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Metrological Characteristics of Metal Elements in Leaves of Common
Sandy Plants in Hainan Coastal Areas

CAO Yaochang'?, WANG Xu'*, GUO Hao®, LIU Zuyao?

(1. Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, China; 2. Central South University of Forestry & Technology,

Changsha 410004, China; 3. Yunnan Institute of Forests Inventory and Planning, Kunming 650000, China)

Abstract: Metal elements are essential for plant biological processes but may also cause stress. To explore the
characteristics of metal element absorption and utilization by coastal halophytes under high-salt conditions, this
study selected six common coastal halophytes in Hainan [Vitex trifolia, Volkameria inermis, Stachytarpheta
Jjamaicensis, Eupatorium odoratum, Lantana camara, and Ipomoea pes-caprae] as research subjects. The contents
of four metal elements, potassium (K), calcium (Ca), sodium (Na), and magnesium (Mg), in their leaves and soil
were determined, and the enrichment coefficients, stoichiometric ratios, and their correlations were analyzed. The
results showed that the metal element contents in the leaves of coastal halophytes were distributed as K>Na>
Ca>Mg, with contents of 21.07, 1.49, 1.13, and 0.59 mg/g, respectively. There were significant interspecific and
regional differences, reflecting the adaptive regulatory mechanisms of plants to different soil conditions and

environmental stresses. The plants had the strongest absorption capacity for K and Na, while the absorption
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capacity for Ca and Mg was relatively weak. Coastal halophytes had the strongest enrichment effect on metal
elements K and Na. Different coastal halophytes had different enrichment abilities for different metal elements.
Among them, Vitex trifolia and Ipomoea pes-caprae had the best enrichment abilities for K, Na, and Mg, while
Eupatorium odoratum had the best enrichment ability for Ca. The leaf K content was significantly positively
correlated with soil Na and Mg, and significantly negatively correlated with soil K, K:Na, K:Mg, and Ca:Mg. Leaf
Ca was significantly positively correlated with soil K, K:Ca, K:Na, and K:Mg. Leaf Na and Mg had no significant
correlation with soil metal elements and their stoichiometric ratios, indicating that coastal halophytes have
complex ion regulation mechanisms. This provides guidance for comprehensively and systematically revealing the
nutrient status of the ecosystem in coastal sandy areas and the cultivation and management of coastal halophytes,
and also supplements the content of metal elements in coastal halophytes.

Key words: Littoral sand plant; Nutrient utilization; Stoichiometry; Enrichment capacity; Adaptation mechanism
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Table 1 Basic meteorological data of sampling site

fRIRAE 10 CUL L, 35 H BRI % 1 750~2 650 h, 4
F&/K BN 1.500~2 000 mm, H EHLEZ T
FHEE, FEHEHRT S H—10 HOWZ, 4 544F
RFFEKER 70%LA L, 2158 1500 mm, 457K
WAL . B BK G5 HEY Th e MR sz,
A AL REAEX (R Ml T2
PR I X (=) P T R X (BT E) LK
RIS X LB T ml B E e i i, 0l AT
KFE, BRI RSN ILEE 1.

FER BRARIEZ(C) SR (C) Fé7K i (mm) HIRI L (h) SFERGE (m/s)
Plot Lowest temperature Average temperature Precipitation Sunshine duration Average wind speed
If# Lingao 3.66 24.7 1480.0 2 042.0 2479 1
= Sanya 6.10 27.1 1460.0 24454 2.306 4
E/{T. Changjiang 4.90 259 1700.0 2016.8 22711
X E Wenchang 4.12 25.1 1980.0 1916.0 1.9749

1.2 R R R BIR

FEARE  IRYESTHOE TS, AN UG pE i
HER V7 3 LA M el DA At 6 M iRk
2), Hrh 3 FhoSRNEM: B2 Lantana camara)-
KWL E (Eupatorium odoratum) {5 2 # (Stachytar-
pheta jamaicensis)TERFL X IR AT 12 @ i, 20T
X NAEY RV B BB R sy, N T AR T
FRAZIEIG VD AR ZS R G S T 4 8 T 3R AR A
PEIRRFAE, DRI AN A MR RS 7E
20 mx20 m N, FEARMEDEEFIBENLE A K R 1.
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M Ph. AL 4 AT, CRESREIF. o R E R
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B R E S B R BT, DUARIIE Bl 45
REHERYEMNBLEME, FEHANTE, KRS
BT AL 105 CHifi AT 30 min, J5T 80 C
fHIR NHET 48 h, ftEmE e TIREEES, TR
W Jo 2 I o L 3GERE A2 IR DY A0y adb AT IR, SRAR
REEN 0~30 cm, HAMERRE3IANEE, KRE
PHRG TEFE R AR A A RS, BT REES
FEEORAE RIS E, BT 60 CHLFE AT T8
AEEE, SR 2% 5 P T EAIE B R AR, i L

