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et ESBREMREER . REE D H AR
AR HR R, BRI | 25 K fa SR 5E AR
FUERGRANEE, 2020; b 4E, 2005, 4, 2011,
TR, 2008; JEEE%E, 2010), Aok, EEZGTAE .
BoM ) ATl bR A5y T B AT 5 A N ) (R A
45 2010; Park et al, 2005; Z=H{%, 2007).,

W R, IR 5 25 T B9 T 82 W36 J2 52 il iU 3
HETE ) SRR R (Chu et al, 2012a, b), AR FREE A
SAT, WP 2 A P R R N A LRt ANTE] . H
A, TR MR KIS T b &
NA RS Z . QiR . RN 88 A K S Inria
X EEEA A B (PS T HoC )i ™ H A A AL
SEHOEA TP T F(Takahashi er al, 2011)., U #H
32 PR IK R G A B, 43738 2 Bt A Ak 2R G MR g
R G AFE B H & ¥ £ S /EH Nan et al,
2016), 1 & Mrin 51 Y 2k K 5 ) BRSO A T 1
B A N (Yu et al, 2013), ALK TG0
HY R R R 2R (T R4, 2017). 74k, RUEHE
W PR ARG . B AL F(SOD) |
Bom I R 1t S AL W (POD) . 1 4k AU (CAT) . 2
RGN . AAREA . AmdEASFEREER, T
PR E AEA MM E o 855 H AR KRR
Xt 2 A (AR AEE, 2014), BT FUEBIEAR
T &5 B[] e R (R AR 7K B8 T Sk S A [R] B[R] R 1R A
PRA AL AR L R WAFSE o ASBF S 33 407 A 6] 8% i
I [R]FIAS [R1 K A2 B[R] S5 40 AR E 3 | iR R AN
AEBARAR AR R 2E 5, PR B BEOR KB T, FRbT7E
T @& e 24T U R Bk K e T, R
BRI PR MBI A, B ER TG TR AL RS
X

1 M5
1.1 St

EINARAE T 5ROl bR AE B iR
i, UEAR K AN 3~5 cm B4 T M S A RE,
K UE K FE A G R B AR TR 15°C L Ok
#5°4 40 pmol photons/(m?-s) K i =5 H .
12 XWHZE

W 77 5 1 LR B R DT K B & T i 2
WK, WERIGGEEE , SR)EHEHT HAR T E8bha . 05
S0k WRE N 20°C, JEiR A 200 pmol photons/(m*'s),
IR 45%. BE 4 T RERACBERTE], 23500 0 (O
MREH). 1. 3 F1 6 h, HFZHACHIIHEST 3 PAT S8,

