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Abstract

Aims Nutrient availability is an external factor that affect the growth of seagrasses. However, the demand for
and absorption of different forms of nitrogen and phosphorus by different tissues of seagrasses are unclear. In this
study, the uptake of nitrogen and phosphorus by Zostera marina was studied to determine the nutrient uptake ki-
netics. The objectives of this research are to: 1) investigate the absorption characteristics of ammonia nitrogen,
nitrate nitrogen and phosphorus in Z. maring; 2) evaluate the differences in absorption between the different forms
of nitrogen; and 3) analyse the differences in absorption between the different tissues of Z. marina.

Methods Equipment was used to separate the aboveground and belowground tissues of Z. marina. Six concen-
tration levels of ammonia nitrogen, nitrate nitrogen and phosphorus were established to experimentally test the
uptake kinetics of nutrients by Z. marina. The nutrient concentrations in different parts of seawater column were
measured to determine the nutrient changes and calculate the kinetic characteristics of nutrient uptake.

Important findings 1) The absorption of ammonia nitrogen, nitrate nitrogen and phosphorus by Z. marina was
consistent with the characteristics of saturated absorption kinetics. The relationship between the absorption rate
and the nutrient concentrations in water could be described by the Michaelis-Menten equation. 2) The maximum
absorption rate (Vi) of ammonia nitrogen by Z. marina (52 pmol-g '-h™") was significantly higher than that of
nitrate nitrogen (39 pmol-g '-h™"). 3) Both aboveground and belowground tissues of Z. marina could absorb nu-
trient, but the Vy,,x of leaves (aboveground tissues) for ammonia nitrogen, nitrate nitrogen and phosphorus absorp-
tion were 43.1, 30.5 and 15.6 pmol-g '*h™', respectively, which were 2.6-fold, 1.2-fold and 6-fold higher than the
corresponding V., of belowground tissues. The results show that the absorption capacity of Z. marina for ammo-
nia nitrogen is higher than that for nitrate nitrogen, and the absorption of nitrogen and phosphorus may depend
primarily on the aboveground tissues (leaves). The results provide a theoretical basis for the study of the mecha-
nisms of nitrogen and phosphorus uptake and utilization by Z. marina and the evaluation of marine ecological
impacts.
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EE R mE R THITEEY), BRAW)
IR 7y, AR B TR I 2R
LT G, MR BRI A R A
TS (2 SO K 5 4, 2009; Short et al., 2011;
KRTEEE, 2013), HFHLPR B A B LS T REFIK
AR S IR S5 {8 (Unsworth et al., 2019). Short%%
O1) Al SR B, ¥ B PR B0 A 235 IR 95 O 4E ik
34000 $-hm-a!, Ik 2 K AR BT O VE
5.

BHERES RGBS, 2R AMNKE
AN, H AT O i3k A ) R A 2 i PR AR S
24, HiBAIE F A7 78 32 4F 18 I (Waycott et al.,
2009; AR HESE, 2013; FhE K5, 2017; Perry et al.,
2020). RMAEHERFRIEE S RE S, et iRk
A S R 7 B AR SR R Bz A,
PR T s R A EL. e IRERUE IR
FE R A K ) = KA TR 25 (Lee et al., 2007).
Dennison%5(1993)7EXT MUK F . H . EEZ17
AN ] SR Bl X 15 it A R AT 0T 5005 20 0 45
TSI AN [R) i AR SR I B /N 7 G (%), Lee™s:
(2007)%5 65 73 A AT SCRRIRIE, $2 K-8 (Zostera
marina) A=K 118 B VE FE A 15-20 °C; RE 201
LT0FEAA 7 2 RIR T 8 RS
g, HEAURS RGBS IR EhIR G
(Orth, 1973; van Katwijk et al., 1999; Hemminga &
Duarte, 2000; Touchette & Burkholder, 2000; Romero
et al.,, 2006; Kaldy, 2014; Pereda-Briones et al.,
2018).

