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P A s . RAGE. IR T20165E
KI5 T S B L % VT AR BN i 8 (120°207E,
27°35'N). Bk % B E A4, F W 250 KI5 I,
KR R ok v R TH BB, 1 FH 0.7 % KT R i
10min, B 2328 FNA0 B, S8 5 FH K B K e R IR 4
F o SEEGTFAART, BFPEEE g2 1000 mLEEM HHTEHE
HE B 2240 P 20 S TS 35 1d(B5 3529652 100 pmol/(m”s),
J6JE#N12h L1 12h D), #5552 i —%.
Begr g A O9 N CREH™, Eh 1 H30,

1.2 IWHE

VR A, AR, BTE . I8 E
B E TR, 2 I7E15. 200 25, 30C%AHH T
FREREFR48h, F5FRILFEFF0. 64 120 24, 36, 48h
HEAT KRN, 355 77 25 3R J5 I 5 g 9 A A Tl 6 e i
SRR SH

EHEEME  REEAERELS. 200 25, 30C,
N T KRN ANaNO,. NaNO;. NH,CI.
NaH,PO, 2 i, 537 5N PAIKE AC(NO,-N)=
10.87 pmol/L, C(NO5-N)=70.97 umol/L, C(NH; -N)=
100 umol/L, C(PO; -P)=8.46 umol/L. 7%, HL
(10.005) gfFEARGREE)E T1 L (B, WIiaE:
FEVARRI 832 mL, 5235 441 R T 7 44

IKEEEFRNE  KFFR/50. 6. 120 24, 36. 48h
BEAT K ECRE, W E B R A NS PEE. X
NO, -NFIZHT R ZE 2 oy F BV, SINH, -N
3R VCRR B S8 AL, KPP O3 -P 4 A K FH
BHIE 4 Y FE s, SENO; -No 1 R PR 8 TR i
Kl 772 B GB/T 12763.4-2007 g VR AT 3G
SEVUER S WAL R R A AR AR UHEREAT

FRIRERAGME B FRATAEE R 5 AT
P if B (0 52 o R K R T R A 3R T () 7K 4, A
HETFRVPHREEAEE, M ERKERTEA
X AN(RGR, %/d)= 100x(LaW,~LaW, )/(t,~t, ),

W, i~ W53 BRI, ~ b, R AR 5

MHEERASHNE AN KM TR
FR48h )5, K - 2 il % e A (water PAM)#EAT
RHSHINE . BREAEW T ASFEAEER PR
7 SIS 26 R AL 3R 1 Smin, ZERE RGN OBtk
R B R BR) AT SR R OB T IR I e,
RAF IR (F /) B 72658 T A RO =R
(F,IF,")o BN IEIRBEEE[114. 167 257.
379. 570, 861. 1218/%1692 pmol/(m’s)]#E4THe
O B 28 (RLC) I 5E , BEAN 5 B RF 22 i

7] 9 10s, 7Rk 95000 pmol-photons/(m”-s).
AT B A5 356 T R (ETR)E I LR #4205
FETR = PAR/(a x PAR +b x PAR +c¢), HHa.
by cHLESHL, H LTS SRR R AR o
B K TAE 8 R rETR BRI E,, HHE A
B v/

1 1
a = <5 rETRmu = : ¢

b+2xvac ¥ b2 x vac
1.3 HIEAIE

K Origin 7.0F1SPSSSE i1 4k 4 33 17 % i b
BRI GE o0 #, FH ok 58 925 (-tests) J7 22 40 M G DU~
I 18] (12 (), LAP<0.051F N7 7 BB KT

2 #R

21 EEEK

E15—25CH, IREBNHEA ALK LR
ER(P>0.05). AR, FEEERMIHTE EK
FEAN AV R 22 57 2 3 (P<0.05), fe M AR KR
BIHBLE20°C 525°C, iR A15 CHI30°C I A X A=
K BRI, 358 AE30°C I H & H L f K,
Wi B S b S ) AE AR K R . AR
[ 5 A AR R R, 20°C I 45 R A AN AR K ik
24%, 20°C 525 C A KA L B AR T- HAh 3 Fhge s
22 EFBRGIEFR

