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Abstract. To harvest marketable cucumbers, high quality seedlings must be used. Producing seedlings in the
greenhouse during the low radiation period decreases marketability due to insufficient light for growth. Supplemental
lighting with artificial light of different quality can be used to improve low light conditions and produce high quality
seedlings. Therefore, this study was conducted to select the appropriate supplemental light sources on the growth and
seedling quality of grafted cucumber seedlings during the low radiation period. Three cultivars of cucumber were used
as scions for grafting; ‘NakWonSeongcheongjang’, ‘Sinsedae’, and ‘Goodmorning baekdadagi’. Figleaf gourd
(Cucurbita ficifolia) ‘Heukjong’ was used as the rootstock. The seeds were sown on January 26, 2023, and grafted on
February 9, 2023. After graft-taking, cucumbers in plug trays were treated with RB light-emitting diodes (LED, red
and blue LED, red:blue = 8:2), W LED (white LED, R:G:B = 5:3:2), and HPS (high-pressure sodium lamp),
respectively. Non-treatment was used as the control. Supplemental lighting was applied 2 hours before sunrise and 2
hours after sunset for 19 days. The stem diameter and fresh and dry weights of roots did not differ significantly by
supplemental light sources. The plant height and hypocotyl length were decreased in W LED. However, the leaf
length, leaf width, leaf area, and fresh and dry weights of shoots were the highest in the RB LED. Seedling qualities
such as crop growth rate, net assimilation rate, and compactness were also increased in RB LED and W LED. After
transplanting, most of the growth was not significant, but early yield of cucumber was higher in LED than
non-treatment. In conclusion, using RB LED, W LED for supplemental light source during low radiation period in
grafted cucumber seedlings improved growth, seedling quality, and early yield of cucumber.
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Fig. 1. Changes in temperature and relative humidity in greenhouse
during 19 days after treatment.
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Fig. 2. Spectral distribution of light sources used in a greenhouse. The supplemental light sources are HPS (high-pressure sodium lamp) (A), W LED
(white LED, R:G:B = 5:3:2) (B), and RB LED (red and blue LED, R:B = 8:2) (C).
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Fig. 3. Growth of cucumber seedlings affected by different supplemental
light sources and cultivars at 19 days after treatment. Supplemental
lighting sources are RB LED (red and blue LED, R:B = 8:2), W
LED (white LED, R:G:B = 5:3:2), and HPS (high pressure sodium
lamp).
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Table 1. Shoot growth characteristics of cucumber seedlings as affected by different supplemental light sources and cultivars at 19 days after
treatment (n = 6).

Light . Plant Hypocotyl ~ Leaf Leaf Number Stem Fresh Dry
Source” Q‘gga‘y height  length  length  width of  diameter SPAD (Eﬁfzf ?ﬁ) weight  weight
A (cm) (cm) (cm) (cm) leaves (mm) P (g/plant)  (g/plant)
NWS 1253 a* 577ab  657d 822 ¢ 433 a 452 3797 ¢ 11195 b-e 577 ac 053 be
Control SD 1120 b-d 548 ac  6.63 d 830 e 4.00 ab 453 4492a 9976 e 501 b-d 050 b-d

GB 1138 a-d 591 ab 755ab 828e 4.00 ab 443 4363 ab 9733 e 528 b-d 048 b-d
NWS 1138 ad 590ab 718 bd 923 b 4.00 ab 417 4047 bc 12091 ac 6.05ab  0.55 ab

RB LED SD 1147 ac 549 ac 793 a 1009 a 3.86 be 452  4407a 12903 ab 635a 0.56 ab
GB 1064 a-e 558 ab 8.08a 10.06 a 3.60 b-d 450 4252 ab 13580 a 6.54 a 0.62 a
NWS 9.30 f 470 cd 743 ac 933D 333d 459 4283 ab 118.02 bd 572 ac 054 ab
W LED SD 1028 cf 5.15bc 687 bd 845ce 3.50 cd 459 4523 a 9948 e 485 d 0.44 cd

GB 973 ef 530ac 670cd 842de 4.00 ab 457 4210 ab 103.83 c-e 515cd  0.51 bd
NWS  1215ab 612 ad 672cd 878 b-e 4.00 ab 418 3800 c 10875 ce 530bd 044 cd

HPS SD 10.07 df 517 bc  7.00 b-d 8.65 b-e 3.83 be 4.65 4348 ab 10422 c-e 513 cd 042d
GB 9.20 £ 518 bc 685 bd 9.13 b-d 4.00 ab 443 42,65 ab 10251 de 501 cd 044 cd

Significance B *x NS NS NS NS NS R NS NS NS
AxB ok NS ok * o NS * NS NS NS

“Control, non-treatment; RB LED, red and blue LED (R:B = 8:2); W LED, white LED (R:G:B = 5:3:2); and HPS, high pressure sodium lamp.
YNWS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi.

*Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS %" T Nonsignificant or significant at p < 0.05, 0.01, or 0.001, respectively.

Table 2. Root growth characteristics of cucumber seedlings as affected by different supplemental light sources and cultivars at 19 days after treatment
(n=6).

