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Abstract : The study aimed to determine effects of light emitting diode (LED) and the ultraviolet radiation (UVA)
light of plant factory on plant growth and ascorbic acid content of spinach (Spinacia oleracea cv. Shusiro). Plants
were grown in a NFT (Nutrient Film Technique) system for 28 days after transplanting with fluorescent light (FL,
control), LEDs and UVA (Blue+tUVA (BUV), Red and Blue (R:B(2:1)) + UVA (RBUV), Red+UVA (RUV), White
LED (W), Red and Blue (R:B(2:1)), Blue (B), Red (R)) under the same light intensity (130 pmol'm™s™) and photo-
period (16/8h = day/night). All the light sources containing the R (R, RB, RUV, and RBUV) showed leaf epinasty
symptom at 21 days after transplanting (DAT). Under the RUV treatment, the lengths of leaf and leaf petiole were
significantly reduced and the leaf width was increased, lowering the leaf shape index, compared to the R treatment.
Under the BUV, however, the lengths of leaf and leaf petiole were increased significantly, and the leaf number was
increased compared to B. Under the RBUV treatment, the leaf length was significantly shorter than other treatments,
while no significant difference between the RBUV and RB for the fresh and dry weights and leaf area. Dry weights
at 28 days after transplanting were significantly higher in the R, RUV and BUV treatments than those in the W and
FL. The leaf area was significantly higher under the BUV treatment. The ascorbic acid content of the 28 day-old
spinach under the B was significantly higher, followed by the BUV, and significantly lower in FL and R. All the inte-
grated data suggest that the BUV light seems to be the most suitable for growth and quality of hydroponically grown
spinach in a plant factory.
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Table 1. Abbreviations for treatments with light sources used in
this study.

Abbreviations for treatments Lighting sources

FL (control) White fluorescent lamp
BUV Blue LED + UVA
RBUV Red:Blue LED (2:1) + UVA
RUV Red LED + UVA
W White LED
RB Red:Blue LED (2:1)
B Blue LED
R Red LED
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Fig. 1. Spectral characteristics of (A) red LED, (B) blue LED, (C) red:blue (2:1), (D) white LED, (E) red LED + UVA, (F) blue LED +

UVA, (G) red:blue (2:1) + UVA, (H) white fluorescent lamp(FL).
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Table 2. Leaf length and width, leaf number, and petiole length of Spinacia oleracea cv. Sushiro grown for 7 days after transplanting
(DAT) under the different light-emitting diodes (LED) and ultraviolet radiation (UVA) light in plant factory system.

Light Leaf Leaf Leaf Number Petiole
source” length (cm) width (cm) shape index of leaves length (cm)
FL 4.38bc” 1.28a 3.46b 4.40a 1.56b

BUV 4.26bc 1.00ab 4.57ab 4.00ab 1.76b
RBUV 3.98¢ 0.74b 5.45ab 4.00ab 1.82b
RUV 4.98b 1.34a 3.99ab 4.40a 2.02b

WY 4.52bc 1.16a 4.19ab 3.80ab 1.62b
RB 3.84c 1.02ab 3.95ab 4.20a 1.54b
B 4.10bc 0.80b 5.39ab 3.40b 1.54b
R 6.52a 1.20a 6.00a 4.00ab 2.94a

“Mean separation within columns by Duncan’s multiple range test at P<0.05.
YRefer to Table 1.

Table 3. Leaf length and width, leaf number, and petiole length of Spinacia oleracea cv. Sushiro grown for 14 days after transplanting
(DAT) under the different light-emitting diodes (LED) and ultraviolet radiation (UVA) light in plant factory system.

