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WE. 4% (Sargassum horneri) B HBRIFHZ MR Mm@, LEEAEHZEANHEN, EE A
HTHEAFEARKEIAFE, AL TARARAXRAENEEREMESTRELTAA . R
FEAEARENEEBEE, LR T FARAZE (05mFfa2m) EENWEETh FHRLRKEH DL E
REFRARK . FREF, FRAAKWELBREEZFEE (P<005), KEFIRWLBREZRER
EMMREFHEEHER ., EKAEKKOSmA (LE) AENEEFAEZEE T AR 2mA (TE)
%R (P<005), FEFBRXABEGHARE T A ERE N LBEHT, b EHEEXNNH PO,
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oL M A AL, B ow A A A A A A R B e B AR K A B T1%~T75% Z 1,
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] i Ay DR, SR T T A 0 S e ROME B BRI (SF) 42
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TR I OB IR R R S 1 BT W R e R AR AR
P 0O, G A 9E & 305 B T AH L, P PR
A UR 38 5 289 B (Strongylocentrotus intermedius) 8%
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N T AR I B P B R AT TR W FE Y, 2020 4F
12021 45, S il i KA T A B 8y (DB 2102T
0007 —2020) 701 4 # & A T %87 K 3% 97 4 (DB
33/T 2424—2021) WA RUAR, D9 A T IR 5 S 44
PR e T, (B H rp Bl = 5 T B 5% UK BRI FLE -
HAl, O =& @ E ARSI, WA T
T8 A AR B ' BRI BE 0 B A0S R B
NPP(E I AL 77 1) S B S5 G 15°C L : D =
24h 2 0 hy =G OGRS, S INHIHBE A A OER
g5 b RE i 09 A% 3 A1, A 2 5 AR T RS O BR S R
70 pmol/(m?-s) 15 7 (14 il 3 7 Hh Y 0 i 8 A
o (R, X SRR S IR SE PR A — R S, ML
FH BT 52 B R 58 2% 1 T A 3 04 A BRARRIE AN AR S T e

A KA 5T 2 W, K A A ) TS [F) A% 7K R R4
SIS [R) A0 T8 A R R0 A 3L S5 0520 FE 0 Y
FEL P, 7K R BTG 2 B8 vai 7K AR 0T B s 3, DA T3 i
VL) T 1 Z PR KRS K IR B 2 NI B
B ORHE, KA 5 R — RAUK AR AL %
PR AR, ANt R OV i AR BRI AR, R, KR
A AR S 2 K A A AR AR L o3 i SR e 1Y 3 S BR h
K&z —0, F 5 uER i 22 4L (Ottelia acuminata)
FE ST AT (T~ T 28) 4 FKER 1~2 m 2 iRiE
A K X85 7 40~ 120 em K ERA A T35 5 (Vallisneria
natans) HE AP, X T FEFE A R U, i IR RS
W 7 1 AR AR D RE, JF AL T AN R 57 58 7K R 35 1
Az P AR A SRR R X K BB ) R i) TR AE TR 25
5o R, ARG o B s o T XA AN R K 2
AT IR, BFR I 7 07 L B R ER R i EE T LA
Ky i R 2 0 A5, B AT Ak T A [) K 2 ] o 1 2 B2
AR, A B M N THREE AR AR TRE
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2.1 KWHEEMRESSE

2023 4 6 H, T LU AR 28 SR VA VS SR A T IX SR 1Y)
R R, B AR IR 2 kg T TR A3 m R 2
Weh 1, ARG, A R 149200 g AKIRBATE B M T
FRIEH . T 8 A4y, REAL T /KT 0.5 m (U group)
H12.0 m (L group) R4 3, FEATE N K FRLE . K HL
[P0 %) 0 3 P e 908 %) 2K TR Vg /K R A gk, 22 BR R T A Y5
I B A=), ek (Ll 5 | (B A S A4 Sy 52
RIS RIS T 5555
22 THAHR
221 LRI

