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W B I HRE . S5 R T (1) WF BB EE S NO;-
N 1 PO,-P R BRZALIE I 5 (2) WFE X &L Bl i TR e
RENFPR B BT Mihcaelsi-Menton 7572 5kt &
(R >0.95) ;(3) #& Xt NO;-N il PO,-P i i 3 55 i+f
B 2RFEBER (R >0.96) ,HATE 3 MR £

BB : 7E 60 min P PR IR B B, B R IR M 3 4 1)
FKF T 250.43 F15.82 wmol/(g + h) , FiZE 60 ~320 min
PR M 32K SR A AR A X 7 18, B R IR IGE 6 155. 12 Al
2.36 pumol/(g * h) ,7E 320 ~ 720 min P IR I3 R LA 2
VA , BB B X NO;-N 1 PO, -P i S R 3 oy
36.72 #11.32 pmol/(g - h) , EHFRER WER MG SE
B Je F v A 2SN PPAG SR L T BB AR AR

SR BAE B E A 4 B R R B

SR SR B A K RN ERLY
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EHEEEEE TS RARERNREEE
KFEM,AUE HIFRERITE S0 &5 120 Tz
£ WA SR G AT R T —E W
2, SESNRR, B EE WA KA S A
Y BN SRR
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Wegh 1 E RFAEREAT T WP 5. RITHEN Z B
FRICER MRS DL LA S IR LB, AT LA T i e 26
A2 2T T R AR AR BRARRAIE, IR 8 i 3RS R
SHOTEBRELEESREFHIRET
ASCUATF & B B 5 0 SE b R, 7 Y
WERARIRAET X & R Sh 122 KB SR EE
FEWFE A KR R PR AT TR 5T, iR
FHERBRRFM ERIBREEERMES
BRI RER M EIE IR .
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1.1 SSBHHEmESE

TIHRAWMERBHERE - BKEY. EF
TR, B KGRI LR REHE
Yy, K BEIR IS 3T VSE B3R . BB SRIIR
BEH(25+0.5) C EhPEFEH 26,60 pmol/ (m” - s) |
JEREGREE OGRS 12 he 12 h, B RS
BHRTSL=MAKMHY. B3 d¥1 K VSE
B, B S5 d —IRIEHEK,
1.2 #FENIELE

RS HETARK (BWTIASE <
3 wmol/L) Fn# PR ( TTHLBE & & <0.30 pmol/
L) Mg KA R SV IE 5 20 d, BRR 5 d 43
AP FEBR E RSN Ho A B SR B, HoAth 3 R 5%
ARG R SR AE ]
1.3 XWHE
1.3.1 R[5 %5 B e IR A ol SO 3R S

LI —H R EEEEN1.2.3.4.5.7.5
10 /L1 7 R, BAHEEE 3 MR . NO;-
N ¥R By 200 wmol/L, 2% —4H . % B HE% B
HF1.2.3.4.5.7.5F10 g/ L 17 MEEE, BAH
FE3 A EE, PO,-P¥KEH 30 pmol/L, SLInFF
RERE2 h il — KA B E &, LBUKHE 4 1R, 5
WHEHR)E  RIEEET 60 CHTEEERHRETE.
1.3.2  A[EE B EE T S ROBoH e 500

L —24H & PO,-P ¥R 1.3.6,10,15,
20.30 F140 wmol/L 3t 8 ANKEEE, 43 HIFREL 0.5 g
fEERIFREATESR, B BER 3 NER, %
I — 40 :NO,-N YR &% 3.5.10,15.20.30.45
65 wmol/L 3 8 NBEBE, 73 I FREX 0.3 ¢ fif F
HMgEREHTE SR, B ER 3 ANEE, EXR
FRJE 1h 2h F14h BUKFED € B B & &, L5
EREHIBET 60 CHTEEHERFHRETE,

1.3.3 e ABEWREE T I & WSO AR L5

LU — 4. WE PO,-P W) IR B Ol 30
pmol/L, FRHX 0. 5 ¢ ff H MG BEHITHE IR, LI
B NO;-N B iR By 200 wmol/L, FR
H0.3 g BRI REHITE S . WASRD 5T
Fr46 )5 # 15.30.45.60.,120.,200.,320.480 #1720
min 3t 9 AN TR]BCBOKHEE , 8 Al & B, LSS
WEHKEHET 60 CHTREHEFHRELTHE,
1.3.4 NO;-N f PO,-P &8 HlllE J5 ¥k

SR FAT 2% SKALAR® 45 3t 3h 4 #r AU AUk
SEHTIE.
1.4 HiEsE
1.4.1 WWGRFRIHE

PEAR R BT S 256 B Ay B, PR B IR K
A B, TR

(Cz—l _Cz) -V

TR (1)
Ko R F [ wmol/ (g + h) ];C,_,,C, 43
S30) g e YR BB i (1) [ 8 ) 262 2 7P 5 SR B A J5
RBEAIUREE (mol/ L) 5V g5 YR BURE: ik 1] 1] B 2
BRI EE SRR AR (L) 50 S 45 YIBURE 1) e J] ] i
(min) ;B HERFE (g) .