R K A Y & EERGIEE IR, &
3 1 K BT R R R A S I K AN 8 97 #h
(I USURFAE (Duarte, 1990; Geider et al., 1997; Thor-
mann & Bayley, 1997; XI|##3%%, 2001; Giisewell
et al., 2003; Pietro et al., 2006; Rubio et al., 2018). Hff
FARW], K2 Ho HM A S R = 2 B (Vonk
et al., 2008; van Engeland et al., 2011), {H 4 F4H
SR N 2V E 77 R R W e ) A7 AE 22 5 (Gras
et al., 2003; Nielsen et al., 2006). [, 7 BT
B R RIS 1 R, £3 AN R SO AN R TR

BB S B, X IR R ROE E IR AR S
i HAT B R

ASHIE T AS AL T sk I 35 i T 2R —— K
BRI, HE RIS IR AE B A AR AR R
R, JE IR P R M T 2H SR T 2 23 0 B R R
HE, WEARRNEASR. HER. BRIEKE, &
P 7R AN R QSR (1 W i 3h 70 2R AL,
PP T ORISR AR L B2 23RN T I S A
A BANBEIR 2 Bl sh 15 22 5, VPRI 35
XoF U 1 R SR A S B 1R 3R 1 22, Iy S R
IR RIB A B R BOR LR AR -

1 #MRFITTE

11 tEMRFEE

S PR R AR T 20194E7 H R E LA B 28
BT R R IR (37.34°-37.36° N, 122.56°-122.58°
E), KA /KIRE262 Co SRR, HEH 5
SRR, AR AR T2 e, B fR oKt
MR RE . DRIk AR, AT AE R R AR
— BT MRE24-26 cm, M 454, 2%
TS em. WHREHEAKIRE, EBRERR. R EH
B A A, B NESE KR T, TEAK
FER BT FR3KR, B HARR T E SRR, JERH g R,
FIKEE24.4 Co
12 LIS SRR

van Katwijk5 (19970 Fo K, /KRR E R
J¥ =125 pmol-L "I % KM 7= £ 81, Udy Ml
Dennison (1997)fIHF 7R B, 7KAARBERR Hhik fE =
30 umol- L™ I X B2k K HAT R HEAE . MR 4
XU O HROE DL R IR g5 R, B RSB (NHLCI)
RS Z(KNOS)AE /37410, 20, 40, 60, 80F!
100 pmol-L™", BERREL(KH,POL)WKE M2, 4. 8. 16,
24H0132 pmol-L' o %7 77 £ /K P40 71 4 B 34N LA 41
KOFRHUG). 7k i AN (SGA) R 55 B
HH R LR INZH(SGe), 4351 F T 1A R 4
Ry M BRI N HA N TSR AR
RSN ) R AE o AN R SRER KR8 IR R
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Table1l Installment scheme of water nutrient concentrations under different experimental treatments for separate cultivation of Zostera marina

RS Aty i

Separation group with N, P addition in the leaf Separation group with N, P addition in the root-

rhizome compartment

iR E R 73 b Ho EZA A7
Separation apparatus No-separating group

compartment
IR W B TR IR WCE IE TR IR
Glass aquarium Designed nutrient concentration Designed nutrient concentration
R M BB E TR IR RIRUEKE TR ERIRPE
Polyethylene bottle Designed nutrient concentration

Nutrient concentration of natural seawater

RIRMGIKE T IR
Nutrient concentration of natural seawater
BB IR IR

Designed nutrient concentration

0.14) pmol-L™", MYAZIKE N(2.41 £ 0.18) umol L™,
TR Eh U B2 5(0.25 + 0.02) pmol L' o % S2IG2H % B
21 EE.

SEIGREN40 cm x 30 cm x 60 cm PRI K FE,
FH B 255755 124510 em x 10 ecm % 55 cmH)
ML, F T BRI S 20 U A T 3
Bi; iEH250 mLEK 20, (EHIM R 1353
ANEAENZ emf/NL, I B ARG R 2GR
BB, DABERLUR - AR R LA EE,
Fi7R.
13 ZWidE

