB10 RB14
ik R IE

a_b ab
C
C
[ ] ¢
wio wi4 R10 R14 B10
Hik KR IR

c

B14 RB10 RB14

Wdl 2 E 2 v REPBEEER k2 PP

FEWLERETIE2 (A% 21XB)F 282 (0)% 35%

BY AR 3R RBEE SAT SRR R L
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10.00 .
9.00 ]
8.00 l
~  7.00 b
g
2 600 =
mlg_{ I cd
s 500 T ?
_1"% 4.00 i i d d d
3.00
2.00
1.00
0.00
Kok kR FE
OWI0 EWI4 ERI0 mRI14 ©DB10 mBl4 ERBI0 mRBI4
W42 2 X L2 XFPHFEFISPRANTERLZEE

}

“BIPOARE Y FR RGRERY VAT Rk En &R F L R (P.05)

LFH 1I0h ™ 2 k£ ewumfEsd £35% 52 2R(F43)
Ho BIOASEZZ B IH T AILY 4 MAE (R 43C)- %
B 14h TE ARG L e Ed £ 35 2524 (B 44)0 @

RI4 @2 EF AR~ > P NRB 4 # (B 44B)-
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M43 FEU e AL L2 LY 10h s > 2 PRI 15353
Bm (A) 5 % (WI0) (B) &% (R10) (C) ¥ (B10) (D) &

i (RB10)
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M4 Fie AL 23 14 hiesd P2 L1535
Fimeo(A) v %k (WI4) (B) =% (R14) (C) £ (B14) (D) &«

£% (RBI4)
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432 PR E 2 XX PHEFEI R 2 TESEE
FERF

ANV R 23 RAR G L EA AP AKH AT R ERL
(v %~k s Fb s D FER)RMPBEE > LFPREN10h 2w
B By 25 2%AYF > 14hen(4 42)-% ¢ & RB10 4 RB14
FeaiPi¥ RBIOFTRBI4 5w EF 238455 3mgglir
291 mggle kg E S5 @y BIOf-RIORAEE LB > H

B10 ¢hz £ 4% RI0 AUZ > » & 2 ¥ 8% % > WI0 - RB10 > @ 14

hipMAILrife 5§ % 2 & > Bl4 5% % W14 -R14 2 RBl14 >
P WI4frRI42 FalgF A8 > =F X £ RBI4 P& F i3t d

ven (£42)-

Ik

E%Zai"> B0 Bl4ak¥id * BIOES 2 az

<l
&
h
frt.
<k
o
&
~
=
G
g
mj;t‘{,
\zE\
Et
%
&
aﬂ
#
VN
e
S
\F‘\ﬂ
\}

%l %% a4piv 0 B10 22 Bl4 2 RIO A2 v 8 £ 8 » ¥
BEBNH U A > P RBIABEMANE T 2w (£ 42)0 pLoh 2%
4G e ks ks i PRSI R E > R 10h hE %

FafrESZDZEHFF ORI 4h a2 VRS ET T A
FRBHPRETHRE LFPHESEZ a b7 ERAEFHE(H

42)c A B FSE2 7 E (ath) 2 5 > T E A LEFHPRES 10 h b



BOELTd 240 % ANFE N 14hEge o ¢ sk 10 h kirdp Aae
TEORFRESFFEES RS ERRALDLEY 14h A
MEFLEN SHMFR AT ALY BIOf-Bl4S oM i ENF

N

£ 3o i BIO kB i Bl4E %2 7 £ 5 B10f-Bl4

42)-
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2422 PR L2 LGYBRMPREEI X > HRESZ I EF £

FEZE
2 FY R R Es% (mgg’)
(mg.g™) a b a+b

W10 4.63 £0.16° 16.30 £0.19°¢ 7.38 +£0.05° 23.67 £0.22¢
W14  3.64+0.16° 13220066  6.19+0.08  19.41+0.13¢
RIO  6.06+0.39% 19.57+0.16°  9.89+0.51*  29.46 = 0.66°
RI14  3.41+027% 1426+ 0.69¢  6.78+0.28*  21.04 +0.74¢
BI0  6.22+0.43° 20.66+£0.65  1044+0.89°  31.10 % 1.49°
Bl4  5.66+023" 20.19£0.10°  1021+0.21°  30.39 +0.25%
RBI10  3.00+0.23¢ 12.74£0.16°  624+045°  18.98 +0.30°
RB14 291007 1146 £0.05°  535+020°  16.81+0.24

