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Abstract. This study provides basic data on the growth and production of seedlings produced in plant factories with
artificial lighting by comparing seedling quality, growth and fruit characteristics, and production after transplanting
cucumber seedlings according to environmental differences between plant factories with artificial lighting and
conventional nurseries in greenhouse. The control group consisted of greenhouse seedlings (GH) grown in the
conventional nursery before transplanting. Plant factory to greenhouse seedlings (PG) were grown for 9 days in a plant
factory with artificial lighting and for 13 days in an conventional nursery. Plant factory seedlings (PF) were grown in
a plant factory with artificial lighting for 22 days until planting. In terms of seedling quality, PFs had the highest relative
growth rate and compactness and the best root zone development. After transplanting PFs tended to grow faster, the first
harvest date was 2 days earlier than that of GHs, and the growing season ended 1 day earlier. The female flower
flowering rate of the PFs was high, and the fruit set rate was of PF the lowest. The production per unit area was highest
for PFs at 10.23kg Performance index on the absorption basis, the most sensitive chlorophyll fluorescence parameter,
was highest at 4.14 for PFs at 4 weeks after transplantation. By comparing the maximum quantum yield of primary PS
IT photochemistry and dissipated energy flux per PS II reaction center electron at 4 weeks after transplantation, PFs
tended to be the least stressed. PFs had the best seedling quality, growth, and production after planting, and fruit quality
was consistent with that of greenhouse seedlings. Therefore, plant factory seedlings can be used in the field.

Additional key words: chlorophyll fluorescence, compactness, plug tray, relative growth rate, yield
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Fig. 1. Changes in temperature and relative humidity from sowing to before transplanting in the conventional nursery (A) and plant factory with

artificial lighting (B).
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Fig. 2. Environmental changes in the greenhouse after transplanting. (A) Temperature and relative humidity, and (B) day length and integrated solar

radiation.
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Fig. 3. Schematic diagram expressing the research process and treatment equipment.
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H, and A,: initial and final shoot fresh weight
t, — t,: growing period (days)
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Yield (kg/m?) =

Weight of harvested fruit (ea)
Nmber of harvested fruit (ea)

- Stem density (ea/m?)/1000  (3)

Nmber of nodes of female flower (4)
Total number of nodes

Female flowering rate (%) =

Nmber of nodes of harvested fruit

Fruit set rate (%) = Nmber of female flower nodes ®)

3. BEA ¥T =23
)8 g=4 FF =A7|(Fluorpen FP-110, Photon
Systems Instrument, Czech Republic)& ©]-& # 2] 7- &
Z2 A 25t 710 332K £ 6322 =A519k A5

7] Z% oF&-8- & & 2] Z3(dark-adaptation leaf-clips)= A}
835F0] 15871 9428 8- =519t} o]3 FluorPen(1.1.2.3
Version, Photon Systems Instrument, Czech Republic)3ZZ2
TS AR el o v ARSE Q124 W S
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A2 F2ele | 5 AAelA 5719 Ale= 28] ik
sto] A2 & 10709 A3 /\}%—0} t}. SPSSHZ 26(IBM,
New York, USA)S ARgdlo] Lufz] BAREX(one-way
ANOVA)&IIT] Q138 0] 83 Ale34 q{ 2H7|7FA}o]
of ol 4] 3 A8 E4& Tisl] glslo] dhzTet2sel
#|2]5 th5H] 1(Duncan's multiple range test) 2 5-2]402
(p <0.05) ARk T3 2] 7F 8-t 2o & HHH &
OIFZ o] YuljR] HAHLA|(two-way ANOVA) O 2 HAI5}
k.

