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1,2 N 30 ., o 4 oy 2% L , 2 2
RERT &kAE #HEtx £ & KHER  IHE #HRE
(1. B RESK ™ 5 a0, L 201306; 2. 11 R4 3 SHIR S IR BT 7L BT, & 264006; 3. 58 KT 5
WL KRB, B 264300; 4. 1 & THIEFEL B FTRE, G 264003)

WEE: L LU (Saccharina japonica) 2 1 N LB RL, W LL T HAE H AR K+50%IE G0 H AW
IK+100% T8 5 IR RN & WG /K+50%IE G B 77 3000 /K +100%3 17 6 4 Fh 46 48 T I A
HUBk(DOC)RE G %, DA 7 6 HE 5 8 77 #h i W R4 F 6 KL SR RO C I sEma Ll . WF 98 R B0, £ 3 2R
WK FEME R, 50%-5 100% i [H 55 B R 7 £) i DOC R HGE % 43 5l M (11.67+3.07)F1(22.65+4.58) pmol/
(g-h), B YEREHE N, BDOCHE R & 2 2 TH(P<0.05), AR BOE R B & 1 K (P<0.05), H —#H iR R
Z 5 WE(P<0.05); EE 7= EINE KT, 50%-5 100% i [ % 55 RS i1 2 B DOCHK: BUE 2 7371
(30.88+7.96)F1(39.03=14.78) pumol/(g-h), Fifi & 5@ 3 i, B DOCH R FE A &3 (P>0.05), A HRHUE %2
BEIRFT9.24%(P<0.05), ~FHIERIREFAEZ(P>0.05). 4R, £FE AT (B RIEK), i
YT RETDOCH 2 5/ [ BR BF 5 IE ARG, RN WU, 728 B R AT, W 4R DOCH % 5
RS ANA O, RPUAT HOHLE o A5 2 BB D OC [F) i 32 38 A3 B0 i L il (e 8 425, T Rb AL

SRR T E IR,

KRR AR BRI BRI Ay
X EHE: 1000-3207(2022)12-1909-07

FESES: Q178.1 SCRRFRIREG: A

#5717 (Saccharina japonica J.E.Areschoug) & #
BEA T I — PSR, R T AR B I X (]
AL AR AR Z KR IR R, S RAE
L AR A B AL AR X T2 40 A1, BT RN
TR [ 7K % 58 RS e K R e b o 9 HHE R
HLUFAO) AR ST, 201 74R 0 [E TTRR 1 423kl
WP ERI18% . AT, TRIE R 10 B
B RIETILIRTT 5 F7“BARTEFI“90 1
%[3*5]0

T DR R P S R R B Y v i I ) B A
FREB ), RIS AR A SR AT T W0 R
RCO, ™, 33— W s BV 2R AE T [ 3 A oh
RRNESE . IR EE(Myriophyllum spicatum){ERTM
VS (4 [ B0 N 1.25 mg/(g DW-h)'Y, B 4i3%(Gra-
cilaria lemaneiformis){t £ FH 5 1] [ Tk 30 % i =ik
) 79.25 mg/(g DW-h)"o it v 5 [ 45 47 57 4