Light Cultivar® Total root Root surface Average Root Numbe.r Frfesh Dry
Source” ®) length arez;l diameter volur}ne of root tips weight weight
G (cm) (cn’) (mm) (cm’) (/plant) (¢/plant) (g/plant)

NWS 160.9 ab* 44.6 c-e 0.44 049 c-e 1,426.0 cd 0.39 0.02

Control SD 2174 a 724 a 0.53 0.96 a 2,198.8 ab 0.68 0.03

GB 1236 b 449 c-¢ 0.38 042 de 1,572.3 b-d 0.66 0.08

NWS 1323 b 38.0 de 0.42 041 de 9758 d 0.58 0.03

RB LED SD 2271 a 495 b-d 0.42 0.53 b-e 1,780.0 a-c 0.78 0.04

GB 2378 a 48.7 b-d 0.42 0.53 b-e 1,657.5 be 0.58 0.03

NWS 229.1 a 66.4 ab 0.48 0.80 ab 1,957.5 a-c 0.53 0.03

W LED SD 2225 a 64.7 ab 0.44 0.74 a-c 2,393.7 a 0.64 0.03

GB 2144 a 63.5 ac 0.44 0.69 a-d 2,160.5 a-c 0.54 0.03

NWS 106.3 b 298 e 0.45 033 e 9432 d 0.78 0.04

HPS SD 2415 a 60.0 a-c 0.39 0.61 b-e 2,106.3 ab 0.65 0.03

GB 2199 a 59.3 ac 0.44 0.65 b-d 1,891.7 a-c 0.69 0.04

A NS ok NS *k *K NS NS

Significance B ok ok NS EE * NS NS

AxB * * NS NS * NS NS

“Control, non-treatment; RB LED, red and blue LED (R:B = 8:2); W LED, white LED (R:G:B = 5:3:2); and HPS, high pressure sodium lamp.
YNWS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi.

*Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS %" ™ Nonsignificant or significant at p < 0.05, 0.01, or 0.001, respectively.

MEAZHSS|X|, M32H K4z 20234 323



Z O 7]

T

b

flo

C N S P R
Q0] R o] Asht %ol Fa AT AHE L A

2 A 2] TF2J2 Q1 ZFe] 7} ¢l ITH Table 2).

= h: ;]
o 'ELXo]', _I—I—_q

A, 1e)ar e Buj s rduitioly | FEolA BE
Toll A R ETE FolH o g =2 RS HAANL
AR FESWLED Aol fod o =27
Urebdlch el ok v gL, & o] 4
o] gl om, T2|al He] Huj7} S48 RS
sl7]0] f-efsltiZhang 5, 1999). WA o=, AlE A
o]-§-5h= WANE-S- TRt oYt S AL gFslaL Qlof of 2] g4
|BAE Sl F= AAE 4 Ari(Sakaguchi -5, 2019).
Canamero 5(2006)0f] W= ZJAg-0] F4=8A1 AHE
7L 9] AE S AL AsHRY] S FHIA]
20}, HEQh AgH] o AR Hhe] o] Aol Faks w|A|H,

> Hd o

ol
17

3

AL

o

o g
pL)

=

) mr
j_

Ho
o

Y

ool
i

k;n?f

- a . NWS
s LA a =
&0
ab

‘E‘ be be be
» 50 - T
£ ca ™ ca w «
g
g 40 + d
Q
_— B . a
'IF 6r I ab
;E 4t L b b S
) b b b
- b
< 2t
Z

55+
~ | C a
T os0f ab
'.‘E ab ab

a-c
g0 45 a-d bed
b-d

E b-d
& dor d L
Q

35+

Control RBLED WLED HPS

Light source

Fig. 4. Compactness (A), net assimilation rate (NAR, B), and crop
growth rates (CGR, C) of cucumber plug seedlings affected by
different supplemental light sources and cultivars at 19 days after
treatment. Supplemental lighting sources are RB LED (red and blue
LED, R:B = 8:2), W LED (white LED, R:G:B = 5:3:2) and HPS
(high pressure sodium lamp). Vertical bars indicate standard errors
of the means (n = 6). Within-graph means followed by the same
letter are not significantly different by Duncan’s multiple range test
at p <0.05.

324

kel
=

. 1;!_1]—,‘%_%]_ .

Fal

A AN R T} e Al gt Aol A 5ol £
oickal B gk vt QlckSakaguchi 5, 2019). Yan 5
(2021) 0] wh=rd Hg A 2] Aedt7F ojzato]| Hlsf Hie] 32
A ] a7l o) o2 SIS whebA] it
o v]s} W LED S A 2|5} wf AJsH-o] A&o] £-3F A
© 7 yichech

