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YIS AL G BRI S R a & B IR RUR B3 IR
ARTFHR, i h00.18%F10.24% il 5 H2 B i 2 e 14
IR RS PR RE 6) XM EEFRDLE
EIM S, M0.24% W G, MEE4RITIG,
LA 0 10 n, LA vk B X L 3 TG 6l 35 g gk &k
Fo gE L, ATV NG I — 8 W 1 S i i B
XL PG 3R 5 ' B 60 2 IO AR B RUR AR T 908 0 e 32
EARE FAE R SR
MEREELEXABHHTH TEEFEMW
AFDRE T, 4K 2 5 KR F/FETE
0.6—0.7, TERE 77 Jo BRI A4 2R K 1) 3 a8 B il T
il AR PP R T 0.6, 40l 7RI 8FT

15 1
% —— X} HEControl
£ 0.26%
M E 10 0.31% -
& 5 - 0.38% T
s —— 0.45% - ¥
= i
i;;ﬁ 5 **/U/*** 4 ul Ak kok ok
g sk j%* *** R TR T T
3 p=—
5 =
0 o
123456789101112131415
it ] Time (d)
4 -
) —— %} & Control
o0
E 5| 0.26%
= 0.31% i *
&% —— 0.38% =
B 2T 045% s -
ﬁa V%W
= **7 ** k. ® ok Rk s
? 1 P =
]
=
Q
0
123456789101112131415
It ] Time (d)
1.0 1
5 —— %} & Control
™ 08 f 0.26%
8 & 0
PR 0.31%
# e 061 —038%
£ O
0459
29 o4 | %
=5
S
§ 02 %
X P
0

123456789101112131415
It} [F] Time (d)

K5 el ik AR S 15d 9 #h 3R B B 4 3R 2R
ROMB-AE N REG RN

Fig. 5 Changes in chlorophyll a, chlorophyll b and B-carotene
contents of Dunaliella salina algal solution within 15d of aqueous
extracts application of green tide algae



1352 KA £ W

% 1 48 %

’ —— %} B8 Control
4 0.05% i
0.10%
3 —— 0.18%
—— 0.24% X g

MrekFad i
Chlorophyll a content (mg/L)

P
12345678 9101112131415
i [ Time (d)
2.0
Q
g
= 1.5 1
i
<rn§
= 5
210
%=
=%
£ 05 o fmControl 0.05% 0.10%
g —— 0.18% e 0.24%
0
12345678 9101112131415
[ ] Time (d)
04 [ o 4fMEControl = 0.05% 0.10%
= — 0.18% e 024% s e
F.l) Kok %
#E 03 :
-8 02t
o
5
=g o1t
Q
&
0

12345678 9101112131415
] Time (d)

6 AT EEAR K I 1SAN ER BB B SR R e R
HRIB-H1% 3 & ARG L

Fig. 6 Changes in chlorophyll a, chlorophyll b, and B-carotene
content of Dunaliella salina algal solution during 15d of aqueous
extracts application of Sargassum horneri

N, TEREANBE 3= HA PN, 5 B8 4 5 e o & ) s S B
TR 8 12 B i P B 2 3 L B KO 22 3R 1y
RIS FRE S N RS, 5 IR R M A K
MR AHAF . 2R — R N 50 R A AR b, fERE 77
13dFA15d, Jiti H10.38% 2R #E 32 HU A3 . 2 B AIK
TR BRI F/F M8, EES 3R 1 1A, Ji10.24% 4
R 02 AR T AL IRER I P/ F o E o XTI
B 2A ] 3L B AR E AR AT HE X 3d Y A K
SR A 0, SRR R S s SR R O RS
TEWLIR SR IR 2510 A ARy 214, S B0 A6 &0
PEREA o