12 0.15 mm i J5 77 il A A AR TP DL IR AE 500

2 WrapRL

Table 2 Research materials

) ERit] PRSI Y
Species Life form Sampling site
B E S Vitex trifolia H#EAR Shrub LG, WC. CJ

R Volkameria inermis H#EAR Shrub LG
R L¥F Stachytarpheta jamaicensis %74 Herb LG
KHLE Eupatorium odoratum HLA Herb LG
MEA Vine  LG. WC. SY. CJ
L2} Lantana camara H#EAR Shrub LG

JEH#E Ipomoea pes-caprae

CJ: BT LG: Ifi; SY: =W; WC: XE. T

CJ: Changjiang; LG: Lingao; SY: Sanya; WC: Wenchang. The same below

FERBE  FERESCR R AR, IR
it K F HoSO4-HNO;-HCIO Y4 fif s 1 i 3 i H 3o
EEBE TR I I (prodigy XP, Leeman, USA)
ME K. Ca. Na. Mg TE S &,
1.3 B|KGH2 47
1.3.1 #¥sit s

5 R E(CV) 53 T AN [FAE 0RO AS [ 2E 355 6F 4
JRICR SRR RIEN . EWE ERE(BCF) 2
RAYI R AL ZEY) TR R R AR, A 0T
TEY R ARG RGeS, B B T
F—& BRI EEMEN, BCF ok, =HEMEM
S o T X7 R 0 R AR X PR AL P e T AR R 2R3,
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TR REZAREA . R, A, DI NERE,
I ASC DA e e & 2R RER N &R S &E.

CV=SD/MNx100%, BCF=Cieaf/ Csoil» Zu, SD
NFRHEZE, MN NEEME: Coan NEMT & JE TR
JREE BT mglg, Ceon N TIEFAHNEJETHR
AR, A mg/g. BHIEN T, BCF>1 FR1%MHE
YN %4 R G I E 4 Y, BCF £ 0.01~0.1 &
ST TC R G R, 0.1~1 A FETR AR 2,
1~10 o5 i s 2
1.3.2 st

K Excel 2019 34 3 AT H0s 1) 8 81 5 b
H, 1E SPSS 27.0 H¥ H HLIK 2 77 % 73 1 (One-Way
ANOVA)X A [A) b A s+ 3 b 4 J8 J6 & K. Ca.
Na. Mg &EMTEREZEEHr, Mgy EmE

30r

K (mg/g)

Na (mg/g)

CJ LG SY wC
FEth Plot

B 1 SR A IR SR TR R AR E RS ZE R B (P<0.05). TF

Yy B AT AS [FRE BRI AN [F] 0 2R U 3R 7 2%
43 BT (Two-Way ANOVA), K H /i3 2 7 ik
(LSD)HAT 20 18] 22 53 43 1 (2=0.05), | H] Graphpad
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2 SRR
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=
o
o
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FEH Plot

Fig. 1 Soil metal element contents in different coastal sandy. Different letters upon column indicate significant differences at 0.05 level. The same below

3R IR R T R S R e R

Table 3 Soil metal element content and coefficient of variation of coastal sandy plants

JLE F (mg/g) FriEZE (mg/g) K (mg/g) /N (mg/g) AR RE /%
Element Mean Standard deviation Maximum Minimum Coefficient of variation

K 7.29 6.96 26.18 1.76 95.47

Ca 7.74 1.80 10.17 4.76 23.26

Na 0.24 0.03 0.30 0.17 12.50

Mg 0.62 0.18 0.80 0.27 29.03
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Fig. 2 Contents of metal elements in leaves at different plots. Different capital and small letters upon column indicate significant difference at 0.05 level among

different plots of the same plant and among different plants at the same plots, respectively. VT: Vitex trifolia; 1P: Ipomoea pes-caprae; EO: Eupatorium

odoratum;, SJ: Stachytarpheta jamaicensis; Cl: Clerodendrum inerme; LC: Lantana camara. The same below

R4 TRV R R B R TR S AR e R

Table 4 Contents of metal elements in leaves of coastal sandy plants and their coefficient of variation

LR F (mg/g) briEZE (mg/g) &K (mg/g) /N (mg/g) B R %
Element Mean Standard deviation Maximum Minimum Coefticient of variation
K 21.07 8.65 42.11 7.86 41.04
Ca 1.13 0.56 2.31 0.31 49.71
Na 1.49 0.89 3.53 0.26 59.74
Mg 0.59 0.28 1.44 0.18 48.41
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Fig. 3 Bio-enrichment factor of coastal sandy plants
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Table 5 Stoichiometric ratio of metal elements in leaves of coastal sandy plants