Light Leaf Leaf Leaf Number Petiole Leaf Leaf
Source" length (cm) width (cm) shape index of leaves length (cm) epinasty index® epinasty (%)*
FL 9.30bcd” 3.16ab 3.08¢ 6.80ab 3.50bc - -
BUV 10.46bc 2.92abc 3.61bc 7.20a 4.34b - -
RBUV 8.12d 2.68bc 3.07¢ 6.20ab 2.80c 0.700b 20
RUV 11.32b 3.50a 3.23¢ 7.40a 3.62bc 0.864a 100
w 9.76bcd 2.26¢ 4.37b 5.60b 3.80bc - -
RB 8.54cd 2.50bc 3.51bc 6.40ab 3.20bc - -
B 7.82d 2.65bc 3.06¢ 6.00ab 2.62¢ - -
R 14.26a 2.62bc 5.54a 6.80ab 6.82a 0.880a 80

“Mean separation within columns by Duncan’s multiple range test at P<0.05.

YLeaf epinasty index = 1-0.5 x (LD(the distance between the two edges of the leaf at level of the maximum width)/LW(the maximum leaf
width when flat))

*Leaf epinasty percentage of leaver showing epinasty out of total 5 leaves.

“Refer to Table 1.
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Table 4. Leaf length and width, leaf number, and petiole length of Spinacia oleracea cv. Sushiro grown for 21 days after transplanting
(DAT) under the different light-emitting diodes and ultraviolet radiation (UVA) light in plant factory system.

Light Leaf Leaf Leaf Number of Petiole Leaf Leaf
Source™ length (cm) width (cm) shape index leaves length (cm)  epinasty index” epinasty (%)*
FL 12.82cd” 4.04ab 3.40abc 8.40ab 4.60cd 0.850c 100
BUV 16.46ab 4.90ab 3.34abc 10.40a 6.96ab - -
RBUV 11.24d 4.58ab 2.56¢ 9.00ab 3.56d 0.943ab 100
RUV 15.26bc 5.26a 2.92be 9.80ab 4.52cd 0.967a 100
W 14.30bcd 3.62b 4.00ab 7.20b 5.44bc 0.7667d 60
RB 13.10cd 4.06ab 3.27bc 10.80a 4.50cd 0.882bc 80
B 12.60cd 4.30ab 3.22bc 8.40ab 5.10cd - -
R 18.80a 4.34ab 441a 9.00ab 8.16a 0.973a 100

“Mean separation within columns by Duncan’s multiple range test at P<0.05.
YLeaf epinasty index = 1-0.5 x (LD(the distance between the two edges of the leaf at level of the maximum width)/LW(the maximum leaf

width when flat))

*Leaf epinasty percentage of leaver showing epinasty out of total 5 leaves.

“Refer to Table 1.

Table 5. Leaf length and width, leaf number, and petiole length of Spinacia oleracea cv. Sushiro grown for 28 days after transplanting
(DAT) under the different light-emitting diodes (LED) and ultraviolet radiation (UVA) light in plant factory system.

Light Leaf Leaf Leaf Number Petiole Leaf Leaf
Source™ length (cm) width (cm) shape index of leaves length (cm)  epinasty index’ epinasty (%)*
FL 16.22bc” 5.32a 3.18b 16.20b 5.96b 0.900b 100
BUV 20.34ab 6.90a 3.09b 23.40a 9.72a - -
RBUV 14.56¢ 6.06a 2.48b 18.00ab 5.42b 0.946ab 100
RUV 19.66ab 7.84a 2.53b 20.00ab 6.12b 0.993ab 100
w 17.18bc 6.20a 3.06b 15.40b 6.66b 0.900b 20
RB 16.56bc 6.00a 2.84b 20.40ab 6.72b 0.957ab 100
B 16.70bc 6.73a 2.53b 15.75b 6.55b - -
R 21.76a 5.52a 4.56a 19.80ab 9.28a 1.000a 100

“Mean separation within columns by Duncan’s multiple range test at P<0.05.
YLeaf epinasty index = 1-0.5 x (LD(the distance between the two edges of the leaf at level of the maximum width)/LW(the max-

imum leaf width when flat))

*Leaf epinasty percentage of leaver showing epinasty out of total 5 leaves.