Sy AT IR SR
121 FTHEAEBRLEYEAKENL IR PK
BREEER BB N 3 A, /3 0.5~09 g4, 1~
14 g4, 1.5~2.5 g4, TEEALEE R, 7RI E
Ha, TR KA, I O R WUE S 2 1L
PR T2 e 2 T BOPRKRE S, RAKFE AT
D= (Wo=W)I(Wo—Wg) x 100
X, D RRIKE (%), Wo NPIIG B E(g), W,
N g ik — BR KN 8] J5 Y B4 (), W T (R
SELHRIE, T 75 CHUARTHET 24 hRRYERD. O
SR (d).
122 FTHEAEEREEREG LRI T
TERALPRES S, SCHVHEATIEALPE 0.5 h, FEmG
b B S Y RE S CHE A O gk R SO IR R S
(Imaging-Milti Color Pam, WALZ, fE[E)MAX %3k T
10 cm x 13 em BB & T, HTOERS 1 BARTOL™
8 (maximal photochemical efficiency of PS I, F./F,,) .
%5 T 8l 71 % M £k (chlorophyll a fluorescence
transient) Il R 3 % il 28 (rapid light curve, RLC)J
1 RMGE s A MREREFR 1. 36 h e, X
HEATH 2 R FolFn . PGS 1542k . RLC A9
SE; MRPESEAARTE LA TR 24 h A5 3 Y,
SE 45 R PRAT I A 1 1 R RS s
123 THAEE KR FENSB T (il
BARGEEZN 0.3 g, TEEAHESH)E, ZHBA
OB AR VR IT T -80°C IR A7 . I E 48 bRt 5 B 1
(total protein, TP)H B, N —[E(MDA), M%4¢% a, 7]
W, 4E4ER C. HEARS &, buBENE T AH
J(anti-superoxide anion free radical, ASAFR)i& 4,
CAT. POD. SOD HyLLi&J. 4% M ERiAESF(2011)F1
Chouhan %5(2011)#97J5 i ME M4 3K o AW EMERE S
It oAt AR A 780 249 2R FH T EBKC £ 5 W FA 73 BT 125 (ELIS A)
Mg, R & T EER A YR A R A ], 2%
WA & AR S ELISA i & . MW
ELISA il & . M4 C ELISA Wil & . HHY)
2R ELISA i) & . H¥Hul A2 7 ELISA i
g, MY A ER ELISA G & . Y E ik
Yl BELISA iR & . Y ALY ALl ELISA X
. FEAUER A 352 RIEGHR{Y (Labsystems Multiskan
MS, 7¥2%). ACS8 PHr#l(Thermo Labsystems, 7%°%),
F IR & U #EA T E . SOD. POD Fil CAT L
115 1 A R LA 22 v AR 1 (U/mg prot) o

1.3 #HFAIE
K SPSS 19.0 £ G i 4k F AT s R 5 2257
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Hr(one-way ANOVA) . Duncan £ i .5 I Pearson i
KA, P<0.05 Ry 225 b 2 . AEIEE S8 1%
M E s e R IR e AR R =7 i
[Y(NPQ)]. JEHR S AR M pe s #EHUMW 3 F 77 ik
[Y(NO)IFIt Z 48 11 B 52 B bk 7 4 [Y( 1] o A
RLC ¥4 7-B5E (Ye et al, 2013)HLERRE RIHLA 0
EE b DIV = A N VR NS OB T N SR R R
(maximum electron transport rate, Jipa) . M9 Fl G 58
(saturation irradiance, Z,) A1 B fHZR BT ER R o
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Fig.1 Morphology of S. thunbergii under different dehydration and rehydration durations

A: T# O0h; B: T# 1h, Bl: T# 1 h/5¥k& 1h;
C: T#3h, Cl: T#3h/EWE 3h; D: TE 6h, DI: T8 6h 5K 24h
A: Control; B: Dehydration for 1 h; B1: Dehydration for 1 h followed by rehydration for 1 h;
C: Dehydration for 3 h; C1: Dehydration for 3 h followed by rehydration for 3 h;
D: Dehydration for 6 h; D1: Dehydration for 6 h followed by rehydration for 24 h
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Fig.2 Water loss rate of S. thunbergii under different
dehydration durations
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Different lowercase letters indicated significant different,
the same as below.
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JolR 36 Py it A2 e k2N o P 3 A T Pl AN ) s )
KT RER FUF. B, Bk, Rk
RS ML, T8 1. 3 F1 6 h (23518 E 3B1, C1,
D1), BERRSER B MWLt SO MaiE @, R
T Ao TR R A RS 25 . T RR AL ET R v,
PRIELFBB AR AN, R A FRRZAS AR AR /N o 38/ INIT R
BT RE M SZ e 122 , APk B e h R T8 Tid 52 e )
2%, IETHAZAE iR . 1 h TEEx RUR MR TR
M, 3 h TR USRS RS AT s iR, (HIER
ZUFFRFE 3 h e H—EBRENIKE ; 6 h TEEX R
BRI, FURBER /RS FIRSER A OB f A1,
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B3 T Ak 3R A2 AN [R) R 1) 5 B8 8 O A BIRAS (B 2 B E AT 38R Fy/F (8RR
Fig.3 Photosynthetic physiological state of S. thunbergii after dehydration and rehydration
(the color bar toward the right indicates the higher F,/F,, value)