SEIOET, B TR IR O R 1A S R Sk
FERIHEK; ARG REMLIE £ 3R Sk ik, K 2Lt
NG I R 2R RN LS R AR R
Tt B 23 A 2B A0 A 1k, e NIANEE; UGSLEK A
AR ANFLEE S, BE ML S B KRG A SN,
A KRR I R LI MU G AR NS L e & 953k
WREEHEK; PR 53 B S0 240 ) P Rt i 3 i 2 /N AL,
FoAt it FE R UGSER A . SER IR, % SE304H 4 5
F1. 2. 3. 4 hBENLEBGBAELR, FIFH50 mLE L
By T RAEUGSZ I 2 RIS G A 5256 20 00 37 /MK 1 7K
KB L S SGpSE 36 41 5 LB LI KR KRR, BT

Bl KM R IR R B R E .
Fig. 1 Schematic diagram of experimental apparatus for sep-
arate cultivation of Zostera marina.
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SRR T TR AN E . Se50 R, HERH
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142 HEKRTFREHINE

K I EERRRE S 25 B K P e 1%, UGERE
HEUREMRAA R, SGaASEINHBUE ML FZH 2L, SGp
SEIG A B AR RS, 435 E T 60 CHET-H
A hZEE, T EREE.

143 KEKFE

R FEAE AR S Hobh F2HZR . s R AH I E R 2L
(140 WS VAT 26 o 7K A7 77 R 3k FEE 1 T v 17 323 T
BT, MR f e, BT
FA K FT7 R R R AE R - EEAN [ AN [F) 7 77 5 1
W sh 4. K IRTFE(E A 0~ 25

Vinax [S]
" K, +[S]
o, VARISGE 2 (umol g ' h™); Vina A 5 KRS HE
F(umol-g h); [SIAA HE IR LK (umol L7,
Ko MR 3 (umol - L)

HRFE 73 2] (1) 7K A 7 BRI B o B[] ) AR AR 3,
IR B A G B R T T Vi A K e B T2
S HET T VA IS B 75 (0 B AR N TR], 2 TR BN
FRER AL S (R ML R, RIEARNTE R 3K
WeiE # R 5E IR IR A G, SRETER, N
M e HERf 2 RS sl 77 2 it 2k, SREVE . fR4E S
ORI KRS AR BEER LI B BE R (] 1)
B, HEUGREARSE. MARMBELLE
IR TEFEXA N1 h, SGASEEGAH 70 282 2F11 h, SGg
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FR A ff 72 AN [R)FR L 75 9% BRI FE (AR AL AN R/
ML PiE, THER ARE N R FE IR IR E N
RS 2, PR SRR P T B Vi T K o
15 HiEEBESHHh

B DLV 35 {E A5 HE I 22 (SD) R 7w, Fl F Excel
2007. SPSS 19.0 ZORIGIN 8.5% A4t #4745 it
AT IHEE . SRR 5 Z 5 fDuncan’s £ H
A A A [R) 8 5% 308 20 MR AN [R] H 24 TR W Wi
BN J1E SR 2 e BV DA KA R 8 97 SRk B N AR
RAS R H 2R 2 TR SR 26 (1) 22 S 3 M, 5 22 /e
FNRRYE 2 5 A2 AT 22 e R E AR IE . Dlp <
0.05E NZEFRRZEKF, p < 0.01/ENZE T EE
Ko

2 #R

58 ORI AR T RN 1.05 g, Horp
Mo ZH ST & ON0.88 g, N4
T EN0.20 g. IRIEKATHE, HH&EFRBHEA
FIVinax FIK T2 78 0 RIS [F) IV o 2
DU > FZH > A, Kb B
X NHy-NF1PO; P W I ) Vi 2 35 15 T 1 4141,
55 9 R Hh R AL 2L 2.6 F16.0£i% 5 K I R AR B X
NH-N W) Vi 2 2 15 T 56 NO3-N U ] Vi,
1345, H SR R H R 2 B K (35
WEMZE R (P> 0.05).

