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w=WEN, FERET, TR, EXR'

(1. T E K7 B2 B 58 B 8 K W58 BT K SR A W E A S e e i A E R AU E, IR B & 266071 2. EK
b Bh2# BE AT AR B, JE 5T 100081)

TEE. 4% ( Sargassum horneri) B HRFHZ MR, EAAEHZEANHEN ., EE AW
MTHETRBARKENAEFE, HIGATARAFARERENEAEREAEASHELLAH ., £
AR AFEGLBERE, bR T ARARE (05mf2m) FENWEEFEH EXRLRKEHUELE
BEFAK, BRETF, FRAAANELBERELZREE (P<0.05), KA RO ELBREZR5HHE
WA REF DR EMK, EKEKROSMmA (LE) AENEAFHEZFT T AR 2L (TE)
B 4% (P<0.05), FEHERABEFGMAWA LT EBE D . LB EMHET, £ B4 % A NH] PO
BRI REEMRTTERE (P<005), ZAEMEERNUAE, BEARESTH T @A RIETHH
A B EEAENNO; NO,WRKEHNEZRTTEAE (P>0.05), HHAMEELS BN —EWEL
WHNEZ, P ORESHSEAPRTHASEAN T K. FRKEFAEN KD EEHE TI%~T5% Z 8, Ko
A BT 20%~23% Z [, KGR A B 6% ~8% X |A, #lE A & B & 8%~ 10% = i, WK K 4 3 4
B W ERARENFAR (P>0.05) . ARXEH, ELYRGHFAKRE, WETULXINEGHNEF AT
FEBRUEN, TARKEAENERARSRFAARE  XELER G EARABEX AT HRAFEMN
HAFAURBRESHERPEAEEE L,

KERIED: 4 KR B AR RO 9 4R

FESHES: Q949.2 XEFRERE: A XEHS: 0253-4193(2024)11-0065-10

B IE R r, AE A  RR IR IR e R
BB 2 W 2, JF HU e S A 6 Bl i DL B [ I

( Laminaria japonica) . # W 3 ( Undaria pinnatifida

1 515

#i ¥ (Sargassum horneri) ¥ J& T & B % )& (Sar-

gassum), J&— R K B 2 T4 3, 7EAL P HETS
IS I IR S T R T A0 A U A A R R
T IS T 35 37 7T SR i v S D B AR S . R PP BR
Jr, XA S R G B AR E R, A S B
SRR, A, SREEE T OEmEEANNZ
o e AN A AT LA Tl R}, o 2 i) 2 (Stichopus
Japonicus) 55 B 5L R AR R, BF5E LI, H b &

%5 H #3: 2024-07-03; 1&1T B H#A: 2024-11-12,

Suringar). Wi (Hizikia fusifarme). 1 F (Sargas-
sum pallidum) . 340 5 B 3 ( Sargassum siliquastrum) .
SR ¥ (Sargassum thunbergia) | B % W8 37 B 43 A G
PE I3 R F e R, A 9 ) B 1 BT A R R, BT
B R T A 6 Fh s B, AT AR D e T R OR TR,
BG5BT N ZEIE S 2 e, 1
IREEI5 Ly IR R H 2500 0, A B L UE R s it T

E SR 5 E 5 & T35 (2023YFD2401101); [ 5 #2577l B AR & 5 (CARS-50); %% L1243 T#2 (1sqn202312279),
EZ B v #ili 25 (2001—), o, WA G BT, BFFE 05 10 KK 7= 3R £ A5 2% . E-mail: 1206234682@qq.com
*BAFVEE: 5 SOM, DFIT 0, WF9E 05 [0 /K 7= 92t £ 45 % . E-mail: hui861@163.com
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KRR IR B0, 4 38 R B2 JROXE LA 2 H 42 4 K
BT K, T EL A AR A2 KA ] 98 o s A WSOER It (] 4
AEAEN AT 428 1 [0 R, F R ]38 1) 5 B 1 AR 1 Ry 7K ™
FE . 1) EEA Y N2