4 5 B /K 1 0.5 m (U group) A1 2.0 m (L group) I
(10 ] A Sy A A PR L SIS BR T 3 d, TR
6 B i 524 (MX2202, Onset Computer Corporation) L)
10 min Ay I 5 (8] B, 32 25200 2 9 > 2K R 1Y O IR B2
PLIEZE 3 d R F20% B B 4R 45 50 50 6 B B, 43
124 30 000 Al 10 000 Ix. S 56 Tk BE A >R 4 M F 2
KR (26°C). EE W E T _LJEAT)Z A A B4 &
X REAL o SIS A5 A R 1L bR €0 OB 0L B S 3R 5% ) I
75 W B (RS DGRERE ) . B A7 A 3R A 341k 54>
AT, WAL 3 T,

R 2 S0 i , ST RV HEAT G RS Rl AL
BB R v 2.5 g A BB, O, X A RS
JHCHE , T 7K R 6 Ui 1L, S 6 BT T 7K 28 280 T 75
Ja AR IR, B0, A BB 3R 4 (GXZ-280D, T
WL e ARSI BT AR E T
FRHE S5, 2 W 43 ) T AR TR B, 65l 30 000
Ix 110 000 Ix FY 15 248 b E 47 B 9%, SC #9248 12 he
TE S 56 I 4 A 4G d il T YST 22 2 0K i 4 #r 4
(Eureka, 5 [E]) J3 5l I 1 — U V5 A 46, ¥ S8 00 2 58 U=
FMHCE D 250 mL K FE, T8RRI E .
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Bk ST B A B R A 01, ok

B AE R AR W] LA R 34k 2 Bt Ok 30K
6CO, + 12H,0 — C4H,,0, + 6H,0 + 60, .

F By =8 AT LA, O, & A2 3R A 7, BRI

W1 4+ (R) = IB — DB, &4 7} (GP) = LB — DB,
77 )1 (NP) = LB — B,
H. IB R A S, LB N B AR, DB %
TR AR, AN S i S A4 me/(Loh).
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0.45 um, 28 450°C HKHE 6 h) i U8 I , AR 48 6 v I 4

LG (GB 17378.4—2007), 4 532 FH A 48 30 I v

2R TR N E B L IR IR Ak VR RN B A 4y
JEE B I E K AR TR A NO; | NO; . NH; fIPO; F it .
224 EFEIE

BEA AL BRLH 43 SR A 248 1 IOE B s R S,
o 08 ) K B K v T, RBR R A s R . M
W K AR T 2R T ZK 43 5 FR B 250 g FE b, iACBEAR
FE70°C 2 R T B AE TR AR T Ko S R
BET (B S A B T S LA S 5 E AT SRR L K
A3 FUHLER (A0 o BRI sl RE 10 S A, R
£ 0.000 1 g, >R 05 TP s B B I e g o s R ]
560°C MRe T I 22 K 435 R FHOTZ A B ik D e ML A 1A
2.3 MBS

1 Ff} Microsoft Excel 2019 X Z45 gk 4711 & Fa& 3,
{4 Ff| Graphpad prism 9.5 Fl SPSS i {4 % B 947 ¢ K
55, P<<0.05 N 225+ B3, iz ] Graphpad prism 9.5 il [€] .

3 45

3.1 WHAKRERF

S U XA [A] K TR B OC B PR B K 1 Ak 1 P
IR TEASZE K BIE N, bR KA S48 R
26.16°C, 48 & /& . ERFE . pH 23 A F 6.93 mg/L.
30.80. 7.98; T J2 /K 1A 11 £ 103 55 45 B o - 34 UL
25.62°C, 4R 6.66 mg/L. $h)¥ 30.16. pH 7.87,
32 HREFN

wmE 1 ETR, PALR S 7 J) (GP) ARG (R)
AWHEES, FEWENSAE T BER TR RN

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

depths in the field

ZH 5 WEE/C WA S (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

P (P<0.05), M HEA B3 & 1 248 (P<0.01), (2
WAL AE ™ T (NP) 922 R IR B 3 (P>0.05), RUITE
A ) Esf ] P b J2 4 g ) 65 AR AR R T J2 4 8
33 &EBERUL
3.3.1 PO MU

