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Tab. 1 Kinetics characteristics of nitrogen uptake for Gracilaria asiatica, Gracilaria chouae and Grateloupia filicina in dif-
ferent initial nitrogen concentrations according to the first-order kinetic equation

N1-NS5 stand for groups with initial nitrogen concentration of 0,
10, 20, 30 and 50 pmol/L, respectively.

n=3; X £SD
/(umol-L™) C, /' k R?
macroalgae species initial nutrient concentration removal rate constant
Gracilaria asiatica 10.419+0.044 0.031+0.002 0.9988
20.066+0.036 0.024+0.000 0.9995
29.893+0.150 0.026+0.000 0.9995
39.855+0.017 0.021+0.000 0.9995
59.138+0.098 0.021+0.000 0.9997
Gracilaria chouae 9.598+0.156 0.048+0.003 0.9995
20.825+0.071 0.025+0.001 0.9989
30.874+0.098 0.021+0.000 0.9998
42.151+0.130 0.021+0.000 0.9998
59.654+0.205 0.022+0.001 0.9994
Grateloupia filicina 9.010+0.059 0.028+0.001 0.9998
23.707+0.235 0.129+0.006 0.9991
32.548+0.686 0.048+0.003 0.9951
41.145+0.391 0.015+0.000 0.9784
62.991+0.041 0.015+0.001 0.9967
(P<0.05), N3 3 P N
0.614 pmol/(g-h); N , , 144 h
: 90% , P
(P<0.05) 0.4 pmol/L ,24h
08 . 76.4%; 1.0 pmol/L ,24h
: Bz L1 Gracilaria asiatica n=3; ¥SD
SN MiIL# Gracilaria chouae 31.9% ; P
rOEER WY Grateloupia filicina
£ o 0.7 pmol/L ,24h 59.0%;
2y 00 P ,24h 33.2% 2,
ZE
2z k ,
=
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704 7 k
= g P ,
r /
% , P
0.2 7
/ 24h P
| _
“ Ta—— : N (PS).
N1 N2 N3 N4 N5
15| grouping 0.015 pumol/(g-h)  0.018 umol/(g-h);
1 N P N R
NI-N5 N 0 10 20 30 P 5
50 umol/L. P P
Fig.1 Nitrogen uptake rates of Gracilaria asiatica, Gracilaria
chouae and Grateloupia filicina under different initial nitrogen 5 N >
concentrations P4 (0.7 umol/L) ,

0.016 pmol/(g-h)
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*2 HIIE. RISMRWBEEAERES PRETX P HRK—Es hFUESE
Tab.2 Kinetics characteristics of phosphate uptake for Gracilaria asiatica, Gracilaria chouae and Grateloupia filicina in dif-
ferent initial phosphate concentrations according to the first-order kinetic equation

n=3; X +SD
/(umol-L™") Co /™ k R?
macroalgae species initial nutrient concentrations removal rate constant
0.209+0.001 0.022+0.001 0.9947
Gracilaria asiatica 0.382+0.003 0.018+0.000 0.9977
0.537+0.003 0.016+0.000 0.9983
0.758+0.003 0.018+0.000 0.9996
1.030£0.006 0.019+0.000 0.9993
0.213+0.001 0.017+0.004 0.9985
Gracilaria chouae 0.419+0.001 0.031+0.001 0.9992
0.658+0.001 0.033+0.000 0.9996
0.847+0.008 0.035+0.001 0.9958
1.191+0.009 0.027+0.000 0.9980
0.204+0.002 0.026+0.000 0.9989
Grateloupia filicina 0.4124+0.005 0.053+0.002 0.9977
0.684+0.004 0.077+0.001 0.9997
0.883+0.008 0.037+0.002 0.9986
1.213+0.002 0.019+0.001 0.9997
4 L1 Gracilaria asiatica N 50
0.018 1 &S WiLH Gracilaria chouae i (
- EEE LM Grateloupia filicina pumol/L) , 54.6%( 3e),
= 0.015
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2 P
0
P1-P5 P 0 02 04 07 26.8%,
1.0 umol/L. 3 ,
Fig.2 The uptake rates of phosphate in Gracilaria asiatica, 1
Gracilaria chouae and Grateloupia filicina under the different >
initial phosphate concentrations , N
P1-P5 stand for groups with initial phosphate concentrations of
0,0.2,0.4, 0.7 and 1.0 pmol/L, respectively. ’ 1
] 1 ]
2.2 N P
3 ’ N > N , 50 pmol/L
) ,  28.7%( 3e), 0pumol/L