Uis B HA: 2021-11-03; 1837 HHA: 2022-08-02

e[ B B 2414352 Tg/Ca''”, e rbrifg iy o B v
HITTHRZ) 5 B IR IR I 73% . KA BERAE R
AR REWMAVIRE 3, Retsdid & E R
7K HR B fR JC WK (Dissolved Inorganic Carbon,
DIC)# A N A WLBx, I i 2 B AR 7K = 4 Ak ik
(COAME, 3t T HEPERT KR CO M. A dn
b, KT P850 BE 8 K5 20%—3 0% 6 &1 T =4 A
Al HLER (Dissolved Organic Carbon, DOC)F)
AR RN " R, TR R AR
FIDOC 5 214(82.2—91.5)x10" kg, ¥ R
HIDOCZE M EERU AE W 3R (Microbial Carbon Pump,
MCP)E FH, 45 7T A2 560% 107 kg LA 145 1 V4 i
A HLB% (Recalcitrant Dissolved Organic Carbon,
RDOC), %Il 5 24 93 [ i 2 i << W i M i 2 1)
L7, T R, SR B AR B A
HEEH.
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H G T I 578 7% 8 1 W [F) /G i R T
DOC [ M HLHIATIAFAE 4o B BT 32 ZEAF 7L P F
B, — i B, Fogg! WA BIDOC
LG aRE B IEAHSG, JsRfeidt TS Ko
J HIRE . 7E Cherriers! ™) 25y Rl [X 5206 o
TFF RS DO CRE TBGH 26 351 5 R BE 52 TR AH 5K,
BarrA’n ) 2N 5 T IR 2K 1) S B B T A
J& , [EVRE R BV ¥ 5E DO C 4 18 B8 i 't 5 384 i i 18
K, 1% L i AR 2K B 6 B 5 DOCR: iUE %A
FERAE K. SRR d B R B, Bjornsen!
IR IDOCHE Z 5k T K, HE
SERBVUIMR, BRI TR PERS N
TR R . 7F MarafionZe !V iy i 2 75 s id
W WA R BIDOCRE RS 6 BR i FE A AH DG 1, BLTE
Muellers" T J& (68 578 57 2h 102 X, B
W AR EEDOCRE il 5 6 FE 5 B i AH DG MEAE 5 77
& k. PLERRAIRA, RS E IR
FKBETUDOCH) P Fh L ELIABT R 25 . HL Tk, AW 52
CLIHT 2 T O SRR, B T RS F52 SRR
MHRREEE N XL, IO S E TR
[ ' FH % K TR SR B DO C I SR AL ), LA Ay it
PRI R RIS R R

1 #R5ERE

1.1 R

202045 12 F M LU 2R 28 2R A T AR 0 B8 B U 11 36
MW FEHE X (E 122056/, N 37°05") K A2 E 1% W 17 FE 5,
FE T 2K K (34.26+8.99) cm, “F- i F A (5.25+
1.86) go TESLEGHFURTT, T = WIEHI/KIRIE R A H
B 975d, B IRWIEDL A AR S (Photosynthetically
Active Radiation, PAR)>4(63+9) pmol photons/(m-s),
KR N(13.5£0.5)C.
1.2 RWH*E

WHE T HREK+50%GH G, HRE
IK+100%EF IG5 77 30 7K +50% 1 1
SR E IR SR INE WK+ 100% I T G R4S 9256 2,
FHABLE SN TATRE . JRIRTR 1 B 2 g 5™
RN E e R 5 752, Horh100% PARFIS0%
PARZ} ] M(102+5) F1(51+5) umol photons/(m-s).
SEIO S I B AR K R B IR £ . EHLEIREE &
N4 2F101 ng/L, BB E KA B R KT
FEnh b, o FHBEBR A A0 RS ERAN M a7 2 il
B il B A 10011000 ng/LbRAERSEA T INE , 1K
o 37 R O P i B R KA AR Y, e S
BB WEE IR EE R HL A BN S 0% iR+ E AR
7K(0.97:0.03). 100%%: 58+ H 87K (0.92:0.06)

50% G IR+ MBI E (11.35:0.31)H1100% 5 58+ %
TE (11.42:0.81). SEUIEFE N B IR 1A 401G
H kg {8 5E ELAAK AR T IR BRI A 4l T N2 LA
T R PR B BB Y, K T 4 P AR TR R AR AN [
(AL 343 IAE S R B I3 48 vh EAT 8hd 77, B3 97 K
IRARFFE(1420.5)C 6
13 HHLEBHRDOCHIEE KN
TEREFRIFURFILE A, 43 7 HUS0 mLK A, 5 H

FL1%20.45 umPEREREAT 8, SRS KR TR T
20°C A AE (SC/SD-332) A A AR A7 o 1 5 EETOC-
Lepy /e A LB 0 BT A 8 K DOC 5 &, HAR A
ZHMueller” "' 777 . DOCEBGEE[Rpoc,
pmol/(g-h) 4 50 o7 B 5 4 P (F HE)/E B 67 B[]
W B ZKARDOC T & AR, Rpyoc HITHE A A:
(C,—Cq) x V x 1000

