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HE

H TR LB S & gk 2k 3t ¥ 4 (Saccharina japonica) 4h v B ik 7 A Lk (DOC) By % 7,

T AE B0, 83, 165 #7250 umol photons/(M? §)|F A [ & = 4 T (R ' . g . @0
B RIEAK)EW 4 DOC B K#ER, £RET, ARBKLET, B4 E DOC BHEF
5ok B 2 IF Ak P (P<0.05), % FE 250 umol photons/(m?2 s) it 3k 2| 5 &, H(24.31+5.84) umol/(g-h),
HHBEFUWAEALE, B—EnE . S BT 4w EH DOC TEZEFH, HBEREE S
7 %1 (23.0444.23) F1(18.18+4.59) pmol/(g-h). A&k F fn's B FR A T i 45 DOC B s, H
B E H(37.1546.77) pumol/(g-h), #4100 B SRR KT B 3. ¥4 40 v B # DOC R ¥ ¢ 7] Bt
LY HORAMBTHF T EEERLET, “RENHA EEF, RAN G HEEAX,
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CABSCHIAR T O AT 22 ) (FRK 4§, 2017),

R SEERIEF VRS, Bl KR T iR NS . W
IRE SRR VR | R R AR =G
ARG, LInssA YU, g AR AR iR
(McLeod et al, 2011), 11 K I3 PR OR 22 4 KA A Ak
B, W3 A2 B, BEHEBRAE iR RG2S
8 A v 5 R A 5L A7 5 A% B VI i 2 (Duarte et al,
2013; Ross et al, 2015), i#E#ERER KRGS 1™
Wy LAV f A WL (dissolved organic carbon, DOC)/YFE
SRR BI RS, B DOC £ i M A Wik &
(microbial carbon pump, MCP) B1E 1 1] %4 4k M 45 Pk v
fitAG MLk (recalcitrant dissolved organic carbon, RDOC)
(Jiao et al, 2010), H T RDOC fb2gthmifaseE, nlsEi
e 48 RUEE A7, 0T AT R 2% it 22 3K A8 I (Ogawa
etal, 2001), FREHTE S A K AT ¥E VRS, 5 e i v g
FREEHAIL, TOBE W] LA SE LR B AN 45 5 AR A AL AR 1 B
(R 4, 2016) W14k 53, 6 [ 3R 58 1 3 4 4F DOC
PO ik 82.210%~91.5%10% t Cla, J75i 15 BEil i)
DOC £k MCP fE FH 4 4F T A4 7,60 73 t LA F Y RDOC,
2y R IR T WO R Y 1.7 £, BRICIEEIE R
(Abdullah et al, 2004; Krause-Jensen et al, 2016),

JCHEREE HE R ERBAERWELEIMENER,
HAGE BRI R AT T, TR #2EH DOC
REHCIT R (Rh 15 184, 2014; R HARLSE, 2020)., Wada 45
(2007) 38 &of Bl 47 L 5 kB, H AR B TE BY 48 B
(Ecklonia cava)®Zt/:= J1 5 DOC Ry 5ot R
J¥ IE M1 5% . Reed %5 (2015) %t 3% [ 3¢ 28 5 ffE 3
(Macrocystis pyrifera)# R (At & 80 T A — 4,
JUE E BRI DOC &5 A AN B, {H 59 1Y R
W IEA G, (HBA MR WA, W Maranon
% (2005) FEMFFE DL /R R S A VR E e R R B,
Bk DOC 5% M s B (A8 b B A3 A % . Mueller
A (2016) M IR KB, ABEINEE, BEEAMSE
MRS T I 3 R i DOC MR 25 N B35 . M Ik,
BB DOC MR BETE B 1 PS8R AH I
AR Y 13 B S P HO B . Ui IR UEIA R
BRI DOC SR IEAC, Hin & a+
WA E ;P HCHLEERUENIA K, BRI DOC
T T EFEE, BP9 A 3 (Bjornsen,
1988; Maranon et al, 2005)., i J2 K [ 5 3= 2 1) KA
FEOH WS, AR TR 2 8 3R E i SR T
63.98%, HYLW I ER(THIHA, 2020), 1oL AIE
FEER X BEL DOC 3 Z83A AT AH G SCHR A il
T, AR BR B 5 5 7 SR 41 i Bk
DOC Ry, LU AR B B DOC MFREE JE42HL