Michaelis-Menten 572 :

C

K +C (2)
KA VARHBCEZR [ pmol/ (g + h) 15V, HEK
WG wmol/ (g + h) 15 C N4 B & IRk vk
JE (pmol/L) s K, g FIH £
1.4.2 ¥dE4SH

Y BE XS AL B R W B ) S 80R i SPSS
13. 0 ¥4 3# 47 One-Way J5 22434t (ANOVA) J
Duncan £ %8, #| FH Excel & OriginPro 7.5 /E
K, 253 EBEKF P<0.05, Frig8dE 8 L1
B £ irfEZERIR

2 FRS0H

2.1 FAEEFZEENR. BHERBRNM

ML A2 AT, ZESE 00 B (A BE VR P9 ,
TR BRI, PO, -P A1 NO,-N ¥ JB7 [ 1K 32 25
PR, (B RS SLH R AE I, & Xt PO, -P I NO;-N
RSO A o 4 h R TR BE IR B P4, B
REE N 10 /L, 5L 6 h J5, & IR R
PO,-P FIYR L LR IR TR 94.27 % o

V = Vmax x
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Fig.1 Effects of algal densities on the concentration
of PO,-P in the culture medium
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Fig.2 Effects of algal densities on the concentration
of NO,-N in the culture medium

2.2 AR BERETHE R R FRFE

Kl 3.4 £, & X PO,-P F1 NO,-N H L
FEE A Sl ) E A E . FEE RN TP A
TRV BE (S 0 , WP 3 X I R 3k A IR WS R 4l
B2 384, (L35 0 ) 3 3R 2 ¥ R AT 5 il ) )
FER, WFEXT PO,-P 1 NO;-N f W5 Wit i 3 28 i o
o PASESH 4 h DR, JELe M |13 73 745 H i
&% it PO,-P i1 NO,-N K 3h J1 % Michaelis-
Menten J7E2H0T , B1 75 B2 5] A1, #iF & % PO,-P KJ
BRI NH AR V,, A 3. 345 pmol/ (g + h) 4
FIE %L K, 55.24 p,mol/L;Xﬂ' NO,-N ) B R T Wit
HARV,, N 84.811 pmol/ (g - h) , FAFH £ K,
7 8.39umol/L,
+lh =2h -4h

R BE A/

[pmol/ (g h) ]
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Fig.3 Kinetics characteristics of nutrient uptake
of PO,-P for U. prolifera in the different
phosphorus concentrations
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Fig.4 Kinetics characteristics of nutrient uptake of
NO;-N for U. prolifera in the different

nitrogen concentrations

V, =3.345 x (R*=0.951) (3)

Vy 284,811 x ooV
N 8.39 +C,
KA :C, RARFEFRIFH PO,-P W ; Cy Fmth
FEAr B NOS-N 9 .
2.3 BHER BRETHEX PO,-P.NO;-N K
W 3h 1 ZFHFE
Rl 5 "L W& X PO,-P il NO,-N F IR i
HRAR LA, 7E 0 ~ 60 min P, PO,-P NO;-
N ¥ BEARIE T R, (HIR O A PO R 5,
BRRIPMCER T HIEE] T 5. 82 Fl 250.43 pmol/
(g +h),7E 60 ~320 min P, IR Wi R AT MK,
FHilTF2%, 7E 320 ~ 720 min Py, PPOH R I A
AEF R BN T AR, 735 09 1. 32 F136.72 umol/ (g
- h) o GEIH I HTAR I X B AR S SR AR B Rk
BRI 8] FF & 7 R B A, U5 7 7 N - PO, -
Py =13.4722"***(R* =0.9687) :NO;-N: y =
1417. 4x " *>7(R* =0.9684)

(R?=0.953) (4)
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Fig.5 Dynamic uptake rates of PO,-P
and NO,-N for U. prolifera
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3 g

AL R, EAFEERBREMRMET,
W e BT BB , X NO,-N F1 PO,-P IR s
SR, 3 5 X1 e T R DUBK ) X VL AL 26
MRERNE B, HE—EWRELEN,BEE
FRERUR BE T, BEAAXT NLP IR S H R T
R E L TS R B RERT NP IR GHE
RS EFRE U H R A BRRE & Y
o XRF N EFEIIEEA, EIAEAFA NP
R VR BE Bl 2 T , Vi F IR ALV AR L
It TR R X SRR A

