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Response of leaf functional traits of mangrove plants to single and combined stress

of salt and copper
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2 College of Life Sciences and Oceanography, Shenzhen University, Shenzhen 518060, China

Abstract: Mangrove is a wetland woody plant community growing in the Intertidal zone of tropical and subtropical beaches.
It plays an important role in purifying seawater, preventing waves and protecting embankments, fixing carbon and storing
carbon, promoting siltation and land formation, and maintaining biodiversity. At present, the indoor laboratory research on
the response of mangroves to environmental stress is carried out by artificial control, which ignores the growth habits of
different mangrove species, and most studies focus on single stress. Through the combination of field growth and manual
control, this paper aims to study the effects of salt and copper stress on 11 functional traits of three mangrove plants
(Kandelia candel, Laguncularia racemosa and Bruguiear gymnorrhiza) in five periods (from June 2018 to August 2020).
The effects of salt and copper stress on leafl functional traits of different tree species in different periods were studied by
single factor and two-factor variance analysis, which could further answer the scientific problem of mangrove plant functional

traits in response to single and combined stress of salt and copper. The results showed that the functional traits of the three
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mangrove plants were significantly different in different periods. With the increase of time, the carbon content and canopy
height of the three plants showed an increasing trend, and other functional traits showed different trends due to different
species. Compared with native mangrove plants ( Kandelia candel and Bruguiear gymnorrhiza) , the invasive alien species
( Laguncularia racemosa) had a faster growth rate. Under different periods, Laguncularia racemosa had better salt tolerance
than Kandelia candel and Bruguiear gymnorrhiza. The growth and development of the three species were not sensitive to
copper stress. In most periods, the single salt stress had no significant effect on plant functional traits (P<0.05), but had
significant effects on carbon content, canopy height, and specific leaf area ( P<0.05). Single copper stress had no
significant effect on most functional traits of the three species. In addition, salt-copper combined stress had significant
effects on leaf carbon, phosphorus, nitrogen-phosphorus ratio, and canopy height of Kandelia candel (P<0.05), and had
significant effects on leaf carbon, copper content, canopy height, and specific leaf area of Laguncularia racemosa ( P<0.05
), while the salt-copper combined stress only had significant effects on SPAD value of Bruguiear gymnorrhiza (P<0.05 ).
In the protection and restoration of mangroves, the research results can provide a theoretical basis for interpretation of the
causes and mechanisms of mangrove degradation, the monitoring and evaluation of mangrove growth, habitat management,

and tree species selection.

Key Words: mangrove; salt; copper; stress; plant functional traits
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Fig.1 Coefficients of variation (CV) of 11 plant functional traits of different mangrove species during five periods
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Fig.2 Mean value of plant functional traits of three mangrove species under different salt and copper treatments during five periods
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Fig.3 Inter-correlation of 11 plant functional traits during five and all combined periods based on all samples (n=150)
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Table 1 One-way ANOVA of plant functional traits of different species in different periods under the single stress of salt and copper

iilil():o? ) ijt]i ﬁlzzmve Cy c N P Cu H SPAD L SLA /N N/P
species

2018-06 Eh A i 246 7.49* 188 266 6.55% 636° 199 124 384% 236 1.67

FLA 1.08  349* 0.0 0.60 106  354* 110 271" 021 0.76 1.11

AR 252 096 296* 320% 094  455*  335% 0.6 157 3.55* 3.84"