HEREEFAMRSENEL  HNARH

RPN R A R IR g B SR DO, A EQ SR i T A M B
H & m AL S B oM 10fTR. K57#3d, &~
[ A< B2 TR PR SR BV PR L R s M B B S AR L
TR 2 B TR, H0.26%510.38% 2% 5
PERUCYIE R R, 506 HE ZEUAH DR I 3k 88 385 1k o AT ¥
PR (A & B 2 S R S I n(P<0.01). 40
VORI, Tt A 5 32 B 1 5 2EU R PG 3R 38 1Y) A B
B B R RT A B R e R A 9 B T
BN 0, FrF0.24%EH T, EELHAR P AN E 9
V)53 N 2.2 (P<0.05) .
3 it
3.1 KREUEERIIHKREERRE KSR
AT 55 43 9] 395 U 53 1 5 2 ) RN ) B EL A
PENFE QR MR R B 8 FR N IR P 58 . 2
Fhadfa, 54255 77 FEAH L, WS INAS R IR BE (0
Folifg RS U ¥ e B R AL IRER TR I AR K. IX
5 Mohamed 25" VRO 4t 45 . — 8. 754 R
H A AR S U AR F R, AL IRER B AR &
HEBRTEME RS &R RSN, X
bl 2t 0 58 2 H 47 R0 ) B B %o A G 3k R R A

0.8 r [ %} H& Control
£30.26%
8 . (v M Lr ) v210.31%
W 5~ ¥ : : £ 0.38%
13;’2 2 06 I IR ] B 045%
‘« 5 w : :
e
= e
R 2
XEE o4 :
E5E :
= :
’ | ’mﬂ
02 | KK Al g . (KL Al N AN
1 3 5 7 9 11 13 15
[} E] Time (d)
~ 06 [ %} & Control
% A S £30.26%
) i FLE TR £21031%
i 2 4 1IN fl;J* e EX038%
ﬁ\.g\ 0.4 : : ; : ;; £ 0.45%
N € 1 [
i £ L
R 0.2 :
'W; P . R
5 5
b3t ] i
[l
1 3 5 7 9 11 13 15

i 8] Time (d)

7 ISR KSR S 15d N A G ER I KO R
(Fy/F )R 3 7= s (Yeild) AR LB

Fig. 7 Changes in Maximum photochemical efficiency (F,/F.,),
and effective quantum yield (Yeild), of Dunaliella salina during
15d after aqueous extract addition of green tide algae



8 34 FIE A PR R g B SRR A R A AR P e i 1353

0.8 1 [ %} B8 Control
o . I =5 0.05%
= 11 wrell Y
v 8~ % " " £210.10%
HIC 6 | ]‘]55 e EX0.18%
S INEH TR 0.24%
DS g | |
R 2 1
= £ ]
< EE 04 ! ¥
o 5 8 1 ]
0.2 S
1 3 5 7 9 11 13 15
KA Days (d)

= 06 T [ %} B8 Control

2 o 9 0.05%

t/ --}‘? ;’-J-T lial l'l; £720.10%
.= IR N -, E20.18%
204 [N IR R R T B 3 0.24%
£ {TVELL VR R 1
E E : g :

E -] :
g% 02 |
B 1 : :
m : ] ]
13 15

1 3 5 7 9 11
KHDays (d)

P8 it R K SRS 1SAPY RL B #h T IR Kb S R

(F/F o) I 31 7= f(Yeild) AR A1 10

Fig. 8 Changes in Maximum photochemical efficiency (F,/Fy,),

and effective quantum yield (Yeild) of Dunaliella salina during
15d after aqueous extract addition of Sargassum horneri

