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Selection of appropriate seaweed to absorb terrestrial nitrogen for
the remediation of the coastal environment of the Omura Bay
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Abstract

The reduction of nutrients supply from the land area is essential management to control the
surplus phytoplankton bloom and subsequently mitigate the formation of hypoxic water mass at the
bottom layer in the inner bay area. In this study, we tried to clarify the ability for nitrate uptake of
several seaweeds under various natural environment conditions of the Omura bay through the
incubation experiments. And we tried to find the appropriate seaweed species which effectively absorb
nitrate in the estuary having heavy loads of land-derived nutrients with high nitrogen and
phosphorus ratio (N:P ratio). Out of six species of the seaweeds (Chaetomorpha crassa, Ulva pertusa,
Codium fragile, Hypnea flexicaulis, Padina australis, Sargassum fulvellum), which are often observed in the
Omura bay, U. pertusa and C. crassa showed higher removal ability of nitrate and phosphate. Moreover,
it was confirmed that U. pertusa, which is widely distributed in the coastal areas of the Omura bay,
showed higher uptake of nitrate and photosynthesis potential even in the phosphorus-limited
condition, during the night time, and in the low salinity condition of 15 psu. Although U. pertusa is
known to cause the severe damage to the coastal ecosystem due to its coverage of the sediment and
deterioration-derived smells, it can be suitable seaweed to biotechnologically remediate the coastal

environment.
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Fig.1. Macroalgae and seawater sampling location at the
Omura Bay
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Fig.2.  Comparison of (a) nitrate uptake rate, (b)

phosphate uptake rate, and (c) molar ratio of nitrate
and phosphate uptake rates of 6 species of macroalgae
(A: Ulva pertusa, B: Codium fragile, C: Padina australis, D:
Sargassum fulvellum, E: Chaetomorpha crassa, F: Hypnea
[lexicaulis)
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Fig. 3-1. Time series variation of (a) dissolved oxygen
(DO), (b) nitrate and (c) phosphate concentrations in the
culture seawater in which U. pertusa and P. australis were
incubated with and without phosphate addition. Gray
region indicates the period of dark condition.
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Fig. 3-2. Temporal variation (lst, 3rd, and 6th day) of
nitrate uptake rates (xmol/wet-g/h) of U. pertusa and
P. australis growing with and without phosphate addition
during the (a) light and (b) dark condition, respectively.
Nitrate uptake rate was calculated based on the
decrease of nitrate during the first 30 minutes just
after the incubation start time when initial nutrient
concentrations are same.
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Fig. 3-3. Temporal variation (lst, 3rd, and 6th day) of
phosphate uptake rates (xmol/wet-g/h) of U. pertusa
and P australis growing with nitrate and phosphate
addition during the (a) light and (b) dark condition,
respectively. Phosphate uptake rate was calculated
based on the decrease of phosphate during the first 5
hours just after the incubation start time when initial
nutrient concentrations are same. The first 30 minutes
were excluded from the calculation because phosphate
release was observed, probably due to some form of
physiological response.
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Fig. 3-b. Temporal variation (1st, 3rd, and 6th day) of the
effective PSII quantum yield during illumination Y(II)
of (a) U. pertusa and (b) P australis growing with and
without phosphate addition, respectively.
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BRIRIE L, 1 HHOHSEHETIE, RATHI0uM? S
26.1 M (86psw) FTLADLTELT (Figd-1b), &
Wy D 25psu s 36psuD St 1 HHORESM D SR %1
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Fig. 4-1. Time series variation of (a) dissolved oxygen
(DO), (b) nitrate and (c) phosphate concentrations in the
culture seawater in which U. pertusa was incubated at
different salinity conditions (b, 15, 25 and 36psu). Gray
region indicate the period of dark condition.

16 - () Light condition

M (s day

(pmol/ wet-g/ h)

