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Abstract; The restoration and reconstruction of mangrove wetland ecosystem is one of the key research fields in
ecological restoration in the coastal zone of South China. In order to reveal the physiological and ecological strategies to
light conditions of mangrove species, the characteristics of leaf soluble protein contents and activities of antioxidant
enzymes in seedlings of eight mangrove species ( Sonneratia apetala, Kandelia obovata, Bruguiera gymnorhiza, Aegiceras
corniculatum , Acanthus ilicifolius, Acrostichum aureum, Heritiera littoralis and Hibiscus tiliaceus) under different light
intensity treatments ( 100%, 45%, 30%, and 10% of natural light intensity) were studied using shading control
experiment. The results were as follows: (1) Low light intensities had little effect on the leaf soluble protein contents of
Bruguiera gymnorhiza, Acanthus ilicifolius and Acrostichum aureum, whereas the other five species showed a decreasing
trend of leaf soluble protein contents with the decline in light intensity. (2) The activities of superoxide dismutase
(SOD) and ascorbate peroxidase ( APX) in the leaves of Bruguiera gymnorhiza, Acanthus ilicifolius and Acrostichum
aureum under 10% of natural light intensity treatment had no significant differences compared with the control , while the
other five mangrove species showed a decreasing trend of all the five antioxidant enzyme activities. In conclusion, the
results indicate that Bruguiera gymnorhiza, Acanthus ilicifolius and Acrostichum aureum are suitable to be planted under
the forest with high canopy density, while Sonneratia apetala, Kandelia obovata, Aegiceras corniculatum, Heritiera
littoralis , Hibiscus tiliaceus are suitable to be planted under the forest with lower canopy density or planted as middle and

upper layer tree species in mangrove. The results of this study provide theoretical guidance for the optimal allocation of

artificial mangrove communities.
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CLAAE) A AR BT | AT T8 2 ] ) 7 1Y
Te AR FER DL E ALY (Tansley & Fritsch, 1905; #k
M8 ,1987) o ZLR R D AR o i 70 15 XU BE ) I
JET A TREM R A “ i A AFRS, [R] 1A%
Mk B A 2 Fh A 8 R 450k 55 D1 68 ( Dasgupta &
Shaw, 2017) . JE—AMHLE LK, o BE R A AN 3758 T
KA NITE BB 52 T B LI MR Ok A T R ZLR 1R
(Krauss et al., 2014; B SCHIK TR R, 20145 Meng
et al., 2016; FUCF-45,2019) . B AATXFLIR AR
AP E AT — 2D IR, 0 AR 2 R A [
PR _E A=) Z2 R P O AP R A 25 DR P A SO
LIRAR B A R S AR H #5322 A
(Duke et al., 2007) . IT4FER TR E 4R 1 RIE
T JR 2T A i AR, 16 F TG 5 ( Sonneratia apetala) 55
HAR R FEAT LRI A . X — A G Y R R
RIFREEAR T AR BREE A9 56 BROKOF | By T 602 5% Al
YHERKEEMAEFNREZHRERNFZ—, BTt
TR SR B FORAE AN AT 3R G b XF AR AR - 21 A
VI A A7 3 B — R S ) 300 5 N ZL R AR 7 4
Mt L aE ik, S, FeATTITJE T Ak Fh e
MRS 7 FA L RHEYTEAFDESR AT iy 4

