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Abstract

The seaweed Ulva spp., which is frequently bloomed in coastal areas, have negatively
affected on marine ecosystem and industrial activities. Therefore, many researches have
been conducted to solve this problem in the worldwide. In this study, we carried out several
experiments to develop the methods for effectively controlling Ulva growth through an
alone or mixture application of chemical and temperature. Three chemical mixtures (H,O,+
N-vanillylnonanamide; H,O,+nonanoic acid; H,O,+sodium citrate), those had a synergistic
effect to the death of Ulva australis (ULAUS), were found out. On the other hand, the death
of ULAUS was significantly enhanced and accelerated as some chemicals were briefly
treated with warm water of 40°C rather than 25°C, showing that peracetic acid 100 ppm,
sodium percarbonate 100 ppm, and hydrogen peroxide 30 ppm has a better activity than
that of sodium chlorite 200 ppm and menadione sodium bisulfite 4 ppm. In addition, a
strong synergistic effect to the death of ULAUS thallus was also observed when the sodium
citrate 1,000 ppm (pH 3.0) or acetic acid 200 ppm (pH 3.5) solution prepared in f/2 medium
were treated in a short time at 40°C. However, an additive effect was only appeared as pH
values of their solutions were increased to 8.0. Taken together, It seemed that our results
could be developed as one of an eco-friendly practical measures useful for alleviating Ulva
bloom in the future.

Keywords: Chemical control, Death of thallus, Synergistic effect, Ulva pertusa (australis),
Warm water treatment
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chlorite, sodium percarbonate (H,O, 20-30%), menadione sodium bisulfite (MSB) ©] 1T}, 2 &= 25°C2}40°C F 7}
A 2710 5 A 2st3iTt.

7] 28] 2] (f2+SBC 100 ppm)E- ©]-8-5F] hydrogen peroxide 30 ppm, peracetic acid 100 ppm, sodium chlorite 200
ppm, sodium percarbonate 100 ppm, MSB 4 ppm 8282 A| 23t Th-2., 250 mL H]o]# of] Z}2}+o] A E-8-28 100 mLE
RS o] & 2ol Bl 24 25°C, 40°C H & A A ZATE /A AW 10715 A 2ol Boba| Z12+e] -g-Hof
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umolm™”s™ FI= Z710] LAl 17U £ G g AL o 5 AR T 11 & FH[UR(Colby’s method) ]
et £ A2 7ke] Ao -8 H7FsHItH(Colby, 1967).

THZATE SAo] 0|2 = 77| Lknt 2529| Hlz 2| 20f ZAL
7|5 v Ful 2] (£72+SBC 100 ppm) & ©]-85}+] sodium citrate 1,000 ppm (pH 3.02)7} acetic acid 200 ppm (pH 3.5)
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Table 1. Mixture effect of H,0, and N-vanillylnonanamide on the growth of thallus disc excised from Ulva australis.

. . H,0, Injury % at 5 DAT" Interaction index
N-vanillylnonanamide (ppm) .
(ppm) Observed value (Obs)”  Expected value (Exp)” (Obs-Exp)
0 0 0 - -
20 11.7 - -
25 31.7 - -
30 71.7 - -
17.5 0 20.0 - -
20 45.0 29.4 15.6
25 70.0 454 24.6
30 88.3 774 10.9
35 0 60.0 - -
20 90.0 64.7 253
25 96.0 72.7 233
30 100 88.7 113
70 0 100 - -
20 100 100 0
25 100 100 0
30 100 100 0

*DAT: Days after treatment.

YObserved value indicates mean value of three replicates as injury % determined at 5 days after treatment.
“Expexted value and interaction index were calculated by Colby’s method (Colby, 1967).

Table 2. Mixture effect of H,0, and nonanoic acid on the growth of thallus disc excised from Ulva australis.

S H20 Injury % at 2 DAT" Interaction index
Nonanoic acid (ppm) )
(ppm) Observed value (Obs)”  Expected value (Exp)” (Obs-Exp)

0 0 0 - -

20 15.0 - -

25 25.0 - -

30 73.3 - -
100 0 0.0 - -

20 16.7 15.0 1.7

25 33.3 25.0 8.3

30 81.7 73.3 8.4
200 0 0.0 - -

20 18.3 15.0 33

25 75.0 25.0 50.0

30 88.3 73.3 15.0
300 0 26.7 - -

20 91.7 37.7 54

25 93.3 45.0 433

30 93.3 80.4 12.9

*DAT: Days after treatment.