KRR, SIS0 5 3 HU P AN A e S EUP S A 1R 3
R ED R4 i 2 S 2 A L5065, ek R el
O A2 R 1065 46, Kb & &0 il i
ZIEEAG A, B- Y MRS ES NRZIES
MEFIAE o Forpobd QR 78 AR W i 1R 3G K mT DU IR
TP R it A ) BT ER 18 TR i B AR K
JRHIAETE, WAl REBAEKR, CAENITES
ol 38 o 349 DA v KT IR g 2 1
A RS 5 i AR U T R BT Mg R & Al
YIS EG . BFRR, Mg ol sl 4 £ 104
B, — S YR WIS TR (ABA). K R (IAA)
&5 N[5 SEMMB-E bR NIRRT R,
T AN () 3R AN [ oy 245 110 g 8 12 H ) G A P i
BIF T2 5t TEASZIG R, I I 25 S5 5 A %
PR 2h 8 A K 1 2 3R S8 SR T VAR T R s 4 A ) A
PR BE (23 A . Mohamed 25" 7E h s B 35 g
HEN NS mg/mLI & W& U (ULlinza) 1 5 J2
FIRE, 45 R BN 5EG28 FE R FEM L, B
N0 58 B S BT L G 6 758 40 A 10 1 32t 5 R4
TN RS U R RO, S M e &
SRR E T A SRS . ATt o b K
PRI FEELORIE . BUE . BEUE A RN B, 45

TR R 0 R A A B, A D R 88 1) 41 B 3 P A v 3
IS o ASEES BRI dE SR S0 T DL STk
18, Il Z e RAE R E L R .

3.2 AREUEEEBUWIN IR EZAE IR 554

P, KB ERIANE S 2.
M. OEEITRGE. B M. . B, mHE
TMETTRMEDE R, AR RE. EKER.
&R B KR, OImEEMEENE
P, TieunZs "E Wi (Ulva prolifera)fil B A5
(Ecklonia radiala)%% 5 5% T A5 2 75 5 R W A7 12
Fatemeh! il B 45 25 (Ulva lactuca)$ BV 4 47 1E
LGN oy R . R A LML A
B 5 e N R A K I, s R AN 4 A 2
A KBEEER R,

P 1 ORI 10FT 7w, Us A [F) A B 1) 4 ) v 1
HC) A0 BE S B 35 22 W R AL IR I B R )
JRAR B o 1K ] BE 5 v A M PN S T LA
Ko B/KALE YA E B BT 3G b0 AT BE UH PR T i
FERC R I A AR =), EATRE e 3t B
WG R AR I B 1 B I 1 T T A 3
PRI, BF T, R SR U BE 2R K 9 gt
ST ERE . FAERAY TR FEEH SR,

1.0 1 xtHEControl

£30.26%
3 2031%
— % *
E oog |EE2038%,, 2 i*
&h . M
i é 3 0.45% 5 ;
&z . B A
EE 06 :
=8
o
2 o4
[= 9
02 ‘ - - -
3 6 9 12 15
K Days (d)
_ 80 1 3 xt#EControl
3 £X10.26%
5 o0 | ED031% o
= 3 0.38% ., B5E OO0
Eﬂ £ £3045% SN e
M= * 5]
£s 0 {:E
W g NI E
] z:z
2 20 NG
< :;:
5] \'»4
& 4
3 6 9 12 15
KA Days (d)

Bl O B stk K $24 J5 15d P 36 883 R rh SO 2 AT T
HIEE AR A KA

Fig. 9 Changes in total sugar content and soluble protein content
of Dunaliella salina algal solution during 15d after aqueous
extracts application of green tide algae



1354 K& A& Y ¥ 48 &

FEEZ ML, RGeS
Al RN S S (RPN VS EN PN
HBEREY A, T B IR R R SR A AN B R AR
PRI AR e TR R I, 4T S 5 T
ZRBERR IR, A BERL 2 AFAE T2 A e,
WA R R RS K BRI, 48
B T RS 048 S0 R LA Dy e e AR RS
T TINEZEZRS SERERKFHENZMES
SR S DAL R BB
Xt b £ 5 S B RV 35 2 D 0 P 5 2R R B,
Jit N £ 5 B2 O R e 2 OR TS T8 e R B ), w]
HE 15 P A 7K B2 V0 25 b L 2 0 P Ak 5 T F) Ao
2K J He 2 5 AN M) P U AL AR S