KA I3 BE CRUIBUE S5, 2020) DK A= A 25
PERIRGEWVTIT , 9 N T LR ARAE 3% B D0 AL IE & A5
AR ks R AR TR T

T A 1B 1 s RS e T AR 0 R AR
WA IE R AW 52 20 30 i) 20 2 R ARV
LG W) oK AR 40 B8 45 #4 ( Zhifang & Loescher,
2003) , XEAAEWYKREIE M, —J7 £ B Y)
ZH| T —E B 53— J7 X L) AR
V535 R ) JOT G AT REL ) R I (R AU
HFEW, 1999 ; Huang et al., 2014; T J8 55, 2017)
MEEEATh S A2 EEMSE, XA EM
AEETTENAY 1, 5- % B & B #¥ ( ribulose-1, 5-
bisphos-phate , RuBP ) ¥2 1k fif} % 12 # 50% , H:fth 1%,
OrTE A R AR b A A R 4R (I
2006) . K, Y b VF 22 T PR AR AR 2 3
JCE SR, e THEY A K EF I
T E S RE . TEA YA KA R, 25 A
S (st ER B R R EFROLR B Z) B Al
5 R 2L R 3 A AR B T B I, DT 36 % AR )
B 47 3 ( McCord & Fridovich, 1969; w4~ Hl [k 5%
¥ ,2006; Xie et al., 2008; & 75 53 4% 2019)
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A AT A S Al 2ok A5 oA 07 3 o 1 il 2 AR
BEAIE PR PR 7 R G, KT 4B 40 4K LDV I 3% 7 4R
(Y RE T, D85 B A 0 PR A0 40 it 3 1 1 4 7 (%
W SCAE,1994) o Job S LBt R R 2, 1%
G A ALY ARG (SOD) | i S b & ( CAT) |
ALY E(POD ) BT IR i 46 AL ) il ( APX)
AN e H BRI J5UE (GR) 45 38 o 7E A5 W 1K N P ]
Vi P B a2 A 30 P 40, A R 0 1 R P AT A
AE Y AE — & B [ 04 39 455 38 43 7 ( Liang et
al., 2003 ; BR DA% ,2021)

FEARFAEB SN, DRl 8 R A
[F] 470 S il 1, AT IE 9T R B BT ( Kandelia
obovata) " i SOD I T 7E R A 4 6 BE S R I8 3%
RFARN, U B 5 0% 250 19 38 55 B (i 58
%,2001 ; ARIASE,2009) = B8 BE AT S 2Rk
AT T SOD . POD il CAT &5t A AL 2 56 I
THE TR AR a3 (TR e % 45,2018 ) , o a] 55
INAEARE ( Bruguiera parviflora) W R H,0, & i 3
i, LA APX (GR [ SOD ¥ PERYHE AN CAT 3% P 1Y
BT W (R T 45, 1998 ; Parida et al., 2004) ,
PR T A (2021) BT TSR BT, ZLRAR I ZH 21 POD
I PEAE WK 1 6] 2 B THE # CAT SOD Hl APX 45
BRI 2 5 B TR R R A A A e T K £
Y AR TN T P AR AR R BR Y R AT R
DAAE B AF 5% 2 2 4 v 7 20 WA 0 % R R | i AU S
AN [R5 Bk 3 08 2 07 T X 't BR AR AT 52 Wi 214 A
Yywk R )BT A T AR G 0 TE MR = RS
S, A SCHE BRI BR = A Hb KR LAY 8 AL
*ﬁ%, @?ﬁ%ﬁl@@%\ @(?ﬂi\ A (Bruguiera
gymnorhiza) LM (Aegiceras corniculatum) | % IR,
1 (Acanthus ilicifolius ) 1< 3% ( Acrostichum aureum )
6 T ELLT A AG Yy FN4R M4 ( Heritiera littoralis) | ¥5 1
( Hibiscus tiliaceus) 2 FhF 2T FEMIAVE M IFIE 3T 42,
T A [RGB AR I AT i R S R A
AT M 1 L B 5T, PR ZL A8 HE W D6 38 1 19 AE
T AR R TR W A i Ao () 22 5, LU Oy £ bR RS £ 4
R SR R 2 2%

1 #HE5F &
1.1 X X FFhiE X ) B AR

WXL T 2013 4 10 H & 2014 4 10 A 1F
BT AR TN TG A E B2 B 4 R AR 4 el KR

THmAES¥EA R T, A E N
113°21'25.28" E . 23°10°42.79" N, ##4& 40 m, %
Hiy X B G T 1 2 U R AR R
MR 20~22 C X MR E R 77% , - F- 4R
1 982.7 mm,

