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Fig. 1 Flowing water device for culturing U. prolifera
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DOP: 0.282 umol-L ™!, SO;: 28.470.01 mmol-L ', 525
HHFer 120 h, H%H 1—12h, 55 25—36 h, 55 49—
60 h, %5 73—84 h, % 97—108 h AGIEmT L, 45
13—24 h, %5 37—48 h. %5 61—72 h, %3 84—96 h
FI%E 109—120 h ARG IR B .
1.3 MEF*H

FRYE VA LS (GB 17378.4—2007), 7Kk
NOj . NO; . NH;HIPO; A 5E F7 1k 43 Bl by -4 40 I
Be. RO oY IR | IR R B S AR AR EH
Iy IEIGRE B KR TN TP A4 R % 3 i B 44k
Bio K DTS fIE J7 k2% GB/T 17776—1999
T PRI fiff - S A LU D v D R AR O BRUORE b 0.5 mL,
B 5 mL AiBR(1.04 mol-L " )YAR /KB 2.5 h, B
Ja, A S mL RGE R, EAZE 50 mL. [ 7K A&
A 1 mL EALBUAR, BEFE5) 5 A 10 min, 7
5 min 5T 440 nm JEK T MEROGE . K&K DIC
1 DTC FJ5E 72 % F {8 E Elementar A & ) G A
BB 73 BT AN 2 A

Marine Sciences / Vol. 44, No. 9 / 2020 39



Bt

WFE RN TC, TN A1 TP I E /Y, FEAARES T
60 CHUAHLT 2 h =HE, B AHRE, FR. B &R
(4 TOC 5E R, BUStTRES AR AL, 01 mol- L
HCL BT 22 TOHLBRAL 3, 60 CHERHET, kL
s HCL AN R = A= S0, AR, TC. TOC Fi
TN R 7 [E Elementar 23 7] )G 2 HT AL &2 ;
TP (900 2 BBOHE T A A i 38 B PerkinElmer 9 HLJE
A 5B TR E SR ICP-AES) N & . #F &AM
FINO 4 I 5 F1POS Y2 43 31 e ] T s 6100 A
AV U ST I 5 T s

MErs TESBEN L —cHETE
T 60 CHEAHET 2 h I, 43 HIFREHF & POHL T3
(14 5 () A & 5 e 1 T E (g) o

14 HELAE

141 BHRIKE:
¢(DIN)= ¢(NO;3 )+ ¢(NH;)+ ¢(NO5)
¢(DIP)= ¢(PO;")
¢(DON)= ¢(DTN)- ¢(NO3)— ¢(NH;)— ¢(NO3)
¢(DOP)= ¢(DTP)- ¢(PO3")
¢(DOC)= ¢(DTC)- ¢(DIC)
1.4.2 EBIFRIBARK
B IR =(X—X,) x V100, (1)
IR AR MRS 2R =(Xox V=X X V=X, X V) /N, (2)
Herp, X, B8 FRER AR AR BE (umol- L ™); Xy, A1 X, 53931
2 ¢ A b I ¢ PR K FRER AR B (umol L 7);
Ve Tl Vie 2352 ¢ IS TRTUCEE ST b MR AT ¢ f v K i {4
BUL); VI bR AR K AT Z FI(L); N, 2 ¢

o= Zhil EWOBN ERLB AT B — S SR 3 EHUB S0 R R 5

.MmAmmf

B TR W & AR D i (g); ¢ ST RN(d) o A T RRARIBURE &
FEXT b LB FRER A T, AR B B, it
B AR TR A b TR E SRR E S ¢ HAHTA] .

AN TR RE G5 AT W 5 B AR 8 SR R O GH R (Y
22 G223 SPSS #4777 223 HT(ANOVA,
analysis of variance), i1 Shapiro-Wilks 777X (3
FATIES MRS, Wit Levene 7 EEXTHIE AT 22
FEER G
143 WEXEFRLHFEL

WFE RN TCR WG I &= <P x0.191—

WyxPyx0.191, 3)
Horh, WO RS HRE (), PO A R A
TR B E 5 L (100%); Wy i & SE 5 AT I8
(8); Po AWFHE IR HICTER M & =AY A 43 H(100%);
0.191 iF & T8 S 1Y HELIE 2); ¢ REFEI(d),

0.12
0.10 y=0.191x

o5 0.08 R*=0.999 9
& 0.06
0.04
0.02

0

0 0.2 0.4 0.6
filf ¥ /g
K2 e TESEELERR
Fig. 2 Linear relationship between the dry weight and fresh
weight of U. prolifera