Aot o g
1, ST MAA|AED XO|0f| I2 20| BX2o| RAZA H|W
Q0] 0] AR A-8-Z ALA 1K Table 2), 242 Green-

house 2Z(GH)©] 6.6cm = 7 &k 11, Plant Factory with

Artificial Lighting(PFAL) Wol| A 93} 22 217} 8- 51 Plant

factory to greenhouse H(PG)2}Plant factory H(PF)7} Z+z+

Table 1. Definitions and explanations of chlorophyll fluorescence parameters obtained from chlorophyll fluorescence OJIP transition used in this

study.
Fluorescence parameters Definition
Fo Minimal fluorescence yield of dark-adapted PS 11
F Fluorescence at the J-step (2ms) of O-J-I-P
F Fluorescence at the I-step (30ms) of O-J-I-P
Fu (=Fp) Maximal fluorescence yield of dark-adapted PS II
Fv =Fu - Fo Maximal variable fluorescence
Fv/Fm = 1 — Fo/Fm Maximum quantum yield of primary PS II photochemistry
ABS/RC Average absorbed photon flux per PS II reaction center
DIy/RC Dissipated energy flux per PS II reaction center electron
ETo/RC Transport flux from Qs to Qg per PS II reaction center
TRo/RC Maximum trapped exciton flux per PS II reaction center
Plags Performance index on the absorption basis
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23°Co|A] 20°C & 3eah(Fig. 1) A5-0] A% o] U]
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o] w2, A7 S AR 4= Qlrkal A7
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Table 2. Growth characteristics of cucumber seedlings according to the seedling place of the plant factory with artificial lighting and conventional

nursery.

Treatment” Plan(tc:le):ight Stem(ni;a;neter No. of leaves Lﬁé;g;ea Leaf(gi)ﬂ:]r;))p hyll
GH 6.6 =04 ¢ 33+£01c¢ 24+£05¢ 321 +21c¢ 442 + 3.7 ab
PG 9.7+ 09b 40+ 04 b 34£05b 70.1 £ 9.6 b 468 £39 a
PF 180+ 12 a 58+04 a 43+05a 289.0 £ 26.7 a 410+ 34D
SigrliﬁCaIlCeX sksksk sksksk sksksk sksksk kok

“Depending on the seedling place, GH is a greenhouse, PG is a plant factory to greenhouse, and PF is a plant factory.
YMean of two replicates with five samples each within each column followed by the same letters are not significantly different according to

Duncan’s multiple range test at p < 0.05
*NS, not significant; *p < 0.05; **p < 0.01; and ***p < 0.001.

Greenhouse

Plant Factory

Plant Factory

to Greenhouse

Fig. 4. Shapes of cucumber seedlings before transplanting according to seedling places.
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Fig. 5. Compactness (A) and relative growth rate (B) according to seedling location. The error bar indicates the standard error of mean of two
replicates with five samples each. Different letters indicate significant differences by Duncan’s multiple range test at p <0.05.

Table 3. Root growth of cucumber seedlings according to the seedling place of the plant factory with artificial lighting and conventional nursery.

Treatment’ Roo(tcrsnuzr)face Root ave(rre;lgiz) diameter ri(: t?;; Roozc;(;l)mne Root dg) weight
GH 113+£24¢ 05+03¢ 791.9 + 276.6 ¢ 05+03b 0.025 + 0.004 ¢
PG 23.8+40b 1.1 +£04Db 21469 + 463.1 b 0.6+ 0.1 b 0.046 + 0.007 b
PF 420+09.1a 25+09a 3780.5 + 1422.0 a 07+02a 0.103 + 0.028 a
Signiﬁcancex skekok skekok kokk * skekok

“Depending on the seedling place, GH is a greenhouse, PG is a plant factory to greenhouse, and PF is a plant factory.
YMean of two replicates with five samples each within each column followed by the same letters are not significantly different according to

Duncan’s multiple range test at p < 0.05
*NS, not significant; *p < 0.05; **p < 0.01; and ***p < 0.001.
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ZrEe), 28-S GH7L 88.2% & 7H4 w=9kal, PF7} 78.4%
2 7P uroret dgE AlLfgh 2 B oA felgt Atol=
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202 7HEch(Fig. 6). 1efu, AAg2dA o] 227t 7hst
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of JakS mlAl= A0 2 clAbE|e], PGE} PR Bhe 2o
Tl Q1) FahiRE o) Kt A2 o] ofs} o] g o]
vl Aoleh shekeeh, Thelw Aek AR PR/} 10.23ke
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Table 4. Changes in growth characteristics of cucumbers until the 5th week after transplanting according to seedling place.