Wp X Mc Xt

K, C NS 2 55 77 45 KB FIDOC & (mg/L),
Co %t B8 4 1% 77 45 R FIDOCIK FE (mg/L), VAT
B FH I K AR AR (L), W AR 56 i 5 &) 1 00 i &
(kg), M AR IR 73 B &, e a6 Ak B i (7]
(h).
14 BEHHESSBEBEESN
TERE IR FF U HT AT S AT, 43 71/ HL100 mL/K A,

8 ARV S B S R T R A S R, LA IRIES IR

Cfg v R A VS WKL EE R WMD) (GB/T
12763.4-1991). ¥4 H AR IUE Z [A Co,, pmol/
(g-h)]2 HL A7 5 & (- 32 ) g 4 v E S 7 ) (8] P 51
KRB AR A S B AR . ACo, T AN:
_ C(0),—€(0),

ACo,=
0: Wpxhx2

i, € (0), N5 45 AT (1) 4 S [umol/(g-h)],
C (0)y NI TF IR I ) 22 <K FE [umol/(g-h)]; VA
TR KRR (L), W i Bt 5 4 v 1) T ot
(kg); NIRIR AL FR I ] (h) o
15 SEELEBERDOCH SV = SR Gl
FEIDOC 5 #4129 £ 7 7 L # (Net Primary
Productivity, NPP)EL (P, %), J2& 7E B Wik & & 515
7 AR EE R B P4 (B T mol B[] 72 2511 mol& S
(OB 21 R0, i[RI 1) P 8 7 400 1 B
DOC {5 # A= Tyl . AR N:
ACpoc
P="x¢co,

K, ACpoc N HRALIT 8] I DOCH A4k [umol/
(g-h)]; ACo, N AL 8] Y O, FE AR K [umol/(g-h)]-

Rpoc=
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1.6 SETYEBEHRDOCHIAILERIZRE N

TEREFEIF AR AT AN GE RN, 4373 HLS0 mL /KA,
F10.45 pm g AT Ik 38, MRS FIOKFE TR
20°C ¥4 JAE (SC/SD-332) A % . fHFHUV-5100B
SRAM AT L2306 6 FE I KR ) 58 A0 T LR i
W, ARERIE S BRI 4 7. IR R
a() BT EA XA

a(0)= 2.303xA4 (M)
b
A, AQ)NBOGTE, bIEIREEAE(m) o Sy75_205/X
BRDOCHIR 731 it 55 6 [ &V, AHRE 431 ot &
i/ IMEER R, Sk ST A N
a(h)=a(ko) x exp[S x (Ao—1)]

K, a (2)REDOMMB UL R ¥ (/m ), 142 P K (nm),
Ao Z IR (nm)
1.7 BURS

S B i Excel 2019347 2 B8 f# HISPSS
26. OFFAT HLIR K 77 240 M, 22 W E KPR E N
P<<0.05, HILSD£E#E4T Z B HLEL, B h AR 7 1R
N7 5K NP<0.05, M A BER IR 2 5 K N
P>0.05, ff flOriginLab OriginPro 2021b SR1
v9.8.5.20433 47 1E Kl

2 4R

2.1 AREZEEEHTEHHEFIDOCTERIRE
18 EARIE KM, 100% 650 26 1F R i 4
HDOCR LR % 2. 25 51 T 50% 6 5 4 /F(P<<0.05),
T L AAF T 650 5 il 2 R DO CH K 2 1E
AN FENNE WK KA T, 100%658 5 50% )65
BEDOCH % 22 7 A i 3 (P>0.05), R ML T
Y65 5 S B DOC T AR S . BLE R &5
MR T2 T, I E WK AR DOCHE R T & =T
H R /KH(P<0.05), RITEFRINE B ERTT T i
W4T DOCE HUE Z (] 1).
22 ARIFZEEHTHETHEBRHMDOCH KT
TE AR UE K AT, 100% 6588575 205 i E A
F50% 7658, 75005(P<0.05), F I Z1F FBEE
SR, WA AR DOCAH T 71 Bl K (& 1).
HEEINE KT, 100%I658S,75 205 550%
B8S,s 59522 AT FE(P>0.05), R &M T
HE 58 5E I V5 SO g T 4 T R DO C I AH X 437
o I1E AT T 40 7 100% 58] S7s 005
BE ST HAREKEFEMN TF100%H5HS,75 205(P<
0.05), RIATEFRIE LA T, BEFRBINE B &R

