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Abstract. This study was conducted to investigate the growth of lettuce (Lactuca sativa L.) and Korean mint
(Agastache rugosa Kuntze) with microbubble in a closed-type plant production system (CPPS) with a deep flow
technique (DFT). Lettuce and Korean mint were grown in CPPS for 23 days. Microbubble was treated for 5 minutes
daily at 9:00, 13:00, and 17:00 for 16 days. The leaf length, leaf width, leaf area, and fresh and dry weights of lettuce
and Korean mint were significantly lower in microbubble than in the control. The total root length, root surface area,
and the number of root tips of lettuce and Korean mint were significantly lower in the microbubble than in the control.
In the case of average root diameter, there was no difference between the treatments of lettuce. However, Korean mint
significantly increased in thickness in the microbubble treatment, indicating variations among the different crops. The
results of the research indicated that microbubble treatment in the DFT inhibited plant growth by inducing abiotic stress
in lettuce and Korean mint.
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Woe) ARAARA o] A mholAzmE Aelol ule ek vxgel 4%

 AE-S 7-/d3k= monoterpene I} sesquiterpene 2 T

ShL glof o) 7k oleloe A 9 FARE A5
ghok(Park 5, 2000; RDA, 2018). it v 23RS 7|5

S wol whs BER AR} S0 7]o) e E
A Qe B0 W2RS e Siet )
3] @ 5}k Hong S, 2020).

o= (deep flow technique, DFT)-2 =740l o] U=
SRS ARG L A1) RelE opofel P}
2 ook FEHIS] Al o]tHRDA, 2021). DFT 4]
Az o) wel 7} g4t opalol 24 91| o] wele] )
o B I o o 4§ Abbdissolved
oxygen, DO)& 2517|913t Ak B Alslo] Wz o
2 9=k Morimoto 5, 1989). DFT= ofjo]H & Jx20]
7135 A ool Ak BT, ) o] 7]
7H A == AlRto] o DOE Y 2 FAIsH ] o= 241
AL XYl th(Ikeura 5, 2018). DOV} 5-£35}o] Hig|o|
A7 AFEH R ST A AE o] T, AE4 A
o Aol F gk Al ol ZAZE IS 4= lek
(Morimoto 5, 1989).

ulo] 22 HE(Microbubble, MB)-2 2173 0] 50um ©]35}21
7|32 FHol| A FAFE o] o oF el S Ao o
A7} A o] Z47d8] FAgsHHA &l  DOE A= Aol 54
3t o2 GX|SF 4= QltiIkeura 5, 2018; Takahashi,
2009; Zhang 5, 2007). Park ¥} Kurata(2009)+= oj|o{3H 3 9}
MBA4|2 247} AL 8101 DFT Wb 0 2 412 Ajfal
= W MBA 28] DO} B A 141 ¥ 3l om 2450
AET AE2Fo] f-olehA 3= Stk Hasgl) o)
HHO| SH8HE W= MB7} Fejof A= HA ol
LolgA i S5 S48 Aol 7Idskictkar shick
(Ohnari 5, 2006; Park ¥} Kurata, 2009; Takahashi, 2005).
o]t ol A MB+= ol U DO} A=A 9] S-S F7HA
Z 4= Q& A 0 & ket E3E MB= 7| 327} 52|51 A
hydroxyl radical & AJAJSHH(Lu 5, 2023; Takahashi 5; 2007).
Hydroxyl radical-> A2}t d =2 E5oh= & A (reactive
oxygen species, ROS) Q] U£0 & =0 vl 2 At
2 A5t AEGAE WRIA)ZI T Turrens, 2003; Valko 5,
2007). Bok 5(2019)-&DFToJA] MBE 2]2]81 942w, hydroxyl
radical o] 2]t AR} AEH AR Frffo] o] AYgo] t e} H]
W3ho] 7451 o 22} tARAME: 2= 312l glucosinolate
O 2 718kt HarstitkBok 5, 2019; Ikeura 5,
2017).
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1. AEM=E 3 xHufety