PNTINAN [ R B8 1) 2 ] 35 112 B ) 220 g 25 fie ik
AR ERBEOE & R AR R, VNN = I B AR S )
LM SR aMB-IE N ERMRR, HA N
R VA R A 352 SR U R T BE A e 5 R R
AT RO, ) R A DA IR R AR SR B e A
KRATFRERESALIREESEEN . HRREE
PR3 I RT B A2 - 2o 2 o iR/ FR 45 SR, 1IN 798 9 D
AL A2 9 352 2 B T SRR SR 0™ A
W], TS0 2 AFAE T S Rl B R AU o,

1.0
[ %} & Control
= £ 0.05% .
g | £2210.10% # :
< 038 - :
mm %D 5 0.18% T Ed i; ::
ax 0.24% ] 1 A RE
= E 06 | : g;? :
o g NG :
M e NEa :
o | N
2 'N s
& E'% "
.'” :
02 AL B B
3 6 9 12 15
KA Days (d)
80 1
—_ [ %} H& Control
E 3 0.05%
w60 + Z20.10% &
= R0.18% : 8 g
pols 024% o af] g
g5 407 A = g
o5 S | N 8
eh NE :f: B
Z 20 1 B :;: B
s ) p%E B
153 K-
= N :;: B
0 B :;: B
3 6 9 12 15
KA Days (d)

P10 N4 R K SR S 1Sd P Hh R TR R A A B AR A
A

Fig. 10 Changes in total sugar content and protein content of
Dunaliella salina algal solution within 15d after aqueous extract
application of Sargassum horneri

B AEARC AR FE Iy mT 4 D9 U, T 7 v B I Rl AR i
50, AR T 51 RV 22 5 A4 R ER AL
377, Boukhari® “I% Wi & SR I BEAT 44 43 B,
AR B2 B, R Y S B e, AR
{3 7 i 1 A K YakhinZe®7 R I VR NV BE 5 B
Ja B S E B B IR R AT RV R T R R
VIR I S (A5 VR R AT, NI B B
WA S E R EAMM SRR, N TR
KEBERNFEEMK. tEaRNEEd K
BMRICRB-THE N B> R a>M s R b, i
FE R BRI A A 2 DR SR AN A2 e I 2
ROWIFEfR, FEOT 2R b PR AR 2K T H A UK
Ko A, MRS EMIGINA R G5 F & 1S
TEAFY, Omar " IIRLE ST, MW (Uva
Sflexuosa)FEHUYN K H2 EPMgZUE\%ﬁ%—, BEILRAIE
MG OEMHAL P RERERZEEM. Ramyas ™
NG o R R R A& b i — At
ARAEKTE, FHEYEK P REREIEH. Bl-
Sheekh "7 15 26 (Ulva lactuca)3%h 435 v #5 K
MR, AR REETEA RS
B AR S R A SR SR NAEKE T

FEA K £ 7d—13dIN, W I00.38% &l i 4 HX
W AR 0 0.26% 4 5 $2 B 1 AL 1K ER I R,
EFNY eil d{E A Fi PRI, 25 BH 5 240 B 6 A FH 5 5 0k
550 FIRERONFEREANRE IR AN, BEES 7= R E0 3 n,
5 2H R IR L PR IR L A A 4 P R I iR
T A N NS Rl = N = 5 | e 27 IS e
AEZSAL, A MO 2 A e o0 TC iR UK B 2 () e i
S AT, SEOCEE BRItk b
2 PR R 3, bR AN A PR A A e
&, M T EEARZ A, FEOL RGO
55, YeRE AL MORBE 2 AR, e S EH RS . 5
LG [ B, S8R 200 AR PN B-HH 2 D 3% 38 DAHE B 3 55 by
o A RE AR I 5 75 8 I8 E AR W PR 555 e B
I BB R A O DGR A R A &
15 5 S PSP, Christaki M BB K b
o] DLIE AN [B) A B AR B )l o gek /b v R AR
(ROS)i% 3 145 55 SR CR A HE P 4 B 4. 32 55 I 4L
JE3. {HJZ, Tbrahim& 5 fh A KA SRR A
R ERPUR MR . 2 ER S B Ik,
EATT AT REAE RS B A A R AR, TR AR )
HBEICROS/K- o B-BHE I 25 DR LR Bk 1 A W v
PETE R B BEZGRGRE S2E1T W B A i)
RS R R R R AR SRR &
Fr R e B aE, 5) T4, EUAL (KSR v o B o v
K, G WA EE, &) T IB-tHE bRk