e Bkt 0.86 0.56 1.04 066 053 035 122 048  0.03 0.36 112

EIB /N 127 040 117 015 230 072 160 126 1.4l 0.49 0.43

A 313 146 106 202 367F 076 049  327% 1.80 0.85 0.84

2018-12 it kA 1.98  1.49 148 122 383* 10.61* 026  494* 332% 1.82 1.97

PR 023 162 043 067 071 23 118 017 234 0.46 1.85

EN 042 279* 7.82* 073 157  548* 059 785 645° 9.19" 3.01

b Bkt .09 373 0.10 142 158 046 048  1.08 1.25 0.13 1.89

FLA 1.05  0.84 1.66 123 216  0.63 .01 165 111 1.79 0.61

A 149 1.9 054 145 203 098 336% 097  0.63 0.40 2.25

2019-07 Hhiia S 134 840% 237 022 272* 1058* 818" 152 3.63° 323" 1.27

fIRA 047  2.56 047 L1223 030 041 097 044 0.29 0.37

At 056  6.16* 4.14* 9.06* 103  590* 6.05* 810* 9.92* 240 0.92

e ki 0.48 3.88* 031 099 148  0.63 0.89 055  0.02 0.25 0.88

PR 2.18  3.50 126 090 068 207 1.61 097 308° 133 1.48

A 0.97  0.88 0.13 007  283* 022 005 099 093 0.14 0.20

2019-12 Ehipia S 191 438 056 057 320 778" 086 154 217 1.69 1.50

fIRA 0.69  2.07 1.67 179 063 032 098  3.58* 0.8 2.27 2.51

At 225 3.49 0.14  392* 1.5 715 059 473" 1.06 0.32 1.66

Hlbhia i 0.54  1.69 0.04 149 067 114 042 080 1.03 0.27 1.89

frRA 049 0277 099 072 344* 148 0.80 234 1.2 1.16 0.27

A 041 118 1.67 051 134 031 137 0855 0.76 1.97 1.29

2020-08 Ehiia ki LIl 145 112 58* 791* 7.11* 042 180 0.2 437" 2.82"

FLA 1.04  1.06 273 372 031 0.66 071 186 143 2.48 1.65

A 129 0.66 021 457* 074  315* 079 166 295* 083 1.33

i it 071 312 070 049 128  0.12 032 017 0.6 0.36 1.83

FLA 040 298* 174 053 922% 206 252 150 073 0.31 0.53

At 1.60 041 1.09 080 151 032 069  0.61 058 0.75 0.83

g Ehihia ki 156 1.54 124 172 843" 2395 081 110 080 1.96 3.01"

All periods BN 133 0.88 073 062 069  0.02 052 123 0.6 0.455 1.40

A 122 1.82 028 228 070 9.15° 080 234 180 1.54 413"

i Bt 0.71 212 0.66 2.04 185 151 0.93 028 0.10 0.25 1.96

FLA 044  0.41 074 063 685 2.16 034 096 191 1.04 0.79

A 091  0.85 0.96 047 159  0.80 L12 029 0.09 1.78 2.11

* 255 B2 (P<0.05) ;Cyp: F7K i Water content; C: 2Bk % i Carbon content ;N 2% & Nitrogen content; P 2§ 7% i Phosphorus content; Cu; 24 % & Copper
content;H;ﬁ}%fﬁ'—]Jﬁ Canopy height;SPAD;fﬁXTufﬁiﬁﬁ Relative chlorophyll content; L; F-HJ MK Mean leaf length ; SLA F I AR Specific dry matter content; C/N ; B
%Lt Carbon/Nitrogen ; N/P ;&% It Nitrogen/Phosphorus
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Fig.4 One-way ANOVA of plant functional traits based on all samples in different periods under the single stress of salt and copper
* RN R HAL BT 2% 55 M W3 (P<0.05)

2.4 LIRS REVEIRNS #5525 k3 e e

Eh 5 A A X LOAMFE Y I RE MR AR 3R 2 7R 2018 4E 6 3R 5152 & ra xRk B p oAl
R LUAT B RO, ELA S0 LAY 2 MR B R s PR SRAR C 5 1A 25 R T 5 A 14 T A5 PR G 35 R
2018 4F 12 A , 554 545 Wra % Bil 89 BT PR JC 25 52 0 5 XA e 2= e BE A SLA A 2 & 5l , HL X e
J2 5 BE B SE M AT s RARRE SPAD (B & 520, 2019 48 7 J £k 555 52 5 Tk 3 % Bk A AHE 1) iir A PR T8
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WER W, HXHRIEAR Cu S EA BEW, 2019 48 12 A E 542 & Wa Xt foh ¢ ez EE B E Y
Wi, XF A SPAD {EA 35 52 , XSGR T PR TE W35 52 m . 2020 4F 8 A, #5405 A e xRk AA
BRI A MR TC B, RO AR 2 = A B e, T S AN s, ke R S R A
TR AL G A 56 2 1 B A S R

®2 BMASSHETARRARRDYHNIMEMIEERRNERTESTER

Table 2 Two-way ANOVA of plant functional traits of different species in different periods under the coupling stress of salt and copper

gt baFe
k Mangrove Cy C N P Cu H SPAD L SLA C/N N/P

period species

2018-06 Bt 0.58 059 062 277* 1.01 1.57 0.52 1.59 176 0.68 4.03"
EUS SN 0.82 270%  1.54 091 1.35 1.34 0.29 0.56 1.74 1.50 1.65
N 0.70 1.09 038 1.21 0.88 0.47 1.02 0.48 1.27 0.39 0.71

2018-12 Bt 0.64  0.75 057  0.62 0.57 1.88 1.09 1.08 077  0.44 1.35
EE /N 0.77 1.70 0.92  0.70 0.73 243*  0.86 1.55 230% 1.03 1.50
AHE 0.57 1.20 .38 2.00 1.50 0.38 2.45% 119 1.33 1.22 2.02

