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Abstract

Circulating hydroponic cultivation has the advantage of reducing soil and water pollution problems caused by discharge of
fertilizer components because the nutrient solution is reused. However, cyclic hydroponic cultivation has a low biological
buffering capacity and can cause outbreaks of infectious root pathogens. Therefore, it is necessary to develop technologies or
disinfection systems to control them. This study used dielectric barrier discharge plasma, which generates various persistent
oxidants, to treat Fusarium oxysporum . sp., a pathogen that causes wilt disease. Batch and intermittent continuous inactivation
experiments were conducted, and the results showed that the total residual oxidant was persistent in intermittent plasma
treatment at intervals of 2-3 days, and £, oxysporumwas treated efficiently. Intermittent plasma treatment did not inhibit the
growth of tomatoes.
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1.ME2 A zxE AL FFotE=z FAx o] golstA|gt, 2
=°f o] 57 gkt A= FHo=Z Tt FH H|-E
SEuEtol A 1990t 2FHHEE Al2bE ARy o] Z7Y¥stH, H7|E= Ao oJ5f Jof Hlg &4
Hli= 71& EA ol A Aol Dot Hs A& = B2 EoFoll} TSR 9Eo] £30dS g0y
Ql QFob-& FH(Rock wool), Be&to|E(Perlite) 522 7] 2thKim, 1998; Part at al., 2021).
T 2] Eof| B-goto] Ajufshe oo}, el HH, 34 FAAEl = FHS AAHESH ] w2l
Hi= 220 A& =Y o = 3ol 9lo] AHHid =T H 2249 AHE Fof A47F A, 17
Zo] A2t F7¥skal QIth(Park et al., 2021). &= o] Hol Aart 4t 5o Hlg AR M
FAA = Feb o] =bFAlo) what Hl=FAlL & SELF YN HE ARCERJIT EGeER s+He
SHA] oFlAfulRg o] gl HleghA] FAAHl= v & BAE Z4A71E Aol AkPrice and Nolan,
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Yato] WA gitste] =2 AY Ad ol WA=
Qo HAS & Q= Ve B ASA AR Fdo] D
SICH(Nam et al., 2009; Zhang, 2015).
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2011; Lee and Kim, 2019; Noh et al., 2020).

ThFeE As 3 FollA oheket e gt AEkA] 5
o] BAAHE AR g fAAPEE Et2nt 34
(Dielectric barrier plasma process)< 35HEE29]
=2 A4t o] goto] tEald &2 9] Atste} nlAy
=9 B3t adtE dS & e AeR A Atk
(Sugiarto et al., 2003; Baek et al., 2012).

2 A= 8] FAAfago] Z-8ot7] et THL
2 5AAEE 9tz 382 olgote] A= Ae
S YO 7)= Q! Fusarium oxysporum £ sp.
o] 243k 9t 48751 A=l vlA= 9
I

2. 742 U W
2.1, 48 33

Aol ARt Eetznt W-g717F A E FH A )
Al 2Eo] AR EE Fig. 10 Webldet. FoalAE Al
L2 dR0E fdz2 Ao H(tR, A= 11
m, ¥°] 1 2 m), AH} ZE7} 22 AXE AR E 2
o Alasted Aol ARSSIAH. FAAH) ZE= 7}
gt 36 2716 x 62)9] BEutE 2E2 A

4 Utk AlE AFE LED HIE= AEAHIE cool
white IZZ 8,000 - 11,000K9] M= & UefE
LED &g ARESH, 7+ gmbt} 200709] LED #
7} A= o] Qitk(Zhang, 2015).

Etznr A AR B A=SUFE A5), A4
G, HA] AR A=) € 47)Hez o]Fozl
Eetznt §E7], EefolgAet Y REHAR o] Fo
AL 982 4 37] oot KFR YA R o) F
o7l 7] 3542 = o]FoA AUrH(Kim and Park,
2014). E2tzut ¥h-g719] Fal= 0.94 Le]}lt. £
100 L8l Z=xofl ¥l 70 L& A-¢-2 Flafu] ZE
Hroz Fals Faote] 24417 w85t tHZhang,
2015; Park, 2019).