XL M (B 2) s #E15—30°C N, it & Al
Z4 R A 2R NH -N R IR USRS 0 B B T R A8 Al
IREE, SREEREFRFE T INH] -NTE 12h 4 25 2 A
WA 5 B, LI & RN -NIR U E A s AR T 24
A E(P>0.05). TIAEA RN T AR5 Wi &K
PRHINH -NTEA8h A tH 56 Al 2 (A I AL, 158 B4
FENH; -NW R IS RE S 384 . 15°C I e 8 %t
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Fig. 1 RGR of 4 macroalgae species of different temperatures
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HEARPRNCTE (K 4). 15T, IRE I FRET
NO;-Nik EE1E 12—24h N T B %5 W] ., 36h 1A 3|
AR KT, VUi BHZIR RS N 2 SN O -N I R 71
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Fig. 2 The changes of NH; -N concentration in culture medium
under different temperatures
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Fig. 3 The changes of PO} -P concentration in culture medium

under different temperatures
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Fig. 4 The changes of NO3-N concentration in culture medium
under different temperatures
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e RNH -NIR S RE Jy 5, xof Hopd 5 7= i ie
JIREXSH 55, EART 2 % FE S R0 R 3 o B S B
23 WHEBH

BEE IR ETE &, ETR o S LI 25 BTG T B
ke, 25°CHY, A A2, IR, IEX5h
W B IRrETR oy 2 35 14 15, 7E15°CHI30°C ) £ AH
XA iR R FE MG R FH 2436 (s e A . 2
(P>0.05)(F 1) i BEXT 2 7 2l A0 i i & I e K
(Fy/Fy) XA ROCA 2R (F I F ) TE W S 52, it
BF X 2P iR FE i 2 Y S . FE1SCHEFRI, T
ISR JF o O TF o AR T30 °C I AN 520 R 23
KFJF oy, (BB T F/Fy e 1838 7E25 CHRY
FJF MF)/F R ERE, Z30CHF,/F,M
Fy'IFo PR TR 6), YEWI30°C Xz 2571
PSHRGE RN T SR, Iir s SR A A4

FETR, o SEEUER 5, SFJF, 5F,)F, B0 —%.
3 iTig

im X KB i E I B IR B S0

PRI S 5 AR IR OS2 U B TR S e, T A
1) K 28 g 8 U A 1 B R 7, R X R A
e A P RS S R PR B A R s R
W ERT B 7R B I R SRR AE — IR Va B Y, o
e BRI AR T Ho 8 5 L B, X 22
TAEARI SR T, BAR S 5064 RS IR () B v
PEEAR, 72 A B ROE SR A R Rt e =,
TS IR R WSO R PR, TR R AR T,
PSRRI A FE S22 38 0, FH A K 1 i A 6 ¢
o, BRI A, ST 6 8 3R ER A ™ 2,
AR AR, KBRS E 75 BRSO rT 43 AR a6 1

3.1

®1 TRIEE T4MAESEREMENE FEBERSRXANRENGSH

Tab. 1 The best fitting parameters derived from relative electron transport rate (rE7TR) v.s. irradiance curve of four macroalgae species
under different temperatures
D=NGE °
###Macroalgae FebrIndex s ngIETemperature ( C)25 30
M FETR o 55.05:0.044° 70.549+1.072° 96.161+13.282" 60.450+8.206"
o 0.273+0.036° 0.265+0.013 0.335+0.002" 0.3500.008"
I 206.182+32.417" 266.945+9.793" 287.022+38.295" 173.525+27.587°
T FETR o 27.991+1.189° 53.593+4.907" 71.978+3.765° 31.264+2.261°
o 0.641=0.080" 0.383+0.055" 0.298+0.004° 0.494+0.065"
I 44.601%7.394° 144.531+33.455" 241.118+9.163" 63.760+3.758°
ISR FETR oy 15.205+1.838° 41.135+3.498" 38.927+0.535" 26.609+4.697°
o 0.149+0.029° 0.195+0.009" 0.233+0.012" 0.17440.054°
I 108.603+33.407° 210.498+8.014" 167.631+6.701° 160.392+23.003"
i s FETR o 88.617+2.099" 96.500+16.516" 96.236+5.633" 61.059+2.734°
a 0.314+0" 0.294+0.022° 0.356+0.032" 0.366+0.003"
I 282.474+6.553" 325.748+31.635" 273.729+40.145" 166.876+8.922"