FE AR B 0B SR (6 RN T & R R O T, )52 A D
] 5 Ay DR, SR T A 1 5 e SRR R IR IR (SF) 42
WO SR S5, HEAT MRS S50 A 25 SR WY, 4 e e R bl
T FR T R %5 A3 R0 19 ML A B AR, P By 20 ik oks e
b, BA R4 ry R BRI Pk o [RIAE, 4325 sk )5 i 4
AR RO R R S B W B B R AR AR
P 0O G I 9E & 305 B8 MR T A EL, 45 PR
A4 UR 38 T 2896 IH (Strongylocentrotus intermedius) 5%
A ARBH WD, Brasi e Sy R0, (H R, A T A
TAREE BT I, P B A5 S b ] A e R A7)
S R, DDA T R B DA MR AE B O 32, iR
HOE IR BAE R, LR 4R AR AT AR, I X
el N TR B G R AT T HIAL ISR, 2020 4R
12021 48, 10748 FOMTTLAR S )5 2 R A T AR
A B (DB 2102T 0007-2020) F1 4 3 i fh AN T 5 FH
K46 3758 (DB 33/T 2424-2021) FH AR B, il A
TFRFH S BB 4R T, (Pl = OG0 5 7 K
REHLE o HT, O 53 80k 3 &R W 55 95 550,
WA T 38 B 3 AR R Y DR RN IR B T gk AR 0
R LA NPPQA R G A 7 ) e i W S L B
15°C. L : D=24h: 0h, &o; SEomugom, 2904
B AR | O R GE R B WA I 5 A1 47 2 5 AT AR
F G IR JEE Sy 5600 1x 55 5% 14 i 3 565 57 £k A SO
i o AHIE, ThSRE 2 SEPR IR GE 45 14T i 8 114 A= 2
FEOE AN AE S DB A AH DCHIFY .

AR A5 W, 7K AR A W T X AN [R] A9 7K R BR 45
SIS [R] A0 T 2 REAE R0 A 3 B 0520, A — Y
FEl AT, 7 A AR A 2 i 1 7K A 7 o R 32, DT 38 o i
TR FE VR 1 Z RETER, KRB S5KIRM 2485
BEE ORI, KR A A AR 23 5 — R A K AR B AL 5%
PFRIBCAR, anoGRE | WS AR BRI SRR, R, KR
AL AR S 2 K A A ) A A o3 AT SR g 1Y) 3 SRR
Rz, GHSEUEM, 1§46 (Ottelia acuminata)
FE ST (T~ T 28) 454 F KR 1~2 m 2 H b
R X A 40~ 120 em /KR A F) T35 5 (Vallisneria
natans) A= K20 X IR EE R UL, o TR VR AR A R
W 7 15 A AE AR D RE, I HAL T AN W] 52 58 7K G 35 1
Az PR A SRR AR B X K BB ) 52 i) FT R AE TE 2
S o PRI, ASHHF G 38 Ah A e R R T X AR R OK 2
HEATFRGE, DESE HAI A7 0 L B R 3R i WU RE ) LA
Ky R A 0 A5, W AT Ah T A [) 7K )2 ] o 1 A B2

BEFRRE, A B S N TR AR AR 6.
2 hRri
201 LAEMRESKHE

2023 4 6 H, T LLAR 28 SRV VS SR AR T IX SR 1Y)
FI 9K AR O, B AR IR 2 kg i TR A3 m R 2
W b, R, KT 4R R B2 200 g KR BATE R HET
FRIHI . T 8 Ay, RAEAL T /KK 0.5 m (U group)
F12.0 m (L group) Y4 #, #1473 NG IR 5050 o B X
[e1] 4 ] S ) o 0 A K T 9 K I 2 ke, 25 R R T 15
I B A=), e R (L5 | (B A S A A Dy S
REST RDEAT 505
22 THHE
221 LT

K 15 /K T 0.5 m (U group) A1 2.0 m (L group) IR
%) 4 S A A TS AR BRAH . SE S T AR R 3 d, IR
I B 2 #4Y (MX2202, Onset Computer Corporation) X
10 min > I 5 (6] B, 3% 52 900 2 AN 7K TR 1906 IR 3,
DA 2R 3 d R F- 359 0 i i 3R A5 S 06 0 BR i B, 43
514 30 000 1x F1 10 000 Ix. 52 56 i FF A 5% 48 - 34
K (26°C) FE R E T FJEFF R WA A K
X IR . SR A AR ON 1L AR (0 (RS 00 I BR 8 ) AN
75 B B B (RO B EREE ) . i Ab B2 3% 5 A4
AT, XA 3 AT