I T 2 B DOCHIAIRT 43 F&EGEE 1).
23 ARIFEEEHTEFHEILSBFHRE
TEHSRIG K IE 4T, 100% 658 41 A S
PG R 1 8 25 T T 50% 65 4L (P<<0.05), £ Wi
T B ANE AR 3R KR, 6 R B SR TR
B A SR B R 2GR KE TR (100% )6
B 50%J65R), BRI E HASBRBUER S B
WK 2 AR R 2 (P>0.05), 2 W7 40 1 A& Ak
T A IR KR, B 7R N E R e L e AR
(B 2).
24 FRIZEEFHTETHEBRERDOCHENE
HFEH(NPP)ELE
TE A SRUG K EAE T, 100% 6584 550% 6504
FETIDOC 5 NPP L 2 5 AN . 3 (P> 0.05), FRWATE
HEEAETR, YEIRER T A S5 38 o5 ¥ 7 41 1 TDOC

(=N
(=]

[ 3 50% c

[Z4100%
c

T

N
W

w2
(=]
T

DOCsyiiidi =
Secretion rate of DOC [umol/(g-h)]

7%

H =
g

(=]

H SRk e gk

1 ARSI AT N i 2 DOCK: HEE %
Fig. 1 DOC secretion rate of juveniles of S. japonica under dif-
ferent experimental conditions
8 E AR EACER AL 22 7 AN 235 (P>0.05), %05 £
FRA AR AT 2 & 1 2 7:(P>0.05), T A
Treatment combinations with the same letter are not significantly
different at P>0.05, treatment combinations with the same letter
are not significantly different at 7>0.05, the same applies below

R 1 TRESEFMHTEHLHEBEMDOCH S5 0slE
Tab. 1 S,75_,95 values of DOC released from juveniles of S.
Japonica under different experimental conditions

o HMH i
S A 4%
Ex erﬁ?l\_eyﬁi ﬁ):ndition Mean value Range
P (8275295, M) (S275 295, NM)
EE/SEYIN 50% 0.01834+ 0.01614—
Natural sea 0.00239° 0.02088
water 100% 0.01045{ 0.00981—
0.00118 0.01181
T K 50% 0.01522+ 0.01375—
Nutrient- 0.00186 0.01731
enriched sea 100% 0.01382+ 0.01244—
water 0.00120 ° 0.01463

v FEUS _EARAH AR IR 2 R AN B 2 (P>0.05), 13
HUR AR FARER L I8 B3 72 57 (P>0.05)

Note: Treatment combinations with the same letter are not
significantly different at P>0.05, treatment combinations with the
same letter are not significantly different at P>0.05
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HRECE .. TEINE %M T, 50%65 AR DOC 5
NPP LL 1 2 3 511 100% 658 44 (P<0.05), R LE
SR, DR R AR BE BT ST BRI T IR 4 7 1 DOC
HRE AR o AE [F) &5 6 IR 9 B 7K P TR (100% )6 58
50%%51), INE B DOC 5 NPP EL 6 15 5. 2 i T
H AR 40 (P<<0.05), R IiE g 7R s (e ik 1
AT S IDOCTE R R (B 3).
3 g

RO 6 B 58 77 38 10 P R A FH 0T 88 8 R ik
DOC [ 52 M ML 4 AN BB, (EARLT-<3a8 H 9 80 7
PR UL A B AR R A0l 7, & KE 4
RCFERE — TR e A i T iX — . WifE
MuellerZs!" B IR 58 37 h 20 X szt b R B, 7555
B AMT, WM (Coralline algae)BEIDOC
5 nm B A A e, <3 o HLE AR (H7E
IR 7R 3h 5, BIDOC 5 Ytk 2= R R T %, &
TEE TR AR MR T, T BONERER. 46
CAMALER, BATRREEREEEFREMT,
DOCRE i 5 6 IR 5 B 52 IEAH 9%, SR BN <3 7 HL