T4 Species K:Ca K:Na K:Mg Ca: Na Ca:Mg Na:Mg
BB Vitex trifolia 22.44+14.52ab 16.12+9.09ab 35.88+11.72ab 0.94+0.64a 2.07+1.07a 2.57+0.98ab
JE# Ipomoea pes-caprae 28.03+18.75ab 11.47+4.95a 43.05+26.67ab 0.58+0.50a 1.77+0.93a 3.70+1.31b
KHLEE Eupatorium odoratum 8.03+£0.91a 48.84+13.05d 14.52+3.57a 6.26+2.38d 1.79+0.24a 0.32+0.16a
1 ¥E Stachytarpheta jamaicensis 12.22+0.40a 34.69+6.63¢ 49.01£16.31b 2.85+0.64¢ 4.04+1.47b 1.3940.20ab
T REM Volkameria inermis 49.82+51.11b 21.52+8.21b 155.924+61.71¢ 1.05+1.11ab 5.35+4.18b 8.76+6.86¢
L2 +} Lantana camara 20.69+1.71ab 40.54+2.18cd 29.70+9.72ab 1.97+0.27bc 1.42+0.35a 0.74+0.28a
YJ{H Mean 24.79420.15 19.75+13.64 46.02+38.57 1.36+1.66 2.24+1.63 3.10£2.60
K 8B5S Na. Mg SRBEREIEMRK, 5 #REYERKREIER T A0 REH
T8 K 2. KiNa. KiMg fil CaMg 2REMAH DA 151 Ca. K 2 E2# 5T Na.Mg, £

x; MR Ca E51H3EHM K &&=, K:Ca. K:Na
M K:Mg 28 IEM>; M A Na. Mg =518
SRt R G E NN ELTTEE M,

SCa P4 P

SK:SCad BT
SK:SNa @d DBV
SK:SMg @ P P
SCa:SNa V. 4 P
SCa: SMg (1 4
SNa:SMg @1 ¢ B4

%

& 4 WiV AER I AL R T R & B R A S R AR G
HT. *#E P<0.001; **: P<0.01; *: P<0.05; L: M- fr; S: 3%,

Fig. 4 Correlation analysis of metal element contents in leaves and soil and
their stoichiometric ratio of coastal sandy plants. ***: P<0.001; **: P<0.01;

*: P<0.05; L: Leaf; S: Soil.
3 WAL

3.1 EEDHHIREE TR S BIFE

TIER TR SRR T R, 1F
NIRBHEIE K/ I REIR AL, E B E T
EIR AR, BRXEN 4 F R TR S EE T
5 3 K. Ca. Na. Mg & &), 5ILABAH IR
S5 L [X ) 3 5 0 2 RO L R tha fi 12, SR B
AMFFEIX 14 K. Ca. Na. Mg = BANTHE, o

LR AIREA LR 3 i 2070 XA B 3 i
CABRFA TCAE R B VD R B, YOREEEER 00N, 3B /K
5k, AE KRR N AR KB IEIGE, FEFH
FEHEN T K7 5 N R R IR 73 2 RARTR, AT g
S FE A VATE I B K 2> — R E, U
FE T I B RUERAT RIS {6, TR 00 BE D Wi ™),
TR A B R T R AR, X NaTik
WehE /58, HLULHE FESs R b 3 Na JoER A5
FHuh, BB Na s B A e R B,
T RE 5 BEAEE X Na BEATIRR, 24 Na
TR FERK. =2 CaZ TR /KNP R I H
FEOR ST PEAE BRE,  HAL S A 7 DL B AR A
FE o TR B TSRO Ca-Na 50z
BE7 SR, BT Na KRR, Ca>wl Bl
P BEAT i T, AT ECHAR R & AT, T K
BN R S K Z A AR, SR BT,
VAR B, = SR IR KA IR
W, SEER IR K SRS, TRERSERR
FIVFZ R AW, S A R SR TR
IKICSEAT S 3 A% 2 R PR 3R I R TR i,
ANTR] DX S5k B A AE D R ) A 1) 22 e, SR ISR
FHIE -
3.2 REDAEYT R ERITRIFEERRE

R AR IR S RIS B L, Y
ORI T 77 0 7T BLIE I R SRR TIPS, A e vh A
[ R M o < Je o0 3R R SOR AR 2R BE 0 A7 AE
HIE, MICRBEA R, o R A B
PG K Na FIRHCRE 77008, RALEEXT Cas Mg I
WRASCRE A8, XA S S I A B AT R
paiipeatilnk iDL B NCY: NSRS Gl 6+
AP R RS, S FPERCORER) Na™k