BRSOk B LI, SE VIR TR IR SIS . B AL
BB R 0 2.5 g 4 B BL, AR, X R rpoR
JRCE, AT K T T s L S T I K 28 A B TN
JEA IR FEEL, B O, A B SR A (GXZ-280D, T
BT ALER ) e BRI S R AR U E T
JE 25, 37 PO A3 ) T AR [R) IR, Y658 h 30 000 1x
H110 000 Ix B35 FRA th #1735 9%, L FF2E 12 h, 7
52U TF AR R 45 R YST £ 2 80K R 43 T AR
(Eureka, 32 [) 435 5 — U VS Al 480, 1 S0 58 I
K ELZE > 250 mL KBS, T8 FRER I E .
222 WIgAEIIEE

SR RS R L AR N X I S P |
AR F 3 A T LR 34k 2 s ny 2ok R

6CO, + 12H,0 — C,H,,0, + 6H,0 + 60, .

H1 S0 AT AR, O, it B) 42 2/ 2B 7= i, R I

M- & (R) = 1B — DB, &2 7= J1 (GP) = LB — DB,
¥ 7= 71 (NP) = LB - B,
Horb 1B N JFHIR AR, LB N P & i, DB M2
TR AR . AN S g i AU B 2 mg/(Loh).
223 EFREERNE

K & Wy K #E i A WhatmanGFE/F J€ IR ( L 2 4
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0.45 um, 28 450°C FRIHE 6 h) i U8 I, AR 905 1% 18 6 A
FRAE (GB 17378.4-2007), 43 il iz FH B~ i IR i . 28
L RSO EE T L URTR R A A RN BH I ot
6B I E K AR A NO; . NO; . NH; FIPO} % it .
224 BIFREHME

FEASA FRZE 43 50 N SR 46 1 G 4 R b,
IF VR A K B K e, RBRFR I B . H
W 7K AR 2R K 43 5 R 250 g FF 5, ACRERR
FE70°C £ N AT EE E, TR AR R K R
HET WA T A S B DLAIE S 5 AT SR BT, K
A3 FUHLER (A0 2 o BRI sl R 10 S 6, G
% 0.000 1 g, SR A7 HBEHR B0k D e S0 ot >k
560°C JBBE VA I 7 JK 535 SR FHOT 2R 43 B vk e ML A T o
23 HESW

{ifi Ff} Microsoft Excel 2019 X Z048 Bk 47115 Fna& 3,
{i#i Fi Graphpad prism 9.5 F1 SPSS &K /4 X ¥ #E 47 ¢ ¥
55, P<0.05 2= 5 1 2%, iz FH Graphpad prism 9.5 il &l .

3 4

3.1 BHAKRERF

S5 ¥ XA [ 2K YOG B B BE IR A Ak 1 R
IR TEARSER K BIEEN, bR KA S48 5 R
26.16°C, ff A &/ . ERFE . pH 23 Sl F 6.93 mg/L.
30.80. 7.98; T JZ K A 1 4% T 24 55 48 A5 b 7 2 I B
25.62°C., 4R 6.66 mg/L. $hJ¥ 30.16. pH 7.87.
32 HREFN

mE 1 ETR, WA R EE ) (GP) I & (R)

#z 1 BIFARKEIREEF (Mean + SD)
Table 1 Environmental factors at different water

depths in the field

21 51 WEE/C R SR/ (mg LT hE pHIH

U group 26.16 +0.09 6.93£0.07 30.80£0.01 7.98+0.03

L group 25.62+0.13 6.66+0.12 30.16+£0.13 7.87+0.05

H:: EH U group. L group &ML FRA, 43 A4 T-0.5 m, 2 mk
TR

AU RES, FEHEN AL RERT T 2R
BE (P<0.05), MF-Wg e B 1 25 T T 2 4 B (P<0.01), {H
P ¥ A 7= 77 (NP) 1922 595 AN L 3 (P>0.05), R IAZE
AF [ B[R] P b J2 8 B G B VR TR R T T 240 8
33 ABEIRIL
3.3.1 PO