AN TR K 24 PHY L BRAE I DLl 20 2463 12h
R, 2 0 S X A TR P TR AN 2 R T T i
(P<<0.01); 221 12 h J&, 1A 24 ) g o) Wl 192 5 A W2 Wi 4
ANB I, N R AN B P R R B i A A BT
3.3.2  NH MUt

JERE 12 h FUREE 12h )5, L2 EAH T T 24
BEOEWR WK R T Z B NHE . H B OGRS ET,
I )2 AR X NHG W SRR T B TR 2 A (P<
0.05); 15 4% 4 5 W0 2 AH 22 A8 K (P> 0.05), {H I I
AT o B A 14 (18 3)e
3.3.3 NO; Wk

GRS PE T, T 2 3 X NO; 1) W I g g 2%
w2, BEAF T RREEEER (K4, 5o T
VSR TE I IR ElE DS A5 1T, P A s R I NO; A ik
FEFRF 0.2 umol/L,

) T,
* s
U group + = WA

L group |-| Em—

451

U group -

U group +

ns

—

S A A AR B P BRI FE R (g m?)

1 0.5 m A1 2 m KGR BEIEG B 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

& 11 U group. L group J&PIMALIRAL, 43 5128 40 F 0.5 m. 2 m 7K BRI 4

The U and L groups in the figure are the two treatment groups, the S. horneri at 0.5 m and 2 m water depth, respectively
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Fig.2 Uptake of PO} by S. horneri at upper and lower after 12 h of light and 12 h of darkness
& 1 i) U group. L group & FANALFEL, 4370 AL TF 0.5 m, 2 m 7K I 4 388

The U and L groups in the figure are the two treatment groups, the S.horneri at 0.5 m and 2 m water depth, respectively
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Fig. 3 Uptake of NH, by S.horneri at upper and lower after 12 h of light and 12 h of darkness
[ H11#% U group. L group J& WAL BEA, 4351 04k F 0.5 m. 2 m 7K B 11 i 35

The U and L groups in the figure are the two treatment groups, the S.horneri at 0.5 m and 2 m water depth, respectively
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25 bl

B 4 2T Z4EOEIE 12 h FIRES 12 h XFNO; 1 W i B
Fig. 4 Uptake of NO; by S. horneri at upper and lower after 12 h of light and 12 h of darkness
&l H 4 U group. L group J&: WAL BEAH, 4351 A 40T 0.5 m, 2 m 7K U4 A 4 5

The U and L groups in the figure are the two treatment groups, the S.horneri at 0.5 m and 2 m water depth, respectively
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3.3.4 NO, ik
SR U, N [R] 7K 2 i NO; [ W RE ) 25
AN (P>0.05),  HL 4 38 4 AR NO; i I I i R

0.15 4 ns
1
. -
£
I8
.10 H
= 0.10
g —
6\!
Z
<=
S 0.05
E
R
0.00 T T
U group L group
ikl

%, #AET 0.1 pmol/Lo JEIRAFT, T =4 % 1Y NO;
MR WAL A JRE R R T J2 5 RS AR, R Y
NO; WA B s R T J= 40 8 (181 5).

0.15 4
ns

0.10 —

W g B/ mg

2

T

0.05 —

M 12h NO

0.00 T T
L group
ikl

U group

F 5 FJZAT)ZE8#OEI 12 h FIEEEE 12 h % NO; iy I &
Fig. 5 Uptake of NO, by S. horneri at upper and lower after 12 h of light and 12 h of darkness

&l H#% U group. L group J& WA AEBEAL, 435 A 40T 0.5 m. 2 m 7K I 1) 4 35

The U and L groups in the figure are the two treatment groups, the S.horneri at 0.5 m and 2 m water depth, respectively

34 BEFEES

bR RS KA R AE T1%~ 75% Z[8), K4y
TR AE 20%~23% Z 8], EHE 5 R TE 6%~ 8% Z[A],
L & A 8%~ 10% Z [ (El 6). LEMT ZH
KT Gy, SRR R A O E 25 (P>0.05).

