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Abstract: Taking mangrove plants of Sonneratia apetala Buch. -Ham., S. caseolaris (Linn.) Engl., S.
alba Smith, S. ovata Backer, S. x gulngai N. C. Duke et B. R. Jackes and S. x hainanensis W. C. Ko
et al. in Sonneratia Linn. f. as investigation objects, differences in ion content in rhizosphere soil and
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leaf and differences in photosynthetic and chlorophyll fluorescence parameters, chlorophyll content,
antioxidant enzyme activity and O, production rate in leaf were compared, and correlations of Na* and Cl~
contents in leaf with some physiological and biochemical indexes were analyzed. The comparison results
show that K* content in leaf of S. caseolaris and S. X gulngai is the highest and Na® and Cl™ contents in
their leaf are significantly lower than those of other species, but Na™ and Cl™ contents in their rhizosphere
soil are higher. In these six species, enrichment coefficient of leaf to Cl” is lower than 1 only in S.
caseolaris , while that of leaf to K", Na*, Cl”, Ca®* and Mg”" in all species are higher than 1. Order of
enrichment coefficient of S. apetala to ions from big to small is Mg**, K*, Ca™, Na", Cl™, while that of
other species is K™, Ca®, Mg™, Na*, Cl". Differences in chla, chlb and total chlorophyll contents
between S. apetala and S. caseolaris are not significant but are higher than those of other species. Ratios
of chla/chlb of all species all are about 3, it may be related to Sonneratia species belonging to
heliophyte. Pn, Tr and Gs of S. apetala all are the highest, while those of S. alba all are the lowest, but
there is no obvious difference in Ci among all species. There is no significant difference in F /F , ¢P,
ETR and @, among all species, there is significant difference only in NPQ among some species. SOD,
CAT and POD activities in leaf of S. apetala all are significantly higher than those of other species, but
its O, production rate is the lowest; while O, production rate of S. ovata is the highest, and its APX
activity is also significantly higher than that of other species. The correlation analysis results show that
Na® and CI” contents in leaf of six species are negative correlated to Pn, ¢P, @, and ETR, and positive
correlated to NPQ and SOD, CAT, APX and POD activities. In which, Na® content is extremely
significantly correlated to gP, @, ETR and SOD activity, and significantly correlated to NPQ and CAT
activity ; Cl” content is extremely significantly correlated to SOD activity, and significantly correlated to
gP, @,y and ETR. The research results show that there are different tolerant mechanisms of tested
Sonneratia species to high salt habitat, in which, S. caseplaris and S. x gulngai can resist damage of salt
stress through refusing to absorb Na® and Cl™. There are obvious differences in adaptability of six tested
species to coast intertidal zone habitat, and S. apetala is the most suitable to grow in this habitat.

Key words: Sonneratia Linn. f.; ion accumulation; photosynthetic parameter; chlorophyll fluorescence
parameter; antioxidant enzyme activity; correlation analysis
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Table 1 Comparison on contents of K*, Na*, CI-, Ca** and Mg** in rhizosphere soil of six species in Sonneratia Linn. f. (X+SD)"

FUiES BF&E/g- kg lon content

Species K* Na* ar Ca?* Mg
TCEHEZE S. apetala 0.24+0.01e 2.84+0.23d 4.76+0.44d 0.46+0.02¢ 0.13+0.01d
133 S. caseplaris 0.60+0. 00a 11.39+0.53a 17.54+0.61a 0.99:+0.06a 1.39+0.18a
WFFEVEESE S. x hainanensis 0.40+0. 03¢ 4.00+0.33¢c 6.82+0.64c¢ 0.49+0.04c 0.57+0.11¢
WS S. x gulngai 0.34+0.06d 4.83+0.12b 7.46+0.37c 0.58+0.02b 0.97+0.04b
GUIH-¥E3% S, ovata 0.49+0.02b 5.22+0.09b 8.66+0.33b 0.60+0.02b 0.83+0. 14b
MELIG 2 S. alba 0.30+0.01d 3.12+0.22d 5.470.54d 0.4120.07¢ 0.57+0.07¢

O R AR /NG PR R 25 5 53 (P<0.05) Different small letters in the same column indicate the significant difference ( P<0.05).

x2 6MWBEREEYM A K Na* Cl” Ca’ F1 Mg & ERLLE (X+SD) "

Table 2 Comparison on contents of K*, Na*, CI~, Ca?* and Mg>* in leaf of six species in Sonneratia Linn. f. (X+SD)!)