16 ~
- (b) Dark condition B s day
= [ 37 day
?In 12 [ 6™ day
<
z
= 8
£
: J iﬂ m

0 - T T

Spsu 15psu 25psu 36psu

Fig. 4-2. Temporal variation (1st, 3rd, and 6th day) of
nitrate uptake rate ( u mol/wet-g/h) of U. pertusa,
incubated at different salinity conditions (5, 15, 25 and
36psu) during the (a) light and (b) dark condition,
respectively. Nitrate uptake rate was calculated in the
same manner as explained in Fig. 3-2.
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Fig. 4-3. Temporal variation (1st, 3rd, and 6th day) of
phosphate uptake rate (u mol/wet-g/h) of U. pertusa,
incubated at different salinity conditions (5, 15, 25 and
36psu) during the (a) light and (b) dark condition,
respectively. Phosphate uptake rate was calculated in
the same manner as explained in Fig. 3-3.
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Fig. 4-4. Temporal variation (1st, 3rd, and 6th day) of the
molar ratio of nitrate and phosphate uptake of U.
pertusa incubated at different salinity conditions (5, 15,
25 and 36psu) during the (a) light and (b) dark condition,
respectively. The uptake ratio was not calculated when
nitrate and/or phosphate concentrations increased in
the culture water.
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Fig. 4-5. Temporal variation (1st, 3rd, and 6th day) of the
effective PSII quantum yield during illumination Y(II)
of U. pertusa growing at different salinity conditions
(5, 15, 25 and 36psu).

BEAKICE 2D IAB BRSO Nz, EHES D 25psu & 36psud
i, 3 HH WS 0B b ReEEERIC 3 W ChERE
FEDHI 0 u M TRD L 7chs, &S D 15psudeftTid 3 |
HomES LI, 5 psuscfEid 6 O HOWHSEMH:T, A5
0 uMETHRALTED, RKNIC 5 psudefhDlifiRI b A
AEMNSVE DD, BENEAFTORAICIEHLL TT A%
IZ & BTN AL ESTER TE I EDRBE NI, KiE
Wk o) VIREREE, ZO0BENRE SN b0, KiE
FER2OBFETHES NI L DB VIRIBE O 205N
Honihro-i (Fig.d-1o)o

EHIRINSDF— 5 %ILIC, Figd-2Icifgoiln As
HE, Figd-3icY) YIBOW Y AHRE, Figd-4icifiEs v
VIEEOH D AAEO TV (WERE - ) VIR %, (a)IcHZ
H, ONITKESEMEE L TR L, HEEOIL D AA ST X, B
&Moo 3 HHITB W Tlbpsusett: (2.4 umol/wet-g/h) &
36psusett (6.7 mol/wet-g/h) TREBEBENRONL
bDD (P<0.05), MHEMFOMMDLEHETRERELENRS
N -to, BT, b psudett & 15psudeftt D ik o
WoAHBBEED, holgntXTHERICEL - 12
(P<0.01) F7c, BHGME, Wb, ColEngitcdH
REBT I oNTHYAARERSEINL 72 (Figd-2)o —F
T, VYO AAEER, F5HoxRESI b0, 1§
DR ORGEICHE S HERL ) YR ABEDEV R
Bonsh-7ren, BEETRINDALEGED LK

(Fig.4-3), T DR, HiEE ) YOI D AA R,
gl ) VRO JAAHE OBRIZAL, RS « Ho5etic &
ZEVAEKM LT, RSk Wine, BEfickd s
s Td - 72 Fig.d-4),

WAEIIT L 37+ 744 DPAR CLEA RIS
WG U e B IR Y (DO ZE L % Fig 4-51C /R L fco #1H
G (1HHE) &6 HHOYIDDE D& LS % HiKd 2
&, Mot & T 15psud g5t T YAD s WISt &
I TS A S ey (P=0.035, WilcoxonfiiE), ftho
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okt YIDOEERMPEEL Y bEEIIKFLT
Wiz (P<0.001, Wilcoxont& i) o

B

BETER DOREIRER YASFMHE

Alnl, BEETEERL T\ FoigsE & R O gD ROKHL D 1A
B (Vmax) & FEIFER (Ks @ &k O RERRE
I HI LT B0 d 2 g sE o0 SRR 0 3A A& DS R 2E 5
BIFDORBELIRE D 2570 1T T 2 KEHIRE) OBEW
fliZTable 1 1Z/R L7co THHOWED S BIKESAEN25C
MNETOKsIE, YVaXEBTHLIRAABY2XE
Chaetomorpha linum(357.2 ¢ M, ™ I w3545 uM, ¥ A/
5 / V& Hypnea musciformisld4.9uM, ¥ x5 7 SETH
%/ 3 ¥ ) E 7 Sargassum macrocarpum(315.4 M, ¥ 7 &
Y& Ulva rigidal317.8-33.5 u M®TdH - 1o ZTDIW, T#
HBTHBZTFTAY, VaXERB/THDHKRY VaRXELI
DHFEIC & - T, KRIFKOREEFER TR 7230 « MOTHIRRE
EREE FENRED bOTH S EMESND, Lich-
T, THFT7AHEFY Va2 XBIZELTE, APFETHOE
SeME T IABHEEDS B/ NN T b - 7o nlEENE & & 5 25,
{th D HFENT A THHEREL D 1A B EEE BT icmn T & &, i
FEE O D 1A A HE DM LRI RE IR T W EEZ S h
%o

