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time under different N and P levels
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Table 2 The first-order Kkinetic fitting results of P removal by

G. tenuistipitata under different initial P concentrations

¥ th PO -P e
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Initial PO~ -P Removal rate R?

concentration constant (x + SD)

(pmol « L™
4 0.155 2+ 0. 038" 0.669 1
6 0.145 5+0. 035° 0.698 8
10 0.291 3+0. 025" 0.818 9
16 0.1355%0.017" 0.8251
25 0.161 1£0.016" 0.870 0

Note: Different letters indicate significant differences between groups

(P<C0.05)
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Table 4 The first-order kinetic fitting results of N removal by
G. tenuistipitata under different initial NO; -N, NH, -N con-

centrations

¥Ith NO, -N,

NH, -N B .
ool f{i EY RS E
e (x %SD) o
Initial NO; -N, Removal rate constant
NH, -N (x %SD)
concentration
(pmol « L™ 1)
20 NO; :0.327 4£0.011" 0.968 3
NH, :0.376 7+0. 022" 0.876 5
18 NO; :0.389 3+0. 025" 0.873 7
NH, :0.335 1£0.016" 0.952 8
%0 NO; :0.202 6 +0.021° 0.883 2
NH, :0.364 5= 0. 024" 0.952 3
128 NO; :0.305 6+0.017" 0. 905 6
NH, :0.336 7+0. 023" 0.8711
160 NO; :0.263 4+0.029™ 0.853 5
NH, :0.324 6+ 0.030" 0.910 7
200 NO; :0.292 0+0. 033" 0.930 3
NH, :0.314 3+0.019" 0.835 2

Note: Different letters indicate significant differences between groups

(P<C0.05)

60~

40

Removal rate of NO;-N (%)

90
80
70
60
50
40
30
20

Removal rate of NO:-N (%)

Day (d)

2.4 HETIE NH, -NBHER

ALY NH, -N 19K B2 B & ) K 2K iR
TR, UL 6 Ca) FIE 6(b) W Ny, 2Ny, 21 P, 41,
Py 41.Py, HAESEH A5 AN NH, -N ¥ REAHT 0.,
& 6Co) FTEL 6 (D AT A, B Pos 2H AP A S50 41 1Y
NH, -N £ FRR¥R 5 90% LA b, Bk 4 L5 A
NH, -N ZER22E 5 AU 0 40 ILE X NH, -N 8
EBRRA S NO, -N ML, ZFRFIES 5 K2
AR IMAR P 55 5 K5 346 e ik 2% .

M 4 AT AL ZEAR TR NLP R BE T LB NH, -N ik
J¥ %9 48 pmol « 171,200 pmol « L ™" 440, Hi x4 41
NH, -N LBRRu 52 R A B FH (P>0.05) , %4
] NH, -N EBRF5 5 b SR Eh AT 1,

NH, - N #J 4 ¥ B 7€ 20 pmol « L' 1 48
pmol « L' 48] .48 pmol « L' F1 80 pmol « L' 4
i), LA K 128 pmol « L™ Fi1 160 pmol « L1 20 [A] B
XF NH, -N s % 22 5 OR8  % (E 4, P >0.05),
Bl NH, -N 15k B R, 41 5 VL 3 A NH, -N 9]
TR Hy 48 — 80 pmol » L1 Ik IR g 9 2418 2% , W) B
WRE Ry 200 pmol « L1 B MISCH R A L 35 2. 1
pmol = g '~ h ™',



I ARE,2022 ££,29 %, 5 3 #] Guangxi Sciences,2022,Vol. 29 No.3

=55l T(a) e N,
n

£ 20f Y\. @ N
ZI \-\ "&"leu
= L5 ‘ _——ym

g % N ‘ V= Ny,
o

10 Yeoogm o I

g . -Y ~.“7\'~. T

g 05 .- T .