Flik BT &E/g - kg™ Ton content

Species K* Na* Cl- Ca®* Mg?*
JCIRESX S. apetala 8.70+0.41d 25.63+1.08a 31.51%4.37a 12.23+0.12b 7.85+0.21a
W3 S. caseplaris 17.85+0.49¢ 14.00+0.28d 15.09+0. 89¢ 5.69+0.20d 4.85+0.13d
WFHIESE S. X hainanensis 22.05+1.44b 22.52+1.57b 32.39+2.47a 9.94+0.82¢ 5.71+0.43¢
HUHESR S. x gulngai 27.83x1.06a 7.08+0.25¢ 10.2120.44d 14.33+1.47a 5.67+0.26¢
YRR3R S, ovata 17.02+0.23¢ 18.2420.73¢ 21.60+2.95b 13.9120.25a 6.80+0.15b
MRS S. alba 21.54+1.20b 23.39x1.57h 31.80+0.26a 11.93+0.38b 6.74+0.37b

D [ 5 AR ] (1 /NE FRE R 22 57 B3 (P<0. 05) Different small letters in the same column indicate the significant difference (P<0.05).
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Table 3 Comparison on enrichment coefficients of K*, Na*, CI~, Ca*" and Mg?* in leaf of six species in Sonneratia Linn. f. (X+SD)"!)

Fhk KBTI EEZRE Enrichment coefficient of different ions

Species K* Na* Cl- Ca* Mg**

T3S S. apetala 36.37+2.53d 9.0520.39a 6.61+0.48a 26.83+0.83ab 60.74+5.92a

153 S. caseplaris 29.63+0.74d 1.2320.07¢ 0.86x0.03e 5.78+0.54d 3.5220.43¢

WERGMES S. x hainanensis 56.00+4.61c 5.6420.07¢c 4.77+0.38¢ 20.42+0.31c 10.32+2.10b

WIHEZ S. x gulngai 83.80+13.03a 1.47+0.09¢ 1.37+0.12¢ 24.83£1.75b 5.8620.21bc
gulng

BRI SR S, ovata 35.010.88d 3.50+0.20d 2.49+0.31d 23.19+1.06bc 8.36+1.28hc

WS S. alba 71.56+4.27b 7.54x1.02b 5.86+0.62b 29.58+4.34a 12.07+2.04b

D EZ AR R /NG PR R 25 5 .35 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).
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aRIEK 4,

Geith R WoR - T SR R0 S R ) S A
R MGER o ISR b SR, PRI A 25 R 8
AN (BT A 4 FfE SR B ALY I 5 RS
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FHA M4 G

Table 4 Comparison on chlorophyll content in leaf of six species in Sonneratia Linn. f. (X+SD)"

Fhk M2 ZE & &/mg - ¢7' Chlorophyll content

Species hl hlb i Total chlachlt
chla C oy ota

TCHEF35 S, apetala 1.18+0.22a 0.40+0.05a 1.58+0.27a 2.98+0.20b

W§3 S. caseplaris 1.28+0.06a 0.38+0.01a 1.67+0.07a 3.37+0.11ab

WFRETEEZE S. X hainanensis 0.95+0.03a 0.34+0.06ab 1.29+0.08b 2.82+0.41b

HUHEZE S. x gulngai 0.97+0.00b 0.29+0.01be 1.26+0.02b 3.32+0.77ab

BRMHESE S. ovata 0.74£0.05¢ 0.23+0.05¢cd 0.970.10¢ 3.26+0. 56ab

MEHGSE S, alba 0.78+0.01c 0.21+0.00d 0.98+0.00c¢ 3.77+0.10a

D EZ R R /NG PR R 25 5 5.3 (P<0. 05) Different small letters in the same column indicate the significant difference (P<0.05).
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Table 5 Comparison on photosynthetic parameters in leaf of six species in Sonneratia Linn. f. (X+SD)!