WL, RSB B LN ER TS, THLTE
Wikl oz REBIC B AN BRI, KEHEIND A LS
EmELTEBFEINRTVE I END, A TRESON
PO ERMREROREIEI D A S HE (Fig.3-2, 3-3) (3,
HEOHNDIAAREELD BEFHML T2 EMES N
bo WolFH T, AWETEHL TV AL, @Yick
S CREHEMBESRKECHA Y, FEBEmE)l»52< 0
REEDPUHE N B8, AR E) 2 & DRER O HHE

DR EB CRRBEREOREICN S, TOcy, BREEEE
RIS 2 72D O Mg O REEIN O AA R & LT, #)ll
o OREEHIEESEIN L 7o, LWL E { ORE A
DAY B D DSEEICIE B 0%, RIEERMRERIC, KRE
HEUREE M O SRR IR AL I A DI & N 7o RF D BT 72 HL D
RBELICOWTHNT 5 EREETH b,

i E Y vIBOH D AALLDOEAKE WV & (Fig.2c,
Fig.3-4, Fig.3-5) &, &R ELILICINT 2 ) v 23/ VDETH
T2 ENTELTEEZRBRLTEY, KIEDF K
BE LTREO I o 2 ERBRESFNCHEHIGTE 5 &%
ZoN%, FHTTFTAIRRY Ya XEREHEOID AL
mbHAKEV (Fig.2a) 72w, Vv uERETHE < Off
el A T EhTE, BREEMEE L TOMEZ 5
RicFoencxs LificEsd, InoofERE, 744
Bl o #EH s fast-growing, opportunistic algae (<
95, BRFIOCHETE 28 L LTHRESINTVWRYT L
EFFBLIEVEERTH - 720 Larned®ic BV TH, AN
ODEER LY YOI, I WETH D Codium eduleh’
334, v 39 F IETH %Padina japonica?’38.2, v 57
5 J& T ® 5 Sargassum echinocarpum338.2 7T & % DT b~
T, TAYVIBTH % Ulva fasciatald48.3TdH 5 LHREIN T
BY, 7AVEEY v OIRED MO dEEREIC A TERW S
EostElla NG,

HRI)ANT, FvFTT, IR, KEE GEHBEY v
) W0 ABBEI NS WEZE/R LIce H R/ A859 30
3, BERBECBVTOBFEMEV I Eh S, KEEIND
IABH L ISTE VI DITRERDES, OMIEELT 5 T &8
TETCVWEBWVLIED—NEB>TVBEIENRBEENE, —
HT, KNETEVWREEREF > EPAILNTVWE RV S
7 713, HARTRIERICAE LRET, ponREoiE
KOGV E T AICEF L TVWE, SRloREERT
¥, KOHENBZRY —5—CTORREOAZETH Y, iHiE3HEE

Table 1. Maximum nitrate uptake rate (Vmax) and half-saturation constant for substrate (Ks) of macroalgae

NO;

Alga Temperature
(°C)
T Ed
Sargassum macrocarpum:/ 2% ) €2 25.2-253
Sargassum patens : Y ~ # € 252-253
Sargassum siliquastrum : 3 L& 7 252-253
FLHA:
Hypnea musciformis : 71 X A /37 /) 26
ok WK -
Chaetomorpha linum : 7 AA 71 2. X 15
25
Codium fragile : X /v 15
18
24
30
Ulva lactuca - 7737 A 15
Ulva onoi: X 7 X7 A 20
Ulva rigida : 7 %) 71 25

References
K (£SE (uM) V e (umol/dry-g/h)
15.4 75 Pk i (2008)'
182 9.6 P fih (2008)'?
17.4 12.6 VL i (2008)"”
49+39 28.5+7.92 Hainea & Wheeler (1978)'
31 30+5 Pedersen & Borum (1997)%)
57.2 60 Lavery & McComb (1991)'
541 91 Pedersen & Borum (1997)"*
8.81 % 1.80 8.99+0.91 Hanisk & Harlin (1978)'
545+131 8.06+0.57 Hanisk & Harlin (1978)"®
10.39 £0.73 6.69 +0.2 Hanisk & Harlin (1978)'”
5+2 17+2 Pedersen & Borum (1997)‘4'
4284 -1356.5 520 #hR i (2004)”
17.8-33.5 58.5-85.2 Lavery & McComb (1991)"”
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