Bt A SR S B T e b M Y By = G
1 MBSAEE
1.1 SEIedHt

ST VT4 T 2020 4 12 A BUE 1L R s
ARG 5 A FRAE X BT UM A S IO IR K R
(34.2648.99) cm, 1T 4 (5.251.86) g, A4 1 HURE
JE BB ARAT, 4 h NIZBLRE, TEIFFKFFIHE R
Girh SR 5d J5 TS0, 7Kl (13.540.5)°C, Ot
AEGE B 4 (63£9) umol photons/(m? s),

1.2 EWHE

1.2.1 R EsTE 4GB DOC ¥%m SR
W Ta) iy 2y g e W, R KR 0~1 m b ol
#°4 50~300 pumol photons/(m? s) (£ 1, 2016)., 4L
4, %8 0. 83, 165 Fi1 250 pmol photons/(m? )3k
4 ACRBERIE , AL R 6 1T, B
TTREARTE 2 L FR VB B8 P A R 32 361403 1) B bR s
G, WD EIREE SRR TN DR IR, B IR
6~8 h. [FII, BACIACFRA R 3 AR E 4
HIPEATRE, 1R A AR . K5 9RKiR M (14.040.5)C,
WK A AR K . TESSFRAT . JEHlHL 100 mL /K AE 2
By, Hrb, 1 30T DOC &HHIOEIEM &, K
FE-20°C RIS RIAT, HEMNr; 5 1 I T %
A(DOYME, /KEEZ KI [, FHAE 12 h W&k
T stEe, EAREREN GBIT 12763.4-2007,

1.2.2 #H &R G HE% DOC #¥%h W
RN . B . ABHINE A SRR 4 SR
H SRR B RR LR . CHLR MR 4338 3.5, 97 pg/L,
WA T R 30 S 1 8 FR R K, REE FREDIRS
(ZFEREEE, 2020), i K:HPO4, KNO3 431 2l 5]
A3 BIHE 1 AL 100, 1000 pg/L FRAERH TN e, 144 i
W HbREFRERTE 10 %, Kb E R R A e
A B 2 A KR A RV (Wyatt et al, 2014), & 5
BAA . BEE SRR LN 1 PR . SR R G R
3R Bl 250 umol photons/(m? 8) . H53E /K iR M (14.0%
0.5)°C. HAbRIE 1.2.1,

®1 BXWARBERL

Tab.1 Molar ratio of N and P in experimental groups

WiH AN s ABINE  BARMK
It;am N- P- N- and P-  Natural
enriched  enriched enriched seawater
o PR RE 2
ARIEIR L 10.56 : 0.03 0.87:0.64 11.23:0.61 0.97:0.02
Molar N/P
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1.3 SWAEE

1.3.1 #4& DOC i &l & i B H TOC-Lepn
S MLBB A3 BT A4S 52 B 9 DOC 5. DOC BTiUH
[Rooc, pmol/(g h)]4& 54 Jit & (1 5 ) i i 4)) ¥ 1
A7 ] Y S R KR DOC & i ry s ik, HHE A
XH:
=l
K, CoM RS AR 4T 1) DOC & & (mg/L) ;
Co A2 FXT R DOC [ BE(mg/L); V N3R5
HEAKIEB(L) s Wo NSEgifEar & i i Tt (kg) s t oA
SR AL FRAFE(h), Mc SRRk BAHXS 4 F
132 # DOC & #4712 % & 7 (net primary
productivity, NPP)t & T &7 R SORE R
[ACo, , wmol/(g h)]Je: Ao Jit ik () Wy 4l 1 A S
EHE PSR A KK DO S Asfl, HITR AR
_ ¢(0), —¢(0),
% Wp xhx2
K, c(0), S 56 25 R Bt 9 SR B [umol/ (g )]
c(O)o M B8 T AR B (1 VR [umol/(g )]s V5
B FH TR AR (L) 5 W R S50 1815 4 v 1) 1 i 2 (Kg) 5
t g S b B E] ()
FEJit DOC (5 NPP L EE (P, %), J&7E MR & &
55 ¥ e A BE IR S5 (B 1 mol C [ £ 45T 1 mol O,
BEWO WA AE T, A R E i) A 347 &)1 15 B i DOC (4t
WIRAE = Iy e, HatE ARl .
ACDOC
P= ﬁ 3)
1, ACpoc MEAEINAY DOC HEAE K [umol/(g )]s
ACq, g H I E] A O ¥k A% A [umol/(g )] -
133 ## DOC k##+% il UV-5100B %4k
AT UL A3 5606 BE 0 5 2 308 K R ) 22 41 1T LI TG 3%
DB gk A2 AXT R, T 10 mm A5 e g
200~700 nm & [E 44, FREIFES 1 nm. K A
H i R [a(h), mARN:
a() = 2.3035 A(L)
X, AQ)HIGEE, b AERREERE (M),
Sa75-205 Lt DOC AHX 70+ B it 56 v i& Pk,
R /N, A4 F B K (Wada et al, 2007), St
RS B AR
a(4) =a(4y) xexp[S x (4 — 1)] (5)