XY Lactuca sativa L. ‘Dduksumjeokchukmyeon’, Kyoung-
shin Co., Ltd., Korea) 2} v| 28F Au}] E7}ol| A Ap71a)Est
23K Agastache rugosa Kuntze)®] FAE HEZ| T4
(DH.W30015, Daihan Sci Co., Ltd., Wonju, Korea) ]| XA}
51l W& A EAIAA AE(C1200H3, FC Poibe Co., Ltd.,
Seoul, Korea)ol|4] 24 X7t 52t Z|oFA|FiTE Fofgh A=A
= e AHX|(WXLxH: 30mmx30mmx*40mm, Gafatec
Co., Ltd., Jeongeup, Korea)E& 215 105 2|71 E|o]
(54%28x5¢m, Bumnong Co., Ltd., Jeongeup, Korea)of| ©]
AJ5je] 7207k AT S8 TR 2-3% 7R
Hoagland 2F}(Hoagland 2} Arnon, 1950)2 EC 0.3dS-m™,
pH 6.5 % A|5to] At SHQIT) 13157 $- o] 20)
ST 5ot v 2ok FUT 2 Y] =24 DFT Al2|l
o] 215131 EC 0.8dS'm™, pH 6.5 2 %A 3t Hoagland FH
= 5aoto] 1647 Afulsllrt. 255 =A4(TR-74Ui, T&D
Co., Ltd., Matsumoto, Japan) & =731 W& A1 EAYAFA]
2R W O] 2o A5 e 282 2243°C, 60+20% itk
(Fig. 1). Y| g A1 YA 281 W 332h-2 335 200pumol-
m™-s”' photosynthetic photon flux density(PPFD)$} 335=7]
12/12h(g7)/F7H 2 A5} .25 RGB LEDs(red:green:
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Fig. 1. Changes in temperature and relative humidity during the 23 days
cultivation period of lettuce and Korean mint.
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blue =7:1:2, ES LEDs Co., Ltd., Seoul, Korea) S F o &
ARREISICE e FE=A(HD2101.2, Delta Ohm SrL.,
Caselle, Italy) 5 ©|-8-5t0] 274313 0.1, Fup-2- w-8-=A
A\(ILT950, International Light Co., Ltd., MA, USA)E o]-&
sjo] 2gsi9irk

2. O0|Z2HE HM2| H AW EH XA

DFT H|=(WxLxH: 120cmx52cmx5cm, FC Poibe Co.,
Ltd., Seoul, Korea)o| 413]4] MB ¥2§ AHx|(ADBS07, AdTech
Co., Inc., Gyeongsan, Korea)E- ¢]-8-5}0] 28] 7|7k 52t 5}
ol 4XZE A O & 3HA 9A], 13 4], 17A]]] 5 5T MB
£ satt FHS Trsisinh a8 dugl7|(DBC-200,
Daeil Co., Ltd., Busan, Korea) S AF2-5}0] E3E+= oFei 9]
2909 2241°C & 44|53} Fig. 2D). MBA| 2o W} of
o] 54 Wsk2 2] 913} htol 3114 MBH 2 52
5.0]| EC/pH meter(8200M, EZDO Inc., Lyon, France)E- ¢|
sto] A9 =2, EC, pHE 5745311, DO meter(OE-
270AA, DKK-TOA Co., Ltd., Tokyo, Japan) & ©|-8-5}0] oF
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SPADZE JE24 =4 7]|(SPAD-502, Konica Minolta Inc.,
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AL S ARSI 7472 B U o] 72| 2 CD-20CPX,
Mitutoyo Co., Ltd., Kawasaki, Japan)E- o]-8-5}o] 245t
o} gHAL JHA =4 7](LI-3000, LICOR Inc., Lincoln,
NE, USA)E o35t 45, AAle Aems2 A4t
Z&(EW220-3NM, Kern&Sohn GmbH., Balingen, Germany)
= o8] ST HEFTZ AEAET70°C g2 1%
7)(Venticell-222, MMM Medcenter Einrichtungen GmbH.,
Planegg, Germany)oJ|A] 72 A7t 59t AZX3E & =4 31%ch
AT Ao b4 2 Qo) Qe Alele RS AR
(CM-3500d, Minolta Co., Ltd., Tokyo, Japan)& A8-5}¢]
Hunter L, a, b 352 743t 7 Hot g =2 el ek ‘L gt
2 (O(black) — 100(white), ‘a’ ZF2> —800(greenness)— 100
(redness), ‘b’ ZF&—70(blueness)—70(yellowness) O &2 42|
sttt Bia] o|u]x] A7 (Expression 12000XL, EPSON
Co., Ltd., Seoul, Korea)Z ©|-&35}o] Ba|E AgH5|a 8L
olu]7] e B4 A|AB(WinRHIZO Pro 20072)< 0|85
o] § we)glo], e Wi, Wt A7, TeHE Bk