. Plant height  Stem diameter No. of Leaf length Leaf width No. of Leaf chlorophyll
WAT? Treatment” (cm) ¢ (mm) nodes (cm)gt (cm) leaves (SPAD)p ’
GH 70+ 10c* 47+06a 20+00c 79+07b 98+ 06D 43+£05¢c 495+55a
1 PG 141+150b 48 £ 08 a 30£00b 76+ 1.1 b 93+090b 59+06b 469 +27a
PF 257 +22a 52+09a 47+£05 a 98+ 13a 122+15a 70+ 05a 456+43a
GH 239 +28 ¢ 52+ 1.1b 49+03c¢ 1l3+15a 154+£23a 70+ 05¢c 409 +36a
2 PG 403 +£40b 58+ 10D 60+07b 106+14a 149+20a 85+05b 423+41a
PF 619 +31a 6.8+ 06 a 79+06a 113+15a 119+1.6b 101 +06a 372+3.1b
GH 675 +23 ¢ 6.6 £09 a 96 £ 05 ¢ 80+1.0a 105+12a 98+ 06c 329+37Db
3 PG 834470 64 +£07a 117+ 050 80+08a 102+10a 11.7£05b 343+20ab
PF 109.1 £+ 42 a 60+0.7a 144 £ 07 a 80=+1.0a 103+ 13 a 144 £ 0.7 a 356 £20 a
GH 1259 £+ 48 ¢ 71+05a 148 £ 04 ¢ 87+09 a 116 £ 06 a 160 £ 0.5 ¢ 329+ 16b
4 PG 1430 £53b 65+09a 170 £ 07 b 80+05ab 102+07b 180+07b 346+63b
PF 1613 +£46a 65+07a 195+ 05a 74+ 09b 97+1.1b 205+05a 420+29a
GH 1827+91ab 55+06a 22+09c¢ 7.1 +0.7 a 88+ 1.1a 233+08b 341+35a
5 PG 188.7 £ 89 a 48 £07Db 232+ 10Db 70+ 1.7 a 86+22ab 242+ 10D 359+ 44 a
PF 1792 £ 103 b 44 +£05D 242 +£12a 6.0+ 09 a 72+ 14 b 252+ 12a 372 +29 a
Significance™
Treatment (B) Horx NS ok NS o Hoxx NS

Interaction (A x B)

kK

kK

ks

ks

ks

eskesk

kK

“Weeks after transplant.
YDepending on the seedling place, GH is a greenhouse, PG is a plant factory to greenhouse, and PF is a plant factory.
*Means of two replicates with five samples each within each column followed by the same letters are not significantly different according to

Duncan’s multiple range test at p < 0.05
"NS, not significant; *p < 0.05; **p < 0.01; and ***p < 0.001.

Table 5 Comparison of fruit characteristics after transplanting of cucumber seedlings grown in different seedling places.

Treatment” Fruit length Fruit width Fruit weight Female flower rate Fruit set rate
(cm) (mm) (@ (o) (0)

GH 24+£15Y 369 £23 a 1932 + 335 a 892 +£55b 882+ 7.1a

PG 230+ 17a 366 £29 a 199.0 + 49.0 a 956 £ 43 a 838 £ 7.1 ab

PF 230+ 18a 363 +30a 193.0 + 362 a 968 £3.7 a 784 £ 11.7 b

Significance™ ok NS NS ok NS

“Depending on the seedling place, GH is a greenhouse, PG is a plant factory to greenhouse, and PF is a plant factory.
*Mean of two replicates with five samples each within each column followed by the same letters are not significantly different according to

Duncan’s multiple range test at p < 0.05
*NS, not significant; *p < 0.05; **p < 0.01; and ***p < 0.001.
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Fig. 6. Shapes of harvested cucumber fruit according to seedling place.
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Fig. 7. Changes in cucumber production per unit area according to seedling place.