Qo] HEH O] S e AR I LT )
#50| tiz=te] WIS RB LED2} W LEDOJA =2 A=
HAAL, 53] SRty ] o] thatol vlsl 214
O =2 3 Btk 883 RB LEDOIA {24 3l
A 7V w2 92 UERAL, 224755 RB LEDOJ|A]
O 0 & =0 AFS HArKFig. 4). AT L WO AES
SRR U o R, A4S S HE Y
ERATK Currey 5, 2012; Vu 5, 2014). £53H8-2 Th9JAITE
G A=A FAC ST QAo R U Ao w AlEstet
O] S ofnfsh= FHmolan, AEAFES Tl 71X Yol
7R A W AEwke el 550 tHRDA, 2012).
Y A AR THI(400 — 700nm) 5 24600
—700nm)-> A1=9] 3FgHdo] 7H Rt gofo|tkKang
5> 2022). o] A9 IS 7P mabA o2 o 4= Q= A
Z9] vlgo] 7P =9 RB LED of| 4] 2 d5-2] Al50] 7t
oL ST, oEehe, AR AEAEEC B A0R
T

2. %7 2 Mol SR A S MK Hlu
SH7) o) % FekAE 2400 A4 E th e} B A 2gh
HEO S 7ol 7HE S5 -2 2ol 7§l
THTable 3). 20| 4= Al 5 257 LEDS A 2|3t A3+
oA 7P B BB EATK(Fig. 5). x| of 7yt Hay
K74 A& oA RB LEDS} W LED 2|77} 2 dgo] vl
o] At e =8kt 23] apt= F-8-A1Ql 1
Eago] ofel /Hsprt £315= 7} drkKang 5, 2022).
whepA] @ol=S57] 9] S 7 RSl JaFs |
tj=ol(Lee &, 2021), 24433 H]&o] 2 RB LED2} W
LED oA 2R3 S5 o] 9 7o) 8 o =2 F7tst
= A% Belvkar sk

2023 49 22U KE] FF T 522} 7)ol w257k
T2t A, v Bt LED 2 g2 3 A -] o 4
o] Wekti(Fig. 6). Fig. SollA LED A 2]7-9] o2 =7}
oJH o7 Frlehe AFS Bl o o Al A4
7] wizol(Lee 5 2021), T4 =5 SA| LED A 2]ollA] f
o] 0 2 W RS B lrka wekH) B3] Gl gy
TS uiiely ] F50] Hag AR ol A gkt 2.0]9]

Journal of Bio-Environment Control, Vol. 32, No. 4, 2023



B B FROl B2 o] F5W 0o WO 4RI HaY W A 5 7] B S

Table 3. The growth of cucumber as affected by different supplemental light sources and cultivars at 19 days after transplanting (n = 6).

Light Source” Cultivar’ Plant height  Leaf length  Leaf width ~ Number of =~ Number of Stem diameter

(A) B) (cm) (cm) (cm) leaves nodes (mm) SPAD
NWS 32.52% 14.02 ab 1948 a 10.67 9.00 a 5.57 43.62 ab
Control SD 32.17 12.72 dc 14.65 d 10.17 8.67 ab 5.68 46.47 a
GB 33.82 14.75 a 18.50 ab 10.33 8.83 ab 5.92 4520 ab
NWS 30.45 12.90 b-d 17.18 be 9.33 8.67 ab 543 4248 b
RB LED SD 32.02 13.07 b-d 15.82 de 10.50 8.50 ab 5.76 44.92 ab
GB 30.80 13.97 a-c 16.13 dc 9.67 8.17 ab 5.84 4323 ab
NWS 32.35 1495 a 18.88 ab 10.17 8.67 ab 5.60 4225b
W LED SD 28.82 12.93 b-d 15.10 d 9.83 833 ab 5.85 44.75 ab
GB 31.45 1453 a 17.58 be 9.17 8.00 ab 5.69 4428 ab
NWS 29.02 13.75 ac 1732 be 9.67 8.17 ab 5.53 43.97 ab
HPS SD 29.42 1243 d 14.50 d 10.50 8.67 ab 5.69 4530 ab
GB 32.98 14.68 a 18.03 ab 9.17 783 b 5.69 43.90 ab
A NS NS NS NS * NS NS
Significance B NS ok ok NS NS NS *
AxB NS NS * NS NS NS NS

“Control, non-treatment; RB LED, red and blue LED (R:B =8:2); W LED, white LED (R:G:B = 5:3:2); and HPS, high pressure sodium lamp.
YNWS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi.

*Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS % T Nonsignificant or significant at p < 0.05, 0.01, or 0.001, respectively.
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. a a == sb 8t —= SD
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Light source Light source

Fig. 5. Number of female buds as affected by different supplemental Fig. 6. Number of fruits as affected by different supplemental light
light sources and cultivars at 38 days after treatment. sources and cultivars during 2 weeks. Supplemental lighting
Supplemental lighting sources are RB LED (red and blue LED, sources are RB LED (red and blue LED, R:B =8:2), W LED (white
R:B = 8:2), W LED (white LED, R:G:B = 5:3:2), and HPS (high LED, R:G:B = 5:3:2), and HPS (high pressure sodium lamp).
pressure sodium lamp). Vertical bars indicate standard errors of Vertical bars indicate standard errors of the means (n = 6).
the means (n = 6). Within-graph means followed by the same Within-graph means followed by the same letter are not
letter are not significantly different by Duncan’s multiple range significantly different by Duncan’s multiple range test at p < 0.05.

test at p < 0.05.
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