200 r 350% b
Z2100%

150 | T

100 2 a

50 + ///

H SRikE7k

7

PIEEETYN

AR ARG R
Oxygen production [umol/(g-h)]

K2 ARSI i 4l SRR
Fig. 2 Oxygen production of juveniles of S. japonica under dif-
ferent experimental conditions

[oN]
(=]

_ [ C50% b

s 2 100%

= T
=5 57
A g
o=
%8 30 :
J—E[e a 1
v ° a
S g R
BE g5t

Qo

5

furt / /

Ay

0
EE/SEYIN e ik

3 ARSI A T il 4 FTDOCKE TR (HNPP EL 7]
Fig. 3 Proportion of DOC secretion in NPP of juveniles of S.
Jjaponica under different experimental conditions

file GnAr AXTVRIE RS . I (Coralline algae)
B (Macrocystis pyrifera)“5 33 FIHEF R, 24
PERARAEE TR ER R BRI B F AR K R B, DOCHE
JEUE G SR AR K T T, A5 <3 WL AR 27
T AE 5 57 70 02 [0 26 A N, <3 LI 2%, RN
“HEOHUE RS . fEMarafion! VIR T P, B
FRZAF IR IR IDOCHK L5 Mo % A i 35+
etk 76 Wyatt™ %} NI B 3 [ Cladophora glomerata
(L.) Kiitz. ]/ e P G A R G . A i Fide
H, ARA ATV P B2 ML 1A, R
R A R IEINLE] 5 5. FEAB A, MK
PLAE H AR HE K (SR8 F7) 56T N, 170 4 d R
DOC 551 B 2 IEAHOC, HRDOCAHRT 73 F &
W bR &, RIAESEE FRFM T,
L EPREDOC 3 i AL T (K 1) FEINE 2%
PR, AT TR IDOC 5 S5 ToAH IS P, 2R B3
HALHIE 2% AR R S 0 R 26 AF T, s 4R
JRDOCHE #7257 1 H AR MK AL (8 1), MMk,
INE R ST T DOCH IR (K 2), Hn'E &
E AR T B DOCHX 7> FEGR 1), RHPH
PL & S

AT AW 1 7 40 P R DO Cad 4 v ¥ >
Y HOPRIIIAAE . ESEFRFMT, < HL
35 E IR K — B R AR K Ak
B, SR 3 H HLEE &, <P ONLE S E S B
FUHEN, HEIE0A1F 32 6 0 B U 1, T 40 i )
KN Z NS FEEIR S, fEN. PE IR ERIR G %%
PR, B GRS T, SR MO A R
Rl ORE S SO SR VIN i Ao S iR OB
i 72 A HLIK IR R N PSSR, T
HAMEACTTR RNEEE, MIACNPE LT, &
MBI EZ LS FEAFNE . HEER
IR ' 5 R 1 0 A2 2E G BL ST A B, AT I R
DOCHRET, “¥i 7Ll i 2 HH BN,
PEFEEhE N, I R N CINIPLL T B,
AR E LR EE DR FEY R A E. (K
FEIDOCHES i1z Hi 52 40 M st P 71 A B 2= 4 i), 32
AP BN S E S

AT FE I, A 4 1 TE 100% 6 5+ B IN &
A T DOCKE IR F e (Bl 1) N THFRIE i
BRI AR, A& Y R R AR X, J ct [R] i $2 Hif
(X 75 77 #h J O I s BE DU 3 77 i i DO C I
e WA IR X A E RS ERK, EMARE
7 2h BRI RS, R ki AT R I DOC, Wl 7L i Ay
FRHEXBEATN. PEFREMIGR: . BIR KA XS
RO A K B — R B A 2, (Bt R
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SYNERGETIC EFFECT OF LIGHT AND NUTRIENTS ON THE RELEASE OF
DISSLOVED ORGANIC CARBON FROM JUVENILES OF
SACCHARINA JAPONICA

NI Zhi-Jie'?, ZHANG Yong-Sheng’, CHU Hong-Yong', LI Bin’, ZHANG Ming-Liang’,
SUN Yan-Qing2 and HU Shun-Xin®
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China; 4. Yantai Marine Economic Research Institute, Yantai 264003, China)