AN TR K 2 4 e % POy ZBRBE I LK 2, &3t 12h
R, I )2 35 X Wl 1R R P WA SO I R T S A
(P<0.01); PAIE 12 h J&, 4 4 A g %ol R s %) R WAL AN
W, T2 A K B RR h % i WA $R T
3.3.2  NH MUt

FEHE 12 h FIRIE 12 h 5, L2808 T T 24
PERE K AR TP Z NH] . U HEAEOL AT,
2 R NG B W U BE T B R TR R (P<
0.05); SR I 2% 11 T P 4 AH 25 A8 K (P>0.05), {H I i
B AR ORI A (F 3)
3.3.3 NO; Wk

FEOCIRSRAET, T )2 4 35 X5 NO; 1 W W /g g o 2%

L group

|_| == IfRE

* = HAh

U group

i j = B4

L group - |-| e

vl

U group

ns

o —4|
*
U group | |—|

JeA AR P AR 7= BRI R (g m )
1 0.5 m A1 2 m KGR EEIEI 1 2l 7 R A 7 g
Fig. 1 Respiration. Net primary productivity and Gross primary productivity of S.iorneri at 0.5 m and 2 m depth
[#] FB 4 U group. L group & WML BRA, 4351 84T 0.5 m, 2 m /KR4 #E . ns FoR ML 2 0] 22 % A B3 (P> 0.05);
*FRN I 2 1) 2% 5 1 3 (P < 0.05)

The U and L groups in the figure are two treatment groups, representing the S. horneri at 0.5 m and 2 m water depth, respectively. ns denotes no significant dif-

ference between the two groups (P > 0.05); *denotes no significant difference between the two groups (P < 0.05)
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0.6
o0
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B 4
= 0.4
=
&5
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=
0.2
ES
0.0 T T
U group L group
ikl

El 2 L2ZAUT 28806 R 12 h AR

ns

1

M 12 h PO W& /mg
N
|

—6 T T
U group L group
bl

12 h X} PO 1) W 1AL

Fig. 2 Uptake of PO” by S. horneri upper and lower after 12 h of light and 12 h of darkness
& i U group., L group EFASAEIRLE, 435 AL T 0.5 m, 2 m AKIEMIERAEE . ns KRB Z W 22 A BE (P> 0.05);

RN Z 18] 22 5 .2 (P < 0.05)
The U and L groups in the figure are two treatment groups, representing the S. horneri at 0.5 m and 2 m water depth, respectively. ns denotes no significant dif-

ference between the two groups (P > 0.05); *denotes no significant difference between the two groups (P < 0.05)

25 7
*
—
o0 -
g 20 o
=
= 15
Eﬂ
= 10
)
B
R 54
0
T T
U group L group
415

K3 ERATIEMECE 12 h FRE

1.5
o ns
£
i NN T
= 1.0
=
o S
4
=
N 0.5
#m
B
0.0 T T
U group L group
415
% 12 h X NH; A4 I i

Fig. 3 Uptake of NH by S.horneri upper and lower after 12 h of light and 12 h of darkness
& H1 Y U group. L group & WAL FEAL, 435 AL T 0.5 m, 2 m ZK IR 3 . ns "R 2 18] 2 5% A .3 (P> 0.05);
*FRN I 2 ) 2% 5 1 3 (P < 0.05)

The U and L groups in the figure are two treatment groups, representing the S. horneri at 0.5 m and 2 m water depth, respectively. ns denotes no significant dif-

ference between the two groups (P > 0.05); *denotes no significant difference between the two groups (P < 0.05)

%?LF,H:‘ STFF R EMZER (K 4). 5i5h, T

WIETE G IR ST PRI A1, 7 4L 38 R R N, 1) ik
JE#AR T 0.2 pmol/L.,

3.3.4 NO; Wk

SR U, N [] 7K 2 6 NO; 1 W i RE ) 2%
A2 (P>0.05).  H A4 9 8% 1K 6 NO;, Y W2 i a Fh 3
%, #AETF 0.1 umol/L, JEIREMH T, T JZ i 3 I NO;
W AT v W ROR T 24 s RRE A, B )R Y
NO, W v Ji i SR 1 24 3 (11 5).
34 EFKS

R R K O R T1%~T75% Z 18], KA
HETE 20%~23% Z[8], SR BEE 6%~ 8% Z M, H

B E 8%~ 10% Z ) (] 6). 2R R4
KOS JRSY . SANBIR . HLEE P19 W i 95 5 (P>0.05).

