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Chapter I. @A F HEFZNA FEH| Y BH F&F=

MAE WY 2Y% FE

Chapter 1. Optimal Composition and Electrical Conductivity on

Growth of Kohlrabi in a Closed—type Plant Factory System

Abstract

Plant factory system has been increased to researches. But limited kinds
of cultivated crops to be suitable for them and limited to leaf vegetables.
This study was found out to investigate the optimal composition and
concentration of nutrient solution for kohlrabi(Brassica oleracea var.
gongylodes) in a closed—type plant factory. Green and red kohlrabi seeds
were used as materials. A fluorescent lamp was used as an artificial light
source. And light intensity was measured at a height of 40cm from 160 to

“! For the kohlrabi cultivation, nutrient solution was

180 #mol -m™2-s
developed JNU; NO3—-N16.0, NH4—-N1.0, P10.0, K10.0, Ca3.0, Mgl.0 and
S04—S 1.0 mM - LY by plant analysis. The Jeju national university (JNU)
concentrations were EC 1.0, 2.0 and 4.0 dS-m™! compared to Japan
horticulture station(JHS) solution at EC 2.0 dS - m~'. Growth characteristic

of fresh weight, bulb length, bulb width, leaf number, and leaf area were

investigated. The results of EC concentration were not shown statistical



significance for the total fresh and dry weight of varieties treatments. Fresh
weight of bulb was highest at 181.7g of red kohlrabi of JNU 2.0 dS - m™!
treatment. And dry weight of the bulb was 8.6g higher than the red kohlrabi
treated with JNU 2.0 dS - m~'. Number of leaves and leaf area were not
shown statistical significance in all treatments. The result was confirmed
that the shoot growth rate of the kohlrabi was not proportional to the
enlargement of the bulb. It was concluded that the difference of cultivars
bulb from the growth of the stalks was not uniform in the green kohlrabi.
JNU 2.0 dS - m~! was highest growth of the kohlrabi. It was judged to be
suitable for kohlrabi cultivation. Based on our results, we conclude that the
optimal concentration was JNU 2.0 dS - m™! for growth of kohlrabi in a

closed—type plant factory system.

Additional key words: Brassica oleracea, bulb, EC, fluorescent lamps, length,

nutrient solution, width.
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AN E wiF3o| &l FH| (Brassica oleracea var. gongylodes,
kohlrabi) = A&& AW olFsfel 7H3t 24 sh= 2d4 A== Hd #
HHE 2807 o] gt AioltHKim et al, 2014). A HFo] 7HEste]

1Ed EFEHE AAE #

rir

AFolM  Aujsty]  AlEete] AA

32

Axdoz Al Aoh(Kim et al., 2014). Falo] tFoz FHE ] =
antocyanin, carotenoid, vitamin C, glucosinolate 52 kA EL 3413
750l e FoFE dux glo] EA AW AxEA ZEle] o
Zwake] #ade] F7hska lth(Choi et al., 2010; Park et al, 2012). Ad|

FH= T =AM Aufst 7] wiEel fHx Bl WHalE wAE A

ZpckE o] Ql7] W] Wl Aol Ho FkS Af
7} 3 (Lee, 2010).

adAAd 3ol EE FAEAMAILRA AEe7] M=

AF7H Agslolor k. WAl FPHOE olgHI Y WML TFe
AAT2 el AR AAANHF WP, yamazaki g,

FH LA EA TS v Fo] 9o} (Huang et al., 2007), 574 ZE] tfst

b4

AGet vk ANdste] Aufsials o, A=< A5 wEvl Cso kst
Edo] F7bsttka Atk (Choi et al., 2005). Z1Elvk op 7] 2
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AZ B WY

2 AP AFdstme] A" SdAAFE AEFF(W500cm XL700cm X
H300cm) °ll 4] Nutritional Film Technigue (NFT) <7 zj8] w21 (W 60X L
240 X H 200cm)= #-&ste] AAletdtt. A T2 20154 490l ofHF
HelA 45 AZFebulel FF2E ARSI, 07€ 06l e AR
F(2.5%x2.5X2.5cm) el 3Fsto] Edo] 3v) HAUE AHEAE AAHEE (15X
15cm) & &tof, A3l A Aul vz g4 sty A¥7]3H 2015