YObserved value indicates mean value of three replicates as injury % determined at 2 days after treatment.
“Expexted value and interaction index were calculated by Colby’s method (Colby, 1967).
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Fig. 1. Mixture effect of H,0, and sodium citrate on the growth of thallus disc excised from Ulva australis. Vertical
bars represent standard deviations of three replicates.
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u} P el B8 Ao A5 282 HX R Pohr) Slstel 2AFsHeITE. 1 Ak, 25°C s AAA oA

—8—Untreated A B ©:C - D —E

100.0

80.0

Injury %

20.0

0.0
2 4 6

Incubation days of soaking-treated Ulva discs

Fig. 2. Mixture effect of various chemicals and warm water (40°C) on the growth of thallus disc excised from Ulva
australis. All test solutions were prepared in f/2 medium. A: peracetic acid 100 ppm; B: sodium percarbonate 100
ppm; C: hydrogen peroxide 30 ppm; D: sodium chlorite 200 ppm; E: menadione sodium bisulfite (MSB) 4 ppm. The
Ulva discs were soaked in test solutions (40°C) for 5 min and were immediately washed with tapwater. Then the
washed samples were transfered into f/2 medium and incubated at 20°C. Vertical bars represent standard deviations
of three replicates.
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Table 3. Mixture effect of various chemicals and warm water (40°C) on the growth of thallus disc excised from Ulva

australls.
. , Observed value’ Expected value® Interaction index
Chemical solutions™ .
25°C, 5 min 40°C, 5 min 40°C, Smin (Obs-Exp)
Untreated 0 533 - -
A 0 100.0 533 46.7
B 0 100.0 533 46.7
C 0 100.0 533 46.7
D 5 733 55.6 17.7
E 33 95.0 54.8 40.2

*All test solutions were preparated in /2 medium. A: peracetic acid 100 ppm; B: sodium percarbonate 100 ppm; C: hydrogen peroxide 30 ppm;
D: sodium chlorite 200 ppm; E: menadione sodium bisulfite (MSB) 4 ppm.

YThe treated samples were immediately washed with tapwater, transfered into f/2 medium and incubated at 20°C. Observed value indicates
mean value of three replicates as injury % determined at 6 days after incubation.

“Expexted value and interaction index were calculated by Colby’s method (Colby, 1967).

THZRY YA 02| = /7|42t 220 Hilz2| &af A

gt = pH 7-9 ®9lolA = A8 o] P90 pH 6 olstoll A= B AA7F Aot doftor
pH 40l4= F7H87 glo] @4 TALE] QITH(Kim et al., 2017). & A A= 2 iz 9] 4= {714 (sodium
citrate, acetic acid)-& 7Foto] AFA| 2l5l o1& W - dutef] ASA|ofofl A5 282 7HA=A] Gotk 7] fiste]
AR5, 71 A7, sodium citrate+40°C 2] 2] 2] 739, 25°C 4+ A A 2ol A= B= A -8 Hof| A A=)
(2Fal) 7t A1) IO, 40°C 42 A 2 of| A<= 172 i 2] ] T 2] 2] of| 4] HT} sodium citrate 1,000 ppm -§-H 22 A]
sl o] A F7lo] doft-Z Wat ofy et B A&t 1AL kS UEFU $E(Fig. 3). ©] © sodium citrate
1,000 ppm (pH 3.0) & o] KOHS 371510 pH 8.0% =Y Ao /2 v 2] 2] 40°C T A 2]of| A K o} 2F7to)
Aol AASHE R oh webA] sodium citrate+40°C EHA 2lof| A 2] Ae-zs] =2 F9 YL sodium
citrate SFHE AF4| 2] &3} B tH= sodium citrate®]] 25t At Z7F ol &0 2 of ARt

2HH acetic acid+40°C S 2] 9] 7%, 25°C 4+ A A 2] || A] acetic acid 200 ppm (pH 3.5) A 2]-&Hof A=
RS- A |71 Ay ] Lol oLt 172 W Z] E= acetic acid 200 ppm (pH 8.0) 7 2]-8 Ao A= A5 sfj(2FsH) 7} 71 2]
St 28Ut 40°C 45 Ao A 12 HiZ] o] TH= A @] o] A BT} acetic acid 200 ppm -84 2] A] -84 5] <]
AR FFo] Aot Mt ofy 2}l Kot 1455 1A G712 YERHQITHFig. 4). ©] wf acetic acid 200 ppm (pH
3.5) &0l KOHE #7F5to] pH 8.02 £ 7ol 12 Bl 2] 2] 40°C Tz A 2] of| A Ko} 52 A4 5] 5ol
T U mHEbA acetic acid®] 73-F-olli= sodium citrate A 2]l A 2= 2] atghE A9 aet tlEo] 4t
Z4 I A U= A 0 2 TR Q). o] Sof thol A 2] 2 247 9] S/ HE 72| 21 FH] HHH(Colby’s
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method)°]l o2t 2=+t A 2] 0] F oAt 89e HED 23 BE A £2 280l 3lE2

S} tH(Table 4).

