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Optimal Planting Density on Growth and Quality Characteristics
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Abstract. The crops recommended for the plant factory system are diverse. The importance of planting density in
the plant factory is being recognized. The objective of this study was to determine the optimal planting density for
growth and quality of kohlrabi in a closed-type plant factory system. The kohlrabi was grown under fluorescent
lamps and nutrient film technique system. The growth and quality of kohlrabi were investigated under four different
planting densities (22 plants/m*(15 x 30 cm), 27 plants/m*(15 x 25cm), and 33 plants/m?(15 x 20cm)). There were
no significant interactions between Shoot fresh and dry weights per plant or bulb stem fresh and dry weights per
plant and planting density. Shoot fresh and dry weight per area or bulb stem fresh and dry weight per area were the
highest at 33 plants/m>. There were no significant interactions between plant height, leaf area, photosynthetic rate,
hardness, and chlorophyll content and planting density. Significant differences in Bulb stem height and diameter, and
brix were observed. Bulb stem height and diameter and brix of kohlrabi were the highest at 22 plants/m>. Based on
our results, we conclude that the optimal planting density is 33 plants/m?> for growth of kohlrabi, however, the opti-
mal planting density is 22 plants/m? for quality of kohlrabi in a closed-type plant factory system.
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FEW(Brassica oleracea var. gongylodes, Kohlrabi)=
HiFel| &ehs 2dA 2EAER vgEr]E A8
o= 3= AAE(Kim 5, 2014). A2 €Y Arg F
o7} A F71ska e FAloltt (Park 5, 2014).
AFEdME 45 T 323 2ol s7kas 7Y=
7t =& A= F dhtelth(Uoon &, 2017).

21587 (Plant Factory)o|&t 2=9] A&l HQ3t
2 8 207 st A=S AlgR R A,
A gl iEEto] Ths ek AlARES B3tk (Cha 5,
2012). 2EFFoA = AMEES HHsE 4 Qo] A
2de) gRdat nFAs} 7St Takatsuji, 2008). 2]
53 TF T sl AFBEES o] 83 Ao
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e NS TS WA oA ZEe] At
7t w2l Aoy =AM, B 5t 2
AEe] Aol B7Fse AQelMe YAt ol
o] &9 A7} 7FsEHChoi 5, 2013). TiFEe
d7e el AH8E F e 2 7K AR
A, 79 2 F2 P Bh3 A Fo] Hausal
JATHCho 5, 1998). o|AH A=a7dol A3 2=2]
SH7E o Aol BpAZE w2 3as Aed
gk Al el ok A7 PEEE A27go)7] wEel
olell thgk A7} o] Foixor & Aot

2=0] A Qe dste] A3 RISl A
= ke Ae A A 2 olgEsS =9
Zzol & S AT AEE avE Sust &
I Aokl 33A=dl(Dieoenbrock, 2000), 2= gl
Auishs ZHeol tigh AR AAVET ddsted] v
¥ Fa3% 9ao0)7] wiel AEerde] A SHdlA
gy A =ol7] fEixe ApiEkEe] SR
L F50ll A A o] gk A Fasi.
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FAl e AFE] #3859 F8)2E) (Kolibri, Bejo
Zaden Co., Ltd., Netherlands)E AFE3Fct $dlgk =
EA(2.5x2.5x 2.5ecm)ll FFEke] Edo] 3u] spE
o A=l AXE Auiw=el BAeidth AR
AFigtwe]  AxE A1y 2537500 x 700
x 300cm)elA] BFEHNET) S=7700 -2 (60 x 240 x 200cm)
< A8t At A3l AReE 1E-de 59
& &35(55W, Pillips Co. Ltd., the NetherlandsyS A}
831931, =°] 40ecmolA F=E 160~180pmol m™>s '
eI oM (Fig. 1.), Y2 12122 RheE =4
39t = =4 F AA(LI-190, Li-cor, Lincoln,
Nebrasks, USA)S ©]&3}e] =433}

