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Potential in the Application for Biological Control of Winter Diatom Bloom Caused by
Stephanodiscus hantzschii. Kim, Baik-Ho*, Yoon-Ho Kang? and Myung-Soo Han'?*

(Department of 'Life science and Environmental Science, Hanyang University, Seoul 133~
791, Korea)

To examine the algicidal effect of co-treatment of biological control agent on centric
diatom Stephanodiscus hantzschii in the filtered water, an endemic algicidal
bacterium (Pseudomonas putida) and a heterotrich ciliate (Stentor roselli) were iso-
lated from Pal’ tang reservoir, Korea. Bacterial isolate and ciliate removed 98% and
80% of the diatom for 7 days of cultivation. Co-treatments of these two agents per-
fectly inhibited the diatom growth, compared to the single treatment of each agent.
This synergistic interaction of the bacterium and ciliate could provide an effective
tool in the biomanipulation to control the diatom bloom in freshwater lakes and
streams.
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1. 72 Stephanodiscus hantzschii #j %

AzA #2593 algal lawnA| 2ol AMS-El 27+
A3 ulxo] sl}el Stephanodiscus hantzschii
UTCC 26724], 7=} UTCC (University of Toronto
Culture Collection of Algae and Cyanobacteria)ol|A] %]
A Hopitol 2 AgAM ALK oz AW wFslar 9l
o}, wjeke 300 mL flaske] DMu}=] 150 mL (pH 7.0)2-
Wy 319} HF3t & S, hantzschii vl ekd S 10% (¢F 10°
cells mL™) A Z£3}ed, 20°C, 12: 12 (Light : Dark) cycle,
50 umol m?s71e] sp=g =A% wjokr|o)A kst
(Table 1). A gl A3 27 wioF 1044 A 44447]
of =3 A& AHgEIon ou] Red Azt
ARZS Rk Eekazel T3 F Azke] 7l
uet 2fAle] &as WA B WIE #ql
317 98l =3 &n]7 400 wislel A Sedgwick-Rafter
ChamberZ- o]-4-3le] 72 A Z5E Al53l9Th

2. A7 2 ARZF W

Arz A4 Pseudomonas putida®] 2#]= 20024 3%
219 771= Aokl Bew AR mFpE o839
o} (Kang et al., 2004). A& £2]2 $]s] 100-mL flask
o]l 50 mL NB (nutrient broth) wj x| & 431, 4214973t
o2 B AlFE 2R 3%A = (¢ 10° cells
mL") A FA17] 32, wl F71(29°C, 120 rpm)eil A} 244171 wl

Table 1. Culture and sustaining condition of algae and bio-
agents used in the study.

Organism T(erg)p I(‘Lil?]?()tlir?]tf?sj%’ Medium (I:_ycllje Prey
stephanadiscts g 50 DM 12:12
Pszl:ﬁjoz;n e iIIum’?Ir?ation NB B
Stentor roselii 20 2 Fx;igd 12:12 Aphasn po'thece

DM: diatom media (University of Toronto Culture Collection of Algae
and Cyanobacteria, UTCC)

NB: nutrient broth

g F zFAllAdYH el AR (Table 1). A2Z
Stentor roeseli-= 20023 79| F}3elr] FEelslglct
(3 5., 2004). o]52] i<k Bl fA15 S8 AT @A
5 GFF 2 o333t ¥ 6well v F&7]o] Z+7 5mLA
o] 712 WA= AHgsIE 3712 well & pro
tozoan pellet (Carolina, USA) 3mgg X 7}sl3 u|A| =)=l
£ olgsle] 5718 AATASG 228 HEES 7 vel
& 10~5070A4 a1, A3} U3 42 20°C, = 2
umol m2 st B37] 121 : 12D & §A3}5t} Helze=
Aphanothece sp. === Zu4 Chlorellag o] &3}
2fAle] A olF ARE HolgFE FAsiglon, 4
o) WEe =dn7 ol e BRI A4}
At

3 A% Hrgel TR

ZFA)e] AF-S Fx Stephanodiscus WioFzAZ} &
d3let. WA DM wiA S 1/t 4#3ta 100 mL-§- Fehi
Foll 50 mL¥ EF3}11, Stephanodiscus hantzschiis
AZ3te, AFAAADA el o]25 & o 2 AL AE
AANE AEste], AQE AR AT Y Ag
A2 d47] M-S wiFE<l Stephanodiscusel] o]
Tz Y Aol Hewsts SAsdo ARge] Aol
g 9A A L3 270 FekaFe| uA|FElE o
& WEe AEsn =3 Astel A
HEF 9 2RSS AL 2atsiglon] A9
o £4J517] 2dARE Ho| FFE FAEAH F AE
o) EHE AP FUAE AFolA g 5
"= 2o] Stephanodiscus, A1, A2ZS 27 o] &3lg] o
w, APz oA FdHL A FUdIT 270 A

