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Different tide status and salinity alter stoichiometry characteristics of mangrove

Kandelia candel seedlings

LIU Biner', LIAO Baowen' ", FANG Zhangiang’

1 The Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China
2 College of Life Science, South China Normal University, Guangzhou 510631, Guangdong, China

Abstract: Kandelia candel is one of major mangrove species for coastal conservation and restoration in China.
Understanding the stoichiometry of nutrient elements of K. candel growing in complicated living environment can help
characterize plant growth status and guide ecological restoration in different biogeochemical environments. In this study, the
influences of two hydrologic factors (waterlogging time and salinity) on stoichiometry characteristics of K. candel in the
different organs (leaf, stem and root, respectively) were studied using the automatic tidal-simulation device in sand culture
of greenhouse. The contents of nutrient elements including N, P, K, Na, Ca, Cl, Mg, Al, Fe, Zn, Cu, B, Mn, Ni, S,
Pb and Cr were determined in the waterlogging and salinity treatments, respectively.

The result of the waterlogging treatment showed waterlogging had an significant effect on the distribution characteristics
of elements in different organs of K. candel. The contents of N, P, K, Ca, Mg and Zn in leaf were higher than those in
stem and root. In contrast, the contents of Cl, Al and Fe in root were higher than those in leaf and stem. The stoichiometry
characteristics of seedling of K. candel, however, showed different patterns under salinity and waterlogging treatments. The
content of B, N, K, Ca, Cl, Mg, Na, Zn, Cu differed significantly in seedlings when hydrological stress varied.

The result of salinity treatment showed the contents of Na, Cl increased, K, Ca, Mg decreased in all organs when the
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salinity increased. However, the difference of salt content (Na, Cl, K, Ca, Mg) among three organs decreased when the
salinity increased, which showed convergent effect in organs. The total content of salt (K, Ca, Cl, Mg, Na) displayed no
obvious variation with the extending waterlogging time, except in leaf where the salt content ( except K) increased. When
the salinity increased, the content of Zn decreased, Mn increased in leaf and Fe increased in both leaf and root. With the
extending waterlogging time, Fe increased in leaf, Cu decreased first, then increased in all three organs.

The element ratios were also determined in waterlogging and salinity treatments, respectively. The N :P ratio was 3—
11 in waterlogging treatment and the N :P ratio was 6—15 in salinity treatment, which were lower than the results of
previous research that demonstrated N limited the growth of seedlings and P had no limit growth of seedlings. Our result
showed N limitation enhanced in seedlings when salinity stress enhanced. The N limitation was obvious in salinity treatment
than that in waterlogging treatment.

Significant correlations between waterlogging time and the contents of nutrient elements in three organs (leaf, stem and
root) were observed in K. candel, respectively. In leaf, the order of significant positive correlation between waterlogging
time and the contents of nutrient elements was Fe> Na> Cl> Mg= B> P> N while the order of significant negative
correlation was K< K:Cl. In stem, the order of significant positive correlation between waterlogging time and the contents of
nutrient elements was K> Fe. In root, the order of significant positive correlation between waterlogging time and the
contents of nutrient elements was K :Cl> K> N.

Significant correlations between salinity and the contents of nutrient elements in three organs (leaf, stem and root)
were also observed in K. candel, respectively. In leaf, the order of significant positive correlation between salinity and the
contents of nutrient elements was Ca=Na > Cl while the order of significant negative correlation was K :Cl=Zn=Ca<K< Mg
< Cr. In stem, the order of significant positive correlation between salinity and the contents of nutrient elements was Cl> Na
> Mn> Mg. In root, the order of significant positive correlation between salinity and the contents of nutrient elements was Cl

> Na> P> Mn while the order of significant negative correlation was K :Cl= K< Ca.