% é % -é-."é._.. \'\T -_T

E 0.0 Oeeereers @....'..'..é'...'...'..@.‘..'...‘.. RN ......n...¥
O L L

Concentration of NH;-N (mg-L™")

Day (d)

95 () e g}
S 90 ﬁ-%q- T
Z 85t ,.' I_EI"'/'.
:IE | DSy
z 80 A u
5} 4
2 70+ ST
« o . . ....D...N
=t 4 40
3 6SE o -,.JF o ’
R o 97Ny,
goor U o7 _
L) T -\ -
~ S55F I\ Nz
50 ‘; 1 1 1 1 1 1
2 3 4 5 6 7 8
Day (d)

90 %('é =T
VA é;ﬁ;:‘.’i.-._
. RS
80 /T

9
~
.:E
Z
5 A oo P,
Q -9 :" .
g nof 2 o
—_— ’ sy L - -
g o'_.%‘“ = Py
-~ L4
g 60 %’.ﬁ'.’f‘ --w--Py
k) =
50 -'*- pzs
1 1 1 1 1 1 1
2 3 4 5 6 7 8

Day (d)

Bl 6 AIE NP KT NH, -N R 2 BR 4 Bl i) 9 22 1

Fig.6 Variation of NH, -N concentration and removal rate with time under different initial N and P levels

3 itig

3.1 N.PHREMEEIFEEKNEIE

BN N I N TR = 00 O L X B
B e S R AT M A A R IR NP, TEZ T 2 d DLk
AEFRE A 8 d S Bk AR v, BB AR A= N,
M AT E DR AR ERRET 2% - d ' X
A HE S 40 L VT8 e SRAFPESNIE P 3R i shi
SEEFRAE R R N U AN I8 B AR Ko N R KR .
UNAR R 450 BIF 5 22 B9 40 T LR R I N O
IR FLAF it 7 60 S B A 8 400 i P R TR R KO
e 10° A5 LA b o 2R BT 5 S BRI S v 4R Ok
WSE (Asparagus schoberioides) B4 K, 3 H 51K
R AR o A %80 Wi A BRAR o 1 e 032 1 e Ak 2k
R IX BV AT T 0 AR S FERIL ] . AR S 4
LR SN e N I = R S S
it & B IR ERE S N ML RS 7 AN URME NP B = i A
FH A& T TP 1 38 SR A7 00 IR — s i AR KR

ARG R R FEAN TR N/P RNy 4 (N/
P 16/1) 40 5 VT 8 A K 3 f v, B8 0K 0 B 1 0 Gk
48.3 %, ;b 3 T AL 3 AN S H 4 (P <<0. 01, N/P
W5 Redfield AR (16/1) ™ —F, % £ Fh s 2 f HF
FEP R ORI NP O 2 0 A KR R B L N/ P

P2 5723 0 WA ML B A R Y S S LR R
MRS, X B2 178 95 A BRI R B 38 N T 8
FRAL K R 0 Bk i 25 AE Redfield Fb (B BFF T A KOIR 25
AN BUE R TSR G LT R B A5 8 (Skele-
tonema costatum ) M B K ¥ 5% ¥ ( Thalassiosira
weissflogii) ITas B9 N/P 40 B 231 16/1, 10 i 3 L H
BEAEIE T E R R A0 B0k E BB IS M N/P A B
Redfield HfH MFREE™ K RYUEHE (Karenia miki-
motoi )TE N/P 4 80/1 By 4 {1 F oA I i s de A
A UL N/ P XA [6) o 24 U 8 4 52 e i 5 A AT X 97 3R
B RIS W B VTR O . ARV A KRAE R &% N
PR KA T 11 2530 5 1 DX, AR BIE Y BT T A 4 3k
VLB R A T 0 8 IR AL A ) )7 1A X, B N Y
TR PR 25 R N/P XTSI B KA B
FROA 38 N E SR A Y 20 R V8 ) T 4% Red-
field Ho#g Bir ol NG P T H B HEUE K fid B Red-
field Lo D)X 298 6 VI 1 A0 A A BT I 410 1 2800
3.2 N.PHREXNHAETERE NP KN
ABFFEGR B e T E Pk N ¥
JEANTA) A S 3 o RS AE [ N/P R AN NP
28 . POS -PONH, -N Fl NO, -N ¥ B 75 52 5 5
i rh 2 B R AIC HLAH SV X PO -PONH, -N Al
NO; -N A0 i 2 18 B W0 46 8 57 £k vk B2 /Y 5% n