LoE= 2% AlA(HMP4SAC, Campbell Scientific,
Logan UT, USAYE ©]&3 dl|oj7d(HP-N239L,
Samsung Electronics Co., Ltd., Korea)?} 3]EJ(HV-7800,
Hanvit System Co., Ltd., Korea)s ©]-&3}] A=
142-23.6(87 21.0°CE ZA315om, AEEs 715
7](NH-5, Hwajeun Eng., Korea)} #|5577](SG-M220S-4,
Shinan Green-Tech Co., Ltd., Korea)s ©]&3}>] 39.7-
69.7( 56.8)%= XAt oliksleti= o]ikslet
AAM(GMP222, Vaisala, Helsinki, Finland)S ©]-8-5}<]

50

120

/\ 140
120 100
140 150
160
120
40 4 /—/\ 140
80 180 160

160 1

/ 120
30 4 180
160 180 160
140 / 120
w04 |
160 180

T
150 200

Width (cm)

Length (cm)

Fig. 1. Distribution of light intensity under 5-band radiation type
fluorescent lamps.

Ao -A=25, M2sd M25 20194

A3FE 715 o]8-3ke] 494-721(F T 556)umol-mol & F
Aalgieh. Fep) wgAdS NOs-N 16.0, NH,-N 1.0, P
1.0, K 10.0, Ca 3.0, Mg 1.0, SO,S 1.0mM-L'%ch
(Uoon &, 2017). HlHY] ECEEE 2.0-2.2 dS'm'ZE
APz Hslgon, pHeE 5.5-6.52 mY Z4s)
At

AL EAgE g7t Agdes 15emE 183 I,
o] AZZE 20, 25, 30em= 3AE)eldr}t. AAEEE
20, 25, 30ecm”} Z¥Z; 33, 279} 22 plants/m®J T} AAS=
A S AT, AES, 2, B4, |9, dUF, bl
HE71e AT AES, 4249, B3, 9= ¢
ATE AR AEFS =glo]2E(VS-1202D2,
Vision Scientific, Korea)ll #&I3F A|8E Yol 70°Cel|
A AR AZSITE R BRESE golRT] $
A FHIZA7](L1-6400, Li-Cor, Lincoln, Nebraska,
USA)E ©]&3t3tt. dE43e 4545%7](Minolta
Co., LTD. Japan)s ©]8319a, F=o} HAee FU&
F==47|(PAL-3, ATAGO, Japan)s} F& AEZA
Al Smm@ plunger (FHM-5, Takemura Co., Japan)S ©]
g3te] SA3

AT hHdefui e o838, AeEE 3wt
Boz AAEIATE AR SAS(Statistical Analysis
System, ver9.4, Cary, NC, USA)Z 2132 o]&3|35 S
™, DMRT(Duncan’s multiple range test)= 942 7
Astack. asi=2dS 918k SigmaPlot (ver. 10.0,
Systat Software Inc., Chicago, IL, USAYS AR5t

e

-

d3 5 1

AEAT AR AT AEFe] Hile FAd=
FE 45 Bk Sist 348 BYlo, A4 £ 35¢
ARE AEAT AP AT AET] Helgo]
2A S7¥eke P debllth(Fig. 2). B4 F 5194
AEAT A AAFAA AL Fo)HQ0 A}
E BHYARKFig. 24), AEAT AP DESlE
)Rl zlolE HolA| UTHFig. 2B). H2 * 669A)
o) AEAT AP AT AETE FoAQ zolE
Holz] i) AEAY AEFTS AlaEo)= e S
A8 FelE B YtHFig. 2B).