Key Words: mangrove; Kandelia candel; salinity; waterlogging; Stoichiometry
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Fig.2 Effects of waterlogging time on the root, stem and leaf elements contents of K. candel

BZEF AL DGR I i ORI brife 2=

2.2 FREEMBON S A A B AL R B RAE

MEL3 FE 4 el LUE L BR P AT AL SN MR NS TR S RAAEAF LA T 24 25 (P<
0.05), B i IcE Na Cl Al Cu RfiER BERS BEG NG4S {H K Ca Mg, Zn % 2 Bl £ B2 9 385 0 i sk
Do it K 7EEREE 20 .25 30 B9 5430 LU XS BE(0) 92 46. 9% 60. 1% ,58. 8% ; Ca TEERFE 20 .25 30 B
=oAL IR(0) Bk /b 77. 4% \78. 1% ,81. 7% ; Mg TEFL FE 20,25 .30 By & & 43 4] F Xt R (0) 370 59. 0% |
57.1% ,58. 1% ;Zn JLEFEEREE 20 .25 30 (45 &4 51| L XTI (0) 9870 35. 0% .40.6% ,51.9% .,

B S Fl B b, ZENS N ICRE S IAEARER B N A B2 % (P<0.05) , 25/ P Na ,Cl Fl Mn &t

b\

http ; //www. ecologica. cn



7822 A E = 324

Bifi R FE 3G TG N AH Ca RN AL % SEFEER BE3E s/ 25 P #EER B 20,25 .30 A9 7 it 3 5l LLox R (0) 3
Jn14.8% 26.1% ,49.4% , Na 7EELFE 20 .25 30 A9 5 1 43 1 LL X RE(0) 4 Hm 114. 9% (142.1% ,169.4% ., Cl
TEERFE 20 25 30 S &2 M X R (0) 3411 99. 6% 117.7% ,179. 8% ; Mn TEERFE 20 25 30 1y & &9l kb
TR (0) B4 135. 6% 149.8% ,174.7% . Ca FEERFE 20 25 30 195 &4 B LT HR (0) Wk /b 54. 5% 61.3% ,
63.2% , Al FEEREE 20,25 30 B 40 Lexd B (0) 1870 18.9% 27.8% ,31.5% .,

Bi S Fll Al JTCRAM AR ICR & 7E AR Rl ER B AL BN 47 & 22 5% (P<0.05) , #R3#B P \Na,Cl Fe,Mn

TSR R R A, (HJE K M Ca BEE SR B A3 g, Hofh oo REROMAR S A L e BoR i i, Horp
jn?%i P fEERE 20 25,30 (9435 FEXTRE (0) 3K 49. 6% 40. 4% ,68.7% ;G Na fEERJE 20 .25 .30 A9 4351 L
XTHR(0) 3K 374.4% 442.5% ,456.8% ;703 CL AEERFE 20 .25 30 1Y 435Il L XTHR (0) K 287. 1% \340.8% ,
391.7% ., S TEEREE 0—5 W, FER iR R, B EREEYE N, if I S & S AT 388 ; 25 AR AR fb /)N, B
RN A2 RIS A Z RS A S AR R T RE A S R A T IS, SEEMRA KRR ALK,

14+ ¢ 1.2} 30
2 ol ?\* §/§\§ 10y H/%\%/%—_% 3 2 '—_.\o\
$up T MBS L
= r < = 0
Zz 6| \ /1/\/x ~ 0.6} %:i T S
41 \o—/—O—O/Q—M 041 Lo _;g
O 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
21 70 24
— 181 @ ~ 60} //é = -
ERER \ &£ 50t R = 20/ 1
o 12} 840 | - = 1.6 —i\{
S 9l \L\ S 30t o _— & 12 e
@] 6 L \ 20 | %W‘ 0.8 '3 L3 8
3t °\?/O\;—9—$ 10} ° . . . . . . 04} +—= ¢ : o
0 5 10 15 20 25 30 0 5 10 15 20 25 30
30 | 40 900 .
VT = 750
~ 25t <>’/_Q_Q/ — %/% o —
o 28 L _— .5 %‘) 32¢ W \§ %D 600 <}/
& 15| i o0 24 ¢ g 450 Q\Q/,HQ/
= | = = 16+ < 300
zZ ‘?,‘/ < 08l £ 150 .
0 hd R R R R R R ? T 'r 'r ‘T‘ 'r 'r 0 * ! x‘i* +—r—
0 5 10 15 20 25 30 0 5 10 15 20 25 30
70 16.5
_ 12} 15.0
60 | # _ ~
£ 5 ' 10t £ 135 t S
Bal e S i
ﬁ 30 /L\é/\ 6 6 A 90 L/&EN%ZQ/é
20 ) : : : % ‘\ 4t 751 ) ) ! ) ) )
0 5 10 15 20 25 30 0 5 10 15 20 25 30
700 7+ B Salinity
e 600 /" 6
% 500 — \/§ o5 \'}\§Ii\§/§ .
Zao| .~ S 4t a
50 53 =
— s W
100 o S —— I
0 5 10 15 20 25 30 0 5 10 ]5 20 25 30
b Salinity ¥ Salinity