8 34 FIE A PR R g B SRR A R A AR P e i 1355

PEEU T 200 I FH e v 2 U4 Sl S B I v 4%
TR R A BT B-HE MR, 5 S
R .
33 AEUGERIERMIIERHKIEN TS EH
RLRB N

BE R T I E T IR, SR R R
K. WILHE AR REMAESHIE LS,
20234E VL5 A4 FE AT H5 SRisE I 4 )5 W, 2 20224E 4T
Pimnaft. BRI UK, SE iR — B Ik
EHEVFR YR, HILH & ez BT & EE
PR IR 1) 253 ) T R 40 38 T 2B ) TR AR SR K, i
B2 S B AR R AR 9 FE N T RS R BRI A R
AU St A FLINA, SR S AN A S S B T 1 At
QER PRI R AL S FR N HE AL IR ER i AR K,
A K B 2E A I TR SR ) (i 3 At 7R K 5 28 RN i
AP RETT I 5T, A 34 Tl 388 A2 ) 5 77 o 245 2
e, E L 4 B T 6T 5 e s AT 2 R,
AR E . BT AL R A K & S5, EH &
TEESE I I JC 75 5 T 57 A e AT 25 BRIV, B
KR T R A . T 8 BA V5 e rik
SRR FRHE, K H R KA B U R AL IR
SRR IR N E TR A e A IR R AR K, 7R 3R
PRI R B BE Uk 2% 1 ¥ 92 o 5 SO TG L i 1 gk —
o N AR T OB ) mT REE

TF L3 B, S T RO V8 & 5 R 1 B Ay,
ZWE. 2. \ARSE, BPiE. buEi. dudii
s BT, AR F P AR O TR U A A AL
AR B A K E FR I I IR R AL 3 . HAL IR
B A B DA R s 2 —, MR B i i
M, R A A8 I S oK A 0 R0 v e B- T B
N AR H A S FI B 25 10 Sh e i R R, 2 H At A
WA B A e 0 0 01 1 v BRI A . B,
TR FhRE NS (L B AL QRS FE W R AN R A 2K
77 3 AE A% 9 kL IR 3R 5 10 N FH T 3 B 44 T £ T R
Mo EUK A3 I SR B AL G AR K
(8 FRIN N 5 FL R SR AT VR A RS R 13 28T I
BB BT E A7 LS .

4 Z5ip

ASHIE T A FH £ ] 5 £ U R AR 358 S UV D
o R 5 0 TR B 175 SR U AN, ARk T AL IR Eh e 4
M . SEE RGN E TR AR R . X
9 R SR D RE 0 D e A A SR I B PR TR
Yl I A AR — R BT R B R A AR+
BERE IR MO, 5 BT DR ZR 2 A e SR )
(KI5 45 5 0 3k e 0] FH 5 A SR UV AR 5 A IR S )

A PR 5 ) D%k, DT IR A M B A R AN i A i TR
(B SE O E LA o
(T A A SCRT & HHRRAG B EK)

SE Mk

[1] XiaoJ, Wang Z, Liu D, et al. Harmful macroalgal blooms
(HMBs) in China’s coastal water: green and golden tides
[J]. Harmful Algae, 2021(107): 102061.

[2] LiuJJ, Dickson R, Niaz H, et al. Production of fuels and
chemicals from macroalgal biomass: current status, poten-
tials, challenges, and prospects [J]. Renewable and
Sustainable Energy Reviews, 2022(169): 112954.