A: T#O0h; Bl: T#% 1h, B2: T# 1h¥k%& 1h; Cl: F#3h, C2: FE#&3hikE 3h;
Dl: T# 6h; D2: T# 6h ik 3h; D3: T# 6h{k&Z 24h
A: Control; B1: Dehydration for 1 h; B2: Dehydration for 1 h followed by rehydration for 1 h; C1: Dehydration for 3 h;

C2: Dehydration for 3 h followed by rehydration for 3 h; D1: Dehydration for 6 h; D2: Dehydration for 6 h
followed by rehydration for 3 h; D3: Dehydration for 6 h followed by rehydration for 24 h
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Dry exposure treatment of different parts of S. thunbergii

Kl 4 TS Ab 3RS A R TS U S Fy/F,
Fig.4d F\/F of S. thunbergii after dehydration and rehydration

A: THOh(f); B: T8 Lh, Bl: DM A @esk), B2: R M); C: T8 1hk&Z 1h,
Cl: DiApFIRt f(iEsk(e), C2: JEMMM(EEE); D: TE#3h , DI MEEHEG), D2: FalEkE),
D3: JEHEM); E: T8 3h K& 3 h, El: &L 0), B2: EMGEE); F: T8 6h, Fl. ARELO),
F2: WhEBGESEM), F3. hifERE), F4. FEIGELE), FS: EM@E0); G T 6hik&E 3h, Gl: MHIBEEHEG),
G2: (LR E), G3: EM(#H); H: TH 6 h K& 24 h, HI. hffRkiEst), H2: FEHEEE)
A AR R AN [R] B4 1R 1 3 T B Ak B R S LR B DL A AR BRRAS P R BB, TR,
A: Control (blue); B: Dehydration for 1h, B1: Top and leaf (fluorescent green), B2: Base (blue);
C: Dehydration for 1 h followed by rehydration for 1 h, C1: Top and leaf (blue-green), C2: Base and handle (blue);
D: Dehydration for 3 h, D1: Slightly (orange-yellow), D2: Central (green), D3: Base (blue);

E: Dehydration for 3 h followed by rehydration for 3 h, E1: Edge (blue-green), E2: Base (blue);

F: Dehydration for 6 h, F1: Slightly (orange red), F2: Central (yellow-green), F3: Central (green), F4: Base (blue-green), F5: Base (blue);
G: Dehydration for 6 h followed by rehydration for 3 h, G1: Slightly (orange-yellow), G2: Central (blue-green), G3: Base (blue);
H: Dehydration for 6 h followed by rehydration for 24 h, H1: Middle (light blue-green), H2: Base (blue).

The different colors in the abscissa refer to the colors of the photosynthetic physiological state of S. thunbergii

after dehydration and rehydration in Fig.3, the same as below.
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Fig.5 Y(NPQ), Y(NO) and Y(II) of S. thunbergii after dehydration and rehydration

A: T8 0h; B: T# 1h, Bl: T8 1h#k& 1h;
C: T#3h, Cl: F@#3h#&E 3h; D: T# 6h%&Z 3h, DI: T# 6h{k& 3h, D2: T# 6h{kHF 24h
A: Control; B: Dehydration for 1 h, B1: Dehydration for 1 h followed by rehydration for 1 h; C: Dehydration for 3 h,

C1: Dehydration for 3 h followed by rehydration for 3 h; D: Dehydration for 6 h, D1: Dehydration for 6 h
followed by rehydration for 3 h, D2: Dehydration for 6 h followed by rehydration for 24 h
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Dry exposure treatment of different parts of S. thunbergii
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Fig.6 Effect of dehydration on the saturated light intensity of S. thunbergii