ASTARE DAl AP AT AEF ®s)
e A T 35UA9} 66UA SAAAY PR AYA)
FollA AAEEZE FHQ] ZolE BATHFig. 3A).
a2 F 3594, 519419 66dA AT
AR BTN AAEEZ Fo)Hd 2olE BT
(Fig. 3B).
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Fig. 2. Shoot fresh (A) and dry weights (B) per plant of kohlrabi
under 66 days after transplanting different planting densities.
Vertical bars represent the standard error. The replication plants
of 8, 27, 35, 51, and 66 days after transplanting were 4, 4, 5, 6,
and 10, respectively.
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Fig. 3. Shoot fresh (A) and dry weights (B) per area of kohlrabi
under 65 days after transplanting different planting densities.
Vertical bars represent the standard error. The replication plants
of 8, 27, 35, 51, and 66 days after transplanting were 4, 4, 5, 6,
and 10, respectively.
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2 Aol A B4 YT B dliMe AEAT A
sl QloA AREET} H=S7E AR AjolE Ho|
2| LAY, G9HAT Ak QlojMe AREET) =
S5E T IR 29E AAh NeSmith(1993)
9} Reiners?} Riggs(1999)2] AollXe AREET} =
oW =575 AR AR o|2I WA ko] St
Sitharl Baslar Qlon}, AEFAelA et A, X7
g, A8 5] A B AAEET} =L ATl
A 7V = 7S UERITRL §F Cha 5(2012)9] 3
Avh} D2 gk BUEoA QAR wE aw
A A DAERE Zolital 3 Lee 5(2010)2]
Az} w3t AnE AUtk T2Y NeSmith(1993)9}
Reiners®} Riggs(1999)2] A7olxe Ad=rt o
ST AR AR ol271A] o] FUeit
3 Byl ok B AFNE o F=2 AAEE
ARS Fegojop FpA|TE, HBO] AEo] 10cm

4 A3 i), B B2 AAUEE oldta &
=]

=719 i) AS W3l B, A T 27dRE ¥
Bo] wlgi7t F43] A= AE ¢ F UAKFig.
4). 84 3 5195 vl Z7]1¢HR)eIA AREETE F
ARl Apols H{AY, FA F 66dAel= A<l
2ol Kol ¢ITh (Figs. 4A and 5A).

au, SeHAE HEe] AR AT HETS
oY AfolE HTHFig. 5B). AANDET} =2 2T
T w02 & ASTFS JERiTh HBEIE WA AR
ARZ Ak HIE-S FTIeom, A4 $ 66%
A AAEE 22, 273 33 plants/m®iA ZHzE AA) 2
5 AAFL] 76, 77, 18%S AASIATE. 2EEl A2

o g
ot

ySETE wARG w2s) fEd, Wesl s
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Fig. 4. Bulb stem diameter of kohlrabi under 66 days after trans-
planting different planting densities. Vertical bars represent the
standard error. The replication plants of 8, 27, 35, 51, and 66
days after transplanting were 4, 4, 5, 6, and 10, respectively.
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Fig. 5. Bulb fresh and dry weights per plant (A) and Bulb fresh
and dry weights per area (B) of kohlrabi under 66 days after
transplanting different planting densities. Vertical bars represent
the standard error (n= 10).
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Fig. 6. Bulb stem height of kohlrabi under 66 days after trans-
planting different planting densities. Vertical bars represent the

standard error. The replication plants of 8, 27, 35, 51, and 66
days after transplanting were 4, 4, 5, 6, and 10, respectively.
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Fig. 7. Leaf area of kohlrabi under 66 days after transplanting dif-
ferent planting densities. Vertical bars represent the standard
error. The replication plants of 8, 27, 35, 51, and 66 days after
transplanting were 4, 4, 5, 6, and 10, respectively.
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Fig. 8. Photosynthetic rate of kohlrabi at 66 days after
transplanting different planting densities. CO, concentration, air
temperature and relative humidity of measuring conditions were
400pmol-mol™!, 20°C and 54%, respectively. Vertical bars
represent the standard error (n=3).

2 F 51958 gashe A4S BAthFig. 7). A2
o G FoHQl Aol HolA] gttt A&
AL RREEA Gz ] S7FIE A5 $RE7)el
oMM ashe RS JERIRET %JHW_E
o] AFehs 77 B2t gHA ke AlaRol=

Felo] e Hekditar ¥

(2003) A2} FrAFH

T S19RE guEe fash]
A

3k Motulsky9} Christopoulos
s eI A2
AR, o3k
HE AAF skl #o] rkal AdET &, 4
WA HsPt AEEZdA FEPlE 88 g A7
£ Z2Ask=d T8 aglolzt AU

B =4 A ZuHle] B AAEE Ao
W2 Fo)FQ] x}o]E HolA] UAUTHFig. 8). Feo] Z
7} 3pax] F3HdEETE PAR 400pmol-m™s ' 7HA] WHE
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Table 1. Quality characteristics of kohlrabi under different planting densities in a closed-type plant factory system.