A#e.
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1. Ao F=A0F

Nz 7S vk 44AHEE A 3] Frastel o,
wjeke] B 7dAl®E 27 HAFHERGT i B2
1.5x10°%cells mL™! =52 B gth 84 o]}l A] wljeF
Z9] Fx Stephanodiscus hantzschiiol th3lt A #
Pseudomonas putida®] Atz &3l= Al AHZE 294 2E
vehtr] Axbete], 44 A B = FA3H FFAste], 64
A FE] = 98% o)A Alefsladet (Fig. 1). 3 AldH =+
vl F 35UA A MAE] FTlste] 271 FH =S| 170%
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Fig. 1. The growth pattern of small centric diatom, Ste-

phanodiscus hantzschii, against algicidal bac-
terium Pseudomonas putida, in filtered fresh-
water. Open and closed circles are the abundance
of diatom in the absence or presence of bacterium,
respectively. Histograms with oblique lines are
biomass of algicidal bacterium. Arrow is the
inoculation or treatment time of bio-agents.
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Fig. 2. The growth pattern of small centric diatom, Ste-
phanodiscus hantzschii, against ciliate Stentor roe-
seli as predator in filtered freshwater. Open and
closed circles are the abundance of diatom in the
absence or presence of ciliate, respectively. Histo-
grams with oblique lines are biomass of ciliate,
Stentor roeseli. Arrow is the inoculation or treat-
ment time of bio—-agents.
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Fig. 3. Effects of redundancy by two biological agents (Pseu-
domonas putida and Stentor roeseli) on Stephano-
discus hantzschii in filtered freshwater. Open and
closed circles are the abundance of diatom in the
absence or presence of bacteria plus ciliate, respec-
tively. Histograms with oblique lines are biomass of
ciliate, Stentor roeseli. Arrow is the inoculation or
treatment time of bio—agents.
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al., 1997; Doucette et al., 1999; Prieto et al., 2002;
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putida®} ARZ S. roselli= =apd oz wfefz70lA]
el gt g 2FA S Btk 1y o] &2 &
L2 Td AL v Bk e A7 Well A
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g =2 AelsEe Axe 33 deke deldh 1) 5
(2004)-2- 854 F= Microcystis aeruginosad] o] 2 |3t
AxAES} Aol AL A% Az Bl
= ARAAE EFD AN Augdel vetee
nglen, o5 Eitel a7 e 4UE FAa
£ A2 e BEE B ATE olshe ApE A
24 B zF7h PR SAGIA o5 RSt A
A7bsd AeAAle] B Agme 2 1 wshE 7ls
e oele A4 Ae7bsAo] B Ao dlaEA
Pel= ohe m) SAAETe) e 22 194
ek sl Siek webd A% Asge] 24943
7} RRE 2FANAE ol 4te] 275 Alolalr] A
RN Fodhol Aalshs ABAA) ¥ 2 4
s A7) A mReldE HasE 4 e Q
o] ko) Dasiehn BUsige)

¢

ot Lo o
-W‘ oﬁ,
o

re

rlr

Y

H 9

elA) AeTlel s 2 SAE w4l dael
= 43l Fx Stephanodiscus hantzschii Aol S ¢
ste] s AFFQ A $94A AlF Pseudomonas
putida @ A X3 Stentor roeseli & 77+ 83}l o] &
o =<l 8l Ezﬂ lastg Absilet Al
A LA AF 7L 8%l ] 2T A7
g, AR = M—Efﬂl ME oF 80% A=E Ao
stk F AEAANS E3PHE3 7S vl oF 55kl )
AN o oA} FE7} TAEHZR] gk} o] A=
AbzA a2t Az T AEAA| E3FH4-o] 7= Steph-
anodiscus hantzschii TS A ojsl=d] uj-¢ &34 o)
o AL 7FeAd ol o e AlAES

= =



240

N
1E
fon

AL A
2 d7E 27123 4 7AAH] (2000-N-NL-01-290)
o] A4 o} a3l

0
ok
Ho
rok

7w &, 37, sk4 2004. flAd Z=F Microcystis aer-
uginosas] AEEHA AlelE 13 vla ABAAN) 44
8. qr8-4518]%) 37: 64-60.

o|A 3, v, 71%2 2002. 2 F& 349 A EBEZIYIE

oA 7). 2 F5}3|A] 17: 275-281.

4
o

o185, YA, zzT%, o189, A, o4 2001 Abshe}
$AFAE 14T 2R AR 23 1527

FA, o] A, HF4
s %’J ‘“x‘ °44Jr°ﬂ e 2F
19: 13-19.