TR NHL N IR S 3 7 25 28 0 2 . Kt
AR S He b AT T 2 2R NHG N W i s % 1
Bt 7K AR NHS-NJR B [ 89 i 3 K, %580 pmol L' J&

%2 KUHEEXINH-N. NO>-NAIPO; PRI /1% 53

ERFATAE: K RS R BRI B TR 775

_ —— f#i#k Shoot

| —@— 31 404 Aboveground tissue

| —&— b 204 Belowground tissue

L b b

Wn O L © L O
T

_ = N W WA N W
S
T

a
a

a,

1 1 1 1 1
20 40 60 80 100 120
IR RS

Concentrations of ammonia nitrogen (pmol-L™)

NH;-NIRISGE %
Uptake rates of NH;-N (umol-g'-h™)

S L © W
T
®

(=)

B2 AFEEEEIEL T KM B NH-N IR E) J) 2Rk
CPIMEEhRER 2 ). R ZEL EANR/ING FREFROR[F — IR E
AERRAN [ R R R 25 22 57 (p < 0.05).

Fig. 2 Kinetics characteristics of NH;-N uptake of Zostera
marina in the different ammonia nitrogen concentrations (mean
+ SD). Different lowercase letters above bars indicate signifi-
cant differences between different tissues under the same nu-
trient concentration (p < 0.05).

TP, RINE T Z 5T EOR, NH-NIKE N
10 pmol- LI, #4143 22 [ (R M YAg ok 6 TG\ 3 25
(p > 0.05); HNH;-NWKE =20 pmol LI, K5
by - 21 2P R AT R 5 AR £ PR AT G B SR AN T
(p > 0.05), HEE & TH FHL(p < 0.05), 2T
LA 1.4-3.415%

K EEXTNOS-NIR i B) 77 5 i 28 0L 13 . K
PR PR S ot B AT T ZH A NO;-N IR IAGH 5 1)
B /K RNOS-NIR FE B3 N i 39 K, %580 pmol-L'J&
TP 2%, AR 2H S IR IS0 2R S AR AR > 1 E 21
SISH R AL, ESANZ LR ENES
(p>0.05).

KIHEEXTPO; -PIAIWR ) 12 i £ L 4. K

Table2 Kinetics characteristics of nutrient uptake of NH;-N, NO3-N and PO; -P by Zostera marina

BRI Form of nutrient  HIKKEBAL Tissue of plant Vinax (mol-g "-h™") Ko (umol-L ™) R
NH;-N fiitk Shoot 51.8+7.1° 68.1+15.9 0.98
Hi F2HZY Aboveground tissue 43.1+72° 58.9+19.4 0.92
i N2 Belowground tissue 16.3+8.5" 48.6+17.9 0.95
NO;-N HiFk Shoot 39.1£7.0 68.6+16.8 0.99
b 4140 Aboveground tissue 30.5+10.9 42.8+13.5 0.97
Hi N 4041 Belowground tissue 26.5+3.8 533+9.1 0.99
PO;-P fikk Shoot 27.9+8.4° 24.8+4.4° 0.97
Hi FZHZY Aboveground tissue 15.6£0.9° 7.6+0.2° 0.90
4147 Belowground tissue 2.6+0.9° 6.0+1.9° 0.97

K, FAORIE LG Vi, BOKRCE S . AFNG T RERORM RS TR 8B A R 232 [BA77E 2 25 2 57 (p < 0.05)

K, half-saturation constant; V.., maximum absorption rate. Different lowercase letters indicate significant differences between different tissues at the same

nutrient form (p < 0.05).

DOI: 10.17521/cjpe.2019.0335

©U 00000 Chinese Journal of Plant Ecology



776  FEMIEZS 2R Chinese Journal of Plant Ecology 2020, 44 (7): 772-781

N —m— ##k Shoot
= 30 F—0— #1414 Aboveground tissue
T;D —A— T 214! Belowground tissue
5 25
£ 850!
=z 1 y
=515F
Z Z -
&% 10
2 g
s 5
o
'g 0 1 1 1 1 1 ]
S‘ 0 20 40 60 80 100 120

IR R

Concentrations of nitrate nitrogen (umol-L™)

B3 ANFAE A IR L T KM EEXNOS-N IR Bl /) 2 AL
CHFEIEEARHER %) -
Fig. 3 Kinetics characteristics of NO3-N uptake of Zostera

marina in the different nitrate nitrogen concentrations (mean =+
D).

