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ABSTRACT

Eutrema japonicum, commonly known as wasabi, is a spicy vegetable renowned

for its unique and pungent taste, utilized not only as a seasoning for fish dishes but
also in various culinary applications. However, the optimal temperature for its
cultivation ranges from 12 to 15C, with growth being compromised above 25TC.
Consequently, wasabi is primarily cultivated in select highland areas with abundant
water supply due to its sensitivity to temperature fluctuations. The challenge lies in
the difficulty of expanding cultivation areas, and the susceptibility to root rot
intensifies with temperature increases, contributing to a significant 55% decrease in
production over the past decade in Shizuoka, Japan, a major wasabi production
region (Japanese Ministry for Food, Agriculture, Forestry and Fisheries, 2022).
This study focuses on cultivating wasabi leaves using an indoor vertical farm and
developing technology for year-round seed harvesting. Hydroponic cultivation of
wasabi rhizomes was carried out by supplying cold air maintained at 15T
throughout the year. In the process of selecting a suitable light source for leaf
production, no statistical difference was observed between fluorescent lamps and
three types of LEDs. Notably, when using fluorescent lamps, the rate of increase in
the number of wasabi leaves reached 0.36 = 0.11 at the PPFD 220 umol'm-2-s-1
treatment. Successful harvest yielded 2.2 leaves within 49 days of cultivation, with
the highest leaf area recorded at 605.2cn. Tests to determine the optimal EC
concentration of the culture medium, ranging from 0.4 to 2.0 ds'm-1, revealed that
the leaf emergence rate in the concentration range of 1.2 to 1.6 dsm-1 was
notably high, reaching 3.6 leaves per month.

Wasabi seeding using an indoor vertical farm was possible even after May when
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seeding was not possible in the greenhouse. Seed vitality was found to be
maintained for up to 7 months when using a seed storage solution containing
Polyethylene Glycol and Hydrogen peroxide solution. This study reviewed the
possibility of producing wasabi rhizomes in the facility and the simultaneous
production of leaves and rhizomes through defoliation treatment. In a 23-month
cultivation using three treatments of 5, 15, and 16L medium volumes per plant, no
difference was found in above-ground growth depending on the variety and medium
volume. The wvariety that showed a clear increase in root fresh weight as the
growing period increased was the ‘Daruma’ . Regarding the cultivation method, in
the case of the picking the bud treatment, the number of main stem leaves
increased in both varieties, and the leaf length and leaf width of the main stem
leaves tended to increase, showing a positive effect on root growth. The final fresh
weight of the rhizome after 12 months of growth ranged from 41 to 42g, showing
a high yield.

Key words: Eutrema japonicum, leaves, thyzome, Seedling, picking the bud, indoor vertical farm
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0}04 4C, 393t 74 EPJJrOP—’ 15CE &A B#AstH Hotd FAE 1257 Edo]
of 7hAlste] 47147 SHT AAEE AFESA T @A FAAE e AEF
A W o] W=of 20cm FA o= AAsta Auistd . 4 16/8h, Fopt &%
21/14C, AL E 60+£2%, CO2 S5 480ppmEs ettt HHE wa2 o A
W3l 3 13] pH 5.8-6.0, EC % 0.7dsim& 4253 o).
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LED R:B=3:1 Wide LED 1 Wide LED 2
2] A+ 3 A (R:B=3:1) 2] A+ 9] A FHR W) 3 A+ 2] FHB+W)

e Fd AS 98] 3P, LED R:B=3:1, Wide LED 1, Wide LED 2(Hyunjin
LED Co Ltd., Korea) 4%¢] Fdo =2 FA3ste] 33 190umol - m™ - ‘101] ko] )
39 35 Y-S o] &3ke] FeF 130, 180, 220, 260umol - m? - o] wE Y
o] A& EAS zAEYT ##FS Quantum sensor(LI-250A Light meter, Li-cor
Inc., USA)E o] &3l ZHsl9Gn F2HdEy B4 E33A MK350S(UPRtek, Miaoli
Country, Taiwan)& &-&3tdtt. F3dd SA7 ](Ll 6400, Li-cor, USA)E o]&3}o] 33
2 0~1,000umol - m™? - s M4 100pmol - m™ - s# Z7}akH light response curves
Aty Aol 24 AuE AT A3y wiA S YA BALE, ¢4, Stol
c28 FFIEHZolE HE 100, 8:2, 55, 2:8, 0:10& FZsle nFYole ¢
Z 3 dF 59 S EAESE Z2AEIET. XL STAT Z=a3(Addinsoft, NY,
USA)S o]&3te] ANOVA(analysis of variance) % Duncan’s multiple range
testOMRT)E A A st 5% FoF=FolA X8 7t FoAE AFsA.