:x:W= 9k LED; R= %k LED; B= ¥ LED; RB=

ki¥# 14h

SR LED; 10= kik#p 10h; 14=

AR AR R E Y R UPRERE VAT Sk En IR F L R (P.05)

447 Rt E 2 XFPHFEFAFHRIFERE

-

e

FNOy s 8 0 ki 14h gy WH &~ kit

e % 0 R14 (1395.08 ppm) 4= B14 (11125 ppm) & i ¥o%F 3% 130

Hvm2ew ;RBI4 v W4 a2z FFap gL 8 > P30k F 30

R14 4o Bl4 few] (% 43)c k2 FLAI T gy NOy 7 £ %

37



W I4h ST KT 10his 8 3 BIOETRERD » LG AE
REJE T HUP R FEAEX I0h 23 HBIOLTHAME
EMFEF > FZ b l4h kP BIPa R 2055 A K
AEFER T RIEFEFALR A NHBR e TR L B D
HE R FHHNOZ 2 aEFL (L 43)-

Na‘'2 £ 6 > & W4 £ 7 hif §F (240 ppm) L&k
25 WI10 (20083 ppm) jEE4p »Na" 2 E& FH L 135 5 o kix

# 10h £ 14 h shizk4p it & > R14 9 Na* 7 £ (168.33 ppm) &g ¥ 5 ¢

RI10(113.5 ppm) (% 4.3)c ApF bt Fk b £ Am i 4 £33 8 14 > 3

\f“\ﬂ

FNa 3 B£F m BFRS o 12 RBIO-RBI4 3 % » & % hi 4
L AR R enER T Nat s B % AT %L RB10 &2 RB14
INa" 7z & 4 % 5 182.92ppm v 179.58 ppm (% 4.3 ) K ¥ sk ik

—_

10h #£ 2T Na"5 € > WI0 ~ B10 ~ RB10 24 % % ** R10 AgZ:h

Na's B 5 akik® 14h 2™ » WI4 A% 8 ** R14 (168.33 ppm) ~

B14 (138.54 ppm) = RB14 (179.58 ppm ) %] » * R14 4 RB14 &

EEFALP B4 Na 'z 58> THFME v L8 14h i
(£ 43)-
ERFKZEY PRI Na g R hapr oMo &

% kg E E/Ti\‘i* =gl K;’Eiﬁpﬁ Wt 3 10h ¢ 0 4o R10 e KF

38



z £ (7516.67 ppm) % >t R14 (6779.17 ppm) a2 > ® 5 ¥ 4
2 WI0 0K 5 £ (6816.67 ppm) % >t W14 (5358.33 ppm) e
o P HEFLR N FERREAINESR L > RGP RE D Bl4
(6591.67 ppm ) .5 % & > B10 (524583 ppm) v K3 # (% 4.3)-
bl FRRHTHE K #7325 kP e B 10 h o 14
hz K'g 4% 5% 6854.17 ppm 4r 6766.67 ppm (% 43) 4 £33+ %
FH I0h K EF K2 8 > RI0 5% % > WI0 ~ B10 2 RB10 > W10
(6816.67ppm) % RB10 (6854.17ppm) 2. F m kg ¥ £ & ; B10 sh K"
FELIEM  BH v T FFAR o kY 14h gEE > R4

B14-RB14 = 25 K"'3 £( 4 5B 5 6779.17 ppm~6591.67 ppm~6766.67

ppm) FEEFALAR > PIEHFHRBREWI4 (£ 43)-
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2432 LR L2 LGP BHLRFEFINI > HHPEIT L2 L

¥ NOs™ (ppm) Na™ (ppm) K" (ppm)

W10 3112.50 + 177.06°  200.83 £ 12.33%  6816.67 + 104.72°
W14 3325.00 = 168.14°  240.00 + 17.31*  5358.33 + 179.97°
R10 2116.67 £ 106.27¢  113.50£5.22¢  7516.67 + 108.29
R14 1395.08 + 76.04° 168.33 £8.02°  6779.17 + 158.45
B10 5491.67 + 140.90°  172.50 £ 6.66°  5245.83 + 94.02°
B14 1112.50 + 82.57¢ 138.54 + 8.05°  6591.67 + 78.92°
RB10 3945.83 +338.58"  182.92+8.24°>  6854.17 + 111.15
RB14 3600.00 = 116.10%  179.58 + 12.78°  6766.67 + 111.91

st W= v % LED; R= % LED; B= £ LED; RB= &% LED; 10= . 10h;
14= %% 8 14h
RN AR R EY 3R EE VAT SRk e & LAY £ B (P.05)