W 079 209%E 20159 09€ 119 747 529 =< =38 stgith Adoe|| Af

ofo
it
rO
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)

4e 394 3= (55W, Pillips Co., Ltd., the Netherlands) & A&

391, ¥ol 40cmelAd FEE 160~180 #mol'm™*-s7'E o, UGS
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O
=
@
Q
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.=
ol

161 (HV—-7800, Hanvit System Co., Ltd., Korea) & o] &3}o] x4
31, AdsEE 7M57lI(NH-5, Hwajeun Eng., Korea) 2t Al557] (SG—
M220S—4, Shinan Green—Tech Co., Ltd., Korea) & %3 o]g3}th. #juj7]
7 Fe YRLEE 21.8-29.2(F T 25.1)CH A, AEEE 39.6-70.2(F
53.5) %t olatgtEtAaE o]xtE e A AlA (GMP222,  Vaisala, Helsinki,
Finland) & ©]€3}o] &% 21 ON/OFF e 02 A|ojatsith, o]atalghs o]
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mjeFel A Z2IRE o] gste] Fakn] AL SN UNU) S ML & 2A4H
Hj el (NOs—N 16.0, NH,—N 1.0, P 1.0, K 10.0, Ca 3.0, Mg 1.0, SO4,—S 1.0
mM - L)< EC 1.0, 2.0, 4.0dS - m™'Z 3}o] A& A g njekd (JHS)
EC 2.0dS - m™'¢} AHFE vl 3ot vl pHE 55~6.52 vd =4

shola, wjerele 24412 BFEAT, 11009 el BAE AgHYoH, 27

AT dAJgux] s, HE=E 3RHEo R AAl k. FAA
o AAES 98t SAS(Statistical Analysis System, ver9.4, Cary, NC,

USA)Z23S o]lf 331, THZTAAL SigmaPlot(ver. 10.0, Systat

12 -



23 3 @

stRth el HEE 2 AATY AEFS 5 UL AHYHEHE FAF

 FYAE YERA &tk (Fig. 1-1). 28y HB S AAF2 /st 2
H A& vjFed JNU 2.0dS - m™ A&7 & Fehu|7b 181.7g2 % 7P =4
YEFETH(Fig. 1-2A). AEF Al JNU 2.0dS - m™' X3 HZen]A 8.6¢
°% A dYetwu(Fig. 1-2B). @474 Auie w53 AL/ A5 EC
2.4dS - m™ 19 FZelA Aol 7HE Fvka 3= (Seo et al., 2007), ¥ 2
A

P = EC 2.0dS - m™" A2 FlA Fehv) | AR o g $5EA U

o Ago
B, ubd Zehule) AAET AEF E%u pdstel ARsT Ha I

kel AL Aol Az vebA ¢

rr

SFA EC7F Eobd 2
AASZT AEZFo] S7F sttt Budt Lee et al.(2012) 9 A 9= & 2
B2 gehigith Teht due) gee APl Qe AFE 43 7
oA EC 2.0 3.0dS - m'ellA &2 AFE B ARe FASHA Yebstth
(Cha et al., 2012). 53] JNU 1.0dS - m™'e] AZF&n] A= A AAA

vl 7 H4] oA 7B o2 yEh A 2AL ol A9 Sl
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Fig. 1—1. Total fresh (A) and dry weight (B) per plant of kohlrabi grown
under different nutrient solution at 52 days after transplanting. Vertical

bars represent the standard error (n=4, 3, 7, 5, 2, 4, and 4, respectively).
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Fig. 1—2. Bulb fresh (A) and dry weights (B) per plant of kohlrabi grown
under different nutrient solution at 52 days after transplanting. Vertical

bars represent the standard error (n=4, 3, 7, 5, 2, 4, and 4, respectively).
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rr
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5

rlo

o|FHE= 52U7MA FASA F7F sk, olEd FHs YA =
=52 A2 JNU 4.0dS - m™' A5 A Zeu) gk JZepn] BFolA fALsHA
uvebstth 22y JHS 2.0dS - m~! A Zee] ¢k JNU 2.0dS - m~' F 2] A&
TollA 40 o]FHE tE ATt vlsiA AAFTE FIHEATE woll HA
e ol FF0l WE FFo] e Jor 49T dEFTY Wt &
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Al % tH(Fig. 1-3B). & A= AA BATH dAFd 9Fs = &
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=

2ol A geo] BEAACE F93 xpol7F YERFA] ekokth v A 2AF 7]
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Fig. 1—3. Changes of fresh (A) and dry weight (B) of kohlrabi grown under
different nutrient solution treatment. Vertical bars represent the standard

error (n=3).
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Table 1—1. Growth characteristics of kohlrabi grown under different

nutrient solution in a closed—type plant factory system.