L group —:l-l = K%
U ] |1
o = IR
L group —:l-l = HEH
U group |—|
=
o
L group |—|
U group - |-|
L group |'I
U group A
T T T 1
0 20 40 60 80

ARG Rt SR RARLER F %
Ko LJZ A2 35 3R A B R O/ %

Fig. 6 Nutrient accumulation in S. horneri at upper and lower
[ 111 U group. L group J& M ~AEFR4L, 430 4k F 0.5 m,

2 m 7K IR 14 4
The U and L groups in the figure are the two treatment groups, the

S.horneri at 0.5 m and 2 m water depth, respectively
N \/\
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4.1 JKRIRERRE T NBIRME
BRI A 7 J1 (GPP) 245 il o 6 & 1

P TEHLKR (CO,) [ 7€ , T A A LA ot 1) 3 320, mf
O3 R BB A R AR PR P R AR SRR AR
B, AR R AE B K20 0.5 m B4 3 Bw) e A 7= e
F TR 29 2.0 m (950 3, e 9 7 AR
WEES . W HIEH LN, £ —EumE N, Kk
L5 T 2 38 1 Ol R A TR 1 38 o in AN B AR, 4k T
IKAAAS R 7K S22 (o RS i R SR AS (106 IR A 22 5 1Y, 3
906G 1R Bl G BR A4 A8 A T e A= 78 Al e, Ol i 2
& BR ] e 2 AR R ) R RO, AR,
Je 23R 1 6 G VR A48 25 B A D6 RO 38 g o i
TE 120 pmol / (m*-s) B 35 1) 55 /55 025 & 5k S 19 52 B
GG R B G RS FE B 3 m L IR SE T S R R AR
feia#, HAE 18.75 pmol / (m?-s) Hi EL55 6 e il A
KRB G ™, [Fm, A 52 E N, A F KA PR K
TR B3 I 91 B A (], KR X 7K A= AL 1) 53 A A B 25
Wi, 7K AR AR AT B B B A ROK R R, 2R AR )
T8 3 T 5T A 7] K 2 B9 G HE 58 B2 X 4 135 (Ceratophyl-
lum demersum), & W B (Hydrilla verticillata). /K J&
¥ (Cabomba caroliniana)., v % W, i€ T 4 FiiT
KAEW IS HAEKOKZE . AW, 4 T B2 KRR
i EERE S ARG TE Z O, AT 2O AR A
77, FIRKR TS PR A
42 FXBEIEEXEFHRRUKEE M

H A, A= A TR A Ry b 35 8 SR K A U 1Y
— RO 7T G AV SR AR B,
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RE 5 A7 RO B AR T /K AR P9 A 0B 7 120, A B gE R
W R ASTERERGH 4 FE FRER (NO; | NO; | NH; | PO;")
A 0 L BRACR e T A, TEEE A E AR T
e, Ol BRGS0 5 1 2 08 R MR A ]
g, e EHR AL T 3 2l A% 8 BT TR B ATP, AR
SRR R, JEIRAAE R BT 2 K AR
4 FE SRR IR — o W . o, b A T A
R BERR AR 1 W 3 S TR R, RO O IR AR S
TG T R R VA S A A TR AT A, Sy B SSACA
FH Wl 12 6 2 S5 R0, LI % % HEOE o, Vi o X e AL
8 A W A AR 8 5 e, I HL ke A IE A5 F 5 5 B X =
Tl R 750 VA5 58 W SO NHE -N A R IR A5 3 i oA R R B
7 6 BB %A TR X NH NG W AT 5 1 A1 ' B
FE o PR, i g A R AR 9 A AR A e Ol B 6 NH
PO} (1 J< B AE J7 34 3 . 1 Al 75 22000 2% L )2 0 3 1y i
WO R LT T R X ReJE LR A H A
BT WO IS, A RE R, RO 2 g
T FR G0 T R 1, 5 O A AR A A A i
TP, I AL S AIF 5 RO B o I U
FURY S AR ) 25 512 25 C AR, BUR M AE R
} 100 pwE/(m*s) Bif X NO; -N Al W 1A 3 % I 2% i Tl
5% 4 140 wE/(m*s) Al 180 puE/(m*s), 45 % 5§ ik 52 16
R B MRS, WA R B4R B 4 B
Feh A — E MW P E SR —
8T, A7 W5 22 B, NO; 1 ' R — W 5 3k 3 gl 28 1 A B R
FZ, NO,7E B 25 78 T i # K AL 3 (B
Macrocystis), 1M < 7 7 8 W% U NH; J2 JF G 4K i P e,
R E R 4 F s Yk A 40N Y g ROk TR
NH; 7] D3 i — b A5 28 250 A9 BH 5 7~ 30 38 1F A Mg 44,
PR 17X S 1 A 4 A 555 1, A 55 B T e A 14 T g %
BEIL o 55— 1T SIS TCOGAD T 8 4 A1
FH, BEACE FEACUZE M, I b B AL 60 5 e 0 G35 I
B ORI E SRR Wl i
43 EMARKEHEEFRSRENEE