Hots
#E/pumol + m™? - 57!
Net photosynthetic rate

2
Species

A/ mmol + m™2 - 57!
Transpiration rate

Hali) Co,
e/ wmol + mol ™!
Intercellular CO, concentration

AL
S /mol - m™2 - 57!

Stomatal conductance

TeE3K S. apetala 12.23+2.29a 3.86+0. 18a 0.21+0.02a 245.09+31.36a
W55 S. caseplaris 11.98+0.24a 3.45+0.50a 0.20+0.03a 236.57+11.72a
RIS S. x hainanensis 6.42+0.35b 2.56+0.01be 0.18+0.00a 296.68+3.78a
LS S. x gulngai 8.32+0.23b 3.12+0. 18ab 0.18+0.01a 286.20x1.61a
G5 S. ovata 6.66+0. 86b 2.09+0.08¢c 0.14+0. 00ab 277.55+6.02a
MEL S S, alba 5.18+0.61b 1.93+0.28¢ 0.11+0.03b 278.11+25.46a

D [ 5 v AR [ (/N R R 22 5 B3 (P<0. 05) Different small letters in the same column indicate the significant difference (P<0.03).

®6 6 MEREEYIFMHRRRALSHMLER (X2SD)Y

Table 6 Comparison on chlorophyll fluorescence parameters in leaf of six species in Sonneratia Linn. f. (X+SD)!

Fhs Species F./F, qP NPQ Dpsy ETR

TCEHEZE S. apetala 0.82+0.00a 0.71£0.06a 0.86+0. 19ab 0.51+0.06a 21.67+2.31a
1§25 S. caseplaris 0.82+0.01a 0.82+0.12a 0.92+0. 17ab 0.58+0.08a 24.33%3.21a
W SR S. X hainanensis 0.81+0.01a 0.80+0.05a 0.75+0.06b 0.57+0.03a 24.00+1.00a
IHFZE S. x gulngai 0.80+0.02a 0.8920.01a 0.2620.07¢ 0.65+0.02a 27.00+1.41a
PR3 S, ovata 0.80+0.00a 0.77+0.05a 1.2120. 14a 0.50+0.04a 21.00+2.00a
MEWESR S. alba 0.81+0.01a 0.79+0.07a 1.01+0. 16ab 0.54+0.06a 22.67+2.31a

D F./F, . PS I & FrOE4H = F 77 H# The maximum photosynthetic quantum yield of PS1l ; ¢P; SeAb2E 1 K Z %0 Photochemical quenching coefficient ;
NPQ: B b4 K 244 Non-photochemical quenching coefficient; ®@pgy : PS T SZFrGA T 7 & Actual photosynthetic quantum yield of PSTI ;
ETR: PSII M6 A i T 1438 % Apparent photosynthetic electron transport rate of PS 1. [RIZ s R [F (/NG FH-EFK R 252 7 8.3 (P<0.05)

Different small letters in the same column indicate the significant difference (P<0.05).
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Btk 6 FhifE 558 W i v A AR W) B fk i
(SOD) it A AL EU B (CAT) | YT IR I R 1ot 4816 W) 1
(APX) Fl3t S8 AL W ( POD) 15 Pk B 05 77 A= i A< A
FELE R IR 7, Goit4s R Wos . TS SOD
CAT JEMEY 3% & T HA 5 Aty , Hod, ol
T ZE 1 SOD TP 43731 2 B ¥ S RN 400 52 1 6. 6 Al
7.6 45, I CAT WG PE53 )2 ORI SR A S 2.0 1
1.9 1%, BORFHESR K APX 16 M 0 2 8 T HoA 5 A
Yy RS0 APX 5P W BRARG, /i35 19 APX TG PR fS
T 19.4 455, JoHEE APPSR T POD i MY B
e THA 4 Fh AR A A, 000 SR AR TR S