Nutrien; Plectrical Bulb Bulb ]f’l”lb Leaf Areq Chlorophyll
. utrien Conductivity Length Width shape Leaf ea €4 Content
Cultivar index
Number

solution  (dS-m™)  (mm) (mm) (mm) (cm?) (SPAD)
Red JHS? 2.0 68.8b" 55.04 ab 1.25 12.75b 1788 56.4
Green JHS 2.0 64.3 b 46.0 b 1.4 13.7b 3640 55.1
Green JNU 1.0 59.1b 49.6 b 1.2 13.7b 2895 52.3
Red JNU 2.0 914 a 65.4 a 1.42 16.4 ab 3139 50.4
Green JNU 2.0 61.0b 48.0b 1.29 13.0b 2473 48
Red JNU 4.0 77.5 ab 54.5 ab 1.44 19.5a 2957 55
Green JNU 4.0 69.8 b 55.6 ab 1.26 13.0b 2534 53
“JHS : Japanese Horticultural Station and JNU : Jeju National University
¥ Means within column followed by the same letters are not significantly different as

determined by Duncan’ s multiple range test at £<0.05.
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Fig. 1—4. Soluble solid of kohlrabi grown under different nutrient solution at

52 days after transplanting. Vertical bars represent the standard error

(n=3).
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Chapter II. Optimal Planting Density on Growth and Quality

Characteristics of Kohlrabi in a Closed—type Plant Factory System

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% 30cm), 27
plants/m?(15x25cm), and 33 plants/m?(15x20cm). There were no
significant difference between shoot fresh and dry weight per plant and 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 difference between plant
height, leaf area, photosynthetic rate, hardness, and chlorophyll content and

planting density. Significant differences in bulb stem height and width, and
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brix were observed. Bulb stem height and width 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
optimal planting density is 27 pants/m?” for quality of kohlrabi in a closed—

type plant factory system.

Additional key words: Brassica oleracea, bulb stem diameter, fluorescent

lamps, shoot dry weight, shoot fresh weight.
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Fig. 2—2. Shoot fresh (A) and dry weights (B) per plant of kohlrabi grown
under 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. 2—3. Shoot fresh (A) and dry weights (B) per area of kohlrabi grown
under 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.

-37-



RHolx ¢rert} (Figs. 2—4 and 2-5A). 728y, @9dA

ofl
it
™
1o
N
o2
1t

_&
o
-
o
lo
gl
i
Mo
o

22S UEhit "B AA AR Ao A E=

=
o
rlo
o|\
)
_0|1_',
2
o

o, 2 669 F AUE 22, 277} 33plants/m”elA 27t
AA AFR AAFe] 76, 77 i 78%E AAEATE AEFTHAA
AEEEE wXRT w27 qid, Bt X s uge Ao A4S

wA o HE) F7hE Zlow

-38 -



120

100 - —— 22 plants/m2
—o— 27 plants/m2
80+ Ao 33 plants/m2
60

40

Width of bulb (mm)

20

0 10 20 30 40 S0 60 70

Days after transplanting

Fig. 2—4. Width of kohlrabi bulb grown under 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. 2—6. Length of kohlrabi bulb grown under different planting densities.
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temperature and relative humidity of measuring conditions were 400
gmol - mol™!, 20C and 54%, respectively. Vertical bars represent the

standard error (n=3).
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Table 2—1. Quality characteristics of kohlrabi grown under different
planting densities at 66 days after transplanting in a closed—type plant

factory system.