PRIT B8 35 U AART LA AR s 2R i &

S

FH A S A8, 0T DB 5 A0 3 28 i ATk
-, GRS, B R OB AR
JGREK A BCA ML, I SCHE A S A KRG . 6
PRy 552 M AR P RR SR A AL R 0 o ) 42 Dt PR,
8 AU 15 AN [ O HEBR B B R AR B 15 d e R,
AL PR A — BB SRR 22 5. HASH T 2014
A3 H 2 12 HRER —KEIERH (0.5—2 m) Y&
T IFI 5 B AR K o IR A, RS K
JC B AR, BE B R 6—8 H T H Al A {3,
TEF SRR, W DX 04 0l R G8 BE U2 25 Bl 2 1 A8 Ak i
A, 1—5 H BTk, 78 6—7 H ik sl &, H
A RGE T, 762 R M 5 25 S, A A
PR B R S R AR, R, DG RRRLT AN SR
L 1) 35 A 5 5 10 B SR I o — TR 2R, SR 11 8
DL R 5 25 Sl s 7 AR s ) o A B SR B M e A
(0 35 5 A 43 g L 9 AR T R K 8 A e KT,
A SIS AT B 4 FhE SR LA 0 5 AR AN i
BB SR MR S5 RO R . b, 4 s R ok
GO R g i R E I R A, ROk B, N R A
BB BEADEES . SWREREE, 6—
8 1 H: R A R], o= ' R 038 43 i A R
Jo A R R, B IR B A U, DT P ZH Y S
FE MR T AU I, 2 m DL Py K G
B TR W, B AT LR [ K IR 2%
PF T DR 8 TR AN AR E o

5 4hip

SR AR R, AR RAE B KT 0.5 m b 4
B IR RO AR ) M E B BE T, X NH; L PO
A H SR A ICRE T, BB % R I DX KR 1Y) B IR AR
I3, VAR K S A 21, 3 2 48 v 5 1 R BEK = ]
AIK B 547 (4365 57 R v AR AR, s 1074 386 mT LAAE AN [R] 7K
TRACAE T R 8 IR O ARG AR , o A 3 R BT TR IX
AR IR FEAN T W B IR o 2R, PR UE T FR A )™ b
mh AR AE o ASHIF ST RS 1SR T DX A 38 1 N TSR AE 5K
B LA L i X P AR 2SR OR3P B BB
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Effects of water depth on photosynthesis, nutrient composition, and
nutrition, and nitrogen and phosphorus uptake of Sargassum horneri

Meng Peiyi"*?, Fang Jinghui>®, Wang Qiang*?, Wang Wenjun>?

(1. Chinese Academy of Agricultural Sciences, Beijing, 100081, China; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences Qingdao 266071, China; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National
Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, 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 Culex pipiens in different water depths are not clear. 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) among 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. hornerigrown 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 un-
der the light conditions (P<<0.05), which has a good potential in purifying the eutrophic water and regulating the
ecological balance of the watershed; However, the uptake of NO; and NO, by the upper layer of S. horneri is signi-
ficantly lower than the lower layer of S. horneri (P>=0.05), itiindicates that some strong light inhibition phenomen-
on occurs in S. horneri which affects the uptake of NO; and NO, by S. horneri. The moisture content of S. horneri at
different water 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 different water layers would remain relatively stable. This study is of great significance for the technological
development and upgrading of the artificial culture of S. horneri in natural sea areas as well as for the ecological en-

vironmental protection of sea areas.

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