AL
1z
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A2 A2 F 1170414 39HE.0 2 vl 2|53 o &2 o
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Fig. 2. Changes of EC (A), pH (B), dissolve oxygen (C), and water temperature (D) in nutrient solution affected by non-micriobubbles and

microbubbles treatments for 16 days.
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o FAREA(ANOVA)E AAIBH AL, B2 o) %] 2] 2] 71o] 3
g H| S 918l S5 FE 734 (independent t-test) 2 510 &
91XJ8 A=319Irk 18| SigmaPlot 12.5(Systat Software,
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27} L ofel 1 DO| §A]0] Bk Aoletit 1 u)
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/3

A

oA MB | 41 0 & Ee|%] FEje] A7 ol
A Takahashi, 2005). 12|31 7|3 =277} uf]-$-
tot Biz]of| | A|atA| AR MB= A1 547 MBoj| 321
Fol2g a&2 08 48t ES FH=THOhnari 5, 2006;
Park ¥} Kurata, 2009). At %] 0 & 0ko ko] oFo| 2.2 S~
SHA| E AlEAl= AU o] B2 FAHL YRt R S
S 98] Qo1& I/} A5 Fo] ]S 8] S0l £(H)
< HjE3%cK(Byeon -, 2017). MBA 2|=to)| A pH7 | 4%t
A= MBH |2 Qlaf A18419] ol & Bt HAH 9,
A o} & G157 SIsl ol Bz} 2Bl H'
7} == 7] wiZell el o) pH7F Zhandk A 0. & ek,

©
=
o

NoT

0_1}10
il
2 ogh M

23] AT} AE-L vzl vl oA e = Zljrom
A2 = F9Th(Table 13}2). v 23F] 749 0H2] 9] AY-8-0]
A= FAHF Aol glo] Fagt 9o o] A5t
7t 20 41.1% PR SRIFQIT: F 250 4
AT AT T Aaste] A2 Zholl Fo2 Atol5 =
QNS = U A O] M= WE(L)9F A =(b) 7} o
Zol| 4] 72} 47.8291 31.09, MB ] 2] o) 4] 39.30, 18.07
E sl M E(a)= tiRoA] —15.40004] 4.28 %
9173 A = ol MB A 2] toll 4] M o] B -2 RS
HQIk Aot v 23ke] Aol A Aat, F AE B MB
et 5 Hreldol, EHA, Te]al T 47} 2t
vlgf] foj# o Hastglth(Fig. 49} 5). Bt ] 27 <]
- Aol A= A 1o 2Rl Apo] 7 LHERLEA] gigk ot
U 23RS MB A 2]51912 1 29.7% FAFE]o] B4 2191 49

Agastache rugosa Kuntze

Treatment start: Oct. 18, 2021

Photo: Nov. 2, 2021

Control Microbubble

Fig. 3. Growth of Lactuca sativa L. and Agastache rugosa Kuntze at 16 days after treatment as affected by non-microbubbles and microbubbles

conditions.
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4 Slalsch MB = BajsheA] 23 ikl 1siels
Z'd ROS ¢1 hydroxyl radical & 9 A| 71tk B 15| Q] 0
(Lu %5, 2023; Takahashi 5, 2007), hydroxyl radical 2 75t
WS/ o2 Qlaff thaldl, 2| Stk H3-5to] A|iLE /A
1t Turrens, 2003; Valko %, 2007). Hydroxyl radical-&
MBE o|-§3F =7 A ufj ol A A=A o] As-2 AAIek= 24
Z PR 2H83F 4= 9& A 0 & wdE . Ikeura 5(2018)
2 Aui717r 5 MBE 355k=DFT Auf {24 o & A
332 Aefekle off Bhe] AlazollA Y Aie) 7 skl
BEE E1 R Sl A stk Harskgl om,
olof gk 1o & UL MBO]| 3t AHE AEHAE A
AT AHF AEY A A Y9 o] o= vl E
L& Sk Q107 AEAY a7 AEHAES o]t

(Byeon 5, 2017). #2] o) P2 =tk AR A of] 2le

1=}
L
o

] AP 2B o] OJ3k B FEL W whehg 5 of4)

$t}ar 1B e vl Qlei Akhiyarova 5, 2023; Xiang 5, 2023).
= Ao oA At fARHA MBe|| o3t Als} 2 A
FAEY AR QI |9 T ol 2Hpe| 7 A E{l o,
AR i g0l oetzol Qo] Ak i MBA| 2]+t
of| Al thztol] Blsl] A2l Aol A %3t A o= ke
o} A5 Qo] A= 9l o) QEEAJop o] Slefo 2af A7 =]