AC (2

(4)

A, a(l)ky DOM U ZE(mY); 2 AP (nm); Lo
FZ5 B (nm).

1.4 #HIESWH

K Excel 2003 #4560 5 dis i A 745 B, SR
SPSS 26.0 #4752 Jr 2540 (i, P<0.05 22 57
3, P<0.01 hERMEE), H LSD kilfr2E
&, fdi ] Origin 2021 22 &,

2 #HR

21 ARXBEHTEFHHHLESER

2.1.1 FRREXBIEE T DOC Hakkf  Wisss
RAR, OGHRSREE 5 41 DOC iy R
., DOC FE R B B B 1 i 2 Tk (& 1),
MRS R [0 pmol photons/(m? )], #4111 DOC
W R AR, M (6.7345.30) umol/(g ) . G [ 58 i
250 umol photons/(m? )i, 74 4 1 i) DOC FE itk
RIEE, N(24.31+£5.84) umol/(g h), ZINEBRE LT
45kt .

W e
(=] =]
1

DOCHEHCH E
8

Releasing rate of DOC/[umol/(g-h)]

—_
(=]

<

0 83 165 250
JGHEER B Light intensity/[pmol photons/(m?-s)]

K1 ARG IRSE B2 il 4 i DOC Reid =
Fig.1 DOC releasing rate of S. japonica young seedling
under different light intensities

TR RS F L A % % 5 (P<0.05). T,
Treatment with different letters are significantly
different at P<0.05. The same as below.

212 AREARBAIEIRE TG ETHGHEREA”
= WPRESHR R, LIRS W T A
SR SR TR 38, AR SR T 3% B ' R R B 448 o
W T ES(E 2), TERRIEERIET , A ARG
PO R R %, S(66.70212.23) umol/(g )., TEG IR GR
& A 250 pumol photons/(m? )54, 4 /A5
PERE R fers, H(161.08+£10.00) umol/(g ).
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0 83 165 250
JEIEMRE Light intensity/[ pmol photons/(m?s)]

P2 ANIRDG R AL 358 T 1 91T 4y P R R ™
Fig.2 Oxygen production of S. japonica young seedling
under different light intensities

213 RFERBIERE T & 4% Hs% DOC & NPP
29 I R B, 6 MRG0 B 2 R T 4
MR DOC 5 NPP L, DOC Bl 55 b
BB LT e TR (A 3), TERBEAMUT,
T DOC i NPP LEBIRAR, #4(10.314.81)%, FEGR
J¥ 2 165 pmol photons/(m2 s) i}, 5 bb il B 5, ik
(20.0645.70)%.,

30 -
251
20 |
15+

10 |

fifr o5 Eb 481 Proportion /%

0 83 165 250
JGAE5RE Light intensity/[umol photons/(m?s)]

3 AFDEHRSRBE T DOC B b =4 L il
Fig.3 Proportion of DOC release in oxygen production
under different light intensities

214 FREXBAILRE T 6 HER B DOC b iE
R O HR 5 BE 35 52 0 IR AT 41 R DOC 1Y
HIERIA, Sars-oos PIEREOG IR B T FH 2 REHH,
LWL DOC 143 Fifi 51t JE i J32 1 i 22 L K
[ %(% 2). 0. 83 umol photons/(m? 8)EHE A& PF T
So75-205 PI(ELAH [A] 22 57 AN .35

22 AEEFHLETEEHLIELESR

221 ARREEHRHLAILTH DOC Hikik & T
HARMgEK, B—20nE SuneE %A 2E T+ DOC
B R, E WL R e W) 42 T DOC Bl
(K 4), HIRIEEKA B 0 H B DOC BEHGHE 2 5t

1%, 29(12.34+2.30) pmol/(g ) ; ZBENE 41, W4 H
i) DOC BEilH e =, K(37.15+6.77) pmol/(g h),
2y F SRR 4 15