[3] Shankar T, Malik G C, Banerjee M, et al. Effect of sea
weed extracts on the growth, yield attribute and nutrient
uptake of sesame (Sesamum indicum L.) [J]. Interna-
tional Journal of Bio-resource and Stress Management,
2015, 6(3): 420.

[4] Singh S K, Thakur R, Singh M K, et al. Effect of ferti-
lizer level and seaweed sap on productivity and profitabi-
lity of rice (Oryza sativa) [J]. Indian Journal of Agrono-
my, 2015, 60(3): 420-425.

[51 Wang M P. Research on fermentation technology of
Sargassum horneri based on alginate-degrading and agri-
cutural effects of fermentation product [D]. Harbin:
Harbin Institute of Technology, 2017: 34-39. [ £ H 5. 3£
FRE TR AP 10 I 35 A I SR R BRI A T Dk
WHFT [D]. Wa /R M ZRIE TR %, 2017: 34-39.]

[6] Arun N, Singh, D. P. A review on pharmacological appli-
cations of halophilic alga Dunaliella [J]. Indian Journal
of Marine Sciences, 2016, 45(3): 440-447.

[71 Zhang Z X. Optimization of culture conditions and
harvesting of Dunaliella salina [D]. Tianjin: Tianjin
University of Science and Technology, 2022: 27-34. [7K
35 A IREREE R RE IR S AL SR (D). REEFH
K2 2022: 27-34.]

[8] Hurtado A Q, Critchley A T. Time for applications of
biostimulants in phyconomy: seaweed Extracts for
Enhanced Cultivation of Seaweeds (SEECS) [M]. Sus-
tainable Seaweed Technologies. Amsterdam: Elsevier,
2020: 103-127.

91 CholJY,lJin HIJ, Lim H J, ef al. Growth activation of the
microalga Isochrysis galbana by the aqueous extract of
the seaweed Monostroma nitidum [J). Journal of Applied
Phycology, 1998, 10(6): 561-567.

[10] Kaladharan P, Gireesh R, Smitha K S. Cost effective
medium for the laboratory culture of live feed micro algae
[J]. Seaweed Research & Utilisation, 2002, 24(1): 35-40.

[11] Abdel-Kareem M S, Mohy El Din S M, Ibrahim E S M.
Optimization of growth conditions and biochemical
composition of Microchloropsis salina, cultured with
three macroalgal aqueous extracts [J]. Thalassas: An
International Journal of Marine Sciences, 2020, 36(2):
415-429.

[12] Paulert R, Ascrizzi R, Malatesta S, et al. Ulva intestinalis


https://doi.org/10.1007/s41208-020-00218-8

1356

KR R

48 %

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

Extract acts as biostimulant and modulates metabolites
and hormone balance in basil (Ocimum basilicum L.) and
parsley (Petroselinum crispum L.) [J]. Plants, 2021,
10(7): 1391.

Rana V S, Sharma V, Sharma S, ef al. Seaweed extract as
a biostimulant agent to enhance the fruit growth, yield,
and quality of kiwifruit [J]. Horticulturae, 2023, 9(4):
432.

CaiJ L, Liu J, Wang Y, et al. Culture condition optimiza-
tion of Dunaliella salina utilizing seawater from Bohai
Bay [J]. Journal of Salt Science and Chemical Industry,
2022, 51(12): 28-37. [A4 & ¥4, Xk, £, 2. BhilEE
K IR AL IR B B R A AL (0], R ST,
2022, 51(12): 28-37.]

Karthik T, Jayasri M A. Systematic study on the effect of
seaweed fertilizer on the growth and yield of Vigna radia-
ta (L.) R. Wilczek (Mung bean) [J]. Journal of Agricul-
ture and Food Research, 2023(14): 100748.

Seo J, Lee J G, Kang B C, et al. Indole-3-acetic acid, a
hormone potentially involved in chilling-induced seed
browning of pepper (Capsicum annuum L.) fruit during
cold storage [J]. Postharvest Biology and Technology,
2023(199): 112299.