TGS AT LR G W F T R SRV LR 2T AR
SRAORAP DX BRI A0 1 8, 32 OR3P XA T 113°36/40"—
113°39'15" E 22°23'40"—22°27'38" N , J& T 1§ W #4
IR 2 XU (B2 3058, 2008) , X AR
RURR 222 C B TR, AEREM N 1 875.7
mm,4—10 A 5 &4FE W8 1 84% A A7 (B F 305,
2006) , PRATIX 52 FERT VT I0) A2 G AN 947 00 5 T
WK ER FEAE 3.31%0~7.05%0 2 [8) 254K, | 5 380381 % &
ANIERLE H O (25K 485 ,2016)

1.2 iR #H

2013 4F 8 J1, 7 TR ifg LR 5 0 AR 1 4R DR
DX BT 0 B B P Y 1 a RIS — 1Y 8 AL
RIAEY B4l . v, Joe R oh Ak 2L A
J =t A Ok R v A B 2R B AR 5 1Y
AR ZS3E P AR BR VLR O AT B A 15 AR I
fb 7 BHLLAAR 34 AR B 46 5 Fh E LD AE )
(Bt AHE A AL AR | 22 BR8N b R )RR 2 b 21
RIFEY) R R FNBORE ) o 8 A LLAN AR ) S H 4 v
ARS8 1 R,

1.3 iXEZ It

LV E 4 D IEIREE B, 2 B AR F ARG Y
100% ( TO, % &) . 45% (T1) . 30% (T2) Fl 10%
(T3) (B FETE,2003) 8 abAS [R]85 0 B A R
o Je ARG AR AR X OG5R (T1.T2.T3) , TR
I3, % B 4 i K, A Li-250A B it (LI-COR,
Inc, USA) ,BKics% 9:00,12:00,15:00 453 B #l
PRI 42 BE AR B R (Ol i 0 R S E 3
d, 4 AALFRAY AT 4 H BEOGHR SE N2 2 Fis

P FAE LR W P AR5 9053 0 B F 4 A tamAb 2
Xrp, AL AR 10~ 12 Bk, ZHETEFNT 13.4 L 4E
#5( EFAE 30 em, ZEIRNAR 21 em, {5 26 cm) T,
B 1 MR LR T 5 A N TUBC & K 0 SR
(A2 27.5 em, ¥ 10.5 em) H, PEATIERAALFE 1 a,
R0 L oA FH B Ve LR vt 8, LR B K AR
AR m A LR 5 5 53 90 8.3% (42.9% \1.61%
1 1.85%, N T3 K UKL R AN A > 7K 0 e i B,
By R AR DL I ) T RV K S R B AN 6%,
TR 1) ) A R B 3 R RN THEIK
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x1 )\ MAKEYRGEERSENGRE (FHERER, n=5; 5| BERB%,2020)
Table 1 Initial values of seedling growth parameters of eight mangrove species (x+s., n=5)
) R4 oy 2 iz
Species ( abbreviation) Family name Type Plant height Basal diameter
(cm) (mm)
TCHEF 35 Sonneratia apetala (Sa) #E 25} Sonneratiaceae T 111.1+7.6 13.58+1.10
il Kandelia candel (Kc) ZIHBL Rhizophoraceae T 74.4%8.6 18.69+1.36
A Bruguiera gymnorrhiza (Bg) 21 #%} Rhizophoraceae T 35.8+2.4 13.65+0.37
Hi A6 Aegiceras corniculatum ( Ac) L4 4Bl Myrsinaceae T 82.7+1.4 14.21+1.04
LRI Acanthusilicifolius ( Ai) B} RA} Acanthaceae T 58.1+2.0 21.36+1.33
KBk Acrostichum aureum ( Aa) X BEB} Acrostichaceae T 43.322.8 11.93+1.32
MM Heritiera littoralis (H1) FEARA} Sterculiaceae S 103.3+14.7 15.20+2.80
HEHE Hibiscus tiliaceus (Ht) HRZER} Malvaceae S 57.6+6.9 18.52+2.34

TE: T. EEAMAEY; S. RLAREY .

Note: T. True mangrove; S. Semi-mangrove.