VE: FETR o IR AR H T AL I8 a9 MG REFI I RCE, LA HE [umol/( ms)] X
Note: rETR ., the maximum rate of rETR; a, the apparent photosynthetic efficiency; 7y, the initial light saturation point [umol/(m"-s)]

09 ¢ -
A —i5C 09 1B 15 °C
Tatd E=20C 2 aab E=20 C
N 25 C b E=25 C
77330 C a a vzA30 C ¢
06 | bapb 06 | [ I a Jqa
' a 7 b . éT bR
hf _L ELE = c
< a g g -
<4g ac e = s
= C
03 | ¢ 03t B Na b
= ai=P\d
0 0 LE
HMEAZE  RIOE IREE Birs WA RAE IREE s
{53 Macroalgae

6 AFHEEALEE R R AOC R T B (F,/F, A) R RO T 77 8(F,/F,', B) (P<0.5)
Fig. 6 Effects of different temperatures on F\/F,, and F,'/F/
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A IR, NS 7R SR ) B AR E TR CRT A T
B IR ER IR A3 R i — o LA
BT ARSENHS -N5POS -PIk AL h £k, JF
H6h P 35 77k v % R R B IR R B L S 1R i
TP ER(E 2. B 3). NH-NFINOT -N#iA
R K 2 i A K e B ) SRR, (H — RO AT
A G, FENH -N IR FER 2 )5, BT 6
FANO; -NP, [ IH 75 7 S8 FN O 5 -N R IR 2 A8 A 7
VLG B/ IR R 3B AR B 2% . NO, -NTEAFPEES
By il 2 18, XA T TNO, -NJYNO;3 -
NENH; -N#E A S, Fad 72 52K ik
YNGR, e A e E A, INO, -NTEZK /4
AR I () K
32 BREXMRERXEKEXEIERNENT

TR R E KK T, M) 4
R BB R, BT R AR R S R
PR, R R R R G RANEEEE
FmEI V. FEAHT T, 25 A 5 B A B
EIAE T, IR m i SZ VA X LT . Wi
B A KR A4S R T i e, HAEANFENRE T
P UEFF R A RAR DL (A 1), A w7 AL, 1£
K E % & (Ulva prolifera) 5| & 488 A4, 1+
HIRAMGE, Mk EENGEMMMZ —, 7F
5—30°C W BT LAFEIR, BARER A K 0",
AT S 1) FH W 1 5 SR AT 37 B 5 7K Ak BB B 7K
A PE, B i A AT G

T IR, S E20°C 525 CRAE
KA, 15°CH30°CERKZIMM . XA HE& B T7E
& IR VO P, — R R AR T R e R
FIARH, e R A K, — BB X AME ., wt
25| E AR R AR A TS« Ko RIS 3R )
Wi ig . gV MERRAG, EEROGA 1R 2 B4, it
T PEAS T 2R R IE AR K,

30 CX AFJF AN B 2, B2
BRI F,/F,, Bz BT AR Ko A8t B I T %
(F 1. E 6), XFTHEZTE30C &M T, HE Mia
TSI H 538, (6 A T 2% B 52 S Ak 1 XU
W, XA EAEH S BPSTTR G Mg 80, T
R RS EAE, AHRFPSHR R EA K
E R AR R R AR, (HAE30°C AR AE T
LR O3 AR BB HC W3 RIS, UE BHZ IR X 2
CLA I i — 7 i
3.3 FIFEEHITISKOENAER