TRB, &R, ERX,EXH, 2ER,ZXR A KENAETER BRERERKNZIE

T A0, 26 B 4 38703 % NP HLAG %5 i Wl %
TESZBRIR I BB S 1 - 2 KVAFETTE X NP iy 2
Frst e R, XA e 5 S AT 2 d iYL E A 31
A AEVUE G 55 B B, AR HRE R I ML Y N 5%
JE 1 N R OR 2 5 06 A 2B L R 3R AR I 5 AR 0 B
T LR AR 2 T R A JB v ) 3 R AR AT A
A I, YL R B9 R L E (Gracilaria txeto-
rii ) TESEIR R 8 h AL AT AR 2 £5 T 4 4L
N &AM NH, -N,6 h ]3Iy N af 4k iy HAe N R
] AV XA T R L R R I R i B R
FAGAEAE WO 553 T T8 B8 55 PR DA 4 B 58 0% 45 B R
FIPO DR [ R VT B R AN T X NP B
ZBRAF L JCH S A B rh NP % B 1 B, A R b o
AT U (1 W WS RE T R I RT A SRy SR AR K R
SRV TE B Y

fE PO -P ¥ 10 pmol « L' N FJ 4R ¥k B
9 0-320 pmol « L' B, BARAE A S0 i B v,
MEVLE XS PO, -P LBRR R 5 KR A
LB 28 A HLAHE Ny =Ny =Ny >Ny H R TEH 3 -6
K s Ny dXF POT™ -P AW AT 25 BR 35 F Nog 41
HHEILE XS PO -P MR ISR L BR A N WK
Th 10 T = s 5 A0 VT A K DL A AR S A ] A
LA Bt i BLE NH, -N A NOg -N -l W i s 72
M, A AR R, R X AL R P AT E X P
1o 2 BR AR B AR N VR B R N/P 4l
T AT N AR WA 2 I 2 4 6 {1 ) 32 22 1 BRAEAIR N vk
RIMIK N/P 41, Redfield &\ N/P #id 16/1 B
P U ER R ON/P /NF 10/1 B N by FR il
PERI DS P TE Ny 41 (N/P 2 32/ P e
R SRR o 240 RSV AT RE A0 1) T W W B A B 2 1Y PLAE
Ny A(N/P R 4/1) 32 N e i) il i £ ok £ 0 i
IFEAETE 2 00 N, 31X 46 Bl 3 4 M 450 S W 0 iy NP,
A RE S e A0t T 45 I i R 2w sr BV T &
JL A g A AT T S B B N PR R A
BRI S AT E M AERRA T 2 —B L .
S0 ACI WU SR I E =R 73 SR ORA B S AN DOR=E N IS
B A 3 R 43R VT T A ) TG e Ol Az T e
MEFRER,
3.3 HETIEXRR NP ARG

NP & 75 508 1 K 4 29 b 37 9 7 G5 v v oK 1k
EEF EEREN RN FEEEH T, AR R
T L R FR AR K NLP B N A B BIF 5T A
RLSEE T — B0 N FI KR 8 R AT K B A

oK | 22K I B B SR AL B B R i — L A
TLES & B AR SC 8 L 7E 25°C 5 T 45 A6 T8 e
KR 2.3% - d P —3.02% - d ', 25°C I g
TEMM K ERA N 2.6% - d "5 H 4 E b
L9 B 26°C I S TT 86 M A KO R AE 5% L b
AT A 5 v 20 SR VT 0 AR KBRS 0 Al VT TR
WERBEFEHTARK FEEKEN G745
0.42)% - d ', TRZEHGE P BUE . AP R
SR HE R N/P R A0V A 1 35 5 W R 8 1)
XFEE IR W PO -P I R BR R AT 5 96. 8%, X
NO, -N I ZBRFE R 83.9% . %F NH, -N By L prHE N
94. 9%, . T V7 B 45U I 5 v A0 LT R
AFFR X NH, -N(40. 7%) (F1 NO, -N(28.5%) [ 2
B, th T 52 B0 Y S T EAR L 1 28 d B X
NH, -N(26.5%) F1 NO; -N(65. 7%) 1y LR, th
AT UL, 40 B VT ] T A K B, BOA AR S A ok
i W AE T REE .

2% ik

[1] CORREDOR J E,HOWARTH R W,TWILLEY R R,
et al. Nitrogen cycling and anthropogenic impact in the
tropical interamerican seas [ ]J]. Biogeochemistry, 1999,
46(1/3) :163-178.