F2 DAERAAERENLRE(S BIERIIESE,2020)
Table 2 Relative light intensity measured in

the four light treatments

P 1) TO T1 T T3
Time (%) (%) (%) (%)
9.00 100 44.9 28.7 12.7
1200 100 40.3 26.8 12.6
1500 100 47.5 32.8 11.7
I Mean 100 44.3 29.4 12.3

14 HRAIREEASEMRAELEEENE

WY 1 a J5 , FEHAT WO IR T T 4 Ak
PP RSB R BERE S BRI, AR &) Bl ATL 2 L
6~ 10 Jr ot et fr, FH T AT M 8 % i R
ARl I 1 I

FH FA1104 L5 K7 (K5 250.000 1 g) FREX
AL 0.3 ¢ Z24, IMA TR B 1.8 mL $2 UK
(N7 0.05 mol - L' pH 7.8 BEFRZE i, 1 mmol -
L' EDTA-Na,,1%PVP) IKIGWFEE E513% 16 4 C
T16 000 g &0 20 min, FIERAH F RIS &E A&
S M MR A, DA I AR AR A o R £
2 DLt 22 Yu A 1 ( Bradford , 1976) I 5E A] W1 &
S

SOD Jf 12 M8 Giannopolitis FI Ries (1977) [
JrEEsE L 0.05 mol - L' pH 7.8 YR 2% v ik
AR BHRAE 25 11, A 6 Ak 38 J5 05 U ik 50%
R—ABHE I ERAL(U) RIS ELL U - o' FW 3
N (FW KRR e E ) o b 4 Ak S (CAT) 15 14

M7 2 B Chance 1 Maehly (1955) B9 773, LA
Imin 5]#2 OD,,, 281k 0.01 A 75 () filE &y — 4> Bl 0%
FIHNL(U) B IEHELL U - ¢! FW « min” &R,
it AL ) W (POD) 1% 14 2 B R UG AT A0 E DL SR
(1989) (Y5 ¥:, LL4F 1min 51 OD,,, 281k 0.01 K
1ANEES 3B (U)  BERTE PR LA U - g FW -
min" IR, PUIR MR ( AsA) i &AL Pl (APX) 1
2 B Nakano 1 Asada( 1981) B 532 %€ , DA% 1
min 2 fL 1 umol AsA Tl & A — ANl 1 500, il
THPEL umol AsA + ¢! FW - min"' ERn ., A H K
5 (GR) 1612 I8 Foyer Il Halliwell (1976) Y
J7, Lh 3 min N 0Dy, 9728 40 i e 7n — A S )
AL BERIEMERL U - ' FW + min” 3R,
1.5 RSt o0

H Microsoft Excel 2013 X {F 1158 ¥4 {8 F b5
WER, R ] SPSS 13.0 ( SPSS Inc., Chicago, IL,
USA) A AT GETH 50T, 24 P < 0.05 I RR A 48
TR S A OGR AL R ] R AR i A Bt
AT P E@%ﬁﬁﬁﬁ%%ﬁ%ﬁ*ﬁ(one-way
ANOVA) #47 B ZVER 55, Y 22 57 10 & I DL Tukey
post hoc comparisons ¥E T2 H L,

2 HERH A

21 AIAMEBRE

DX R Al ER 0 R I P 2R Rl
AR5, G 19 T T 3 Bl A AE AR | 2 B
B AR A R AR B A
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SN TO X ACAYE M et Bk 407 ) S I AN S 3 (3R 3)
FEMEHTACBET , JOE I 56 BN | A 26 A 28 B 4
BRIV PR i R T IR AR RO AL

P JR) 22 S I 38 AR B A B A R iR R
T 100% ,45% F1 30% Y6 BB Ab Bl 6] 22 55 N 1 3 7F
10% YE RN PR W& FRE(E 1)

R3I ARAXBEELEN )\ MAKMEDHETHFATREZEETSER SOD,CAT POD APX . GR B
NMELVEEEYNNEAREAESHER (FE)

Table 3  Results from one-way ANOVA ( F value) for the effects of different light intensity treatments on leaf soluble

protein contents and SOD, CAT, POD, APX and GR activities for seedlings of the eight mangrove species