A SEG 25 RAE TR W R A 2 R R
JEHEK, Ny PR RE 7758, 2 ) K 1A T5 7K 5k
Hi N AR R B R . G B M NH G -N IR I

REJ1 53, M ENH] -NAAR AT e % e . T
AN 5 2R IR AL 77 26 IR R T AR TR, 8 R R K 28 g e
VAL FR B R K I, e DR b ) B, MR S PR VL i
PEIE B KA R R T . i tn, SR A SR R
JKHNO;S -NEIATNHI60%—70%, FRFE iR ~23C
#27°C 2 A% bk, R S SRS, R
FLT 52 i, NO5 -NUR S RE 77 58 R s s AT R 7K Ak
HL 23R B RO T RN IR RSN 32 iR, ek
NO;-NWL IS RE J1 22, BT L 3 ANEH FESEE N . 7F
PPN HL X B 32 R 32 VAR ) B I R
B, FRAE K NH -NUR ), i & 6 NH; -
NP RE ) B, PTAR B RS . 2012—20134F 1
BRI, PV U K SR B X V6 R TE L (DIP) I FE
BARCE 3 /N T0.05 mg/L), T f# o HLE(DIN) K
) 3 ¢ v, G2 ZE(0.692—3.067 mg/L)
H2%(0.521—0.979 mg/L), /KA J& T B 2 AP R,
b [X AR IR GE I I8 A T S TRAIRE,
H&EEFMANERmEDT, 5T Y15 5 8 W
S35 A5, TSR R A2 v T ELPWR ST B 0 A 2 1 Je 2
K TR,

ERERNZ, #BA A SIS E36hN E
RFNEK B 1, Je e S S S E48h P 3 7 L
75 97 5 TR P B 0K BB A /KT, 3 15 B 7 S B o
Hh . 5 B8 1 e 7K R B (— M1 B S 36—48h B[l AT B
P 7KAR) SR FH I B G A 20 s 7R i =X, DA 31 BE
BEBRN. PEEE FRER, MRk KR MM A K
B G IR 8 A B 2 36 ) RIS R H . 48R,
AN TF 25 K RCRAN ], R I AT AR i o A7 100 18
KT 2. AN, R R i o Y i v A K
R 5 FEAGAE RS, Fme KRR, 9F B i
A — @ AR, 75 B AR R et
17 IR T5 KA B AR — R BRE . RAB P
RS, FIH 2 Flifg s 1E, IRANBE R kS
fi MR, DURSEHRIMLH R R K B T i
KEE K EE .
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THE EFFECTS OF TEMPERATURE ON THE ABSORPTION EFFICIENCY OF
NITROGEN AND PHOSPHORUS AND PHOTOSYNTHETIC PHYSIOLOGICAL
CHARATERISTICS IN FOUR MACROALGAE SPECIES

LIU Qi-Qin', YANG Peng', MA Ming-Jie', ZHOU Li-Ya', LI Ya-He' and YANG Rui"

(1. School of Marine Sciences in Ningbo University, Ningbo 315211, China; 2. Zhejiang Key Laboratory of Marine Bioengineering,
Ningbo University, Ningbo 315211, China)

2

Abstract: Purifying wastewater with biological methods is highly important in the field of ecological recirculating
aquaculture. To study the effects of temperature on the absorption of nitrogen and phosphorus and photosynthetic per-
formance of macroalgae in sea water, four species including Ulva fasciata, Ulva intestinalis, Gracilaria lemaneaformis
and Pyropia haitanensis were cultured under four temperature conditions (15, 20, 25 and 30°C). The results showed
that: (1) most N and P had been absorbed by the four macroalgae species, and the absorbing ability from high to low is
Ulva intestinalis>Ulva fasciata>Pyropia haitanensis>Gracilaria lemaneaformis; (2) extremely high and low tempera-
ture will limit the absorbing of N and P, growth, relative electron transfer rate, and chlorophyll fluorescence in four
macroalgae species; (3) U. fasciata and U. intestinalis were the best choices due to their high absorption rates of N and
P and the tolerance of a wide temperature range; (4) nitrogen and phosphorus could be completely absorbed within 48h
by the four macroalgae species. To promote algal growth, improve the removal efficiency of nutrients, as well as pre-
vent secondary pollution caused by nutrition limited negative growth of macroalgae, it’s better to replace the wastewa-
ter within 24—48h, or apply the circulation mode in the process of wastewater treatment.

Key words: Macroalgae; Temperature; Nutrient; Absorbing ability; Fluorescence parameters