28 - —m— 1H#k Shoot
—@— i 414 Aboveground tissue
" —A— H1 F 4147 Belowground tissue

[

[NS TN ]
(=T N

PO} -PIR I A
>

Uptake rates of PO3-P (umol-g™-h™)
I}

(=

1 | 1 | 1

12 16 20 24 28 32 36
IKARBREREL e BE

Concentrations of phosphate (umol-L ™)

Bl4  ASEIBERR EEVR BT R 0 PO -P I E) 1 SRS AE
CPBMERAERE). REL EARFNG FRR R F—IRE
EMRAN A H I A AR R 25 22 57 (p < 0.05).

Fig. 4 Kinetics characteristics of PO3 -P uptake of Zostera
marina in the different phosphate concentrations (mean + SD).
Different lowercase letters above bars indicate significant dif-
ferences between different tissues under the same nutrient con-
centration (p < 0.05).

0 4 38

PR PR K L AT R 2N POL PR i E R 1
Bt K AAPOL P FE 4 N i 38 K, %24 pmol L&
B Vg, BERERTESTER, POy -PIREN
2-4 umol L', %% 2H 23 2 Ja) fy W S o8 G . 35 2
F(p> 0.05); 24PO; -PIKJE =8 umol-L "I, Hi 41
2 (10 W AT T3 5 4 R 1) R AT % 8 B AN [ (p >
0.05), (HEZE & TH FHLA(p < 0.05), P
HLWS5. 1145

3 Wig

31 KMEX R TR AR 3N N FHFE
FEARRTTREH, Vinax R BRI R HE A
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2, BRI I FEVE TR, Ko IR S
N e KRG 26— (1) IR FE, KBRS, X
JEASE AN 78K R SR FE UMK, 2001; HH S 5 4%,
2001). HFFLFRM, KHFEEAEKIFNH-N. NO;-NAl
PO, PRI RIS BN 1 S RS AE, FEx 7% 26
(1Y PR AT 236 A K A Ul ok B T R ST R, X
5 2 B e AN TR Bl ) SRR (AT 5T 45
H(Lavery & McComb, 1991; Hanisak & Harlin, 2010)
IR & . RubioZE(R018)WF 58 K L, KVEM: &% &
(Posidonia oceanica)XNO5-NAIPO; -P i I 7R 7
EHAIRNCED 12, H KB R T M. X
AT AR ST AN [ b A S IR B8 Ul o 7 3k 2%
()22 5 DL SNO5-NFIPO; -PHI#EIE RG], K
TR S AR OB AR R, R BLm I Na
RIEE ZGINO;-NAIPOZ -P, 11 A -8 ) 3= 2
FHH AR 418 RS (Lara et al., 1993; Bethoux et
al., 2005; Rubio et al., 2018).

K AR TR %A T B BRI,
P BUE TR ER AN U T DL A R (i R A R 1
H 4 & (Greening & Janicki, 2006; Sandoval-Gil
etal., 2019). & E IR KI5 =20 35 1 A A
. (Campbell et al., 2018; Li et al., 2019), Uivan
KatwijkZ&(1997) 8 50 K I, b F3kE B F= KK
IS8 R R A 2 A4S T KR R A E
BRIEL T, KBRS BRI A7
5% %) % 2 4 (Villazan et al., 2015; Darnell & Dun-
ton, 2017). HEEAHLL, K EENH;-NAINO;-N
W IV e (B A, TTXTPO; -PHIV a8 1 (3) 0 1X
PO 260 e RO SR AE 2R B, R B R I 5 NPT
S FECRM R R IR, KB AR50 L F)
AT B & B B, G o S
FRERPR ), BRI AE R R e R fE e,
BAGEERINIR K, — BEERRE ST, MUk
KGR, SEmE RS AR, SRR KR m)
B R R, BRI EUE 77 #h A A (Phillips et
al., 1978; Orth & van Montfrans, 1984; Haglund &
Pedersén, 1993).