54 1

B R R Y AT P R U R THERFE 405

HATBERT, {15 8 S RKHBER| LA e
X, [N sRil KR DL A 5 5 -~ #i7 1 A= B AL
il S BTG B850 W A
PLEL, L E, D280 F e T P e, =k L
) Ca 1l Mg il MR RWAKE KT, XA
FHETET T2 T A SRR KB, A
[F) SR AR ) 0 3R B 2 1 X022 e Ot T R ER
SRR R A A o I SRR R 2 IR AR I A A B
G P b 22 R OB, X X IR T
TR AN ) 338 S5 AR R 3G MR o B T2 SRR
B g P M VD AR AR I R T 3 B B B 1 A
WRFE, o, Ca. Na. Mg BEMKT2EKF, K
m T EKFBA, X el Re Sl | TG A%, W
FRHEWNEKR, TBKSFEE, XFP&HFRET
45 KV IR o IR B AR, R A2 X Can
Na. Mg XA FE M TR EMEE, XETER
B R KRR R, A SBHEYH S E
FEA, (H K JTCRAERZ AN SO0 T &R I H A L
AR A, AR SO AR S R 0 K n R
A DABIEIX — 5, X 58 RSP 80 FHiEY)
e TeER A i 4 R AH A

At R E LA R R, i
WHAREYIR K 1 Na 5%, Cav Mg 355, UiH7E
A K AR R X L 4 R T R B R BRI
G, N TYERFE SR, T E S BIFR
H AN H IR PR TR R, IR ST S S ek EE B
HABRZ BRI o R S BN s, JERFE 3 T 0%
AR R E R, 6 AEYIIIN K Na Je&R T
s Y, X5 VD 58 s SRR S )
. HEYET4ERF K. Na WGP AT RIS Rk,
PLARAIE IE & AR BRIAAREDS), 6 FiAs A A i) K/Na #3
{88 19.75, HAr CHLEL A T 227 1) K/Na R B 4,
VLB B RIF B T IEEE ), el Nas i
TEARES, P kb 3o i, 1X 5 E A A
SR —0, MR, EE T Ca RS =E
B, ABFEYN Ca (M E £RRE I 2B 55 . X nI AR
T3 R SR B Y Nat Al M2t 5 Ca2 o WIS A5,
SEEZH Ca i T HEEd, A 7
Ca BB, FEAREFLH, KHLFXS K. Ca. Nas
Mg 4 T éxJ& J0 2= 1 & SERE J1 3R IR, JCH Xt
Ca H)'&E 4R R B2 m T HABMEY) . X — R IR FT fE
ST KL BE NS 7E I B TR IO T v M A 858 vh B D)
FEFE . PO 5K FFHES A B4 P i) B A B AR S AL

filz—, X 4F&EoRNEEEE, TRSHer
JR i R T R AEERTAT, AN XS A A e AR v
Gefft . tbah, i ESRAE BN K. Na. Mg UG
FNEERIBRIMN T, RPIXLAEY N IR AR
B BUR . B, YL S SR 5T N R A T T
Hma s Eou R MR BN, TRV AR K
6 B2 il 58 ok o 4 SRS SR A T R S E, e 5
R R TR M PR B 1 o B G N, A TR A
PUSALHI B B, R A B R R
Jo 2 LR, HAEYI GRS IR AR ZE 5o
TEEVE VD TR W B RN A A ERARAE T RS
33 IREWAEEYH 5T BERB TR AN

Y F b K. Ca. Na. Mg e & & &A1
F. #EPRR, R T &EommAsThRE LR
A EAERH . AT, H ) K Na 2383 0E
FHIE LA K Ca 5 Na 22 IR 52 32 67 AH G AT BEAA A& 11
VD R R AR LA A% 0 BY . K-Na [P [ IR U
AT REIE TN T — 2 K R Na 1A [R5,
P& JEuER, TR ERE 12 R g BA MR
FNPEB3S], REYIAR R AT Re I8 AL i i & 1 R
WX PR B TR 4E RSB . RAE R A
AT, EEM Na WCH Bh T 4ERF4H a2 E 35, K
(1 TR) 20 AR R AR T O B i v R 0 B 1 5 A T B 1
FRE o 1X—p[R] S M ] BE 2 LI B i R PR BE 1A% O
ML, BEPREARER IR 1) Na AT 8E
RIS, ORI 4E RIS B K:Na B 5 i E L)
Ca®Z H4lifuRERRE . MRS o B EGedr 5 0Btk
HRFE, MR Na MU Ca? Se 3R g A 47 1,
WA Re T Ca?™fF 51 Tl %, FUAEY) T EAE
Na'fif %2 5 Ca?* Dfiedefe 2 [0 RFH, Ca 5 Na [
PR R WAL T 8755 5 A BE B~ F . B
g RN it K 5 3 Mg f Na 2 535 1EAH
Ko XARES T3 Na WRET RIS, YT EEE3)
AMEVE KRS, i K Sk B Na™
FRME LR B T T K 5 Mg (R 9% R AT
e 5 BRI R A B, TR 2 IR VR IR 1R
W, Mg AT R P BB e A R AR, 2
Mg> & & hnny, MW EAE I, X KW
KB 3, MR IEA KR R