4 e

4.1 KRIBEEVREF BN
ISP G AL 7R 1 (GPP) S 48 w2l i3 e A 1
FAHB MR (CO,) [ 22, % 4k A HLY 0T ) 3 3220, AT
O3 NIRRT R AN R A R AR A R R
B, AR AE B K P T2 0.5 m (R4 8 B0 9k P B
Fen TK T 29 2.0 m BYHRBE, W R A e A IA
WEES . M H RN A, E— g BN, KRR
L[] T 22 31 19 516 B8 B 7K TR 1 185 0 T AS W AL, b T
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0.25 —
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0.15 + J—

0.10 —

JEHR12 h NO; B i ik/mg

0.05 —

0.00 T T
U group L group

it

0.25 4
ns

0.20 — -

I W B /mg

0.15 +

3

0.10 —

%12 h NO

0.05 —

0.00 T T
U group L group

Eivill

4 FRAT M EEIR 12 h MERKS 12 h X NO; Y Wi it
Fig. 4 Uptake of NO; by S. horneri upper and lower after 12 h of light and 12 h of darkness
E 1 U group. L group J& P MAEHRAL, 43 M4 F 0.5 m, 2 m KR HT3E . ns AR Z R 2% A B 3% (P> 0.05);

*FORPI Z ] 22 5 B (P < 0.05)
The U and L groups in the figure are two treatment groups, representing the S. horneri at 0.5 m and 2 m water depth, respectively. ns denotes no significant dif-

ference between the two groups (P > 0.05); *denotes no significant difference between the two groups (P < 0.05)

0.15 4 ns
1
. -
£
B 0.10 H
= 0
g —
5
Z
<
= 0.05
3
S
0.00 T T
U group L group
45

0.15 4
ns
o0 -
£
B 0.10
=
=
5
Z
5
— 0.05
#z
Bt
0.00 T T
U group L group
45

K5 EMTEMBECH 12 h AR 12 h 4 NO; [ 1 i =
Fig. 5 Uptake of NO, by S. horneri upper and lower after 12 h of light and 12 h of darkness
E 11 U group. L group JEPMALFRAL, 4304 F 0.5 m, 2 m KR A3 . ns KR Z A 2% 7 A B E (P> 0.05);

*RINPILLZ ) 22 5% 1 3 (P < 0.05)
The U and L groups in the figure are two treatment groups, representing the S. horneri at 0.5 m and 2 m water depth, respectively. ns denotes no significant dif-

ference between the two groups (P > 0.05); *denotes no significant difference between the two groups (P < 0.05)

TRARAS TR 7K )2 (0 4 i T R AR AS A B BEUZ A 22 7 19,
GG VR I Y BR % 728 Ak T & Az AR A2, O IR 2%
PR R fl s A KRR R R, AR RV,
e 203 1O A 1R T 238 23 Bl G ' BR B 19 mm
TE 9600 1x B 3k B & /5 B2 &1 M B 3% (Caulerpa sertu-
larioides) 1) 5% bR A 2503 Bl G RE I BE 9 184 o i 390 2%
FE T RER ARk e, BAE 1500 Ix 5 3055 652 1
P AR B, R, G 23 R, AN TRl K A2 A
PR KGR A 3 0L FELAS ], AT 7K AR AR B 43 A A
HEESLW, KAEAY WA A B S A RKEN, &
e A A 5 S Gk I 5 AN R K2 B O RE R B X 4 £
(Ceratophyllum demersum). % " B8 (Hydrilla verticil-

lata). 7K J& ¥ (Cabomba caroliniana). £ 5 052 W, #f
JE T AFIUKM YIS B A KOKE . AW, b T
R OKAR I 5 BEREAS SRS TE 2 AL IR, P AE T 2 0L
BYERAE 1, b2 KR S R e AR
42 XBEIEXEFHRRKEE NN