1o

Jok

1000 A P N R
g
80.0 43
J: A
& / B
'_c 60.0
El s, ¢
~ 400 1% D
. -A-E
I "1
20.0 E]'E’ -3-F
0.0 °
0 1 2 3 4 5 6 7

Incubation after treatment (days)

Fig. 3. Mixture effect of sodium citrate (SC) and warm water (40°C) on the growth of thallus disc excised from Ulva
australis. All test conditions were as follows. A: Check, pH 7.9, 25°C; B: SC 1,000 ppm, pH 3.0, 25°C; C: SC 1,000 ppm,
pH 8.0, 25°C; D: Check, pH 7.9, 40°C; E: SC 1,000 ppm, pH 3.0, 40°C; F: SC 1,000 ppm, pH 8.0, 40°C. The Ulva discs were
soaked in test solutions (25°C or 40°C) for 4 min and were immediately washed with tapwater. Then the washed
samples were transfered into f/2 medium and incubated at 20°C. Vertical bars represent standard deviations of
three replicates.

100.0 A---—-- A----—- A------ - B--===- A
R ]
80.0 ,%f . e L
’ - —o—A
60.0 ‘ k

Injury %

l%""" | B
40.0 T ¢
e |

L7 1
20.0 -A-E
1 -3-F
| ] il
0.0 & ¢ & —_—
0 1 2 3 4 5 6 7

Incubation after treatment (days)

Fig. 4. Mixture effect of acetic acid (AA) and warm water (40°C) on the growth of thallus disc excised from Ulva
australis. All test conditions were as follows. A: Check, pH 7.9, 25°C; B: AA 200 ppm, pH 3.5, 25°C; C: AA 200 ppm, pH
8.0, 25°C; D: Check, pH 7.9, 40°C; E: AA 200 ppm, pH 3.5, 40°C; F: AA 200 ppm, pH 8.0, 40°C. The Ulva discs were
soaked in test solutions (25°C or 40°C) for 4 min and were immediately washed with tapwater. Then the washed
samples were transfered into f/2 medium and incubated at 20°C. Vertical bars represent standard deviations of
three replicates.
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Interaction index
(Obs-Exp)”

Table 4. Mixture effect of organic acid and warm water (40°C) on the growth of thallus disc excised from Ulva australis.
40°C, 4 min

63.0

-0.3

40°C, 4 min
37.0
40.1

Simultaneous Application of Chemicals and Temperature for the Effective Control of Trouble Seaweed Ulva australis
Observed value’ Expected value”
30.0
37.0
6.2

25°C, 4 min
100.0
59.9

0
36.7
38.8

Treated organic acids Medium pH
7.9
3.0 10
10
36.67 100.0
45.0

Untreated
8.0
35
333
YThe treated samples were immediately washed with tapwater, transferred into f/2 medium and incubated at 20°C. Observed value indicates

AA
15]= 2
=

[€)

Jedol 2] Zute]

SC
8.0
*All test solutions were prepared in f/2 medium. SC: sodium citrate 1,000 ppm, AA: acetic acid 200 ppm.
S —
e, kg7t

mean value of three replicates as injury % determined at 2 days after incubation
“Expexted value and interaction index were calculated by Colby’s method (Colby, 1967)
kg zk311 9131, A& F-A]o] W2 M (Lin et al., 2008; Zhang et al., 2013)
Hul2 Qo] di Y 2, E5] 7]4x(brackish seawater) | A 4/d 6] A5oH= EAJ o] A 2B = (Silvaetal., 2008
47t 5 255
g QAsRA SRS mel ko s of
8712 Sk 2 A o) X w
& %‘%9}3}71 &=