— N ARE I IR SR A B B AR AR AR B
S0 @ MR A P A B IS NV BT e, RIS
oy PR £ E R IE MR, A,
Y-+ IRARGIC L T A PR E P RIS, o



406 HAH W AR 27

34 %

K&&#E 51 Na, Mg 5B 2IEMKG, 5HEK S
AT E R A, RUTEY R AR
KP4 fe /7, 3 Na'Fhaind, A K
AT Na 3R 1 LRz R 38 KR, ARk 27 L
B AR R e, 1358 Mg 2 3t/ F AT e VR T 3L
XA A FHANER (A R R A, 1 G ot K
MIAEFETR SR, M3 K &, @ fU sl
PR ) Ik RS, Bk R R WA Ca
B 54 K R R IEMSE, BoR Ca® Wk
T E S IR, SRS I T R
WD SEAANE], AEA R T Ca? 18 B PR A& 4+
A Na. Mg S5 HIEESE IR SELEEMEK
P, FCWRI R B AR Y TR AR BRALE RS, RIAE
WAl g O AR A2 1) Na i 52 (B A Mg It St AR b
B

- 438 4 g oo 2 (B R R T AL DR v AR
SARAGEHRME T ES IR . Hk, DA
SEE R, XU (A A B G R R
YT RECIE R T — BRI E T IRERR, 6
W TE AR . TUREI) L EAR R N 4R RE IR I A B T
e, HEPEE ORI ESESUER, SEI T X
W E A R MRS EAEE, X
B6 50 350 AR BT S R v A AR SRS o 7 KRR
Fe LR, E RN Cay Mg AT RE LL 4l 1 it
PR ARG fEmsh T R, HFELEEHE
K/Na 4%, #HRR—mR S ERAH . 772380
J&, MM PRI R ST E R0, HAEY L
A1 100 B L 36 I AT e 4 ) e S % AN AR AR LA AT
A

gi b, W AR R SRR T ER
A 53 PR AR X IR ZE e, SRR SRR
FEPIFR AN IS 1 L R RE A . AN R R A b 2t
SRITERNEERNGAEREER, WHEYMT
FRIYIRIUR 3 Bie SR ms HAT R 04k, 7fE— e b
R IR AR RS AR S L.
HE— XY - 3 T A YR 7L, R T
FOES TR R S R IR, K IR
szt 382 SU R IR R, Ca WK #5487 4%
fF, 1fi Na. Mg EZZHEY) N E TR ], 7k
W T AFCEIRDUSHEM ZFEME . 1 R B
[FHE PR RWAE— 2 F2 B B 7R T AE A RXT 25
TE PR AR RIS REMLA, GESE TRV AR MR
et R R FE 2 FEAL B4k 24 T B R AE A 2 4k

ISR BEE NG o 2 e B ARRE I 25, KHLE
T SENE L LR P T S S CRIK (PSP =3
RSEFAS AR 2 D P E R, S SRR T 0
LR SHEEERIE 2 LR AT H
REYIER R ISR, ATRE 2N E R A i
PEANREBITE, Jo SEAR IR 7C 5 25 RE B 2 TR 3 L R i
AT IR, BRI FUEE TR 2 SEHERA o

S 3R

[1] CHEN D, PAN W H, ZHOU Z C, et al. Research progresses on
functional roles and regulation mechanisms of nutrient element trans-
porters in plants [J]. J Zhejiang Univ (Agric Life Sci), 2018, 44(3): 283—
293, [FRid, WEAEAE, BN, 5. HEWE T T RSBk D6
HARPEHLRIRT O (7] RS R R S A d Bt EAR), 2018,
44(3): 283-293. doi: 10.3785/j.issn.1008-9209.2017.12.281.]

[2] TIAN D, YAN Z B, FANG J Y. Review on characteristics and main
hypotheses of plant ecological stoichiometry [J]. Chin J Plant Ecol,
2021, 45(7): 682-713. [HMh, ™IELE, Hkin. MWAESETE
AR B FEF BB (7). ARSI, 2021, 45(7): 682-713. doi:
10.17521/cjpe.2020.0331.]

[3] ZHONG C L, HUANG Y X, CAO C F, et al. Responses of element
stoichiometry characteristics of Casuarina equisetifolia to distance
from the coastline [J]. J Subtrop Resour Environ, 2017, 12(2): 22-29.
PR, B¢ SUfe, WAAR, S5, R IRIE AR T OARRRE BT AR A S
T RRHE [J]. WA IR S S4H, 2017, 12(2): 22-29. doi:
10.19687/j.cnki.1673-7105.2017.02.003.]