IE AN, MR BN BN 7 2R AE 52 B R B G R
RN 28 P S LR AL Y AU E SN
DUAE R IR 006 A E AN VS 1R 55 5 T, g i 73R
B, JKAEAEPITE 6 HE 2 A T 08 77 R IR S e
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Table3 Uptake kinetics of NH-N, NO3-N and PO}; -P by seagrasses and seaweeds

I Species WEFCH S Study area Vinax (umol-g+h™") K (umol-L™) Wik Reference
NH;-N NO3-N POif—P NHz-N  NO;3;-N PO}—P
K-8 1 2R 2 R R 51.8 39.1 27.9 68.1 68.6 24.8  AWFF This study
Zostera marina Tian’e Lake, Rongcheng, Shandong China (37.35° N,
122.57° E)
EKEP MY 48 Thursby & Harlin,
Rhode Island, USA (41.30° N, 71.30° W) 1982
Phyllospadix torreyi ESSEEvAEDAl] 96-204 25-75 9-34 4-17 Terrados & Wil-
LaJolla, USA (32.48° N, 117.16° W) liams, 1997
TN FI1EE JE 7 0 3 i 52 F e 5 32-37 21-60 Stapel et al., 1996

Thalassia hemprichii Spermonde Archipelago, Indonesia

(5.03° S, 119.20° E)

Thalassia testudinum 3% [ 3 {425 0 L 42 o 1)

Corpus Christi Bay (27.49° N, 97.07° W) & Laguna

Madre, USA (26.09° N, 97.12° W)

Posidonia oceanica PHHEF Dy hn
Malaga, Spain (36.40° N, 4.21° W)

HILE Witz gl

Gracilari asiatica Xiangshan Harbor, Fenghua, China (29.11° N,
122.01° E)

PRIE HREEA L

Asparagus schoberioides Dongshan Island, Fujian China (23.36° N, 117.14° E)

wE WA BRI

Ulva prolifera Huiquan Bay, Qingdao, Shandong China (36.03° N,

123.20° E)

8-16 4-7 8-15 2-39 Lee & Dunton, 1999
8.7 5.8 Rubioetal., 2018
159.4 Wen et al., 2008
3.1 Xu etal., 2007
250.4 5.8 Wang et al., 2011

Kin HHEATHEL Vinax, SRIRUOE S

K, half-saturation constant; Vin,x, maximum absorption rate.

KT HAE R S5 T RSoE 22, DB RIS REIOE 7K
AERE A A R B R S 1, AR R OSOR F
R R 2 1F (Weich & Granéli, 1989; #% 34k %,
1999; XK 5E, 2001). il B ) 3 2 i 5 i A R
FRIE AR FF e ol A1 B IS PR AT S 5 R AR
TR (Lomas & Glibert, 1999). #FFE K, T
FE T i, 3 2R ok B (Thalassia testudinum) Xif
NH,-NFINO3-N ) Vi [ i 2 $2 51 (Lee & Dunton,
1999). [AIHF, SRR ANE L (1) 58 AR A 2% K AL A
Vs 77 SR R P AR R, AR TN B 55 (2010)
WEIC R, (IR I, KA YA NO;-N 1K
WAL 2R B D R P B N 3 0, (R R AR T, b
SRR A R dE B TR AR R . SR R T
IKAEAE D E 7 R RSO R () SR IR -, AR BR B % A
TN A2 6T NH NP I A 236485 v () e 52 S XU,
2001).
32 KRMEX AR RA WY F A

i A= v S A A 32 B DU A B RS EAE N T
BENRE, (HEZRRIEER, RATEREEILE
JR P A i ) L 3 B K A b, e BRI T R
JEH AR (McCarthy et al., 2004). AHF 5745 5 &I,
KR SR W S B AE AR, 5K 2 0 5 ph

ZAH[F(Brun et al., 2002; Guo et al., 2007; Alexandre
et al., 2015), KR NEEFEETOKAER, HEEEN
A)AS JE AR SR A, PR U 2 i 2 WA B Rl
Ja, A N E S B TE AT A7 B A7 T
b, Zad R R B AE R E R e E AN, AT Eg N
ik PR A1) XU (Turpin, 1991; Burkholder et al., 1992;
Alexandre et al., 2004; Burkholder et al., 2007).