Planting Bulb Bulb Bulb Soluble  Chlorophyll
Hardness

density length  width  shape solid content
(kg/5mm@)

(plants/m?) (mm) (mm) index (°Brix) (SPAD)

22 78.5 105.6 0.75 3.78 5.57 a* 60.8

27 73.6 104.2 0.71 3.74 5.43 a 59.0

33 76.9 105.6 0.74 3.53 5.03b 57.6

“Mean separation within columns by Duncan’ s multiple range test at p<0.05.
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Chapter II. ¢AAE HEFZAA T 23s

Chapter III. Optimal Cultivars of Kohlrabi for Hydroponics in a

Closed—type Plant Factory System

Abstract

The plant factories possibly could controlled of environment required for
crops. And high—quality agricultural products are produced throughout the
year under controlled environment system. Recently, there has been a
growing interest in the antioxidant function of aging. But there is a lack of
research on the stability of -cultivation. This study was carried to
investigate the kohlrabi cultivar suitable for cultivation in closed—type plant
factory. The plant material used were the red kohlrabi cultivar at ‘Asac
kohl’ , ‘kolibri’ , and ‘Purple king  cultivars. The artificial light source
were used high—brightness LED, light intensity were 249 gmol - m™2-s7 .
Hydroponic cultivation type was used circulating deep flow technique.

-1, The planting density

Nutrient solution concentrations was EC 2.0 dS ' m
was 33 plants/m2 (15 X 20cm). Total Fresh weight and fresh weight of

bulb were not significantly different according to cultivars. On the other
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hand, total shoot dry weight and bulb dry weight was highest of ‘Asac kohl’
cultivars. The relative growth rate of fresh weight and those of area were
no significant. The length of bulb was not significantly different according to
the cultivar. The quality characteristics such as sugar content were highest
and product yield was 77.8% in ‘Asac kohl’ cultivar. In summary,
considering the growth and marketable yields, ‘Asac kohl’ cultivar was

the optimal cultivar in closed—type plant factory.

Additional key words: Brassica oleracea, bulb dry weight, EC, high—
brightness LED, nutrient solution.
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Z2}| (Brassica oleracea var. gongylodes, Kohlrabi)+ w|F3}tof] 3=
AER 7ol Aol olFdel gste 294 2% FEolt(Lee et al, 2010).
ZEHd]ol&= antocyanin, carotenoid, glucosinolate ¢ ThEFSZ dhf5 o]
1AL (Park et al., 2012), & ¥ o] xol T A3} 7]so] 3lvtx

e Jrh(Kim et al., 2014). =
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=

thololEofl  £2 AAE QAFHe Zehule did Fert FUkstn e
Z A o]t} (Choi et al.,, 2010; Cha et al.,, 2013). ¥ ofz} FyEd 2 defA
%+ glucoraphanin®] FHT @Wol FiEo] glo] Fo thA] ZE=A Al
57W7F S7kskal QltH(Choi et al., 2010; Park et al., 2012). A4 Aoz
Wol  Auistz olow, 53 ALH IN7L 238 AFEIME dFo
7Fedtel nEA Zepul kel fElEhy] wiEel Auisvib Fksta Qe
FAolth(Park et al., 2014). AP Eel= i A olA Aul=7] wfZef
FAETE B e AAolth me FEAI7E 129 280 dgH 3l
AZ ko] ojEe ZEo|th(Park et al., 2014). webd Fn|2 A5 QYadt

A= Au7lEo]l Z]lEofof gt
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21 E 37 (Plant Factory)ol® 2% &%, 3 oJisets 5 ZE9 A5

o
%
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AZAS AYgHor FAd Y HIVIAVE w2 FAES AF A

o
24
sk
4>
%

A= AAES D3t (Cha et al, 2013). AEFES A S
AEsHA JI99A e E Aojate] nEH AMAE AFHoRE AKX T F e
Al~®'ol o} (Takatsuji, 2008). %3 A3 FAo] dFs oA &7
ol A= TARe] FAHES AT Aikol Jhssttk(Lee et al, 2010).
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ARL AFdigue] AxE 4dAAF AEFE (500X 700%300cm) oA
AAEATE 6€ 99 ' AHAF(2.5X2.5X2.5cm) S o] &3dte] SHI
EFS 20169 745de] A= Auiul=c] Al Ade 20164
849 30¥ 7MA 574t AAEAL AEARE A FF oRkIE, HE
(Asak kohl &Purple king, Joeun Co., Ltd) ¥ ¢ &5 =g H.g (Kolibri,