E
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A3 230t A, GF, AE S0 S EALS 2AEY] GZ 13em W9
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F 2. 5ol A Sy =4

*Y A (%) NH-NNOs-N NHp-N P,Os KO B Cu Fe Mn Mo Zn
Multifeed 20-20-20 3.9 39 104 20 20 0.01 0.005 0.05 0.02 0.003 0.007

R Ao = QIF nFYol AH AME At I @Y FHFH Hje
S T3 FAEIY 1Y 992 ol v} Ul N, P, K, Ca, Mg, Na && &
APt FrFs EHSAT. FAEAF, A7 2, 9% 9F, 9454
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Sk Sl FA5Ha A EA 153 18] 66m = Fgste] €Y 133, & 1,716mE 353
otk Eehu) 2 (Multifeed 20-20-20, Haifa, Israe)S EC 0.7ds - m™, pH 5.8~6.0 &2 A
Fstach 335 397 30em ol 9x¢] 3= 190umol - m™ —1/\2_& A-gsh B35

7] ozt 16/8hr, -5 15C, o|Aksleka 5= 480ppm, FTIEE 60~70% F-5H3ck

HEFY W) mRY ANUEE 157/, felede sf/m o 77 aaEE FAE
EUFA YRS P AAS] 7Y GAR FHAAD AF FA AFHL FY A
g 243tk B4 B /0 AL 93 20229 49 ATH FAE &% S PEG

0% & T7HA 24del &H(FE o A F 15T, 200rpm2§ 2 RHFINEPCR,
confido-S5008} ™ HBAT. F4 BB 1, 3,5, I F FAE FRFZ AojUln F
Efsh, Holsh FUF 2o ST A gstel 0 Fok FolE FAE Aol

ol H 2 zAFSY T

33 5] T4 B 8 2R

A& £ =4

TO g

T1 PEG 30%

T2 PEG 30% + H,O; 0.1%

T3 PEG 30% + Paclobutrazol 2ppm

T4 PEG 30% + Ancymidol 10ppm

T5 PEG 10% + DMSO 40% + Glycerin 8%

T6 PEG 10% + DMSO 40% + Glycerin 8% + H202 0.1%
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A5 139Yo] 274 2 o A AL 7le Mg

47434 4 SAAL s AEE 98] 13em o) ds AASE A, dots
AAs = Ao, FAHH(IH 2)9 3714 HA o2 Aujstdtt. 82 #R7(Folo]
o 2=, MAC-42)E o]-&3to] EghH) & (Multifeed 20-20-20, Haifa, Israe)=S EC 0.7ds - m™,
pH 5.8~6.0 =22 AF3A 3T 66ml, I 138 FA3ATE A 717 F wiy
£ 30~40%, Wi EC 0.8~1.2ds/ecm™ W E Au) Balstda ASZ2AF BHHES <AED
I FLsHAl Z=ASEA

a9 2. aFYgol A=A

3. 23 9 n&
AED A48 AY 2d € A 79

White LED1 X gjollA A Fo] &1 nigH 2 o] 18.62c - g2 t+2 FY A g ol
Hlgte] GA Yelgoy Fe T/ w2 FAZF Aol HolA FUTHE 4).
R:B=3:1 LED #A A& nFJole] OPIIZo| 0.772 CtE & = HO| v
OFZF YAl YEFRTHE 5). A E FRA FFASE UE de g ARALE 715y
mol - m?-s?, gAF 200~300pmol - m? - s, FNF 500pmol - m? - st o] FoE o
A Ja g LFHL e AEFTHS FAE FFA a0 A HA &
3ol LEDE FE A&l QUTHS, 2012). mFWoldlA AA HJae Tt g
NMBETE A+ A EFFo A JHF =Tt g Bk vf oz &, 2013).

® 4 %Y TR 9E 1FYo] A% 54

A2 A Hem) FR(em FF(em) AAS(E  SPAD ®PSlI

35 17.8% 17.8% 19.5% 103.3% 32.3% 0.83

LED R:B=3:1 16.3 17.1 19.1 110.1 33.1 0.77
Wide LED1 18.8 20.6 20.8 143.5 33.4 0.81
Wide LED2 19.6 19.6 23.3 135.9 32.6 0.82

*NS: not significantly different according to multi way ANOVA test
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£5 B9 FR BE nFYol A £34F
Azl 3 (erd) 43@  WgEdGigh FFIFOD
ey 176.9™ 9.0 19.6 24N
LED R:B=3:1 188.5 9.8 19.1 23
Wide LEDI1 166.8 8.9 18.6 23
Wide LED2 186.6 10.0 18.5 29