A=Y S W RN O DIVE S 2 TR SR R  OF 2o Y
e 7T

e B ENUES LR M

b, ZABERES _E RIS TCHUIE A ITER 1Y i (umol),
SEHEK P IEHUE S P 20 R Ba i i S Bk N
LR RE AT IF . BIE IR  TEHLAR /Y & (umol)
SRR 23 S CO, 1A 55 T 7K TE MLk 2 1Y) o
TEWEAL CO, AT I (umol) A HE B A P T AL
() SN o 5 T K R R I TH AR R Y 25, 7R 2 mE
T 2R B 25 A B R AR B 1 W B R

2 £&X
21 EASHAKARTHESR. BERLY
L

TRV S KR B BESED, THRF AR 12 h XA
BEE TR A K 3 TR B B, TSIk TR IR R,

x100%,

X PURNAT AILRITCHLIR S5 i IR S 35 Sy AE 8K, Ui B
#FE % DIN, DON ., DIP 1 DOP #i/& ELA WA FH Y .
Horr, W S TEAIL UL A W A B TR A A 1k
PRI A AR, XN B A DL W BT
B, T 2 A E SRR, A XS DIP Fl DTP
F14) W52 VA 2k P 5 BsF ) 28 T A AR e 3. W kT
DON 7# DOP (W i 5 A W i A8 Akt 94 X5 5 12 h
WA B 7K T JEHILE SRR R HLAE SRR Y LU T
FE(E 3). KB, SR DIN BT Ak DTN /Y
FLBIAA L, 2ol KRR BT K  DIN 9 Hu ool sk
. T MHF& B 51K 9 DIP 5 DTP Ay L& b, 3%
A B A RS DL BERH, W REaE B i Bk
HICHLEFIA HLARCE FRER Y L B

40 HEPERLA 12020 4 /5 44 4 /5 9 1)



Fanx - Jim
> ARTICLE

60 1 I DONWiCH e DINUG it 4 120
—e— DINTI /3 1L —=— DONTT/r [k R
50 {100 £
= =2
£ 2
= i o
EE40. i; % % 80 2
= By \\“\\ #
S 30} o - 160 &
Boop ol o 140 £
z H . Nar N 3
i E<
10 - 20 %

0 0

0 12 24 36 48 60 72 84 96 108 120
I i) /h

1.0 r CODOPW I == DIPW Ik it 7 100

09 —e—DIPFi/F  —=— DOPTI/)IL 190
T X
08 180 =
0.7 70%
2 0.6 160 3
g x - -
05 >< — 150 E
2 I+
g 0. \.\ 140 =«
3 4 <
i 0. J v 30 3
-9 JE
02t 10 #

0.1 10

0 0

0 12 24 36 48 60

72 84 96 108 120

Hsf i) /h

B3 sk R ir XA

A TR ER A IS AU MR o A LRI G L SR 8 09 EE 1

Fig. 3 Uptake of nitrogen and phosphorus nutrients by U. prolifera and the proportion of nutrients in the flowing seawater
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£ 1 REhAKEPHE RBE R AHRBGER/ (umol-g-d™")
Tab.1 Uptake rate of nitrogen and phosphorus nutrients in the flowing seawater by U. prolifera
e BURERT ] DIN DON DIP DOP DTN DTP
IR $0—I12h  8.956+2.522 2.847+2.513  0.209+£0.074  0.079+£0.014  11.80+2.517  0.289+0.061
e 5 13—24h  6.221+0.851 6.644+0.691  0.240£0.043  0.021+0.007  12.86£0.771  0.261=0.112
IR #25—36h  12.37+1.879  1.625+0.473  0.230+£0.039  0.010£0.008  13.99+1.176  0.240+0.043
e 2E37—48h 8.136£2.074 1.436+0.457  0.124+0.099  0.013+0.006 9.572+1.265  0.137+0.044
IR H49—60h  13.35+1.877  1.33042.640  0.162+0.083  0.025+£0.006  14.68+2.258  0.188+0.040
LI H61—72h 12.48+0.691  0.762+1.424  0.178£0.079  0.006£0.093  13.25£1.058  0.184+0.088
B H73—84h  11.92+1.859  0.488+3.054  0.177+0.020  0.021+0.016  12.41+2.457  0.198+0.064
L %584—96h  12.40+£1.598  2.956+1.130  0.171£0.094  0.037+0.002  15.36+£1.364  0.208+0.028
IR %597—108h  11.40+0.981  4.017+0.629  0.186+0.069  0.001+0.010  15.42+0.805  0.188+0.088
ekl 285 109—120h  11.46+3.150  2.004+0.875  0.145£0.072  0.018+0.007  13.46+2.012  0.164+0.175
ST 11.60£1.824® 2.061+1.862% 0.193+0.057*  0.027+0.011°  13.66£1.843°  0.221+0.059°
o RSy 10.14£1.673% 2.760£0.915* 0.172+0.077%  0.019+0.023* 12.90+1.294®  0.191£0.003 *