T2 AENRBTEELEHEFEM DOC B Sars-205 {H

Tab.2  Sa75-205 values of DOC released from S. japonica
young seedling under different light intensities

JEHRGR Sa7s~205 YJ(H S275-205 YU |
Light intensity Average of S275-20s  Range of S275-295
/[umol photons/(m? s)] /nmt /nm-t
0 0.01640.003* 0.013~0.019
83 0.01540.0052 0.011~0.021
165 0.011+0.008° 0.006~0.020
250 0.01140.004¢ 0.007~0.014
i-:g 50 -
3
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O
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e e N s
Gy o %‘ 096‘\ B Pl
N R LR A
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B 4 OR[AE SR AT A 41 DOC Bl HE %
Fig.4 DOC release rate of S. japonica young seedling
under different nutritional conditions
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BRI W PR 1Al A ORI R, EUn
BRI R [R] E A AT VA R ORI R
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Fig.5 Oxygen releasing rate of S. japonica young seedling
under different nutritional conditions
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i R 43 %

e 254 R s A RO R 2 () 22 AN 2, A )
B ARG KL TR T 38.63% . 43.85%F1 37.76%,

223 REBFRLELIET 8 E 4% H#4 DOC & NPP
& EIREL B T R DOC

NPP LV E (& 6), TEBEINEA T, Frdi tbfilfes, b
(25.5546.25)%; 7€ F SRR, B el ik, 0
(7.85H.49)%. Jr AR, BB IR 1YL
6 20 0 v T AU N 4L Bl F 2R VK 41 (P<0.05) .

40
X a
S 30f l
=]
= .
& T
E 20 b
f;s T
LE 10 F c
o0
P et
R N W 3
W Wl @l ofifge
A 9< &?.6 %\"ae'
\é‘,@ A
K354 Treatment group
K6 AREFHEIHAIET DOC B E 5 =& L)

Fig.6 Proportion of DOC release in oxygen production
under different nutritional conditions

224 FREERHELATE TSN G B4 DOC kL
FE RS B AEER B T 4 B DOC 1Y

TG REAE , Sars-20s P {H Bl 5 F2 ER 05 0 S A K
#H, FKIRL DOC B+ 2 bl 5 SRR s i 2 9
WM EE(ER 3). AINE . BEINE KT, Sars-os
(B 20 1a) 22 57 . 7% (P>0.05) .

x3 ARAERFZFHTEELYERM DOC Y Sars-20s {E
Tab.3  Sa75-205 values of DOC released from S. japonica
young seedling under different nutritional conditions

Sa75-205 YI{H

S275~295 YLl

i A Average of Range of

ltems S275-205 S275-205

/nm1 /nm1
Z & N-enriched 0.01840.0012  0.015~0.020
Wi n'er P-enriched 0.01940.0012  0.017~0.019
AN N and P enriched  0.02620.002°  0.022~0.029
[ 9% 737K Natural seawater 0.011#0.002¢  0.007~0.014

3 Wtip

BT A I, 1 H IR K AIE T i 4 iRl DOC
A R 5 o0 IR GR R IE M OG0 7R Ot BSR

250 umol photons/(m? §)&54 T, M 4 H #9 DOC B¢
R R R R, AN AEN 4 5 (E 2), it
W Wi Y6 3% & BE, 250 pmol photons/(m? 8) 2514 T,
So75-205 B E AR T HEME 251, RUDECIIEHE T MAK
YRR 2), DL EgEREN, EEERK
HF, SR DOC 2% HHL I R 4

WL E SR E LI LB, W4 R DOC %
B ERRE AN G 2508 T 1Al 4 B RO 2 2y
HARMEK ST 4 A5 4), OO EIEIT 9T &
B, TEEBEINE 5T, Sus-0s BE =T HREKSE
1, RUVEFRENE R TSN T B n B
(£ 3). UL EZERRY], TEEFINEZKMUT, B4
H Rk DOC 324 ALl 4% .