A: TEOh(#f); B: T8 Lh, Bl: T&SFMFEEEE), B2: EH@EEMA); C: TH LhRE 1h,
o WA (SR ), C2: AEMAANCGE®); D: T8 3h, D1: MES(REEE), D2: HhifEraE),
D3: RjN"*@)' E: T# 3hk&E 3h, El: NL%@ELM), E2: EHGEEM); F: T 6h, Fl: HHEEAME),
EPjK( E4k(), F3: mEB(gk(n), F4. EEFQES0), F5: EI@EN); G: TH# 6 hkE 3h, Gl: HEEEH M),
2: MERCESRE), G3: BMGEM); H: T8 6 h KK 24 h, HI: HEQRIES M), H2: HEHE)
A: Control (blue); B: Dehydration for 1h, B1: Top and leaf (fluorescent green), B2: Base (blue);
C: Dehydration for 1 h followed by rehydration for 1 h, C1: Top and leaf (blue-green), C2: Base and handle (blue);
D: Dehydration for 3 h, D1: Slightly (orange-yellow), D2: Central (green), D3: Base (blue);
E: Dehydration for 3 h followed by rehydration for 3 h, E1: Edge (blue-green), E2: Base (blue);
F: Dehydration for 6 h, F1: Slightly (orange red), F2: Central (yellow-green), F3: Central (green), F4: Base (blue-green), F5: Base (blue);
G: Dehydration for 6 h followed by rehydration for 3 h, G1: Slightly (orange-yellow), G2: Central (blue-green), G3: Base (blue);
H: Dehydration for 6 h followed by rehydration for 24 h, H1: Middle (light blue-green), H2: Base (blue)
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Fig.7 Effect of dehydration on the initial slope a of S. thunbergii

A: TE#Oh(#ifa); B: T# 1h, Bl: THAAIM fF(eakt), B2: SE##EM); C: T# 1hiKE 1h,
Cl: WRAIN: Fr (L), C2: JEFAM(IE(); D: T8 3h, DI: REP(REE (), D2: Hhifi(er),
D3. HH(#if); E: THEE3h#kE 3h, El: #iZ(EgkE), E2: HEM@EM); F: T8 6h, Fl: Mif(am),
F2: PB(ELR(), F3: Hifi(t(a), F4: FEMELRE), FS: EIBEEE); G: TE#E6hkE 3h, Gl: (i),

G2:

PSSR ), G3: I E); H: T8 6 h ¥k 24 h, HI: HHEREESEM), H2: FHIPEEM)

A: Control (blue); B: Dehydration for 1h, B1: Top and leaf (fluorescent green), B2: Base (blue);
C: Dehydration for 1 h followed by rehydration for 1 h, C1: Top and leaf (blue-green), C2: Base and handle (blue);
D: Dehydration for 3 h, D1: Slightly (orange-yellow), D2: Central (green), D3: Base (blue);
E: Dehydration for 3 h followed by rehydration for 3 h, E1: Edge (blue-green), E2: Base (blue);

F: Dehydration for 6 h, F1: Slightly (orange red), F2: Central (yellow-green), F3: Central (green), F4: Base (blue-green), F5: Base (blue)

G: Dehydration for 6 h followed by rehydration for 3 h, G1: Slightly (orange-yellow), G2: Central (blue-green), G3: Base (blue);
H: Dehydration for 6 h followed by rehydration for 24 h, H1: Middle (light blue-green), H2: Base (blue)
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Fig.8 Effect of dehydration on the maximum electron transfer rate of S. thunbergii

A: TE#EOh(#E); B: T# 1h, Bl: WA 5 (@E4kE), B2: AEM@EE); C: T# 1h¥kE 1h, Cl: WHAM
R (iEgk), C2. EIFGER); D: T 3h , DI: M@ EE), D2: HiE@E), D3: EHGEA);
E: T#&3h&E 3h, El: N%@ESM), B2: E#@EE); F: T 6h, Fl: MH@EELE), F2: PHGIGE),
F3: hif(&ke), F4: HEBCESE), FS: HHEER); G: TE#E 6hWkE 3h, Gl: WIBEEHE), G2: THELGA),