A EEA SR ;
7 Y
%ﬁl Soluble protein SOD {E" ri
Species content SOD activity
TCHIG 5 Sonneratia apetala 4921 ##x 7.57 %%
Jin Kandelia cande: . K .50ns
#Fili Kandeli del 11.24 sk 2.50
AME Bruguiera gymnorrhiza 1.47ns 6.21%
WAL Aegiceras corniculatum .02 A .53ns
HZERT Aegi jcul 20.02 #xk 1.53
ERE Acanthusilicifolius 8.11%* 13.42 sk
X1 ik Acrostichum aureum ./Ins .J2ns
Wi Bk Acrostich 2.77 1.92
B3R Heritiera littoralis 7.24 %% 4.63 %
M Hibiscus tiliaceus 6.03 8.42 %%

CAT it POD V54 APX 75 GR &4
CAT activity POD activity APX activity GR activity
23,17 sk 91.26 %% 17.67 *#% 55.60 %3
53.32 sk 50.78 #skx 204.04 sk 171.72 %%
27.59 sk 18.09 #s:k 38.34 sk 48.04 s
25.84 sk 15.20 %3k 24.76 %% 22.3] #sk
17.87 sk 21.28 %% 11.84 sk 163.68
27.08 s 3.87%* 18.46 % 30.26 %%
36.14 %k 5.88 % 5.15% 31.4] ek
30.12 %% 29,15 #skek 19.22 sk 1.31ns

T ns Fn P > 0.05, *F/R P < 0.05, #3R/R P< 0.01, *+3E/R P < 0.001,
Note; ns indicates P > 0.05, * indicates P < 0.05, ** indicates P<0.01, *** indicates P<0.001.

b 1100% ©45% =30% ™ 10%

(mg.g 'FW)
[« — [\S) W N W

AR EEA SR
Soluble protein content

Sa Kc Bg Ac Ai Aa HI Ht
b Species

[F) — W AN ) 5 i 3 7 4% 0l BR AL 3L 8] 7 7 135 22 5% (P<
0.05) ; ns RNl & 25 (P>0.05) , YFAE R 1,
T,

Different letters of the same species indicate significant differences
between different light intensity treatments ( P < 0.05); ns
indicates no significant differences ( P>0.05). Abbreviations of

the species are shown in Table 1, the same below.

Bl 1 AFESEEREEAET 8 MAHIEY
HhEMRNATREERSE

Soluble protein contents in leaves of seedlings

Fig. 1
of the eight mangrove species under different
light intensity treatments

2.2 MENEEMY

BRI 220 A R (3R 3) KW W
M) JC ARV 5 A ASE | % B35 R R I AR R 4 7 1
iR SOD I P, TR RK it Al 46 4% 11 Bk 407 1 TG ik

ERW, H 2 W BEE AL B R B R R
LN A SOD TR e TR TR AR o
RS B B9 B SOD % M AE 100% . 45% |
30% G REAL B[R] JC i 35 25 5, 1E 10% G AT
B ERRAK, SOD I M I 3 1K T LAt 4% b 3 5 RS
HEAR AR B TE 45% . 30% 56 IR AL R 1 A SOD
R E EE T 100% . 10% 6 RE AL B

WERTXRT 8 Fir 2144 A1 ) 41 1 M i CAT A1 POD
TG PE A A W s e, To e 5 | R R R
5 9 CAT 3 P i % BE 5 8 19 T B 38 BRI, K
Tt AR A AEAR RN BRI R CAT 39 M Bl 't i i
(BRI TG T RS B fE s o1,
il 3 FRLLAHIDI ) CAT 36 PETE 45% YCREAL B i
Fm T HAAN P BRI 5 CAT I M 78 38 B Ab 2
5 T R AL S IR AE 3 A G B AL 3L ) 25
B/NE2),

TOMEE S B ARG A AE AR | B P AR 0 A
It B POD 3% 1 Fif O BE G B2 19 R 35 T
POD TR PETE 10% 6 1R b P40 v, 3% & T Hofth
AAbHE 22 B RN b B AE RO AR PR (30% . 10% 0%
B TR F B POD 3 4 I 35 B AIG, S 2 K T % R Ak
O 2 0] LAFE 1,8 Fhar WA B 40 i A
POD 1 HEAFFE R R ] 22 5, Horp Tl 5% K