AlE=8d2
oxysporum f. sp. radicis lycopersici (KACC
40031)2 FAUIE2 oA Egtof o]-gstint.
278 5 mm9 F oxysporum At 22 WA PD
broth (potato extract 4 g, dextrose 20 g)°ll H&5t
1 25CE FAEE w714 150 rpme S8 4
A5t 1 HiFsteiet. iRt AAzl= 453 F
o AZE ojdsto] FARZEE A A 222
Aetol-S Z0|5E £ oxysporum AN FEE 10°
CFU/mL= A&s}ItH(Zhang, 2015).

APEE JHolQl  Fusarium

2.2, Aurd
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Zobal, W4a2] TRO (Total Residual Oxidants)
FLE S45ta vlg] Ax3E FHol 25t TRO
g t27(0.1~0.4 mg/L) 314k vkl 1 LA
THEH. AT P SFEH Bl ERE BF
< Y1 A5kt 390t TRO 5528 B&E
o=z Wt z+ H|AA<L] TRO HIEet £

oxysporum =273% 45 % EntE A4S Bkt
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7He A& S
2 olgsjo] 4 Ik efzn} Aels oA
U3 gEToR AERO, el 3R Helz
uhE o]-§st A= AP sk, 5 2, 3919 7HA L
2 Z}7F 204, 40 F 60ETE ESErE WAHAIA 4



EntE A BetxotE ol g3t A

]
er

LED power

12w (Fusarium oxysporum f. sp.) &3t 325

Tomatoes

T AT A AT A AT AT AT AT AT AT AT T AT AT
LED lamp

Power supply

T AR A AT T AT T T O AT 4T AT A A

Alr pump

Filtar

i

Filter ' ]

Plasma reactor

Tl

- Water circulation

Mutrition solution

tank tank

Mutrition solution

pump

Fig. 1. Schematic diagram of nutriculture system and plasma system.
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AolRet Zehzols) WAL copst 2oz
RS} SRt o5 Alsh] FRE FAeh
FARHE S45to] AeA 55 A o= okt
t}. o]of o] 8= o] TROCITHKim et al., 2012).
EetxutE o]-85to] datdls 2 AF AAHE St
Zup 3o oo == F 4Rk 9] Z| 22 TROE
Z4oto] AMgstat. B3R AFBHAI(TRO) 55+ 4
AEA71(DR2800, HACH)E ©l-&3te] =753t
TRO+= DPD (N,N-diethyl-p-phenylenediamine)
< spectrophotometric method (US EPA method

316)°ll &7 530 nmellA Br’& A=t ch(Park and
Kim, 2019). £ oxysporum A5+ &5 At A=
£ PDA (potato extract 4 g, dextrose 20 g, agar 15
g) BiAol Y1 25T oA 587 Hi%F = colonyE Al
StaTt. ErftE 30 dolet BAl= ZF TolA £ 10
7fe] BES AdEste] 71807 A ZAsto] B4
st tH(Park, 2019).

3.1.1. TRO =X B3I} £ oxysporum 2235t
ek o] Zefxat Bas fAg §Acte] 2]
TRO %7} 0.1~0.4 mg/LY] Z=t=n} 2 §-H
(EtE 237 g hp)S wheo] 24 A54¢



326

& (a)
£
S o
= 00 )
—@— 0.1mg/L
0.47 AN O 0.2mg/L
> 8 & a4 4 4 | O um
- \ X A ‘\ ‘\ |\ A —/— 0.4 mg/L
Es) \
E Y Y
2 l
[
o)
L 6
) !
[ A :
18

Time (day)

Fig. 2. Variation of TRO concentration by plasma treatment in batch experiment.
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XHO]")% AFst BE 27] TRO sZolA ZHaAdo] =
Ao 2 Yeltor 0.4 mg/Lo] FF/0] 7H =4 &

2|5 = A0 2 et o]oh T2 R Egk=at
4= OH 2t Za 22 7o) v %2 48]
mar op gl A A, @& 9 GAA AHEHY] So]
7ol EAs}t7] uf2e] o]t