*NS: not significantly different (p>0.05) according to multi way ANOVA test

PP EA 7S o] &3] light resonse curveE EA13F Az w3 yolo] FrRAH
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AHI

%6 YBF BF Aelol BE 1Fuel o e

FFpmol - m? -5 EFEEE0ND) T8 9 00 < A 3 (c)
130 8.7£0.2 2.0+0.6 446.6+71.0M
180 9.6+0.1 1.8+0.8 517.6+111.8
220 10.8+0.1 2.2+04 605.2+108.1
260 10.2£0.2 2.0+0.9 536.1+210.8

*NS: not significantly different according to multi way ANOVA test
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7} 0.19-0270/Y 2 Adachi 5(1995)2] AAATS fAlaA UEpstoL)
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0 14 12 12 5.0 40 44 5.8 14
14 15 12 12 128 155 142 80 14
28 15 13 13 16.3 188 176 84 13
42 15 13 13 169 195 186 87 14
o‘% %?7} 0.03b 0.02b 0.02b 0.34a 0.44a 0.40a 0.08a 0.03b
cm/ E)

J Significantly different(P < 0.05) analysis of variance and Duncan’ s multiple range test

%8 A R 2 87 ¥l mE FuAPS

mmme, 1R 6L 87155 51 87159 oL
%E}o] E %‘ﬁ “v—‘— P P %tg_(_’::};_ P P %%{_’2};—_ 2~ 5 P
Ghe) TR oy THEET ey THET
8:2 0.24N 18.60 0.20 16.75 0.17 16.40
5:5 0.22 19.80 0.20 17.40 0.15 15.20
2:8 0.22 17.60 0.18 16.20 0.10 9.30

¥ AE] 717 2020-01-30~2020-10-15, G A4F AL 4 70€(07-09 ~ 09-17)
*NS: not significantly different accordlng to multi way ANOVA test
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okulA7] GAF ¥ EC $= 12-16 dsm! M HlelA 2E&5E G
S BA dehga 08 dsm? Ewel A BT mFYole A A 3
HjoFe) aol 25t Eobd pH 5 FECE T2 Wobx: Aol
CHE 9). 29 4014 AT S Uxol 08 dsm mEre] BEo|AE UATS

2 AR} Sahdo] B B EC E WeoE 5T Ao nol #Ha
T3] Algkel MR ECEE MOt 12416 dsm?oz BThHYTHE 9).

0.8 ds/m . 5 2.0 ds/m

4.

w}
EC SHE=0N/8) HEZ57Hen/ D) 3 (crd)
0.4 3.4+0.4b 0.140.0 375+ 9.3b
0.8 5.3%0.2b 0.140.0 125.5+ 34.8b
1.2 7.0+0.82 0.940.5 334.14104.7a
1.6 8.8+0.5a 0.84+0.3 390.6+120.9a
2.0 8.8+1.0a 0.94+0.3 261.2+ 92.1a
2.4 8.2+0.9a 0.94+0.3 266.9+113.5a

J Significantly different(P < 0.05) analysis of variance and Duncan’ s multiple range test
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AL 1FYo] T A4F AF € Y /A 7le AL

TFYole Ax WA FAZ AL BAA 2-3F W E, 5T uH|vke] A 204
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92 o187 B4 Y A P dAA HPL FAskA HEFF WA
]

=

AEFS 1577 3B7H Tz 2 157 AFF 389347 vwds

A vEst. a5dols wiFa FE2A ATFEsdA ol st

€ 92 59 sEriEse] Fasita dEA AcHHEEY,

TEANAE RuNEE FAR 157 AAFFe] A HErsT

AHA 24 FAAA AY, 1L 2HOZ A Fo] HA &

AFol 7HsetAal vde] Aulf vl=E Z-83 1w Aujrt 7t

A 1ofe] @9 AT 305 ol A Al 24AdA 15T
Agsts S 22 FE TA ATl Hed Aoz AHHAHIH 1D.

n NERFA on BT 5 cumsee  azsuasas -
A Z A (nf) 3 75 .= " i
B4 FHF) 9 3B E- \ =

AHZHON 35,036 12,503 - T, ) | -

AEAFONE | 3893 37 | rrrerregs e

a¥ 11 a59o] FA AF Bidd UE AFF

T2 Aol FAke] dopAZE F-A ol Hls) 370d 3 10%, S/1E F 25% U =
ke 7Td Bas 74A TopAl7E 15%= 1A H AT

F 100 o] T2k B g9 gl By 7|30 wE oA

(91 %)