2019-07 Bt 0.44 136 054 143 0.67 1.60  0.95 1.67 0.79  0.54 1.34
LA 0.21 0.44 0.76  0.89 233*  1.29 0.65 0.94 1.24 0.61 1.08
A 1.26 1.63 1.13  0.80 1.40 0.47 0.93 1.44 1.36 1.31 1.25

2019-12 S 0.62  3.40* 033 0.8 0.84 287 076  0.98 0.66  0.47 0.49
SN 2.09 1.11 0.49  1.29 0.56 1.85 0.91 116 082 059 1.54
AHE 0.88 0.71 1.54  0.84 0.49 0.82 2,65  0.49 1.17 1.35 1.91

2020-08 Bt 0.48 1.54 039 077 0.55 1.90  0.62 1.56 1.08  0.49 0.90
RIRA 1.10 1.2 094 1.47 120 242* 087 1.61 1.20 1.07 0.93
A 1.20 1.11 049  0.72 0.54 100 058 045 0.64  0.44 0.35

Ea | il 0.57 0.49 048 1.13 0.51 3.46%  0.64 0.21 0.11 0.34 1.25

All periods RIRA .12 037 098 0.63 1.35 1.95* 088 077 048  0.83 1.36
AR 070  0.51 0.79  0.71 0.78  0.97 068 029 023 079 1.35

* F/NZE 5 (P<0.05)

BT = ARIF AR XU R 57 22 70 Mt R (181 5) R, 5 S B — I S ARt 0 8- 52 5 it
Xt R B A PR TE B2 R (P>0.05) . M F{ERFE  ZaMHaxt R Cu S8 ¢, BRI THERIR,

3 it

3.1 ERFREE T LR ) e AR AR

ARSCHTFER) 3 R4 R — AR AR, 22id 3 AF B ERRI 300 Ak B [+) — 90 ol 640 e 00 A [ s 401 3
B SE A R R DI BEMDR R (P 2) o iR C 2 i e J2= g B2 BB Ik I A 8 T, D6 R DA R 7 A I
KB — B ; B £5 W30 (4 5, 76 2 i AR AE B8, (H 055 ST [ (0 i P 20 R oy
51.39% , A A I AN 46.27% ) R ITX =Fh 20 A 4 BAT B i $8 68 1 , I ER B i T 3 5 Al ) 1
PR AT AR SR R P 20 A W R e A M DR BE T, PR s 17 AR 0, s R I ik, AR A4S A 1 SR
AR RN T 2 N AR G A ISR P 2R DU R i e el g A R A T A MR I R 9 T A2 i ok
(s S BFFT A A G ARIA S R TRV R T30 XA A A SRR oo o A ) 2 A B 5
T2,

W P30 4 i, S R 22 e FEE R AR L T (T3 P S8 B R Ty 39.81% , A7 Wkl ISP R4 R
N 53.63%) o KAERWFFE IR B 12 H 1AL i v SR i R A LU o, D B B A B T AR A A,
(ELI i R B2 O ) 8 1 2 3 | ) 1 AR I 3R b ) B 1 T EL A ¢ 2R A T JE TG 52 o AR 906 1
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Fig.5 Two-way ANOVA of plant functional traits based on all samples in different periods under the coupling stress of salt and copper
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RN RO EUAEL , L 25 5 2 RV W 3 38 Sl L 1 5 T v a3, 0 A ) Ak E B e 5 AT £+ 19855 4
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LA E TANRAAZ YRl BE T30 0 A 4 R0, Al Kt s bl >4 (L (1 i R B K T LA b & 2T A
Ut RO MR A8 B e A v B KT PRI R 7 A, 8 B DRtk AR, (E X AR = 1 3 0 b 24 ) 22 B 11
AU N
3.2 FhFNHRME T LR A D RE R 2 R A A G

WA AR DRk Z R A 2, A BT T A0 SR 28 A i 1 > R TRIEHYTT , & BT i
TR 2 ] (R AR S e B R — B AR SRR B (18] 3) , 40 SLA HAT7E 2018 4F 6 H R 5K s A ¢
P, oAb st AR S 5 55, 33 T B PR A AR [] SO 3 420 ) B UK A AN e b B SR R 2 Rk
(R 1), HARFPEIR Z [ E 2 0 s e B S & i s R A8 Ak, B —BHRIZE G 5 A B0 A Hicdl >k
R EKE(C,) S CHREEEE TG, 5T ERE AN R -8 R R 3w i &K B R
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SV FTAR AR L F SRR X =R H S I MR U B 5 A S BT 9 P S o v DA VT b A Sk 4 o
RETEIR 2518 —BGSPAD 5 €,V C N R IEAHSEER , X SR A D 0 MM AR —8;cu 5 C.
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