Planting density Bulb stem height Bulb stem diameter Hardness Soluble solids Chlorophyll content
(plants/m?) (mm) (mm) (kg/5mmO) (°Brix) (SPAD)
22 80.6 a* 95.6 & 3.78 557a 61.8
27 71.1b 91.6 ab 3.74 543 a 58.0
33 75.9 ab 853D 3.53 5.03b 57.2

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

A STV o] £ Eolxl FEkl wisiA Bedol
R3] Frkele s VERIIET], &g ApRgE <1
MolAle] BT SARE ARE ehRATHOn 5,
2010). ¥ A7 A3} AEFANA FEha] Aujel D
3+ A% F=+= PAR 200~400pmol-m>s'o]m, AAd%
= B FEE PIRA e FeE AZE

Az M2 FH 54 AvEd, Adsel
Aol 924 Tl FoFYA AZe7h gt
(Table 1). AJAIUES} HHE Folo} AE 9 Gxild=

frolZel zolE BTt ARILETE W 22plants/m?
Aol 7HE =2 BE goloh A5S HoleH, 7
T B3 =9It B gne =AM EER A

e Feplo] Hale] Fe folAR, ol 43 2
Slste vise 22 Ao ueidnels v,
e AGAE HE Eolol ABL wYy Z7)e) 7
el B wémg—a}u o uEA B
dajel 0% 042 83T T} Fewle) 9w
3 eIt @%— 39 Wrlele 71Eo] gie Aol

Joll A A= e SeHle] 739 HE Fol7t &
Agol §e B Feprt frsagola AHiRte
Aeert =2 AP0 2 AAH glort ol gk =
g3 7IEe jle AAolrk. olHE of wiEel, A&
7oA AatEle SEiHle] Al gk Bk Hest
7Ieol §HE davt dvkar £t
o] Ay niger ZAES gd, AASs 1

He AS5HQA FHoMe IAEdY ko] w@e
33 plants/m? (15x20cm)e] AAL=7} FHsIH o, T
T} 22 FHAQ SHAXME AAEE 22plants/m?
(15x30cm)e] AAU=7}F 273kt

=

= =

2EFZ Al Thedt AEL vlg g Ao=
o}, A5l A EEe] sk o] X
At B ATe SAlod AEggell FEile] Aol
23t AEEE ] fete] FEh e
o= FF5S o8-St AFEE, wEAAmIE
ol-g3}o] AREIITE AL EE 22plants/m’(15x30cm), 27
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plants/m*(15x25cm), 123l 33 plants/m*(15x20cm)&  *}2]
ST AEAT AP AT OEF e AEAT
HBo] 2P AT} AEFolle AAEELE folF
%l ZpolE Koz FUtt. THAT AR AT
AES Tv 99udd e 2 AT e
o AAUETF =2 AT (33plantsm?)ell A =4 L
Epgith. AdEel 24, 9ud, B, Ax 9 95
A7l FoAQ0 AlolE HolA] ettt A LR}
HE Folet A& ‘7% Bl F94 AolE B
o AAUETE SR 22plants/m? A2l TP =&
HE Folo} AES HYoHW, Yk HEF E3UTh oY
o AR= H}%Li AES WY, BA8S a3s A
F2Q1 WM GeHAT Arkgo] e AAEE
33plants/m? (15x20cm)7} AR o, o} 2 #+
AZQl ZHoME AALE 22plants/m® (15x30em)7}

A gahies.

F7} FA9Y: Brassica oleracea, BB A&, 35, A
A

AL A
B AT SESMER A EARI @A
W3 :115104033CG000)l &J8f] o]Foz A,
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