A7 g BRI ae e sAe 7
TO FA g 80 25 5 0
T1 PEG 85 50 20 0
T2 PEG + HO, 95 35 30 15
T3 PEG + Paclobutrazol 70 0 0 0
T4 PEG + Ancymidol 100 0 0 0
T5 PEG + DMSO + Glycerin 20 0 0 0
T6 PEG + DMSO + Glycerin + HyO, 0 10 0 0
T4 30
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AL 5ol 274 R o FA A Jle A

aFYo] 2 Ak Al 713 18244 E wl§ Hol ;mF o] &7 Aluf
Ao FAA THeA S AESY] Asl A, Aok, FA L 374A Auj gl
A AES APt A=A 158 o 2 = Erk 719@WAF 593,
4’ 53GAF 3760l Aol Aele] B o} e LEmh 65.37H(YAF
2979), 't 40.57W(BAF 2189= UEhd &, <fof A= ‘Em FFo] A
stthe 71 Aok 22 A3 vyehstiE 1.

é“.:é“.:O{N
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11. 3y o] Au) =y gE AR Y& EA

= A7 HAF IR 4= S IR T T
° (@) (cm) (m OHF O @ %5

3
=

A4 231.0b 11.2c  128c  59.2ab  7.8% 5938 71.0
gt Z o} 2312b 17.Ja  19.2a  26.8b  17.7 297 65.3
A4 g 515.0a 14.2b  15.8b 84.2a  12.8

A4 205.3% 11.9p  11.9b  54.0a 7.2 376.8 53.5
o < Z] o} 162.9 18.5a  17.8a  20.3b  15.8 218 40.5
A g 276.8 12.5b  12.9b  42.8ab 13.7

T 717F 7 22, 11~ 23. 10. "95(13en o] 2D)
J Significantly different(P < 0.05) analysis of variance and Duncan’ s multiple range test

& Hob Aol A GRAel BAHY, AP ALl Mate] ¥u GEw 2000w
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s eslel 249 A7 A7 v Zo® not U 279 FA

102 BRHUTGE 1D. 24 A8 2A5E Aok ), FAg 237,

4] At WARYeM Aok Aol A 1209 A BoRE 27 AAF
goy 42 6y O AL5g0E A, A el vistel = vehgehE 12
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If% =] ol
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A4
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=7

¥ AT 1208 A%

I 12, AH) e e

AR A% B4

g, o

)

< ‘gvp’ 27.7ge 2 YehdZd vind w, Hop xe7f anFgo] &7 AW 7
= SSAE Eoiys aEd SN addd Aoz AdEAH.

¥ 12, 3Fgo] Aj W w2 24 S 54
- BA 5 ZAF EZE z38
T el A /]%‘——3 (7]]7;3’% (7gg)TY )b}(?ﬁj
A 7.9 4.4a 7.5b 2
S} # o} 7.4 1.3b 42.6a 100
7222 6.9 3.3ab 11.3b 16
21 ¢ 6.7a 3.1 10.28 6
o) # o} 2.2b 1.0 415 100
722 6.32 2.1 14.3 17

27 20g ol

=R 1 AA 7% 2aT

170

71,5005 A 2}/150nt, 1270 L A&
J Significantly different(P < 0.05) analysis of variance and Duncan’ s multiple range test
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% 13, FWo] (v Anj el mE o, 24 A 25y vl
e LAEF AEFAT TR o4 =T 9 25
@ (2 9/150m) o) (F9/150m) (F¥/150m)

¢ 593.8 20,355 143 967 21,172
7o} 1500 11,000 11,000
ERAE 824 4,120 4,120

Ben o1 2 737 S0goF =A%

Taage] o 714 23,0009/kg FaFgo] & 714 22,00094/(100g=35gH1€] 371 M2 7,333

% 220pm01 m?-ste A ASEAL W EREEE 10.87/€0.33v/D), F
3 7t 9 4= 143u)/€92 e gH o] 6052002 M =9ke. 1E
of &7 A4 A WA= HaHo]l o3 miALE, WY, sloltr g, HEolE
GERTE ZFAIE: J*E‘rOlE =5:5 xAdo] AUt

cn.l

. opulA7] AR %l EC % 1.2-16 dsm? Mol Q&= w2 g
o] 7t}

o mEo] gk, U EFe] wix Sfo] mE AR AS =4 FF Al
o7 grgkort A 717t Frkel] mE 27 AAZE Z/b EsieA Ue
o gulE BAS 6570, 3 2A% oF 513, 2AF 251-20.7g, &
o)

2 o

ol nFaelS ATIHHEUE & eLAH Aol olze 52 o
]E AFol 7teder FAAY 255 15CT7F AEsH 1 PEGSF H,0, &
Gg FHT T npele] HBT A AL FAA Beo] 15%7EF FAH
= o2 vehgr.

ol 248 AAs AW o Al Fg 77

FPN

W57t Fohek, 24 9%, 9
Zol ANE APl deht nFA 27 AP I IFE VAL, 1249
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