r
PF
r o

d

i

sal

o Fh‘

FTJ

-
Zutel(Ulva spp.)= THERE 14
Dmg etal., 2009; Lin et al., 2011) G & SH5Fo] =
= A5 AA oA disFdAdo] gt E3t el H A
ﬂ”ﬂﬂl:-— QHh(Ding et al., 2009). whehA] Zutef =gk LAY 3 74e] 7
A AASHAY UL E Fol= o] Ale|Eojof g Ao|t}.
olE Pl HEE 4~ A= HHO A= B4, 3t &2 ol o o5
At -2 ofehA B oot ofiubehH AR ol A i Aol A Bt} 41455 A
HA|7]7]0f| 7H A et A gltol 7] wizo|tt. T1Rid| slet4 W& #-8-5tar & o 7]'73' A 2ok
A2 sfetEd AejA| o] Ba-8-& 2| 4o} A|AoF ftth= Holth. & A/ do] =AU, 77|70l Zhom A2
o] wro} e e Alof m| 2= o] 2|43} H= 7]wo] A-gEojof & Aot} whehA 2 Aol A= bl
A (hydrogen peroxide), ZFEHFA~TH(sodium percatbonate), -7-714F 53 -2 g7 4l slehES e 2 =39t
F= WA Y E Sofl 2 FA R} 5= iekS 'S flo) Addstalnt 11 Ay, shekExte] &9t
A2 Al 5282 Y= 28 37FA] (H,0,+N-vanillylnonanamide; H,O,+nonanoic acid; H,O,+sodium citrate)
7H ARGt} of 7] o A TRl Arof] B3 E = BE B AR Solis AR EA] Sl &4 Bl
20 &2 o AW, ypitelpa o] Zdupef) AP 8 7S SXIA 7= SIS 7HHh(Table 1, 2; Fig. 1). ZL3IH| o]&
A7) =20l oA = ob2] m2m 11 Al ol A= 55 A7t B sy eHH 3
T =24 81yt oY Aejto = T2 S THAHA SRtE HYHE EY
&= o}, 2 Aol A= dutef] A5 Aof| 27t Rt AMd S Bl S
A g o 24 Z17ko) hmA e] RtE o SR E =215 HESHHE, i
7]Ak(sodium citrate, acetic acid) 40°C 2| 22} §74 # 2|
Z}"o &5 otetl AE o AEA
Yo o7 EEA 2 AIZE e
dE=

—Ei%‘ = A 257t oF

]
2
o] o]8A| alA] GIHE AFA
yu] Kol ;qasl- Eay = 01;(]
23t 7|2 &84 7o
< 5
) EE
J5 5 A Th(Fig. 2~4).

=] L=
1

A=
UTHH Ko Hp
Z(Kimetal., 2017) 22} 3H=
9] AFS}A|(sodium percarbonate
Al 9 APE g7 E50] 4

of e
FRAE F2 Feirto] ukg), W] 722, B SolA
* UE E L who] of5] 5
297} Breh, web A4l B E A7lo] Bo] 2 Aol A

RES
7hﬂ-aﬂh
S5 797k gk oh2 @l Autel 44

51%
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240 3| Aste] Aot L H o] E & = At S HAY & S Ao R I Eo] & A9
SRS 4= At gto] ZalEE AFEA D 4= 92 AL R £8A4L 714 7] mRo] 2E5 gulE AR 5 YA
Aol St et S4lo] B2 X[ Fof A B4 Q= At E WAok= tlole 47 A8 5 JAA|TE 4 0]
Hop 72 o= 2 Aiiuto 2 = ks A5 7] o8& o Qo Aotk 181 2 7|&o @ A8 Al &
ol A= vepd x| of et AELL oA Fapd o 2 A8 4= Q= 74 5, Uvas AE0] FolA WAsk= <
F, @55l 59 RAE s dsk= AHollA] &5 Hof WEdh @A o] Fx1o] Hasiotal o AXITE 3=4
S =2 Zute iy BFAIE 2ot flaiAl= T 91, S AL G5, A 5), LA G (LR St <F
A7 9, 51U, -2, F-9A) 59 vk ol @] of g 71x] 2-87]& o] A E] ofoF S ZITHKim et
al., 2017)

29

Lt 4(Ulva spp.) SNEFE AtA 245 g slo] AEleA A AREF] oI 74K A Ao
u o] o] 2 S} AT 2 Gl Heto] RHL £ ATl M 851 L2 ol §5te] ULk U australis
ULAUS)®| oA il ot aabal o 2 889 4 9l 7142 SHshas 478 Sastic. 1 2w, akg
27v0] &5t o] o] 217}] TE A2 ek ULAUS G4 244 Qlold A5 aals Uehie 202 28

371(H,0,+N-vanillylnonanamide; H,O,+nonanoic acid; H,O,+sodium citrate)= S5t} 023, peracetic acid

I

i

100 ppm, sodium percarbonate 100 ppm, hydrogen peroxide 30 ppm, sodium chlorite 200 ppm, menadione sodium
bisulfite (MSB) 4 ppm A &] A] 25°CETHE 40°C2] 242 A 2|3 ], ULAUS APES F A5 S3A1 4 Bt ol
2t B}t w2 A1 7F jof] AN 7] = G 3HE YEF QITE 54 E 3FeHE SOl Al peracetic acid, sodium percarbonate,
hydrogen peroxide”} Htt £ 75 H At up7FA 2 40°C 259 sodium citrate 1,000 ppm (pH 3.0) =
acetic acid 200 ppm (pH 3.5)= A2 & wjo]| 'z ULAUS GAA| 1Abe] 54 2Hg-2 R =1 o] & 3FeHE 8- 4F
T(pH)E 8.02. 2 5I3S o= 47H 285 ettt whetA ol5 2ite &% &7 18H2 o= duje) ol
A& Aol A A8et 71E T T =A AL 4 S A2 AtRd

k)

F8 ol: FY AN Ulva pertusa (australis)], /3A 1A}, 22 WA, 2422, A2 2t
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