ELEE

HAS

ZA

(Lee %5, 2010; Poei-langston} Wrolstad, 1981; Wrolstad,
2004), A EZA7F B E A AEYAS RS 79 Aol A
Ao ko] Oft A0 5 QhE AR AlRHAle] A1
ZA=E okl 2 31% v 9JoK Chalker-Scott, 1999; Naing 2}t
Kim, 2021). MB #]2]7-2] A}5== hydroxyl radical of| 2]3t AF
5} ~Eds0) TUE O MBR QIFHAHE AEEAS EoHt
HEE2] AEY AE Hhol o] AR AL R Ao Ag)
o] Ex1Eo] HAETL S5 A0 S E, ofefd 2
T1=Bok 5(2019)0] MBS 0|83 DFT }4].0 &2 Egjo] %)
Hlj A] 2 2] ol] vl A5 Zhaxshel o 23kt A HE?]
glucosinolate gFFo] 571t A2} AT Wb MBA|
2]720] b0} W2 MB7} 2]5}u] 24 hydroxyl
radical o] 2JgHAES} AE | AL AR AE | Ao o) AJS0]
AaiE o] 4o SEd LS e 5o 2 B

— = T

23k

e

3. &=

910) AnE SRAL ul, 4} vz
= Aulf Al MBA 2= Fl ol A g7t
hydroxyl radical 7} 714 &= 0] MBof| 2|3} 4]
Sl FE S EAAI71 AL 2] A ) e
© & gebEch E3F WS =0]9] DFT H|= o]& A] MBY]

o

il

Table 1. Growth characteristics of Lactuca sativa L. at 16 days after treatment as affected by non-microbubbles and microbubbles conditions (n=9).

Leaf Leaf Shoot Root
. No. of . y .  Leaf area - - - -
Treatment  length  width leaves SPAD L a (cm?/plant) Fresh weight Dry weight Fresh weight Dry weight
(em)  (em) (¢/plant)  (g/plant) (g/plant)  (g/plant)
Control 1706 1534 1056 2230 47.82 —1540 31.09  854.61 55.55 1.86 9.17 0.27
Microbubble 9.97 898 900 1999 3930 -428 1807 23862 17.77 1.07 2.16 0.20
T-value 568" 753" 198 0.68 429" —943™ 576™ 3.62" 453" 235 5.16™ 1.63"

“L value, 0 (black)—100 (white).
Y@’ value, —800 (greenness)—100 (redness).
*b’ value, —70 (blueness)—70 (yellowness).

NS, *, #% k#k

Non-significant or significant at p < 0.05, 0.01, or 0.001, respectively, by independent t-test.

Table 2. Growth characteristics of Agastache rugosa Kuntze at 16 days after treatment as affected by non-microbubbles and microbubbles conditions

n=9).
Plant Leaf Leaf Stem Shoot Root
. . No. of . Leaf area - - - -

Treatment height  length  width leaves SPAD  diameter (cm¥plant) Fresh weight Dry weight Fresh weight Dry weight

(cm) (cm) (cm) (mm) (g/plant)  (g/plant) (g/plant)  (g/plant)
Control 25.99 5.98 4.68 67.56 40.46 3.49 334.44 10.57 1.55 4.76 0.26
Microbubble  19.58 3.91 3.34 27.78 30.88 2.55 98.90 3.95 0.70 0.78 0.08
T-value 2577 43777 52977 4547 3417 5237 6257 446" 5.14™ 770" 6.50™

NS, *, #% ks

238

Non-significant or significant at p < 0.05, 0.01, or 0.001, respectively, by independent t-test.

Journal of Bio-Environment Control, Vol. 32, No. 3, 2023



/3

A

Woe) ARAARA o] A mholAzmE Aelol ule ek vxgel 4%

—_ a
8 2
= <
g g
1) -
= =
& g
-
= =
S =
- =
— 7
= -
S g
£ &
~
E
= w
S -
= &
e =
g 5
g g
& —
= =}
- -
=) %
= =
=
P g
en
- z
-
[
-
-

Control Microbubble Control Microbubble

Fig. 4. The root growth characteristics of Lactuca sativa L. at 16 days after treatment as affected by non-microbubbles and microbubbles conditions.
Total root length (A), root surface area (B), average root diameter (C), and number of root tips (D). NS, ***: Non-significant or significant at p <
0.001, respectively, by independent t-test (n=9).
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Fig. 5. The root growth characteristics of Agastache rugosa Kuntze at 16 days after treatment as affected by non-microbubbles and microbubbles
conditions. Total root length (A), root surface area (B), average root diameter (C), and number of root tips (D). **, ***: significant at p < 0.01, or
0.001, respectively, by independent t-test (n =9).
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