Bejo Zaden Co., Ltd., Netherlands)E AFE3t¥omn A +F E5F Fl

)
=
rlol
o,
rlo
=

3= LED&Oo® AAR 3% AHl #=(1210%x610X
2860cm) ol AAl st oH, AAAZE 7S 20emE St @UAEE
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R
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249 pmol'm 257 '8 FEZ 60cm Folold ZFAMEATH(Fig. 3-1.). 44L&
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16.0, NH,—N 1.0, P 1.0, K 10.0, Ca 3.0, Mg 1.0, SO,—S 1.0mM - L~'3{t}.
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Fig. 3—1. Distribution of light intensity of high brightness LED.
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A8 AL Astel AATH ABF, G5, 9UH, Wue) 43 974, 4
B YAFH ARF, SPAD 2 FES FEE 24 Sk AEFES Sehole
+(VS—1202D2, Vision Scientific, Korea) 4] 70C& 72A1%F 7Ax3 & =74

st =4 =4S 98 =42=47] Minolta Co., Ltd., Japan) E ©o]&
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A= SdAdou =] 91, FAEAS Yste] SAS(Statistical Analysis
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3tk 28+ SigmaPlot(ver. 10.0, Systat Software Inc., Chicago, IL,
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Table 3—1. Growth characteristics of kohlrabi cultivars in a closed—type plant factory system.

Shoot fresh Shoot dry Bulb fresh Bulb dry Leaf area Chlorophyll
Cultivar weight weight weight weight (cm?) No. Leaf content
(g/plant) (g/plant) (g/plant) (g/plant) (SPAD)
Asac kohl 780.6 42.4a* 587.5 23.4a 2851.6 17.4b 57.4
Kolibri 530.0 25.7b 405.7 13.0b 2058.4 17.1b 58.9
Purple king 645.1 32.2ab 483.8 16.3ab 2443.3 21.6a 55.6

*Mean separation within columns by Duncan's multiple range test at p<0.05.
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Zev o] AASY AEFel et A4S RGR) S AAre A= oa3
2ot (Fig. 3—2A.). AA AF7|7F Fo AAFTY AU dES Felve

A3 ob4E EFl 2 7 0.053%

s

EZo] 0.054gg 'day ‘g,

g Aol Gtk ARF AAEE

Jdo

0.052g'g7 day 'R o, EF7to
= {2, FElBe oktEe] Z4 7+ 0.05, 0.049, 181 0.049g¢g 'day 'E
&gl Felddel it HrBe FAI FA &S Fig. 2Be
Zokth WA F4L HEY FF U AFEC] 0.012cmem 'day T2 7HE
S35t Aoz ehwth olAbE EFo] 0.0lcmrem 'day '® 7P Wk,
2By ZF2 0.0llcmem day 'E F EE7re] §98 ol YERA
ehokh. WEel A /&S Fery FFelA 0.032cmeem 'day 'R,

ob2bE EFo] 0.031cm-em 'day™t, HEF EFo] 0.03lcmrem 'day g o,
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Fig. 3—2. Relative growth rate of kohlrabi cultivars. (A); Fresh and dry

weight, (B); Height and width. Vertical bars represent standard error

(n=8, 8, and 9, respectively).
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Fig. 3—3. Changes of bulb width of kohlrabi cultivars. Vertical bars

represent the standard error (n=6, 8, 6, 6, 6, and 6 respectively).
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T B0 49495 vERA #gken, dEE opabEo] 5.7 “Brix®
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Table 3—2. Quality characteristics of kohlrabi cultivars in a closed—type

plant factory system.

Cultivar Hardness (kg/5mm@) Soluble solids (°Brix)
Asac kohl 4.1 5.7 a*
Kolibri 4.0 5.3b
Purple king 4.0 5.5 ab

“Mean separation within columns by Duncan’ s multiple range test at p<0.05.
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Table 3—3. Number of marketable product of kohlrabi cultivars in a closed—

type plant factory system.

Marketable
Unmarketable (%)
Cultivar fruits
Small deformation Fruit cracking (%)
Asac kohl 16.7 5.6 0 77.8
Kolibri 5.6 22.2 222 50.0
Purple king 111 27.8 0 61.1

“Small: < 100g.
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Table 3—4. Bulb

shape of kohlrabi cultivars in a closed—type plant factory

system.
Blub length Bulb width Bulb shape index
Cultivar
(mm) (mm) (L/W)
Asac kohl 84.6 113.1 0.74
Kolibri 77.8 100.4 0.78
Purple king 91.3 104.2 0.88
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