[2] CRAWFORD N M. Nitrate: Nutrient and signal for
plant growth [J]. The Plant Cell,1995,7(7) :859-868.

[3] DORTCH Q. The interaction between ammonium and
nitrate uptake in phytoplankton [ J]. Marine Ecology
Progress Series,1990,61:183-201.

[4] SMAYDA T J. Harmful algal blooms: Their ecophysiol-
ogy and general relevance to phytoplankton blooms in
the sea [J]. Limnology and Oceanography,1997,42(5) ;
1137-1153.

[5] JOHANSSON N,GRANELI E. Influence of different
nutrient conditions on cell density,chemical composition
and toxicity of Prymnesium parvum ( Haptophyta) in
semi-continuous cultures [J]. Journal of Experimental
Marine Biology and Ecology,1999,239(2) :243-258.

(6] Z&H . XK &, ok 3r 5. L A7 2670 A SCSE X Al 8 4 %
YW B H A A 2 R B A [T K AR A % R 75 2010,
3(6) :41-46.

(7] REESC.ZFHEE RRE,F ERBXTE £ K WM
B A5 S e [0 1. W PR R 27 E 2010, 28(4) :538-544.

(8] ok, XU sk AL, 5. PIFh A F A B L P i A
MR LT, 06 Toll K2 241 . 2017, 32(4) . 75-79.

(9] k=228 JE @i, 5. R A i 0% v B2 TE Lok 25



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

I ARE,2022 ££,29 %, 5 3 #] Guangxi Sciences,2022,Vol. 29 No.3

R 0 A K Bl R DF R LT, PR 4ERE 22 ,2010,31(11) 2661~
2665.

A B, T S AU HxT £ R 5 ) Bk
ARSI W] 9 R B2, 2014, 42(5) .
316-320.

. E IR IR R A A D], M
a0 AR R A, 2009.

T2 LA SRS 55 B A 2 4 o R AR AIE
T[T ). i K25 4. 2014,23(5) : 706-711.
R BRI AR BE. 3R R R R A N 45 A
VLB AR AR 52 ma [T ], & 150k, 2005, 24 (4)
546-552.

B 05 . = A2 R T SRR b AR R Y A R AUE R
fEWF5E[D]. BT ) P K%, 2014,

VEHERE MO R NE 45 B IR R X A S VT
ol 7 b G W R R TR R B e ()], A A 2R 4R, 2002,
22(3) :366-374.

Zfd R ORISR SR U BN 3 Al A
CUHER B S A K s [T ], K R A,
2012,19(3) :462-470.

208, R T, S ALV AL B SR AR
WSO R G o 8 W) R A B AR VR LT D, BT R 2% 2% 4 (H
IRBLERRD ,2007,46(2) :221-225.

REDFIELD A C. The biological control of chemical
factors in the environment [J]. American Scientist,
1958,46(3) :205-221.
EFHFIRREBET R, FLA S IR 5 K 1§ S
B AL 5T [T ). Al TR 2= 42 ,1998,14(1) :173-176.

AR E L BT KR B R R AR B 53 R 1
W EFRMWRRLT] AR .2011,30(3) :589-
595.

TR TR, &M, 25, R R A B B B B e B
R4 A KmygmI] K- ER4,2014,33(4) : 219-
222.

TR R AG LT 1 AL 4 R R U H N 2 4T ARk AR
TP A R PE R e g BF SR (T, B BE TR 2% 4, 2011,

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

5(11) :2487-2493.

B o i AR B ST AR S AN T U L X o Bl 2%
JE TR T 4 9 A R P A R e T ] PRl i A 2 4. 2010,
29(6):92-97.

INEE X 7R H R 5%, S5 S TR S L R B KR
BT T A S R K T LA T R K T B A A SR
g ()] W AR S 54,2004, 15(11) 1 2122-2126.
LOMAS M W, GLIBERT P M. Interactions between
NH, and NO, uptake and assimilation: Comparison
of diatoms and dinoflagellates at several growth tem-
peratures [ J]. Marine Biology,1999,133(3) :541-551.
IR T 2 Fh oK B 28 T ¥ A g K B R AR N Y 2R
B 7 [ D, il 3k il sk K%, 2007.