G3: %gﬁ(

#); H: T8 6 hIKE 24h, HI: FiR#ESE), H2: HEIEHEE)

A: Control (blue); B: dehydration for 1h, B1: Top and leaf (fluorescent green), B2: Base (blue); C: dehydration for 1 h
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Fig.9 Protein concentration and malondialdehyde content of S. thunbergii under dehydration durations
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Abstract Sargassum thunbergii is distributed on reefs and rock marshes in mid- and low-tide zones,
and some are periodically exposed to lengthy low tides. Dehydration is a key factor affecting the survival
of S. thunbergii at low tides. In this study, using wild S. thunbergii as experimental material, the water loss
rate, chlorophyll fluorescence parameters, and biochemical parameters under different stresses were
determined by dehydrating the thalli in an incubator for 0, 1, 3, and 6 h. The results showed that: (1) algae
of different sizes have significantly different water loss rates under different stresses. The shorter the
stress time and the larger the algae, the lower the water loss rate, indicating that the water retention
capacity of S. thunbergii with larger thalli is higher. Wild S. thunbergii grow in clusters on reefs. The
leaves in the lower part of the branches and near the holdfast are wide. The middle and upper leaves are
narrow and long, respectively. The lower broad leaves are easily blocked by the upper branches. Therefore,
differences in the growth environment cause differences in the ecological structure and biochemical
components of S. thunbergii. High temperature, strong light, and water loss at low tide are the main
factors that cause severe environmental stress to sessile S. thunbergii in the intertidal zone. (2) Dehydration
significantly reduced the chlorophyll fluorescence value of S. thunbergii, and different parts of the same
individual of S. thunbergii had significantly different tolerance to dehydration, with the lowest tolerance at
branch tips and the strongest tolerance at the base. The non-regulatory energy-dissipation mechanism
plays a major role in the dehydration response of S. thunbergii. Under dry exposure, the light energy
utilization efficiency of S. thunbergii was significantly reduced. This reduction in active light protection
capacity indicates that dehydration reduces the adaptability of S. thunbergii to excessive light intensity.
Dehydration can damage the tips of small individuals that cannot recover, while the base part of large
individuals could return to a normal physiological state. (3) Antioxidant enzymes (ASAFR, SOD) and
non-antioxidant substances (soluble sugar and proline) in the tip part responded to dehydration, and the
base part mainly responded by upregulation of protein, soluble sugar, and proline content to resist stress.
S. thunbergii, located in the high and middle tide zones, is more likely to be stressed by high temperatures,
strong light, and dehydration, and the physiological and biochemical characteristics of different parts of
the thallus are also variable due to differences in external morphology. Algae mainly reduce damage to the
photosynthetic system caused by a lack of water through a non-regulatory energy dissipation mechanism.
The water retention capacity of the base was better than branch tips during dry exposure, and the damage
to algal cells was low. The main roles are as heat shock proteins, soluble sugars, proline, and other small
molecules, which can pass stress response, osmotic regulation, and anti-oxidation resists damage to cells
caused by stress. The water retention capacity of the top cells was weak, and the stress was relatively
strong. Antioxidant enzymes such as ASAFR and SOD in algae and non-antioxidant enzymes such as
soluble sugars and proline, work together to resist dry exposure stress, reduce cell damage and maintain
cell viability. In summary, under the stress of dry exposure, the antioxidant enzymes, antioxidant
substances, and non-regulatory energy dissipation mechanisms of S. thunbergii play a role in maintaining
cell activity. This study provides important guidance for exploring the ecological adaptability of S. thunbergii
in resisting environmental stress.

Key words Sargassum thunbergii; Dry exposure; Rate of water loss; Chlorophyll fluorescence
parameters; Biochemical property
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