AT R, WA R DOC [a] i A7 78 “Vii
5 YR 2 FRAEALE] AR LS SR T
IR, TEARIEEKSEEFRFMT, RIy<hih»
B S 5 ERABERBALSLMHT, RIAAY
AL E S T PR 2R . P E B (Caulerpa
sertularoides f. Longipes). JIGHEIHH #: (Coralline algae)
DI K KA B B it DOC R Z R fE iRk g SR8k 5
TR T A, 32 < AL 845 (Haas et al,
2010; Naumann et al, 2010; Barrcn et al, 2014; Cherrier
etal, 2015), MTEEFRERBNFERMFIT, HIR
Jit DOC Y% 5 0 Jsim BE TOAH JCME , W% 11
ML 2%k (Marafn et al, 2005; Mueller et al, 2016;
Wyatt et al, 2014), Mueller ££(2016)if % I8 5 5 5
A AW, TEEERBFMT, W%
DOC Ay 5 0 Bsi FE IE AR OC . (H TR N AU 5 77 40
J& , TEATRDEE T 52 Bik DOC M R 25 A0,
T FE BTG 2 DOC B R 5638 Al T AH
PEIH S, BRI E T <l LT i AR o T
PRI AT BB SR i 20 A VR HIS2 00 BRI, T 48 it 7 2 < )
ZTAVEFRERIRE . ERAEE TR R R T, s
O R B2 T, A D5V FH P 4 e 4 e 2 %o
A MR AT K (Fogg, 2009). ULif, At a Eea
B 1) R Ao ok R AL 2 3 DT 5 350 400 e Py e
TLEREESE, AN C:N:P L EF, AR Ea
BT FEE DL o F i Bk 3 o R R A o 1) 3
I FEA LB A B, T AN DOM ROREIR, Vit
B 5 (Mueller et al, 2016), 4 ¥4 b & 5
EhEAERY, BN C: NP HCFRE, Bk, AR
AYLR FL DY B £, K5 FER DOM
155 JI6538 i 2 240 PR PR AR B 25 45, R A 9 HO AL
il &7 325 (Wyatt et al, 2014).

TP AR KL 100 pmol photons/(m? s)
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o TG B2 A0 SR R XA Y Ay R O A AL 14 13

(RIS, 2020), 24568 A 2 sl 1 610 Ak A
BRI VE R EA D AL, DOC FEUH Al
N JGAE AR o AR ST LB 165, 250 pmol photons/(m? )
JEREE C DB, (BRI DOC B
B YRR T BT o Reed 45 (2015)38 i L3752 50t &
PRAIEN G, BV B 3701 BE Gt 7 8 1o 38 SO ANl
BRI DOC HORAIIR 5IR EAE G . HAR i
HWFEox — ML LA, wmiiE—Ls.

KESHE R DOC HBEA & F A= YR it 109 1% 1
TR %A HLE% (1abile dissolved organic carbon, LDOC) i,
gy, WMREATYIE; AMETREM Y RDOC 47,
QS 6 AE B W) i 5 05 A 2R W Bt (Wada et al, 2007;
Zhang et al, 2017; Chen et al, 2020)., RDOC f¥ 77 7E fdi
RALHEIRE L DOC 1 A A J&] 391 32 38 2oL 77 Ui AL ) R i
DOC [ A . 4N Wada 25 (2008) W58 kK K, ##
T & B DOC MR 1300 24~172 d, Watanabe %5
(2020) % X, Th FE MERsTi DOC (g JE1 491k 111~238 d,
et TR AR MR DOC FY 4 fift J51 48 (2.8~40 d) .
JERR B IR A, B E SR T H B DOC
AHRF Ay P R/NGE 2 Fie 3), FKWIHB I DOC B4
B AT B kA T oAs AR ] R A T R
A5, Wyatt Z5(2014) A, EBEEFRLIME R, I§
W R DOC A A= 4 ] A B 1 o FE AR AT S
Wt i — AL PR WD R 5 8 57 SR XA Bt DOC 147
s, 55 55 A1 A AR B RE R BAR SRR, (o Fh SR E
ERvE T A H T DOC RS RDOC YR
B, BV R A R S BRI F B B

& % X M
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Effects of Light Intensity and Nutrients on Dissolved Organic Carbon
Released from Saccharina japonica Young Seedling
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Abstract