B3 HEMNMMR.ZHRFHOTESENIZN
Fig.3 Effects of salinity on the root, stem and leaf elements contents of K. candel

B2 N E bR 22

2.3 ARG E R HERAE Y 22 57

AT K S T2 N (P K Ca Mg, Zn 7EM ) & i 2 T2 P i & 5, CLLAL Fe 7ER T
(2 T RZE R AL MR A ORI i A ) Na, B FIZEH Cu iR %, WRIEWTEILT,
Cu M B 7P A 35 AE , Na fER R0 fii e 2 . EREEA , SR A e RISAR AP Y Na, B &2, i Cu i
RZ, IEHHE(5—10) T ,Na fl B /3L, Cu ZEMRAZEh 0 i % . SREA P HEESRITR Cr, Pb 7EARH
oM A 22T R AR N AR A T, i oA iR 2 IER RN A AR A (K 4)

http ; //www. ecologica. cn



24 19 XNEIR & AR FER BE N 20 A S B S B Ak 2B A 7823
40 —e—nt 6l 2
—A— % % o % <}
—O— \\U//\\\ %
3.2 5
% | T TN
o4t % % //' % e} £
ED @ \%D 3+ % % %D 61
RV TR 5 I 2
2 4r
0.8
— Tt ] S s,
\ /‘ ./0\\A\:/A\? * "4‘/2
e—0—— 9 —eo— N
00 0 5 10 15 20 25 30 0 0 5 10 15 20 25 30 0 0 5 10 15 20 25 30
B Salinity +hJ# Salinity ¥ Salinity

B4 BENHMIR.ZE

JMAEEERSEBEHERNZM

Fig.4 Effects of salinity on the root, stem and leaf heavy metals contents of K. candel
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K:Cl, #2525 2 FEAMAET A K >Fe, WHin- S5 5 EAASCIRT R K :CI>K>N, hES5H i iE
FIEAHSRITT A Ca=Na>Cl, i & HAH ST 4 K :Cl=Zn=Ca<K<Mg<Cr, #5525 18 5 1EAH ST Cl>
Na>Mn>Mg, #h A 5H0 52 EAE T - Cl>Na>P>Mn, i 2 AAHSCIIUT A K :Cl=K<Ca,

®1 AR ZFHFTRSESHE, BEHEZENXR

Table 1 Relationships between root, stem and leaf elements contents of K. candel and salinity, waterlogging time

N P K Ca cl Mg Na Al Fe Zn
fiREs iE0.745F  0.754%%  -0.991**  0.709*  0.827** 0.764**  0.909 ** 0.027  0.973** 0. 100
Waterlogging 2% 0.227 0.409 0.800** 0 0.409 0.009  -0.018 0 0.755** 0.455
B 0.873**  0.545 0.918** 0.455  -0.882** 0.355  -0.636" 0.545 -0.573 0.309
i o -0.214 0.464 -0.929** -1.000** 0.893** =-0.893** 1.000 ** 0.036  0.536 -1.000 **
Salinity 2% 0.321 0.643 -0.393  -1.000** 1.000** 0.786*  1.000** -0.679 -0.643 -0.500
B 0.250 0.929"*  -1.000** -0.857* 1.000"* 0.464 1.000**  0.143  0.750 -0.714
Cu B S Mn Pb Ni Cr N:P Na :Cl K :Cl
wE Mo 0.482 0.764 ** -0.636* 0.673" -0.955**
Waterlogging 25 -0.345 0.727" -0.036 -0.264 0.709*
B -0.409 0.327 0.391  0.255 0.991**
hpE M 1,000 -0.643 0.143 0.429 0.107 0.179  -0.786*  -0.250  0.393 -1.000**
Salinity 28 -0.250 0. 464 -0.500 1.000** -0.321  -0.571  -0.429 -0.679 -0.036 -1.000 **
H0.321 0.321 0.571 0.893** -0.714  -0.071  -0.071 -0.821* -0.214 -1.000 **

* P<0.05, * % P<0.01
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