7A3FS EPATE PGEFPFE A4 331 Q}0] 28R A2 Shin 5, 2021). AAF AJL-0] A1 -2 Fy/Fmo] 0.78 — 0.83 2]
SO, GH=20] A A4 333 UARE 2k Al g YEH(Kim 5. 2023) QOH Fv/Fm-& B.= -7t
SFITE PGOFPF O] A17]= A4 36242l SR EIL GH - 41 0.8 o]tz YERsiTh 15 A4 F-472tol| A 7P 2o
O A7 =14 F1 4] £-63 %_‘?4 | F2EUCEPGRIPF= S UEReH, 1120 24 75‘_& e} AEH AS vk
SH7|5E GHEHwRE S-S Holow, $8hA |41 KL Ao g Atk ABS/RC= W54 St JAe]
2}7] FR7A| GHE =7 Xlo JEIACE B3k THHAY & UEhll= Al5olth ABS/RC= g4 2549 PFE A
YA PG PF7F GH T} 925191 7] wizoll, PFAL W) QJStaL 4527 Rasshs 73S YRl e, RS
o SHI HES Ao A8 4 S Aoz AkEry 23E R0 E UEll= TRYRCE A £ 45721714
assh SR A F7kok= Ak UrERltE ETY/RC=

3. Hlm BANE] WS4 QaollA Qe = AEH oA 9] & o
B o] ARE3 =4 PG ui/HE Fv/Fm, Pi_Abs, Bl A= A4 3 35274 Zhasigl o w, 45315 E
ABS/RC, ETy/RC, TR(/RC 2 DIy/RCE=JIP test 54 7] 3|85l ASRS Bt} DIYRCE HES2AT A& 44ty
o] A] OJIPE E3) A& <= Q) om(Strasser 5, 2000), GAI + oY A] & vEbd A== 4] F 25210 PF710.60 &
o] ARAY & Sof w}e} 24 Fho]tHBaghbani S 2019) 2 7P =30% GH7H0.49 2 7P Rglek. Z1eju g4 54
Al Eo] Hh= A Ed| A0} 3l of whe) 24 35 ujj7u FAL=PF710.40 0.2 7AWl GH7F0.47 2 714 =9
5] (Fig. 8), Fv/Fm, ETy/RC % Pi_Abs= M‘jo] TR Pi_Abs<= Aj=2] ARkl ﬂﬂﬂE— UEfi=tl(Lee 5,
HAS wo 7148131 ABS/RC, TR/RC W DIYRCEZ  2022), 7Y wizdalA| vEg-sto] B8-S tgo)= o ARS-HTh
7¥3FHLee 5, 2022). Fv/Fm< Ztj) ofx} =82 uke od51  (Boureima 5, 2012). Pi_Abs= w_] ;‘z Z2}9)| GH, PG, PF
SojA R 02 AFE3SIHANn 5, 2021a; Lee 9F0h, 2023;  2H212.64,2.84 W4.14Z PF7} 713 =9kom, GH7L 7P &

MESIAXAMSHE| K|, MI33E X225 20244 95



A - IR - AE3
0.85
o-GH =a=PG --e-PF A
L T a 3a
}__— = a [ senttet ab "ttt a O
- I et &, ol I a &
5075 a ot a b %)
u>. a 2 a
<<
0.70 A
0.65
3.00
C
225 +
9 & —— % S
& a e TP p— ] &
n31.50 & . b 1'5""""’!’5" g S
= b a a a | @
0.75 - =
0.00
0.80
E
0.60 - a el
.‘.,...--- P .... a i g
Q pim== % ‘"‘“wi—.---- %/" 82 | 2
& a b T Trpteny, ML b
20.40 q A a b =
=) a b &
0.20 +
0.00 T -
1 2 3 4 5

WAT (Weceks after transplant)

&y - AsE
4.00
B
3.00 A
a
a a a a
L S a___.=%ab
2.00 a 'ﬁ 'i-?.n..-p,_ré ....... .
a
1.00 -
0.00
2.00
D
1.50 -
& a
g-:‘_':-...,ia a ia
1.00 ~ Ty, a.de prererets F1
:l)b = "-n..,.i_.“-_-..—-i“a -
g a
0.50 -
0.00
5.00
¥
a
a o
;a ab a4 b a
2.50 - N T /——'%‘\,\ a
a ':'.“—'-L'%” b 5
uo 5
a
125 - b
0.00 T -
1 2 3 4 5

WAT (Weeks after transplant)

Fig. 8. Changes in chlorophyll fluorescence (CF) parameter graph after transplanting by treatment group according to seedling place. Description of
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letters indicate significant differences by Duncan’s multiple range test at p < 0.05.
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