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Abstract

Fine bubbles have unique properties, including increased dissolved oxygen, mass transfer, and high zeta potential
combined with Brownian motion, which are important for plant cultivation, such as seed germination effects and
plant physiological development effects. Therefore, in this paper, we conducted a literature review at domestic
and international articles to analyze the effects of using fine bubbles in plant cultivation. As a result, it was confirmed
that when fine bubbles were used, the yields of rice, lettuce, tomatoes, cherry tomatoes, watermelon, and melon
increased by up to 14.3%, 35%, 50%, 9.1%, 44.9%, and 31.5%, respectively. Despite the need for further research
on other factors, such as light intensity, temperature, and humidity, related to improving plant productivity, the
use of fine bubbles can be a way to improve the efficiency of seed germination, increase plant yields, and contribute
to reducing carbon dioxide to prevent global warming.
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Fig. 1. Properties of fine bubbles as applied in agriculture and fisheries(Chirwa et al., 2024).
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Table 1. Fine bubbles effect on plant physiological development

Crop Effect Physiological Marker Reference

Rice Increased yield by 7.9% Total Chlorophyll Wang et al. (2021)

| el vl S0 v | o o | o
Lettuce Increased yield by 19.2% Anti-oxidant capacity Adilaksono et al. (2022)
Lettuce Better morphological and biochemical profile Anti-oxidant capacity Abu—Shahba et al. (2021)
Lettuce Increased yield by 35% Total Chlorophyll Marcelino et al.(2023)
Tomato Increase growth rate by 30~50% Peroxidase activity Xue et al. (2023)

Cherry tomato

Increased yield by 9.1% without fertilizer

Nutrient uptake gene LeAMT2

Li et al. (2024)

Strawberry

Improved flavor

FaLOX aroma gene expression

Li et al. (2022)

Cucumis sativus

Leaf area improved by 77%

Chlorophyll a

Dahrazma et al. (2019)

Watermelon

Increased yield by 44.9% with 20% reduction
in fertilizer and water in spring

Increased yield by 31.5% with 20% reduction

Total Chlorophyll

He et al.( 2022)

Muskmelon . " . .
in fertilizer and water in spring
Soybean Max.lmlze both shoot and root growth under Total Chlorophyll lijima et al. (2020)
nutrient stress
Spinach Same growth under 10% diluted nutrient Total Chlorophyll Hata et al. (2019)
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311 REZ7| 7| ZLHEEX]

3718 E7)z20] w2 o
BRAQ 1L olgste] XS AA

sHom P

o7 1wy ek,

SAG BTe] AN 5 g

L o] gtslel fAjpelst

AlZ14L, ofu] AH 712E Folle 27 100pm 7] HelQl
o] =
et

A9 eAugo] A
3.1.2 AZ|AL 7|
ol Aol

3.1.3 AHgd

ARBHAE Hold 2 geimist glo] 7| B BASH
Aelz AR 712 2717} 7IHAIR A, ke Btk
237} Gtk A%AoR 7S A oY1, §E87]

270 BoES

R
4‘?_

II
>.
0?.'.
ﬂ

M 7| ZEEER

=ol7] sl AHEEAL Sl

3.1.4 JIYAM(EESY)) DIMZIZ LXK

GEL RO

A 9 Eop)E THET, SRS APoR
HESA F W rel ey =
50 pm 7] olste] 717} AL} o] X A4

ZoA d7dez <

oI} lsgaA el AR elA Wol AHRE Yk

SREAISIE(R| AH27 A2E, 2025

22 Hm YEHo] oldalof o5 Ao|HA & Fr|dolg|7}
A 2L, SR A=
Z1Ee] @@ Ad) ofsf 2L, /gE 2E 4ETE

o 7l dE = viEE o o %
30 gm 7|7} "}, ww A A=)} ek, $do) folsitt

=3 3717F thA EgE AL

3.1.6 ZSLE 08¢ 2=& OIMV|Z 2y FX|

A e Tz ] E851 d=d

aTHEE
WP AR Mg 9 AE FHor 37 lum Wl

QAT AA2A FE Ee] AR 9 A

AT 7S
Y E Igste] ZashA ot

7¥eA] m A7) A9} SplitterA] umlﬂ&“t A= AxA
dg e 99 olgsiA YRz
Y 22 e 97]9] 207 E Mﬂx]i 583kl glov]
wol znlA7]2e]e] 37]%= 100~300 nm Heloch,

3.2 OJM|7|32o| AlSAJHHEIE Al L &3}

321 At HOr 21t

7| = FApe] dotg A5k 530
H I tH(Purwanto et al., 2019a). FAF Hrote] mjA|7] L]
Hrolg 2 wlAl7| 27t it d
2t Z(*OH, $4tslo]2(0OH) 9] 4 FH)E A=

539 710ttt (Liu et al., 2016)(Figure 2). A34H slol=

=4 g2 2B A 3y wAYES F6 FAF Zot

A5t} AZAE H( Miransari et al., 2014a).

oA 7z ofgt FAF ot A=2 ZE(KY), HEENa")
2 Fek=(CHe] A| A avetz: AdE o] glrtk Kim et
al.(2023)2 ol=gt A7 axrt a5t
el A w4l 712e] g2 E2 AE A9z ds) ol

ZAa2 71me AA 5 ~

U712

2 Wgsto] 27171

o] o [e] =5
A&ol U3S

BHEolAlE sfol=5 A

ol Ay



225

2
N
2
>
19
L
fr
_‘3,
ﬁ
E

EO%-E} 1311% O]oﬂ EH gH1E QoA o B2 A7t
o Q 5}t (Chirwa et al., 2024).

» Sterilization
L]

- OH Physiological
promotion

NB  Collapsing

Y(um)

150 300 4500

NBs X (um)

0.5

Y150 300 4200
Control X (um)

Fig. 2. Sterilization and physiological promotion of Nanobubbles
(Liu et al., 2016).
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Fig. 3. Germination rates of Suaeda maritima seeds in deionized water or MBs water at different temperatures at day 3, 6, 9, 12, 15

and 18(Lee et al., 2023).
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Fig. 4. Image of representative growth phenotype of three—
leaf—stage rice seedlings selected from the three groups:
non-treatment control (CK), low—frequency treatment
(LT) and high—frequency treatment (HT). (b) and (c)
Growth trait analysis of rice seedlings in the three groups,
showing plant height (b) and root length (c). Student's
t—test: *, p < 0.05. Data are means = SD (n = 48
plants)(Wang et al., 2021).
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movement conditions. UFB, UFB water; nUFB, deionized water; Air, airflow; N2, N2 gas flow; St, stirring; nSt,
non-stirring(lijima et al., 2020)
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Fig. 9. Fine bubbles absorbed to the roots(Hata et al., 2019)
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