[4] WHITE P J, BROADLEY M R. Calcium in plants [J]. Ann Bot, 2003,
92(4): 487-511. doi: 10.1093/aob/mcg164.

[5] LIXY, XIE L N. Research progress in Na* regulation mechanism of
plants under salt stress [J]. Biotechnol Bull, 2019, 35(7): 148-155. [Z=
WERE, fEFIRE. ShME N Y Na S HUHI AT ot (7). AW
AR, 2019, 35(7): 148-155. doi: 10.13560/j.cnki.biotech.bull.1985.
2019-0088.]

[6] TANG L X, LI Y. Effects of sodium chloride application on major
mineral nutrient elements in leaves of coconut seedlings [J]. Trop Agric
Sci Technol, 2024, 47(3): 16-20. [ ke, Z=FH. i AL T
Y B BUE TR TR (1], Hei R R, 2024, 47(3):
16-20. doi: 10.16005/j.cnki.tast.2024.03.004.]

[71 LU J L. Plant Nutrition [M]. 2nd ed. Beijing: China Agricultural
University Press, 2003: 13-16. [[i5hg. HME Y [M]. 52 1R,
demt: P ROV R S AR, 2003: 13-16.]

[8] CHUQ S, LIU G H, XING W. Concentrations of light metal elements

in wetland plants and relationships with environmental factors in



54 1

B R R Y AT P R U R THERFE 407

Qinghai-Xizang Plateau [J]. Plant Sci J, 2021, 39(2): 121-131. [#£# i,
X5, A, T R A Y R T R A A R S
ERHIKAHIIT [J]. MR, 2021, 39(2): 121-131. doi: 10.
11913/PSJ.2095-0837.2021.20121.]

[9] GUAN D S, LUO L. Chemical element concentrations of tropical plant
leaves in Hainan Province [J]. Sci Silv Sin, 2003, 29(2): 28-32. [& %
A, Bk R AT AT R S ERE [J] ARERE,
2003, 29(2): 28-32. doi: 10.3321/j.issn:1001-7488.2003.02.005.]

[10] STERNER R W, ELSER J J. Ecological Stoichiometry: The Biology of
Elements from Molecules to the Biosphere [M]. Princeton: Princeton
University Press, 2002: 50-51.

[11] SARDANS J, PENUELAS J, COLL M, et al. Stoichiometry of
potassium is largely determined by water availability and growth in
Catalonian forests [J]. Funct Ecol, 2012, 26(5): 1077-1089. doi: 10.
1111/4.1365-2435.2012.02023 .x.

[12] TANG R J, LUAN S. Regulation of calcium and magnesium homeo-
stasis in plants: from transporters to signaling network [J]. Curr Opin
Plant Biol, 2017, 39: 97-105. doi: 10.1016/j.pbi.2017.06.009.

[13] ZHAO X, YANG X J, SHI Y, et al. Ton absorption and distribution of
symbiotic Reaumuria soongorica and Salsola passerina seedlings
under NaCl stress [J]. Acta Ecol Sin, 2014, 34(4): 963-972. [0, #
ANEG, AR, S ERME IR E AT S BRAOR 2 b
TS SRR [J]. AR 244, 2014, 34(4): 963-972. doi: 10.
5846/stxb201210091392.]

[14] WRIGHT I J, REICH P B, WESTOBY M, et al. The worldwide leaf
economics spectrum [J]. Nature, 2004, 428(6985): 821-827. doi: 10.
1038/nature02403.

[15] LI D D, FANG Z, DU H T, et al. Distribution characteristics of carbon
and nitrogen in herbaceous plants leaves and soil of different vege-
tation belts in the Loess Plateau [J]. J Plant Nutr Fert, 2019, 25(5):
841-850. [ZE&4, JiHA, MU, 2. ¥ 4w FEAS R AR S A
Yot 5 LIRS AARHE (1], BAE TR SIEREER, 2019, 25(5):
841-850. doi: 10.11674/zwyf.18141.]

[16] GU D Q, FU J, XIA D X. Littoral wetland types and their ecological
vulnerability in Qinhuangdao area [J]. Coast Eng, 2005, 24(4): 35-41.
(BRI, (17, AR, 58X R R AR 1t
[7]. ¥ THE, 2005, 24(4): 35-41. doi: 10.3969/j.issn.1002-3682.
2005.04.005.]

[17] HUANG M Y, ZHANG Z Y, XU H, et al. Effects of cycle irrigation
with brackish and fresh water and biochar on water and salt transports
of coastal saline soil [J]. Trans Chin Soc Agric Mach, 2021, 52(1):
238-247. [WEWIik, TR, IRNE, . UK REANE MR MG #h
K ERIZ ARSI [J]. AR, 2021, 52(1): 238-247.

doi: 10.6041/7.issn.1000-1298.2021.01.027.]