POD i A AR, 0 5 165 % Fifg B 1 & (%) POD 1 7
W FEER, DGR O, Fr A R 3w T HAth
SH LAY, o 0l R AR R IS DB SR
TFF IR 1.7 2.3.2.3 F148.0 £ 1 O Z Y
O 7= A R B BARBUE AR
2.6 MR Na"fM Clr 2 E5MHEBENIERN
PR

K H Pearson X% LR 6 FpiE R B MY M A h
Na*Fl CI" & e 5EOLE H A (Pn) M RIOESE
(B335 qP NPQ @D, 1 ETR) M40 E AL BTG 1 ( (045
SOD ,CAT ,APX 1 POD i ) AR & #E 47 43 #7, A
KRB S, hE 8 nfLIF M Atk R E At
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ARy Na 1 CIFr it 5 P gP @, I ETR 5 6 Af
5,5 NPQ LI & SOD,CAT ,APX Fl POD 7 34 5 1F
FHOG; o Na* &4t 5 ¢P @ \ETR 1 SOD 1 #:11

FEHEIA I B 35K, 5 NPQ FIl CAT 3% 7 il #H X6
KBEAKECUE RS gP @y A ETR YA G I8

BFEKF-, 5 SOD i MR A SCHEB M B KF-

®7 ¢ MEREHEWMEPHRANLEEER O FEERNILE (XSD)"

Table 7 Comparison on activity of antioxidant enzymes and O; production rate in leaf of six species in Sonneratia Linn. f. (X+SD) 1)

ik B PE/U - mg™' Enzyme activity . 0; f"ﬂjl -
Species L%/{lmol *mg~ - min
S0D CAT APX POD 0, production rate
TeMEHEZ S. apetala 256.20+12.76a 39.86+5.98a 33.79+3.74c 40.25+1.88a -
W3 S. caseplaris 55.27+1.79d 20.52+0.35b 9.06+0.44d 5.41£0.13¢ 0.41£0.01c
HFEGHESE S. X hainanensis 90.34x1.60b 18.56+0. 54b 51.49+6.31b 5.18%1.56¢ 0.02+0.00d
HUHEZ S. x gulngai 33.72+2.05¢ 20.96+1.64b 14.07+0.74d 2.3920.49¢ 0.4220.11¢
B2 S, ovata 38.82=0. 56e 19.79+2.74b 175.97+11.79a 34.65+5.24b 0.96+0.05a
WAL S. alba 71.09+2.58¢ 27.92+8.25b 14.41£1.74d 2.55+0.68¢ 0.58+0.06h

O &5 rROR RN /NG R R R 25 573 .3 (P<0. 05) Different small letters in the same column indicate the significant difference (P<0.05). —: A H

Undetected.

£8 cHEBEREEYMAT Na*M Cr EEEAREERE HEXXASHMRENLEFERNBEXREY

Table 8
enzyme activity in leaf of six species in Sonneratia Linn. f.!)

Correlation coefficient of Na* and Cl- contents with net photosynthetic rate, chlorophyll fluorescence parameters and antioxidant

FIXZREL  Correlation coefficient

B

Ton content Pn qP NPQ Dpsy ETR SOD CAT APX POD
Na* -0.026 -0. 678 0.579x —0.643%x  —0.625%x  0.688%x 0.527+ 0.124 0.422
cr- -0.175 -0. 554 0.423 -0. 508 -0.492+ 0. 607 0.410 0. 050 0.239

D Pn. 643 ZE Net photosynthetic rate; ¢P: ek 2K 250 Photochemical quenching coefficient; NPQ: b 2K 2 EL Non-photochemical
quenching coefficient; ®@pgy : PS T SLFREA E F 7 & Actual photosynthetic quantum yield of PS5 ETR: PSII MG A B FE#8 K Apparent
photosynthetic electron transport rate of PS I ; SOD . #f %8 fL 9 {L W G ¥ Activity of superoxide dismutase; CAT: i3 %81k S HEIGE P Activity of
catalase; APX: PUIK I 1 48 AL B i 0% P Activity of ascorbate peroxidase; POD . oL A AL Y T Activity of peroxidase. ** ; P<0.01; * ; P<

0.05.
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