Wl gh 1w sL s R M, BEE NO,-N ¥k B 7t
i, RS SR04 h SR NI E XTI IR ER A
IR A& B 2 b 3 f7 % Michaelis-Menten J5
o HERBCHER V,, g 84.811umol/ (g « h),
FAAE K, J98.39 pmol/ L, FEIER T s AR
HOEMWFETE 12 h N V,,, [26.67pmol/ (g - h) ]
FHm AR T H: K, (376. 32 pmol/L) , 3% 15t B YLK
B TERI IR BeR B PR U F7 38 A5 1
LA R M o R ST 3 L M, TRk f
WF3E T 3516113 ( Gracilaria lichevoides ) F1 %, 751 5%
(Gracilaria lemaneiformis) %} NO,-N H) IR 3h 112
FHE,SE5 4 h BEEENELV,, 4351 44. 20 pumol/
(g+h)f141.20 pmol/(g - h) AU KIFE 1/2,
WV, K, (TR , B2 NOL-N LM H) Vo /K,
B>} 10. 109, T 35 16 YL & A e 3% 5377y 8. 328
M7.682,V,,/K (HE RN IGEENERTES
BES) AR F RIS R . BWFETE
BIK NO,-N ¥R BEEFREATI SR AT Rl N, R & B
AR ISCRE ) M AE KR, L5 6 h J5, WF
BEFRA P NO,-N VR BEREAR 88 % o 1T
& 5 HANISAK F1 HARLIN') 4§ & f %) # 3
(Codium fragile) .LAVERY F1 MCCOMB""®! 7iff 5%
W& & % ( Chaetomorpha linum ) Fl A Zi ( Ula
rigida) —F¢ , ¥R I MR FN R B I 2= RRAE, B
FahzE i,

ASLE P, 4R PO,-P ¥R 20 pumol/
LB, 5 PO,-P B AT ICHE % 5. 88 ol (g -
h) . 525 6 h 5, iF & ¥ 5+ b PO,-P VK
WA 94.27 % o ki ™ Brs R I, BAE R
SALTLERT PO,-P 1 fe R IR #7351 3. 05
pmol/(g « h) F1 3. 10 pmol/ (g + h) . LI &

Xf PO, -P IR SGH 3 & T I AR M3 T TLE .

PR A T R E —E B, N /P
X P MR A E B E N E W, K ZIF
R R RABERIR AL LB S SRR A £
— A, Vi B [RIAL U ) BB 301, WREXT
R EIL LU AT DU & T 30:1, 2R BBl S thy
TEXTLE B HAH M BT seh 2B . i
RBEHTHFE  RA R MGE R I T BRRH . X
LB, W & W IRk ) U 32 SR AL R B R L 1Y
RN, 2N FEXT R B A RIS
R, MEEFRAKENAR, BENERKSEEA
BRI BB R E X K3 5
Yl KB SR ER VR AR & , BBk LL % 3h i
K E 1 ~160 Z A FEX MRS WS
[F] A R A 4 U B AR R L5, AT A R,
WSO A F B RO, A ) R X R ) R M 2R 3K |
W BUE, LA Z IR AR AL, B
T, WF 3 3 b R R S 35 I L AR P 2 W 65
K (BAEK R 80% ~90% ) HyLE T A
B B RESMBEANERNZ —, HEFR
TWHERRA¥EBBE, FEEREITH
B RERBHF LB ERMNESBERITFHRE
BZ—,

B2k
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The kinetics of PO,-P and NO,-N uptake by Ulva prolifera

WANG Yang-yang'*, HUO Yuan-zi"*, TIAN Qian-tao' , HE Pei-min"’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Marine Scientific Research
Institute, Shanghai Ocean University, Shanghai 201306, China)

Abstract: This paper mainly studied the uptake kinetics of NO,-N and PO,-P by Ulva prolifera in laboratory.
The results showed that: (1) The higher the density of algae, the higher removal efficiency on the NO,-N and
PO,-P in Ulva prolifera is. When the algae density is 10g/L, the concentration of PO,-P in the culture
medium are 94.27 percent lower than the starting time after 6 h; (2) The absorption rates of U. prolifera on
nitrogen and phosphorus can be described by the Mihcaelsi-Menton equation (R> > 0.95) ; The absorption
rates of U. prolifera on nitrogen and phosphorus had a relationship with their contents in the medium. With
increasing of NO;-N and PO,-P concentrations in the medium, the absorption rates are at higher levels and
eventually leveling off balance. When the concentrations of PO,-P rise to 20 pmol/L, or NO,-N rise to 45
pmol/L in the medium, the uptake rates both reached the maximum. (3) With the extension of time, there
were three different stages for U. prolifera uptaking NO;-N and PO,-P. the first 60 min ,called rapid uptake
stage , within the the maximum uptake rate of 250.43 and 5. 82 pmol/(g - h), respectively, while in the
subsequent 60 —320 min the changes of uptake rates are relatively slow, and with the maximum absorption
rate of 155.12 and 2.36 pmol/(g - h), respectively. After 320 — 720 min, the uptake rates are close to flat,
the maximum absorption rates of U. prolifera are 36.72 and 1.32 pmol/(g - h), respectively. This study
provided a theoretical basis for exploring the mechanism of U. prolifera outbreak and its marine ecological
effects assessment.

Key words: Ulva prolifera; N and P uptake kinetics; outbreak mechanism
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