[18] LUO T, YANG X B, HUANG Y F, et al. Research progress of psam-
mophilous vegetation on coasts in China [J]. Subtrop Plant Sci, 2008,
37(1): 70-75. [P, B, B, & EEE R DR
HEE 0] R EEE, 2008, 37(1): 70-75. doi: 10.3969/.issn.
1009-7791.2008.01.020.]

[191 ZHOU L L, QIAN R L, LI S B, et al. Leaf functional traits and nutrient
resorption among major silviculture tree species in coastal sandy site
[7]. Chin J Appl Ecol, 2019, 30(7): 2320-2328. [JARNTN, £&Hhi¥s, 2=
R, &, D BLE MR A R D REMEAR K TR B RS AIE
[, B AR, 2019, 30(7): 2320-2328. doi: 10.13287/1.1001-
9332.201907.007.]

[20] LIU Y, CAO Y H, ZHANG Y F, et al. Nutrient release dynamics of
litter in three forest types in coastal sandy land of south subtropical
region [J]. J NW A&F Univ (Nat Sci), 2022, 50(8): 55-68. [ 5}, ¥
FUUL, TKRZM, 5. FEEG VD 3 Fhbk s BB JR R 97 55
Bl (1] PUAERMBHEOR 2 22 4R (H AR, 2022, 50(8):
55-68. doi: 10.13207/j.cnki.jnwafu.2022.08.007.]

[21] LUO J, GENG J, WANG H X. Analysis on stoichiometric characteri-
stics of N, P, K of five coastal sandy plants [J]. Mod Agric Sci Technol,
2020(10): 144-145. [4#48, ki, TR, 5 RS EEW A DT
AT RARHE ST (3], BARROL AR, 2020(10): 144-145. doi: 10.
3969/j.iss1.1007-5739.2020.10.093.]

[22]1 QIU L J, HE Z M, HU H T, et al. Stoichiometric characteristics of
carbon, nitrogen, and phosphorus in different tree species in a sandy
coastal plain area [J]. Chin J Appl Environ Biol, 2017, 23(3): 555-559.
[BRUEZE, (=i, WXRAR, &5 VD A R R UL 2
RHE [7]. R SFRRAEM AR, 2017, 23(3): 555-559. doi: 10.3724/
SP.J.1145.2016.08017.]

[23] WANG S F, HU Y X, LI Z L, et al. Effects of NaCl stress on growth
and mineral ion uptake, transportation and distribution of Quercus
virginiana [J]. Acta Ecol Sin, 2010, 30(17): 4609-4616. [E# X, ¥
BT, s, S SR I e AR K R B T, a2
WA RIS (). A2 SR, 2010, 30(17): 4609-4616. doi: 10.
20103/j.5txb.2010.17.009.]

[24] WANG Z M, LIU X C, XUE L, et al. Leaf element and soil nutrient of
garden plants and their stoichiometry in Nansha, Guangzhou [J]. J SW
For Univ (Nat Sci), 2017, 37(2): 95-102. [F 51, /NI, BESr, 25
JUINEE VD E M S 3R SR KA AERT T [T]. P
Molk K245 (R FHE), 2017, 37(2): 95-102. doi: 10.11929/j.issn.
2095-1914.2017.02.016.]

[25] LI X K, SU Z M. The geochemical characteristics of soil elements of

strata in southwestern Guangxi [J]. Guangxi Sci, 2001, 8(4): 301-307.



408 Hh TR R 4R

34 %

[(FEJEHE, Jroas B, MU AN 7] 32 3R T R ER L 2245 AE [).
IR, 2001, 8(4): 301-307. doi: 10.3969/1.issn.1005-9164.2001.
04.016.]

[26] CUI P X, SHEN Z H, FU P L, et al. Comparison of foliar element
contents of plants from natural forests with different substrates in
southern China [J]. Acta Ecol Sin, 2020, 40(24): 9148-9163. [#:£5%%,
HRSE, AN, S5 PR TR T R R R R AR A
TER T RFHELLEL [1]. 43554, 2020, 40(24): 9148-9163. doi: 10.
5846/stxb202001160138.]

[27] HUANG X Q, GAN H Y, HE H J, et al. Distribution and cation
exchange capacity of Ca?" in shallow underground water in Hainan
Island coastal area [J]. J] Water Resour Water Eng, 2017, 28(4): 50-57.
e, M, %, & i SIEEINIX R )Z T K Ca? i
SIATFIBA B TR ar b [J]. KBRS K TR 244, 2017, 28(4): 50—
57. doi: 10.11705/;.issn.1672-643X.2017.04.09.]