4 1 R— A BRI ALY Ay v 04 7m0 S 1 R S T 035 1 X DI 5 1 0 611

77300
2=
2% 2 200
s2E
oA
~ 2 90100-
=)
0 :
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Sa Kc Bg Ac Ai Aa HlI Ht
P Species

B2 AREEREELAET 8 FMEY
it 5 8 SOD,CAT, POD &%
Fig. 2 Activities of SOD, CAT and POD in leaves of
seedlings of the eight mangrove species under

different light intensity treatments

HEFNAR AL S5 B I - POD T 4 B KT
2 2T AR AR A R AR R B 2 2L AR ) 0 e POD
WAL TR 426.3~1643.6 U + ¢' FW - min" Z
], ELT WA Y AL AE 1.4~724.0 U - g FW -
min™' Z [0]

ANIE) G HA SR B AL BN |8 TR 4l A APX
I GR TGN 3 Fin . BN ZE T 220 s R (%
3) ZRW BTN 8 R LI AR ) 4l v APX 15 14 34 7
Az WSS JORE SRR AL T R APX I MR
O BRI 0 3 R AIG, AEAROG B AR BN ) 2
R T 0T BE A 35 BB R 2 B L b R L AR AR
MR B APX JEPETE 45% 6 B8 Ak P21 F =y 5 B A
i APX WG HEFE 309% 6 BAL BE 21 5 5, #E 10% % 18
AR K, XTI B GR I 1 Y R W FE TG
S RO R AR AE AN 2 B | ol R R AR AR
YR E EEEYGE TP RIAARE, T
Wit e B ARME A AL AR | BR BRI R
GR ¥ 1 Bt ' B B2 10 °F e T b 35 B A1, (R FE RO

o =
S g
—
o

APXiE
APX activity

[\
(=]
o
o
1
<]
)
o
o

GR activity (U.g"' FW-min") (umolAsA.g”' FW-min')

0
Sa Kc Bg Ac Ai Aa HI Ht
2501
200r d
- 1508
Eg 100F 2 . b
S ; ¢ b
50r | b b
§ . 2, ! a
Sa Kc Bg Ac Ai Aa HI Ht
Py Species

3 AEXREELET 8 MAKEY
it F# APX f1 GR & &
Fig. 3 Activities of APX and GR in leaves of seedlings
of the eight mangrove species under

different light intensity treatments

HEALFE (30% 10% Y608 [B) N AFEAE i 35 2 5, E B
I GR P A B T A BT A R R R
FFTE 4 AHERBAL B R 177 B 22 5

3 A

3 AIAMELRE

A VAP P A A R 00 X A Y — el
3% ( Huang et al., 2014; 25464 2019) .
DGR F 2 (1 AV ) A oA RT3 M 1 o R AR, A
Y (FALE S ,2022) it BA A 71 50 19 AR
PIAEE B 25 1 N ol AR LT I Ml 1 & i
(Deng et al., 2012) , ASWFFE KB, ARME A4 R 2
BRI 7 AT PR AR 1 A I A BN 5 % R AR
Ll TGt 22 S, 6 T 3K T e £ A AL ) 40 1 TE A [
18 516 IR i B8 AT T LUK i e mT A R AR B AT
A RCVR T DT 22 i Ot B R & Y 5
( Annicchiarico et al., 2013) . & R E/E HEH RS
ZLMIAR F AR BB A 2R R, T8 10% 1 O BR 98 32
VOs N L EINYE S = S IR o S =
FWH B A B0 1) T B9 68 ), & & 7EAK T R,
JUREE S E AR R R A IR T A% 1 R AN A
XF AT P AR R R AT A RO Y ok 2 i 5 06 B
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B P, A3 A 7R AR P RE B i Y 21 A AR Vi
HATARTR FAE
3.2 MEHEE MY

AMFFEAEBE B 8 Fh 2L A 4H 1 H, SOD i M
IREE R B T BRI e IR R RE Y
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