’ , 6.7%( 3a), N



466 19
16.4% 3 N (1.0 pmol/L) R 57.3%( 4e),
5 P s 32.6%( 4a), P
(P>0.05), 45.8%
N (P<0.05) 5
4 , P ; 4 ,
P ,
s P P 0.4 pmol/L s
L6 o LI Gracilaria asiatica (a) L6 +4'ul}”$ Gracilaria asiatica (b)
- —o— V1L Gracilaria chouae B —O—Hfruf?l.ﬁ Gracilaria chouae
L5 AW Grateloupia filicina 1.5 b A SR Grateloupia filicina
.ED 14 F 1.4+
=]
ES - i
S13¢t 13}
_\_C\_h\_b - L
W12 1.2 ¢+
= L N
1.1+ 1.1+
LO ¢ 1.0
i 1 1 1 i i ] L 1 L 1 1 ]
0 2 4 6 8 0 2 4 6 8
JIEd days U days
16— SULE Gracilaria asiatica (© Lo r AL Gracilaria asiatica (d)
B —O—Wl_i‘.‘.‘l._‘.:éq("l Gracilaria chouae - —m— I Gracilaria chouae
L5 | A WU Grateloupia filicina L5 F —o-WRIAME Grateloupia filicina
P4t ~ 14} ~
= B n=3; x+5D L n=3; x£5D
213} 13}
e | L
HE 1.2 | 121
= B L
L1} 1.1+
1.0+ 1.0 b
1 1 i 1 i i 1 N L L N 1 1 1
0 2 4 6 8 0 2 4 6 8
JH/d days FE/d days
1.6 =& VLILHE Gracilaria asiatica (e)
. = i Gracilaria chouae
1.5 L —o—BHANE Grateloupia filicina
B4l
o
2 i
13+t
= i
=11
12t
% -
1.1
10 &
i 1 1 i 1 i 1 i ]
0 4 6 8
JHud days
3
a,b,c,d e 0 10 20 30 50 umol/L.

Fig.3 The variation of wet weight of Gracilaria asiatica, Gracilaria chouae and Grateloupia filicina under different initial nitrate

a, b, ¢, d and e stand for the groups with initial nitrate concentrations of 0, 10, 20, 30 and 50 umol/L, respectively.

concentrations
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Fig.4 The variation of wet weight of Gracilaria asiatica, Gracilaria chouae and Grateloupia filicina in different initial
phosphate concentrations
a, b, ¢, d and e stand for groups with initial phosphate concentrations of 0, 0.2, 0.4, 0.7 and 1.0 umol/L, respectively.
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Fig.5 The relative growth rate of Gracilaria asiatica,
Gracilaria chouae and Grateloupia filicina in different initial
nutrient concentrations
N1-NS5 stand for groups with initial nitrogen concentrations of
0, 10, 20, 30 and 50 pmol/L, respectively. P1-P5 stand for
groups with initial phosphate concentrations of 0, 0.2, 0.4, 0.7
and 1.0 pmol/L, respectively.
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Effect of nutrient supply on nitrogen and phosphorus uptake and
growth in three species of macroalgae

LI Heng" ?, LI Meizhen', XU Zhiguang', WANG Xiangyu', CAO Jing’

1. Algae Research Centre, Mariculture Institute of Shandong Province, Qingdao 266002, China;
2. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China

Abstract: We conducted a series of conditional experiments using Gracilaria asiatica, G. chouae, and Grateloupia
filicina to determine the effects of nutrient supply on nitrogen and phosphorus uptake and macroalgae growth. All
the three macroalgae responded rapidly to changes in the supply of nitrogen and phosphorus. The uptake curves
yielded a first-order kinetic equation. At 50 umol/L nitrogen, G. asiatica and G. chouae exhibited maximum uptake
rates of 0.739 pmol/(g-h) and 0.648 pumol/(g-h) respectively. At 20 umol/L nitrogen, G. filicina exhibited a maxi-
mum uptake rate of 0.614 umol/(g-h). At a level of 1.0 umol/L phosphorus, G. asiatica and G. chouae exhibited
maximum uptake rates of 0.015 pmol/(g-h) and 0.018 pmol/(g-h), respectively. At 0.7 pmol/L phosphorus, G.
filicina exhibited a maximum uptake rate of 0.016 umol/(g-h). Our results suggest that G. chouae is more efficient
at removing nitrogen and phosphorus than the other two species. The greatest increase in wet weight occurred in G.
chouae and the lowest was in G. filicina. Changes in the supply of nitrogen had a stronger influence than changes
in phosphorus on the growth of G. filicina.
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