Ghaderiardakani F, Collas E, Damiano D K, et al. Effects
of green seaweed extract on Arabidopsis early develop-
ment suggest roles for hormone signalling in plant
responses to algal fertilisers [J]. Scientific Reports, 2019,
9(1): 1983.

El Khattabi O, El Hasnaoui S, Toura M, et al. Seaweed
extracts as promising biostimulants for enhancing lead
tolerance and accumulation in tomato (Solanum lycoper-
sicum) [J]. Journal of Applied Phycology, 2023, 35(1):
459-469.

Naskar S, Biswas G, Kumar P, ef al. The green seaweed,
Enteromorpha intestinalis: an efficient inorganic extrac-
tive species for environmental remediation and improved
performances of fed species in brackishwater integrated
multi-trophic aquaculture (BIMTA) system [J]. Aquacul-
ture, 2023(569): 739359.

Stirk W A, Arthur G D, Lourens A F, et al. Changes in
cytokinin and auxin concentrations in seaweed concen-
trates when stored at an elevated temperature [J]. Journal
of Applied Phycology, 2004, 16(1): 31-39.

Li L, Ning L M, Yao Z, et al. Research progress of algi-
nate polysaccharide molecular modifying enzymes [J].
Journal of Food Science and Biotechnology, 2023, 42(1):
18-39. [ZFMH, TR, Bkib, 55, WM 2 0l T2 il
(Bt T RERE [9]. B A5 AR HOR A4, 2023, 42(1): 18-
39.]

Bai N R, Banu N R L, Prakash J W, ef al. Effect of
Sargassum wightii extract (SLF) on the growth and yield
of Phaseolus aureus L [J]. Plant Archives, 2007, 7(2):
621-624.

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Ashour M, Mabrouk M M, Ayoub H F, ef al. Effect of
dietary seaweed extract supplementation on growth, feed
utilization, hematological indices, and non-specific immu-
nity of Nile Tilapia, Oreochromis niloticus challenged
with Aeromonas hydrophila [J].
Phycology, 2020, 32(5): 3467-3479.
Mansori M, Chernane H, Latique S, et al. Seaweed

Journal of Applied

extract effect on water deficit and antioxidative mecha-
nisms in bean plants (Phaseolus vulgaris L.) [J]. Journal
of Applied Phycology, 2015, 27(4): 1689-1698.

Trivedi K, Vijay Anand K G, Kubavat D, et al. Role of
Kappaphycus alvarezii seaweed extract and its active
constituents, glycine betaine, choline chloride, and zeatin
in the alleviation of drought stress at critical growth
stages of maize crop [J]. Journal of Applied Phycology,
2022, 34(3): 1791-1804.

El Mehdi El Boukhari M, Barakate M, Choumani N, et al.
Ulva lactuca extract and fractions as seed priming agents
mitigate salinity stress in tomato seedlings [J]. Plants,
2021, 10(6): 1104.

Yakhin O I, Lubyanov A A, Yakhin I A, ef al. Biostimu-
lants in plant science: a global perspective [J]. Frontiers
in Plant Science, 2017(7): 2049.

Cmikova N, Galovidova L, Miskeje M, et al. Determina-
tion of antioxidant, antimicrobial activity, heavy metals
and elements content of seaweed extracts [J]. Plants,
2022, 11(11): 1493.

Omar H H, Abdullatif B M, Al-Kazan M M, et al. Va-
rious applications of seaweed improves growth and
biochemical constituents of Zea mays L. and Helianthus
annuus L. [J]. Journal of Plant Nutrition, 2015, 38(1): 28-
40.

Ramya S S, Vijayanand N, Rathinavel S. Foliar applica-
tion of liquid biofertilizer of brown alga Stoechospermum
marginatum on growth, biochemical and yield of
Solanum melongena [J]. International Journal of Recy-
cling of Organic Waste in Agriculture, 2015, 4(3): 167-
173.

el-Sheekh M M, el-D E S A. Effect of crude seaweed
extracts on seed germination, seedling growth and some
metabolic processes of Vicia faba L [J]. Cytobios, 2000,
101(396): 23-35.