Z7JA). 1995. F57} F4==% Stephanodiscus hantzschii f .
tenuise} S. parvus 9] vAH|F-Z. SHFEF33]%] 10: 69—

2000, A% A2 33
7o) ek BFAE A

T hal

£-3]. 1998. YAt Stephanodiscus

S
) v
& Fefel eAw Wk VISR 31 204-

3, 8 38, o] A 2]

2002. 3 A (2da) imfxl A A

=714 #Z=F3} chlorophyll a2 A& WX, 3=
3}3]%] 20: 91-99.

Doucette, G.J., E.R. McGovern and J.A. Babinchak. 1999.
Algicidal bacteria active against Gymnodinium breve
(Dinophyceae). I. Bacterial isolation and characteriza-
tion of killing activity. J. Phycol. 35: 1447-1454.

Fukami, K., T. Nishijima and Y. Ishida. 1997. Stimulative
and inhibitory effects of bacteria on the growth of micr-
oalgae. Hydrobiologia 358: 185-191.

Ha, K., M.H. Jang and G.J. Joo. 2002. Spatial and tempo-
ral dynamics of phytoplankton communities along a
regulated river system, the Nakdong River, Korea.
Hydrobiologia 470: 235-245.

Han, M.S., Y.O. Kim, D.S. Yi and S.S. Hong. 2002. Species-
specific productivity of Cryptomonas ovata (Crypto-
phyceae) in the Pal'tang reservoir, Korea. J. Freshwater
Ecol. 17: 521-529.

Hong, S.S., S.W. Bang, Y.O. Kim and M.S. Han. 2002.
Effects of rainfall on the hydrological conditions and
phytoplankton community structure in the riverine
zone of the Pal'tang Reservoir, Korea. J. Freshwater

o
fol
ok

4

Ecol. 17: 507-519.

Jeong, J.H., H.J. Jin, C.H. Sohn, K.H. Suh and Y.K. Hong.
2000. Algicidal activity of the seaweed Corallina pilu-
lifera against red tide microalgae. J. Appl. Phycol. 12:
37-43.

Kang, Y.H., J.D. Kim, B.H. Kim, D. Kong and M.S. Han.
2004. Identification of bio—agent capable of controlling
Stephanodiscus hantzschii blooms and its evaluation of
algicidal activity. J. Appl. Microbiol. (Submitted)

Kolmakov, V.1., N.A. Gaevskii, E.A. lvanova, O.P. Dubovs-
kaya, 1.V. Gribovskaya and E.S. Kravchuk. 2002. Com-
parative analysis of ecophysiological characteristics of
Stephanodiscus hantzschii Grun. In the periods of its
bloom in recreational water bodies. Russian J. Ecol. 33:
97-103.

Matsui, K., S. Kono, A. Saeki, N. Ishii, M.G. Min and Z.
Kawabata. 2000. Direct and indirect interactions for
coexistence in a species-defined microcosm. Hydrobio-
logia 435: 109-116.

Nicolau, A., N. Dias, M. Mota and N. Lima N. 2001. Trends
in the use of protozoa in the assessment of wastewater
treatment. Res. Microbiol. 152: 621-630.

Oksiyuk, O.P. 1965. Stephanodiscus hantzschii Grun, as
an aromatic organisms capable of giving fish smell to
water. Gidrobiol. Zh. 1: 50-53.

Prieto, L., J. Ruiz, F. Echevarria, C.M. Garcia, A. Bartual,
J.A. Galvez, A. Corzo and D. Macias. 2002. Scales and
processes in the aggregation of diatom blooms: high
time resolution and wide size range records in a meso-
cosm study. Deep-Sea Res. 49: 1233-1253.

Reynolds, D. 1985. The Ecology of Freshwater Pytopla-
nkton. Cambridge Univ Press. 384 pp.

Sakevich, A.l. 1970. The discovering of methylamines in
the culture of Stephanodiscus hantzschii Grun. Gidr-
obiol. Zh. 6: 98-100.

Sigee, D.C., R. Glenn, M.J. Andrews, E.G. Bellinger, R.D.
Butler, H.A.S. Epton and R.D. Hendry. 1999. Biological
control of cyanobacteria: principles and possibilities.
Hydrobiologia 395/396: 161-172.

Suzuki, K., A. Tsuda, H. Kiyosawa, S. Takeda, J. Nishioka,
T. Saino, M. Takahashi and C.S. Wong. 2002. Grazing
impact of microzooplankton on a diatom bloom in a
mesocosm as estimated by pigment-specific dilution
technique. J. Exp. Mar. Biol. Ecol. 271: 99-120.

Vincent, W.F. 1987. Dominance of blooming forming cyano-
bacteria (blue—-green) in New Zealand. J. Mar. Freshwater
Res. 21: 361-542.

(Manuscript received 20 March 2004,
Revision accepted 12 June 2004)