TE: " RR TR FE LS

F2 BRKIYEFHRNEESUBENERYRNGEL
Tab.2 Consumption of nutrients in seawater and the transformation of nutrients by U. prolifera
K WFE RN
W I LAl B Lt il A HUFEACRCR
TEHLA/ pmol 356.60+11.10 87.91% 7.721+1.092 2.34%
N A HLA/umol 49.04+13.87 12.08% 321.81+£67.44 97.66% 97.33%
A B A/ umol 405.64+16.64 329.53+66.35
TeALBE/umol 4.966+0.313 75.40% 2524 0.000 5 0.009%
P A HL#k/umol 1.62+0.32 24.60% 5.316 5+0.221 99.991% 99.99%
VA R /umol 6.586+0.164 5.317+0.221
T LR/ pmol 6.605+0.87 61.28% 0.363+0.245 2.33%
C A HLA%/umol 4.103+1.08 38.72% 15.250+0.001 97.67% 96.84%
AR SR /umol 10.778+1.29 15.613+0.092

LA I Fe e A L LLE B B A KA py 2

R o
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B R BRI K 0 2.3% 25 47, JoHLEE B8 A 2
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N B B AR D i Ak i A BRIV LR o 3
BRI TEALE . TEHLEE A ICHLEK R4k A A HLE
B EEALRLER Y ) M 97.33%, 99.99%F1 96.84% ., 7
AR RN, BT I A IR K Hp AR TR R 1 ek D
5WEERNAEED NS KSR —E25, Wik
Vg 7K P B 7 R ) O e O R B I A B
ST AT 3 5P

3 Wt

31 AKERGTHILHR. SRR E
e S L B R GE , E Jet

42

W 0—12 h) Wl K AR i) 8 TR h W B, — el
—RPEINE IR AL . A SR B S B IR R e T s
¥, 7T H ok R I B 5R R G IR N FR R,
SCER I R TAE R R H AR DU B 5500 T ir &
X FRER OGS R . ARSI TR K R G RES
A 1 — N AR RS ARG SR EREE, USRI K AN
W T BT LA R kb T IR R i i R, IR BB SRR AN T
RIS A o XA RGO A TR S, BEvT
D 3k A B 4 6] B 52 596 90 055 R IO A e i, B i
35 Y A b T W O K TP R R AR I W A
o WNRBEIREWRASREGR 1), 5 d NWIFE XS E
IR A W SO AR FE A, UL TE TR K R G P
A ROR A H AR E 1Y

ABFFELE B P iF 5% DIN. DON., DIP I DOP
— ELARA AR, O B RGHE 2 5 5 10.87
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Abstract: In this study, an experiment involving flowing water without nutrient addition was conducted to investi-
gate the nutrients absorption by Ulva prolifera, determine the carbon, nitrogen, and phosphorus contents in the thalli,
and evaluate the transformation of the three biogenic nutrients (N, P, C) by the thalli. The results showed that the
flowing water system could create a stable environment and continue to supplement nutrients for the thalli. More-
over, all sorts of nutrients, induding dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP),
dissolved organic nitrogen (DON), and dissolved organic phosphorus (DOP) in seawater were absorbed by the thalli
in the experiment. The corresponding average absorption rates were 10.87, 2.41, 0.183, and 0.023 pmol-g "-d”',
respectively. The average absorption rates of dissolved total phosphorus (DTP) and dissolved total nitrogen (DTN)
in the illuminated period was not significantly different from that in the dark period (P>0.05). The thalli absorbed
more inorganic nutrients than organic nutrients in the seawater; however, the inorganic nutrients content in the thalli
was lower than the organic nutrients content. The transformation efficiencies of the inorganic forms of N, P, and C
into their organic forms were 97.33%, 99.99%, and 96.84%, respectively. The results show that the U. prolifera
could quickly absorb inorganic nutrients and transform them into organic nutrients, which accelerated the input of

biogenic nutrients into the nutrient cycle of the ecosystem.
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