453 R £ 2 RFPHRFEFAEZFH L
Fv/Fm ~ DPPH p ¢ A5 f Y AR N 2P T3
BT 0 e R R AJEN ki 10 h HFv/Fm & F 3 14
h B enir F (B 4.5)° tkix ¥ 10h AJL T chif ¥ Fv/Fm & 4 1 -
RBIO AJZ kB I HF B8 v v » B 5 8 2k RIO AL » &

SR E ¥R E WI0 (9 Fv/Fm B o 23638 14 h T £33 (g
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¥, 2 kg EEI2HFy/Fm & R14 2 RBI14 5538 > & wiog b
FAR  HEXEBl4frWH4s e P efalix L8 (B45)-

K F S DPPH f o Fhifrh st (%drd]) Bk &M > &bk 10
hir ldh @ B PR ¥ v 2R F AR AP L RRA L RJILDRF
AP K EET 50 9 KB AT Y EEF LB A WI0 2
DPPH &R 5 & ™ (1 4.6)

BEEmSG o 2k Kk PR FRERHRRT

5

ﬂ

R FHREDIAdh 2l BB FF T 10h 2 (R14.7)-
PR REEVRRIAIB I EIEXRAL T AP BIO B S5 7
EHEFRNHRBEAWIO A RIOfeWIOR 5 ¢ Bhiiy & F2
RaElFLE - AP 4hELF¥HEBeE WI4 2 RI10 > W14

B H

PIBES 2 R14> 320k [4h AU chif ¥ - H 8 55 3

U‘"b

gL dipt i RB I HEFLRE (B47)-
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it

AFETEREEFR AL 14h 2T g F(RIHFEL 2 528
553 (% 4.1)0 %% ¥ Nguyen & 4 (2021) A kix# 12 h

% LED £3K F2 A7 AP0 > F IRkt bl g g2 8

4

L~ F
WG ERF DR REIEEES LR T oK IR 4
m # 5 (Nguyen et al., 2021) > j&€ F it & % ¥ foem o kL & ek 8y

12h 2 PR ST B o R K Em 3 B

—

2
FERRRFTIoRFH KB AT FRACERTFIFEREE L K
ic s o #Xm Ohashi-Kaneko % % (2007)s7#7 7 % ¢ IR g @ * 3k
FH R2hrnEe kPR g2 Fo FRAEFF Y £
RFV R s REXTNETCRBFFEE oz @ &% M 0F R Q07
C)frdx B 13k 53 & (300 umol.m™.s') (Ohashi-Kaneko, Takase, Kon,
Fujiwara, & Kurata, 2007) - £ } it fash e R ¥R 75 &< B 5>
® % Agarwal £ £ (2018)F= % ¥ I v & ¥ k35 & (60 umol.m™.sT)
Hokd@ TERFEEFT AL EHE - Eof - Frkgdva
Bt bleniz Bk s v Sk g 4p vt A F X (Agarwal, Gupta, Barman, &
Mitra, 2018) °
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LT R G e T B P AT SR FIRE T ok 50%Z
ok 50%hi .24 (RBIO-RB14) 2 1554 £ (£ 41)
b Tang 3L P 2P FEEEFFRFY nFR L b5 Fa P
HA L §ERB T 5%~20%F » §F Eh2 #2817 7 & (Tang
etal.,,2009) ; & £k GJiR B 40 ] 25% ~ 50%18 > #E - FEfoE
BFEAPES BRSO AP & AT K E 2 RB10 2 RB14
AEFHY A LT RNk 0 RK(HRE)Z RIL e @
LS dapl AFF RBLED § S adZenil 32 &7 £ 0 2 R 7]
A @ serid * thRBLED ¥ E %L 6% 50% ik s = FHa v
bl E sk > Agarwal F 4 (2018)3p sk g3 ML Y 1 o g b
kEFF XERIGTEREF L LT G o

FrERE L b 100%E % 0% £ (B10 ~ Bl4)$£ 32 5%
FP eEREAET B(F 4] L2 FFAKFH 102 22

Fhend B2 T 8 Frd|d L omck {5 lF > PR ET Atk

3¢ AT > Piovene ® A FILFE § A B LG > X E i
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