Sui Y, Harvey P J. Effect of light intensity and wave-
length on biomass growth and protein and amino acid
composition of Dunaliella salina [J]. Foods, 2021, 10(5):
1018.

Kim M, Kim J, Lee S, et al. Deciphering the B-carotene
hyperaccumulation in Dunaliella by the comprehensive
analysis of Dunaliella salina and Dunaliella tertiolecta
under high light conditions [J]. Plant, Cell &Environ-
ment, 2024, 47(1): 213-229.

Christaki E, Bonos E, Giannenas I, et al/. Functional pro-
perties of carotenoids originating from algae [J]. Journal


https://doi.org/10.3969/j.issn.2096-3408.2022.12.006
https://doi.org/10.3969/j.issn.1673-1689.2023.01.002

8 34 FIE A PR R g B SRR A R A AR P e i 1357

of the Science of Food and Agriculture, 2013, 93(1): 5-11. 1y, 2022, 53(3): 765-780.

[35] Alharbi K, Amin M A, Ismail M A, et al. Alleviate the [37] Gazali M, Husni A, Majid F A A, et al. The evaluation of
drought stress on Triticum aestivum L. using the algal antioxidant action of green seaweed Boergesenia forbesii
extracts of Sargassum latifolium and Corallina elongate extracts [J]. IOP Conference Series: Earth and Environ-
versus the commercial algal products [J]. Life-Basel, mental Science, 2023, 1137(1): 012044.

2022, 12(11). [38] de Souza Félix F C C, Hidalgo V B, de Carvalho A K F,

[36] Hernandez Acevedo H E, Flores Ramos L, Villamoén et al. Assessing the application of marine microalgae
Cifuentes F, et al. Characterization and production poten- Dunaliella salina in a biorefinery context: production of
tial of carotenes in Peruvian strains of Dunaliella salina value-added biobased products [J]. Biofuels, Bioproducts
Teodoresco [J]. Journal of the World Aquaculture Socie- and Biorefining, 2024, 18(2): 439-452.

PROMOTIONAL EFFECTS OF TWO MACROALGAL EXTRACTS ON THE
GROWTH AND METABOLIC ACTIVITY OF DUNALIELLA SALINA

2

WANG Jing-Yi', CAI Chun-Er"*, ZHANG Ying', DONG Ao', CHA Min-Jun' and HE Pei-Min"

(1. College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China; 2. Water
Environment and Ecology Engineering Research Center, Shanghai Institution of Higher Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this experiment, Green Tide Algae Extract and Copper Algae Extract were selected as nutrient additives
for cultivating Dunaliella salina, a high-value alga, aiming to explore the effects on the growth and various metabolic
activities (such as pigments, carbohydrates, proteins, and photosynthetic activities) compared to the traditional {/2
medium. The physiological indices and nutrient analysis of the algae showed that different concentrations of macroal-
gal extracts significantly promoted the growth of Dunaliella salina. Specifically, the addition of 0.26%, 0.31%, and
0.38% of Chlorella vulgaris extract, as well as 0.24% of Copper Algae extract, notably promoted biomass growth,
photosynthetic pigment content, and nutrient accumulation in Dunaliella salina. However, these additions did not
significantly impact the maximum photochemical efficiency (F,/F,) and effective quantum yield (Yield) of Duchenne
Saltwater Algae. The present study demonstrated that specific concentrations of Chlorophyceae and Copperophyceae
extracts could significantly promote the growth and nutrient accumulation of Duchenne salina. This findings provide a
novel approach for algal bloom prevention and control, along with optimizing the production of Dunaliella salina
through the utilization of macroalgal bloom extracts.

Key words: Green tide algae extract; Sargassum horneri extract; Nutritional additives; Dunaliella salina; Culture
media
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