“Refer to Table 1.
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Table 6. Fresh and dry weights(wt.) of shoot and root, leaf area, specific leaf weight and leaf epinasty index of Spinacia oleracea grown
for 28 days after transplanting (DAT) under the different light-emitting diodes (LED) and ultraviolet radiation (UVA) light in plant fac-

tory system.
Light Fresh weight (g/plant) Dry weight (g/plant) Leaf Speciﬂc
Source” Shoot (g) Root (g) Shoot (g) Root (g) (21;?) lc(:;anfg\?/ce;;%l;t

FL 13.39bc* 4.58bc 0.93b 0.22a 232b 4.15ab

BUV 25.85a 9.28a 1.85a 0.43a 572a 3.37b
RBUV 19.99abc 6.36abc 1.41ab 0.31a 353b 3.95ab

RUV 24.21ab 7.77abe 1.91a 0.41la 357b 5.49a
w 11.77¢ 3.98¢c 0.81b 0.20a 216b 3.77ab
RB 21.16abc 6.74abc 1.60ab 0.33a 355b 4.53ab
B 18.64abc 6.60abc 1.39ab 0.34a 339 4.16ab
R 28.06a 8.21ab 1.91a 0.38a 403ab 4.75ab

“Mean separation within columns by Duncan’s multiple range test at P<0.05.

YRefer to Table 1.
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Fig. 2. Ascorbic acid concentration in leaf of Spinacia oleracea
cv. Sushiro grown for 28 days after transplanting (DAT) under
the different light-emitting diodes (LED) and ultraviolet radia-
tion (UVA) light in plant factory system. The data indicate the
means £ S.E. (n = 3). Refer to Table 1.

7HEATE. JHAS BUV HEHolA fejdoz 7
T TREOE RolA =9kTE 824 28UA] 8k Al
T2 olxz=HA ke B AHElTolA feoHo=m
7P B O g0 8 BUVOAM Egkom tizgel
FL# R Aggolx froldom YUstth(Fig. 2). okai=
HAF 3t $ke B AElFelA BUV Al Bt of
lemgL! =8ka1 R} RUV AE7= FxP7} i3l

A= AckLee 5, 2018). &)

FA= R Aol HIs| RUV AFeA
20.6% ZAaEo] EAGT) 41.7% oz Yolx]ar
A ol 23kt o] UVA 39lo] R A& f&d
HIZZR] ddole A 71aL Qe S7IA #2
= = AeE HRIT Khoshimkhujaev 5 (2014)
o ol R 22T o} R#} UVA £3 A2]Told E
vlE 2% Z7|(hypocotyl + internodes) 207} &3] 7+
2FQTar ®arsled UVAZE B9 fARHAl 2l=A87dell
Zk8-3F A 02 1 Itk (Ohashi-Kaneko 5, 2006). T3, &
ARoA RBUV A9 @3] & ARt 7}
2 #ol UVASH B7F 93 #AaAled s a9
£ F Ze=® ®HQY. BUV AHZFolA B AHgFHoh
F7F BolA guZo] fojdoz =9kt o= UVA
o] Bt ZARRE Qlale] o] §AAo] 1A A 4
FoHKimZ} Lee, 2016) “HFHET) 53k RBUV 2]
Al RB A7} vlasle] BAlE, 8 2 994
OJx7F 1ol GA] UVACl ot G 7ha Adel= %
HhETh 53t ol~m= vl FEko] B AElellA BUV
AT ®Ho} o2 o8 =9HEd] Kim# Lee(2016)0] 9
3PH BUV 2g]7ollA B 2)g]7ol BlafiA] 1.1-1.34] =%
il sle] ARk o= HAF UVAS] F5-8A12A]
2185h= AHETEF (cryptochrome)©] 2HE FFoll w2t
A5 B o} Ve B4 I FZox gz 2
£ 4 Que RS Yehdth B Ay"o] A %
A E570) wE g SHEAloPA FeF 1 Aol
T QMEAloRd gefo] B AzlgellA] BUV AE|7HT}
fFoFoE =UTHEE PIAIE). B A3 AREE
UVA ZAFEE7F 70mW-m? ©]¥3l Kim¥ Lee(2016)
ATNE OmW-m?E 2F7F 21o)7} EH] UVA &8
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