X B 52 0 XUAR(2001) 468 5 1 5 1 5 288 %o 19 e
FR S A S DR, S = AR AR ZE IR USONH N,
R T8 AL I NH,-NIE 230 HINOs-NFI IR i, X Sk
AR R AR A L R RS RT3 D0 AH G . [R]I,
T P R B - % B A% A ) A o 2 AR A TR
NO3-N# I i 72 EENH, -N 1RO 78 75 2250 2 1)
RE S, ATTAT BEHE— 2 52 N O5-N R ORI
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3.3 KM EEAREERL AT S8k A IR U 1) FA

RAECABEFRW, R EEn] DOl A 5 T
R WS R, AR R DL I A MK R E
1B 22 Kot B A S 1A I o IR AT U8 £ T S A (Lee
& Dunton, 1999; Gras et al., 2003; Nielsen €t al.,
2006). fMPedersen®s(1997)HF 7 W, A b AR A% B
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N AT A E R AR, H A FZH 2 Ve fE
T e, DAL K P 358 T T AR R WA gl O
U R SOR S PR S T o Y o U R
PRI v, 5 A S A RS R A R0 5 il
W EE T R ALE IR, W 7E 5
AR AT LA RO 7 43 ) A U E 77 R (Kraemer
etal., 1997; Alexandre et al., 2004),

A v B IR AR T 2H 2R e R 7
ih. WiErftemeijerfiMiddelburg (1995)\ A, #iriF
BFP S b 4 SURH T 4 406 9% 2 (R B L A5 A
ZEHN; LeefDunton (1999)IHF 5L KB, faZ=k
I IR R IR 2 AR 1R150%; - Stapel 55(1996)
M & B, ZEkE (Thalassia hemprichii) 3= B K #i T
HAURISCE FR L, 1X 3B PR D H G S s ] B K
THEBEE IR, WA T REE R
S

GNP TR R MR SOE 52 BB 8 75 Bk E 1)
SN o IR AL TS R ECIRAS I, ¥ UG i A

43.1

YNH;-N
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NONT > 15.6
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Fig. 5 Schematic diagram of absorption pattern for Zostera
marina on nitrogen and phosphorus. Numbers in the figure
mean maximum absorption rate (Vpay, umol'g’1 ‘hh.
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JR B RS TR BRI EL A, DL AR E IR R PR (X
AR, 2017). Z/KEE TR AL T & & TR RN,
i R R AOE T 2 MR A b SRR FR R,
B E ISR R AR R A TR] B K TR SCR FH 2=
BEGHEKAE KR EMS5% (Mukai et al., 1979).
A, fEEARNAAEE REBRIER, BBk
T B AN [ -G S5 R PR o ) 2 A% T DA e g
R RR, B 25 520 £ KK (Terrados &
Williams, 1997; Lee & Dunton, 2000). #1Alcoverro
(1995 R, RIFKE G EEFEN L EZH
2 v IR AR VBB T DA o B4R 7 R R 37%—44%;
Stapel fllHemminga (1997)#f 503R 0, &I F ] LA
R A KR 15% 10 7R S RIR I BAR
KRG, 2 R AL T A K R, g R
30% [ NH, K J8 45 i P4 356 ¥ 3 37 5 i (Pedersen
etal., 1997). XA B85 K2 HFHE 58 R2VUKERN
K.
4 it

KPR N AN F AR R SR SR
TR I 3 PR IR AL A 5 T R A 30 77 2R AE, ) U
(1 PR VA S8 56 ot 5 7 e R B8 PO 386 N T . ke
PO R A B S KR SCE 2R 2 i T O i A AU
BORIRIRCE R, AR R1.36%, KRR E4
ZURIHL T AT IR A A A M BERR 2L,
{EH 2 2O ) ) e KR W 2R B s, 43 ) Sy
TH BRI R 2.6+ 1.2R164%, HEM K M5
F BR FH b b A )R AT U E R AR RS
AHIF T BB T ORI U R AR 8, A g S AR
FE g L R AR A AR B BRI T B KA

Bt DL R ARG A KRR RET X
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FALT . # A KRR A B R F AT
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