2o 3ARAdE et
TAEQITHKim and Park, 2013).
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Ao g Yeton 139 ¥ log 4.47% YEHT
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o AHer FastHeH, 139 log 1.6, 0.20
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log 1 (10 CFU/mL) °lst= Wt tifZe] £
oxysporum®| & 73|9] 7+d# Zefxul A& Qs
Abgo] o]fol7|= AR Uit 2 &9 F
oxysporum®| XX 5] AFEsk= 22 B[A Ul A o] &
Aol F oxysporum®) 737l £& 2ol ohr] mj
T Ao 2 WAE AT (Nam et al., 2011). F&4 A
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Fig. 3. Variation of £ oxysporum concentration in batch inactivation experiment.
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Fig. 4. Effect of plasma treatment on tomato height and weight in batch experiment.

c
g (a)
o . .
= b
0.30 —@— 20 min ®)
O 40 min
—W—- 60 min
0.25
)
- vy AT YT yYy ¥
5 AR AR A A V] VoA N
g’ 0.20 | / \ ,: | ! / \\ I A \\ | \ /‘ / \
— \
S \ / V] ¥ O\‘ / NI ',O\‘ Yy \
c \ | o |
0.15 IO | | \l
8 O O\/Ov O\,OVO\/ ,| v \\/ O*
@)
& o010t
0.05
0.00 : ‘ ‘ ‘ ‘
0 5 10 15 20 25 30

Time (day)

Fig. 5. Variation of TRO concentration by plasma treatment in intermittent continuous experiment.
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o oS i ~ 3 ~20] K]l
3.2.1. TRO s B3}2} £ oxysporum 2245} swE 015~0.16 mg/l, ¥A _2 3_02 =
o e e N 0.07~0.09 mg/L&E #A=2ct. 60% 2]t gho] 4
5 5 =gl = 73 = 5
SEA Adel Setxst $Hee) TRO 5= © £7] TRO $E& 0.23~0.24 mg/LoIAL, 2~3%

0.1~0.4 mg/LolA 2~3Y 2+A 0 = A 25152 o
TROY Aol fAE: Aoz eyt Z3t
Zhang et al.(2014)= FAA ] A -4 E2t2nkE
AEH o2 HHT A A5 A4S Adskdota
H1stg o, TROS zHr/do] Uehd 3124 At
Zhang et al.(2014)¢] 235 st A4 A3AH
o= EetzntE g o & Hsto] Agskoit
Fig. 501 2~34 7tAo= Zetznts 27 208,
404, 60 7FE At Aol TRO &% HIE
eIt 13] 2027 E2t2nt A 45 &
A5 FH2 oF 2.43] <=3Fotal, 4022 <F 4.83], 60
B2 7.23] <=8k}, 208 A=A A 2 § TRO &
EE 0.10~0.12 mg/lolglen, WA 2~39 &
0.04~0.05 mg/LE #Askelth ol 2~3Y 7H4 9
A Eetzmt A 13] A9 fARE s §

=21

% ZH% TRO 55X+ 0.11-0.14 mg/LE YEFHT]
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L= 0.2 mg/L A7 FARE 3R TRO 52 U
B gict.

Fig. 6°ll 2~3%2 7+A 22 208, 4023} 6024 ¥
Aol 7+ Ehzut Aotde Wl £ oxysporum 7N
A4 AR et gloh. AZAIRA B9 27] F
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olAtt. £ oxysporumTt FYUT RS 149 &
4.8 logZ7tA] AsHe Ao 2 Uehidth 1594 ==
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Hafo]7] wjol defolEnt ¢fH 59 Hl=gHg HijA|
£ o835k 1 AW of| EnES AAgE AR
171 wjZofl & A7skA] 3t F oxysporum 7WA|
7} ZASHE Ao 2 wE]] E‘r(Nam et al., 2011).
20+-9] 7H S AN A2 £ oxysporum
A7 Aol HHZHor AT, 149 § K
oxysporum == 1.5 log2 YER} giRE9 £
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FA5H9L, 1390 1.0 logZHA] Z4sH3ATE 234 A
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Fig. 7. Effect of plasma treatment on tomato height and weight in batch experiment.
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