Abstract: Macroalgae farming is an essential part of offshore carbon sink. Large-scale macroalgae farming promotes
the absorption of atmospheric CO, by the ocean. As the primary producer of marine ecosystems, macroalgae can con-
vert Dissolved Inorganic Carbon (DIC) into Organic Carbon (OC) through photosynthesis. Macroalgae can also release
20%—30% of photosynthesis products into seawater in the form of Dissolved Organic Carbon (DOC). According to es-
timates, the total amount of DOC released by macroalgae farming in China is about 822000 to 915000 tons, which can
be transformed into 600000 tons of Recalcitrant Dissolved Organic Carbon (RDOC) every year through the action of
Marine Microbial Carbon Pump (MCP). Therefore, seaweed culture plays a vital role in fisheries carbon sink. However,
the synergistic effect of light and nutrients on DOC release by algae is still controversial. There are currently two hypo-
theses. One is the “overflow” hypothesis. Fogg believed that DOC release from algae was positively correlated with
light intensity, which promoted the release of high molecular weight storage products. In Cherrier’s laboratory and field
studies, the DOC release rate of planktonic algae was positively correlated with light intensity. After studying multiple
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experimental data on benthic algae, Barrén also found that the net DOC flux of benthic algae was positively correlated
with light intensity. These reports show a significant correlation between light intensity and DOC release rate. Another
hypothesis is “diffusion”. Bjornsen believes that the release rate of DOC from algae has nothing to do with light, but is
closely related to the nutrient concentration. Nutrients promote the release of dissolved low molecules substances in al-
gae. In Marafion’s algae culture experiment, there was no correlation between DOC release and light intensity. In the
cross-experiment of light and nutrients carried out by Mueller, the correlation between DOC release of coral symbiotic
algae and light disappeared when nutrients were added. The above studies show that light and nutrients are two critical
environmental factors that regulate the release of DOC from algae. Saccharina japonica is the most important cluturing
spcecies in China. According to statistics from the Food and Agriculture Organization of the United Nations (FAO),
China had contributed 18% of the global S. japonica production in 2017.

This study used juveniles of S. japonica as the research material and set up indoor crossover experiments based on
the two factors of light and nutrient concentration. To explore the synergistic effect of light and nutrients on DOC re-
lease from macroalgae, we set up four experimental groups of natural sea water+50% sea surface light intensity, natu-
ral sea water+100% sea surface light intensity, and nutrient-enriched sea water+50% sea surface light intensity, nut-
rient-enriched sea water+100% sea surface light intensity, each group set up five parallel samples. Based on the above experi-
mental conditions, the juveniles of S. japonica were cultured in a light incubator for 8h, and the water temperature was
kept at (14+0.5)°C during culture. The study found that under natural seawater conditions, the DOC rate of juveniles of
S. japonica under 50% and 100% sea surface light intensity was (11.6743.07) pmol/(g-h) and (22.65+4.58) umol/(g-h),
respectively. With the increase of light intensity, the DOC release rate was significantly improved (P<<0.05), a substan-
tial increased in the net oxygen release rate (P<<0.05), and the difference of light spectrum slope was significant
(P<<0.05). Under the condition of nutrient-enriched seawater, the DOC release rate of juveniles of S. japonica under
50% and 100% sea surface light intensity was (30.88+7.96) umol/(g-h) and (39.034+14.78) umol/(g-h). With the in-
crease of light intensity, the DOC release rate was not significant improved (P>0.05), the net oxygen release rate was
significantly increased by 79.24% (P<<0.05), and there was no significant difference in light spectrum slope (P> 0.05).

The results showed that under oligotrophic conditions (natural seawater), the DOC release rate of juveniles of S.
Japonica was positively correlated with the light intensity, indicating a “spillover” mechanism. Under eutrophic condi-
tions (enriched seawater), the DOC release rate of juveniles of S. japonica was not related to the light intensity, which
showed a “Diffusion” mechanism. The release of DOC from juveniles of S. japonica is regulated by two mechanisms,
“spillover” and “diffusion”, which mechanism was dominant depends on the nutrient concentration.

Key words: Dissolved organic carbon; Overflow mechanism; Diffusion mechanism; Carbon sink fishery; Saccharina
Japonica
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