Global warming caused by human CO. emissions has endangered the sustainable

development of human society. To deal with global warming, the United Nations General Assembly
formulated the “United Nations Framework Convention on Climate Change” in 1992, integrating the
control of CO; and other greenhouse gas emissions and the adverse effects of global warming on
human economy and society into the framework of international law. As a responsible country, China
committed to achieving a carbon peak by 2030 and carbon neutrality by 2060 at the 75th UN General
Assembly in September 2020. However, it is limited to achieving carbon neutralization only by
controlling CO, emissions; the most effective way to achieve this is to reduce emissions while
increasing foreign exchange. As the largest carbon pool in the world, the ocean plays an essential role
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in regulating global climate change and has significant potential to increase sinks. To increase the
ocean sink, scientists put forward the “blue carbon” strategy: the restoration and protection of
mangroves, salt marsh wetland, seagrass bed, and other three types of coastal ecosystems, to
strengthen the organic carbon burial, and slow down climate warming. As most macroalgae grow in a
batholith environment, the carbon burial process is hindered, and they are excluded from the “blue
carbon” system. However, macroalgae also have a strong carbon sink. The algae-released dissolved
organic carbon (DOC) can be transformed into refractory DOC (RDOC) by the action of a microbial
carbon pump (MCP). Owing to the stable chemical properties of RDOC, carbon sequestration can be
achieved on a millennium scale, thus effectively alleviating global warming. Aquaculture activity is
highly controllable. If we can increase the carbon sink through algae cultivation, we can achieve a
win-win situation of economic and ecological benefits.

Preliminary estimates show that the annual DOC release of cultured algae in China has reached
82.2x10%~91.5%10*t C/a. The DOC released by cultured algae can generate more than 600,000 tons
of RDOC per year through MCPs, approximately 1.7 times the carbon storage capacity of “blue
carbon” in China’s coastal zone, with significant carbon sink potential. The DOC released by
macroalgae is an important part of the offshore DOC pool, accounting for approximately 20% of the
offshore DOC pool. However, the environmental regulation mechanism of DOC released by
macroalgae remains controversial.

To investigate the effects of light and nutrients on the release of DOC from young S. japonica
seedlings, the release rate of DOC in young S. japonica seedlings was measured under different light
intensities [0, 83, 165, and 250 umol photons/(m? )] and different nutrient conditions (nitrogen
enrichment, phosphorus enrichment, co-enrichment, and natural seawater). Two hypotheses of DOC
release from algae, the “overflow” and “diffusion” hypotheses, were tested. According to the
“overflow” hypothesis, DOC released by algae is positively correlated with light intensity, and its
components are mainly high molecular weight substances; according to the “diffusion” hypothesis,
the release of DOC from algae is positively correlated with nutrients and mainly low molecular
weight substances. The experimental method is as follows: the first part is the illumination
experiment. Four light intensities of 0, 83, 165, and 250 umol photons/(m? s) were set. Six parallel
light intensities were used for each light intensity. Each parallel sample was placed in a 2-L glass
bottle, and the S. japonica young seedlings without loss were cultured in a light incubator at different
light intensities for 6 to 8 h. At the same time, three parallel samples without S. japonica young
seedlings were set in each light treatment as a blank control. Water samples (100 mL) were collected
before and after culture; one for the determination of DOC content and absorption spectrum and one
for the determination of dissolved oxygen (DO). The second was a nutrient experiment, in which four
experimental groups were set up: nitrogen enrichment, phosphorus enrichment, co-enrichment, and
natural seawater. Standard solutions of 100 and 1000 pg/L were prepared with potassium
monohydrogen phosphate and potassium nitrate, respectively, for enrichment. The light intensity was
250 umol photons/(m? s). Other treatments were the same as those described above. The results
showed that the DOC release rate of young S. japonica seedlings was positively correlated with light
under natural seawater conditions. The highest value is (24.31+5.84) umol/(g-h) in the
250 umol photons/(m? s) light condition, about four times that in the dark. The single nitrogen and
phosphorus enrichment condition had no significant effect on the release of DOC in the young
S. japonica seedling, with releasing rate of (23.04+4.24) pumol/(g-h) and (18.18+4.59) umol/(g-h),
respectively. The co-enrichment of nitrogen and phosphorus significantly increased the DOC
releasing rate of young S. japonica seedlings to (37.15+£6.77) umol/(g-h), about three times that in
natural seawater. In conclusion, there are likely two regulatory mechanisms of “overflow” and
“diffusion” in the release of DOC from young S. japonica seedlings. Under the oligotrophic condition,
the “overflow” mechanism is dominant; under the eutrophication condition, the “diffusion”
mechanism is dominant. The significance of this study is to clarify the environmental regulation
mechanism of DOC release from young S. japonica seedlings and provide a scientific basis for kelp
cultivation.

Key words Saccharina japonica young seedling; Dissolved organic carbon; Overflow mechanism;
Diffusion mechanism