[28] ZHENG S J, JIN Y F, DONG Q, et al. Effects of different ratios of
nitrogen, phosphorus, and potassium fertilization on the growth and
leaf nutrient content of Cypomandra betacea seedlings [J]. Soil Fertil
Sci China, 2024(7): 108-122. RS, &AM, i, 55 FBEHA
[ A b AL X A 78 4 8 A R FR S RO R (7], opE
FEEEL, 2024(7): 108-122. doi: 10.11838/sf5c.1673-6257.23499.]

[29] JANG Q L. Comparisons of element distribution characteristics and
salt tolerance between true mangroves and mangrove associates [D].
Xiamen: Xiamen University, 2007. [¥§15>%. HA ALK P o0
oM R ERZE R A HALHT S [D]. JEIT: JEITR, 2007.]

[30] WANG X, LIU J K, LUO S X, et al. Difference of leaf functional traits
of coastal psammophytes in Hainan Island and its relationship with soil
chemical properties [J]. J Trop Subtrop Bot, 2022, 30(5): 708-717. [+
B, X, BOKE, &R DAY T IREER o R
LEEEMETHRA (] #F WA EY FIR, 2022, 30(5):
708-717. doi: 10.11926/jtsb.4519.]

[311 ZHENG Q E. A study of biological characteristics of invisibility in
exotic species Chromolaena odorata & Eupatorium adenophorum [D].
Nanning: Guangxi University, 2006. [)3 &, JMRF R RIZ 2L
FEEMANRAEMZEFALHIGE [D]. BT T 7K, 2006.]

[32] HAN W X, FANG ] Y, REICH P B, et al. Biogeography and variability
of eleven mineral elements in plant leaves across gradients of climate,

soil and plant functional type in China [J]. Ecol Lett, 2011, 14(8): 788—

796. doi: 10.1111/j.1461-0248.2011.01641 x.

[33] SCHREEG L A, SANTIAGO L S, WRIGHT S J, et al. Stem, root, and
older leaf N:P ratios are more responsive indicators of soil nutrient
availability than new foliage [J]. Ecology, 2014, 95(8): 2062-2068. doi:
10.1890/13-1671.1.

[34] YAN Z B, GUAN H Y, HAN W X, et al. Reproductive organ and
young tissues show constrained elemental composition in Arabidopsis
thaliana [J]. Ann Bot, 2016, 117(3): 431-439. doi: 10.1093/a0b/mcv190.

[35] WALKER D J, LEIGH R A, MILLER A J. Potassium homeostasis in
vacuolate plant cells [J]. Proc Natl Acad Sci USA, 1996, 93(19):
10510-10514. doi: 10.1073/pnas.93.19.10510.

[36] WU S J, WANG B B, WANG W Q. Study on the nutrients retrains-
location of mangroves during leaf senescence [J]. J Quanzhou Norm
Univ, 2012, 30(6): 47-52. [%H%, EHE, E3CW. LM F
R LR IR AR (7], SRMITRE 2 BE 244, 2012, 30(6): 47—
52. doi: 10.3969/j.issn.1009-8224.2012.06.012.]

[37] RENGASAMY P. World salinization with emphasis on Australia [J]. J
Exp Bot, 2006, 57(5): 1017-1023. doi: 10.1093/jxb/erj108.

[38] JIANG S J, TANG Y J, ZHAO P. Correlated absorbtion between Sr or
Cs and other elements of plants [J]. Hubei Agric Sci, 2012, 51(21):
4752-4755. [TLHZS, KRG, B3, HPRIKL Sr, Cs HEAh TR
FERYEREFT (3. WiHLRLLARE, 2012, 51(21): 4752-4755. doi: 10.
14088/j.cnki.issn0439-8114.2012.21.005.]

[39] HU W, LV X B, YANG J S, et al. Effects of potassium deficiency on
antioxidant metabolism related to leaf senescence in cotton (Gossypium
hirsutum L.) [J]. Field Crops Res, 2016, 191: 139-149. doi: 10.1016/j.
cr.2016.02.025.

[40] LUO Y, GONG L, ZHU M L, et al. Stoichiometry characteristics of
leaves and soil of four shrubs in the upper reaches of the Tarim River
Desert [J]. Acta Ecol Sin, 2017, 37(24): 8326-8335. [&'#, T1H¥,
AeILFe, S5 BERURW BWEREIX 4 FEAREY T S LRSS
SRR (7] AR, 2017, 37(24): 8326-8335. doi: 10.5846/
stxb201611222379.]

[41] XUE X X, WU X P, WANG W B, et al. Progress of potassium,
magnesium and their interaction in plant-soil system [J]. Soils, 2019,
S1(1): 1-10. [BERK, RANF, ESOK, 5. Y- LR Gk
R LA IR [3]. 13, 2019, 51(1): 1-10. doi: 10.
13758/j.cnki.tr.2019.01.001.]