Sk A E . BT RN IR NP B FR 3K OF 6 L A 46
s il o A AR Y o [T ], BB E e, 2012,
28(3):32-37.

By AN N TN N 3 DO R0 LS
B BT D], AL il ,2014(1) :1-4,11.

B2 A X0, S A, S AU i BE AL A 28X K PO
[F) B 25 AR Rl R 6 9 W SR S L . il AR Ak A 27
2019,51(3) :68-72,76.

BT A A WA S I RE R e A T I 3R GE R K TG
MU FR e Ak rboity 7 T L. ¥ mg 90T T 3 2 B = 4R
2021,28(2) :1-5.

AR o XU AR I 5 6 850 45 AR LI Y &0 %k &L L ol A
BB FOCR T RIGBIFELI]. A= RE2,2021,40(1) :81-
88.

JERETN. 35 LV (Gracilaria lichevoides) X 3 55 [H
T 3 7 B HE SR AR AR AR R B R W1 2B B 5E [ D], 95
M2 B R A, 2011,

G EA RSO BRGNS [ IR BE R R BE R IR A 4R
T LB A K R A A g A s L) ). R KRR AA L 2012,
8(2):51-57.

T B R K GG, AL XX R R 5 K R
KRR L BRACR T BRI B2, 2021 (8) - 178-179.



TRB, &R, ERX,EXH, 2ER,ZXR A KENAETER BRERERKNZIE

Effects of Nitrogen and Phosphorus Levels on Nitrogen and
Phosphorus Absorption and Growth of Gracilaria tenuistipitata

FU Jiaxiang"*,PAN Ke’, HUANG Lingfeng',LAN Wenlu®,LI Mingmin®, LI Tianshen®

(1. Guangxi Key Laboratory of Mangrove Protection, Guangxi Mangrove Research Center, Guangxi Academy of Sciences, Beihai,
Guangxi,536007,China; 2. Marine Environmental Monitoring Center of Guangxi, Beihai, Guangxi, 536000, China; 3. Institute for
Advanced Study, Shenzhen University, Shenzhen, Guangdong,518000,China;4. College of the Environment and Ecological Science,
Xiamen University . Xiamen, Fujian,361102, China)

Abstract:In order to understand the effects of nitrogen (N) and phosphorus (P) levels on the nutritional,
physiological and ecological characteristics of Gracilaria tenuisti pitata ,the subtropical macro-algae G. tenuis-
tipitata was used as raw material to study the growth, purification and absorption of N,P and their relation-
ship under different N and P concentrations. The results showed that the relative growth rate of G. tenuis-
tipitata increased with the increase of N and P concentrations,but the gain range of algal weight was not pro-
portional to the concentration of nutrient. The gain range was the largest when the initial concentrations of N
and P was 160 pmol « L.”" and 10 umol « L™ ' ,respectively. N,P levels and the ratio of N/P significantly af-
fected the growth of G. tenuistipitata. G. tenuistipitata had a higher removal rate when N and P concentra-
tions were low. The removal rate for PO} -P was as high as 96. 8% in group P,(N =64 ymol « L. ',P =4
pmol « L™, The removal rates of NH, -N and NO, -N also showed similar characteristics. The removal rate
of P was high when N/P ratio was high,while the rate of N was high when N/P was low. Nutrient removal
rate of G. tenuisti pitata was significantly affected by N and P stress. The absorption rates of G. tenuistipitata
to PO} -P,NO; -N and NH; -N in each experimental group increased with the increase of initial nutrient
concentration. The maximum absorption rate was obtained when the initial concentration of PO} -P was 25
pmol « ™" and the initial concentration of inorganic nitrogen (NO, -N @ NH, -N concentration ratio was 1 :

1) was 200 pmol * L', respectively. G. tenuistipitata adapted to eutrophic environment tended to absorb N
and P according to Redfield ratio, and deviation from Redfield ratio had obvious inhibitory effect on the
growth of G. tenuistipitata. G. tenuistipitata may be potentially used for the restoration of eutrophic water
quality due to their high removal rates of nitrogen and phosphorus.

Key words:Gracilaria tenuistipitata ;nitrogen and phosphorus;relative growth rate;absorption rate;removal

rate
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