S B 7/ 0 PR (B BB N = 3 U N SR R 7
— R G TR R AV SR AR E,
ORI TR 388 2 DR WA A P 38 0 2 B 2R i B e,
RE A% A7 SO B AR T 7K A N 1 U &5 10 A TSR R
IR RBEREE R ABEXT 4 FPEFRER (NO; L NO; L NH; |, POY)
A B EBRRCR, S8, R E SR ARG
T, O R i 2R Y DG G A FH 200 8 3R OIS A 1]
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T T T 1
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IKGEs KAy~ FEBR R A%
Ko LJZ AT 24 B 57 A B RN O/ %
Fig. 6 Nutrient accumulation in S. horneri upper and lower
[ 1111 U group. L group & MMALELA, 430 A4k T 0.5 m,
2 m K IR 14 4 5

The U and L groups in the figure are two treatment groups, representing

the S.horneri at 0.5 m and 2 m water depth, respectively

st mm, ARt 17 F S5 Ir R 2 ATP, A
TE AR BR, IR T LT 2 X K AR
4 Fg FRERERA — R W . o, R AR X A
A BERRER 1Y WU B 3 TR R, RO O AR S
VTR R ARV S S DAY %) P Tl il 0 e, Sy IS SR
FHWA R 0 32 A 55 110, FLIE 5 O RIS 3, V3358 X TCHL
Tl %9 82 At 3 R 1, 3 HL K i I 2 9 5T O BR X
3 o R R TR i W SO NH N B A5 Y 3 AT e R
PR 16 R A5 T X NH N A I A R TG IR
S EE o DRLUL, A E AF K TR Mg A AR A5 e Ol BRUS X
NH; . PO} 1 BRAE ) 1G5 o 1Ml 245 280000 2 1 )23 il
RO AR T )2 A . X T g L2 b
T — MR IS, AT B AR, RO R il
TG 2R G0 T I 2 1 247, T B S AR A S A Y
W g S AR e A8 e, AL A A R 9O BN B
WSR2 e HE IR TR 25 2R s 25°C 260 T, BB BEAE
S5 A 8000 Ix s XiF NO; -N B W ic 5k R I 3 v Tl
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Effects of water depth on photosynthesis, nutrient composition,
and nitrogen and phosphorus uptake of Sargassum horneri

Meng Peiyi"?, Fang Jinghui', Wang Qiang', Wang Wenjun'

(1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao 266071, China; 2. Graduate School of Chinese Academy of Agriculture Sciences, Beijing 100081, China )

Abstract: Sargassum horneri has good economic traits and value, and its culture is gradually being emphasized.
However, the suitable water depth for culture is still unclear, and the physiological characteristics and ecological
functions of S. horneri in different water depths are also unclear. In this paper, we compared the primary productiv-
ity, nutrient uptake capacity, and algal trophic composition of S. horneri at different water depths (0.5 m and 2 m)
based on light intensity in different water depths. The results showed that light intensity varied significantly (P <
0.05) with water depths and that the difference in light intensity due to water depth was significantly correlated with
the primary productivity of S. horneri. The total productivity of S. horneri grown at 0.5 m water depth (upper layer)
was significantly higher than that of S. horneri grown at 2 m water depth (lower layer) (P < 0.05), and S. horneri in
the upper layer showed higher primary productivity and carbon sequestration capacity. The uptake of NH] and PO}
by the upper layer of S. horneri was significantly better than that of the lower layer of S. horneri under the light con-
ditions (P<0.05), which has good potential in purifying the eutrophic water and regulating the ecological balance of
the waters. However, the uptake of NO; and NO; by the upper layer of S. horneri is significantly lower than the
lower layer of S. horneri (P>0.05), and it indicates that some strong light inhibition phenomenon occurs in S.
horneri which affects the uptake of NO; and NO, by S. horneri. The moisture content of S. horneri at different wa-
ter depths ranged from 71% to 75%, the ash content from 20% to 23%, the total lipids content from 6% to 8%, and
the crude protein content from 8% to 10%. Nutrient composition did not differ significantly (P > 0.05) between the
two water depth treatment groups. Studies have shown that by appropriately raising the culture layer, S. horneri can
achieve higher productivity and nutrient uptake capacity, while the nutrient composition of S. horneri in the differ-
ent water layers would remain relatively stable. This study has great significance for the technological develop-
ment and upgrading of the artificial culture of S. horneri in natural sea areas as well as for the ecological environ-

mental protection of sea areas.

Key words: Sargassum horneri; water depth; nutrients; body composition
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