1 (Avicennia marina ) IR BESEMNREMZINE =

*THEXG

H &1 (Avicennia marina )\ REBRSEN TR EZFMZMMEZE "

Q. E\RFR. S BEFERFR( BLREFR T ), S BLMKEFSH A EEERET, S ®kE  536000;2. 8 K F RN
B EERASZAFNIAF UMM, S BIE  536015)

WE mE-FHEYLTETER, Bt &S FEREERE T . RFRAE 5 5% Avicennia marina S H AR
BEAE R A T VG JU I L0 AR O 37 DN B 9 ANRETT I GE AR T A R AR AR AR AR A TR bR A - S B I T
M Ad T7 2253 BT Pearson AH G431 FIE 2D 101 UH 3 87 45 J7 vk 43 A & TR X0 11 AR 2 4 & 5 - Min® " 5 1Y
S, TR ST A AR K5 e B, 45 R o R R & B A 4 Mo & 5 2R R BB L SR AR
TR A W E ARG . Z 0B WIH AT R WD AR R R Rt R AR RS ) AU L
HErE o LIS KD, DA AR fiF L 4 TR A3 ) 5 S K B R 32 BT X 3 M B 3 Y
SEAN KR IR D AL DA K - SRR AL 0 28 B, WFST AR R 5Ol 74. 60— 256. 05 mg/kg, ik
R TRINA K R0 B AR R A & 2 (700 mg/ke) , MLz (B BAERK S8 A ER AT & HESHW. A
B R i IR T i — D AR

KB : R AUR e R R R LR

hE45EKS. X173 XERERIRAD : A XEHE.1002-7378(2024)03-0258-09
DOI: 10. 13657 /j. cnki. gxkxyxb. 20241108. 005

A RGN R R RE B 4Bk
SARAEAR Oy R A AR ARG T
PR AL T B RE A L 4 i R
HE SRR T 2R R IR ES RS
AR 32 36 2k A K Ml A0 Tl A RS S i i i R i
L5 A7 Y T LD MR KN R
PET . F 4R I5 YL R A LA A AR TS B e R
TEWTHES R A B IRBEY D E & TN 2

REVEWL D RIS R GRS R R

BTl B E SR,z AT I
WX, AR S — R4 XL ) TE R4 A 6 800
ANGRE” L IE £ FF 2R L 1 B K 600 000 ha''™ . 4 AT 5
A R A iy oK A5 BR BT A I A B R X
I 53 I SR G M i (5 ) T 7R e i PR T A 2 B
TR K H A A FE L I R S R G R

YA B . 2024-04-26 14 B B #.:2024-08-26

* B R B KRR FE AT E (32060282, U21A2022) Fn B 6 X H & A i M AR B B £ A AL #F 0 4 % 1 B (GMRC-202403) % 8 .

[% —1#FHN]
Brir(1990—) .k 4+ HEHARR . EENEFAMMAKAF TR,
[« « 35 16 % /]

X X Z(1980—) . B A% B £ EMNF L MM G 55 H X . E-mail: liuwenai@126. com,

| CIR NS |

BRI XE,H M. G FE (Avicennia marina) R Z G4 EHREMYmEE[J]. )7 A ¥k % %,2024,40(3) :258-266.
XUE Y H,LIU W A,FANG C. Accumulation and Influencing Factors of Mn Content in the Roots of Avicennia marina [ ]]. Journal of Guangxi

Academy of Sciences,2024,40(3) :258-266.



I ARZFERFR,2024 £,40 %, % 3 H Journal of Guangxi Academy of Sciences,2024,Vol. 40 No.3

R, BAE Y AR KB LA EITER
G VR CER BRI RR T A B S R R T L AR i AF
7R AE T H B RIAE R H Y A R IR A AR R
gt — s Y R D o A A B 3 L T R B
WA EEFEAEH . S REEY M A AR A
MBI R 2 R VR AR AR AR LA R G 2 AT
TOEEBGY . Mn® SRR R k. NS 5
BRI LY Y S 0 Mn® T R R, &
W S AE YA TR, Rt Mn® " 2 o P ) 32
TN LR A K A I SE SH )IZ  A AE TE]
DX 3R, 22 ) ) R R 5 HE K Y sE g . 20 pkop
FLBR K AT 5 i K8 A 4% (12 mol/a) , it it Tl i (5. 4
mol/a) IR (11 mol/a)™*, HHj. A XKLL K
S R R S A | < S R e o S
FE A IR A T op, R LG T4 AR A 1 A ARG .
FERRVE b AR Y & AR 1 M b A ) B
EWH LB A RESY . TIEWARN Z o8 R £
B S R ARG, 2020 4R PGS S E K
BHLAFE N H S Avicennia marina H 39T 55 Ay
B R GBMENS., B THSEREZREERZ
K 75 UM 35 22 B R e J2 v B3 T 22 B R AR
b J2 TR /0 DL 7 . LR WL 3] i BE L TS 4 1 i 0
W UL AR A s HE B L 0 45 o i T
R IS . It AR5 DL BE L B RE R 4
B A AR S X G 3 o R AT R AR AR E A M
6 b A1 e HRAR DR L RS A AR AR A 1 R )
PR 2R I i i S A S D R AL 2 AR B

1 #MH5RFIE

1.1 FxEihA

i | RS Y e LT /N 7 R v R RN S N i =i
T, Hb b b B 2R ARG, 2 4 109°09" 23" —
109°13'59"E,21°23'17"—21°28'54"N, J& T ¥f§ v £ %
DA A ) it EL A B8 (1 ST s A s 9 22 O AR Y
5—10 J,6 N H W RE K& 54 EREK R 1 80% LU
L RN 238 CAEFERE N 22.6 °C.#
WhaEHE ., AR EZEAR B EE VO Kande-
lia obovata FI i {E ¥ Aegiceras corniculatum A5 B
CUMAEY) , H DL A S 3 RS 2. 0— 2.5 m,

TF 5 Ml AL AE ) V4 b T V2 U 6] 500 1 2 el 14 e
I DX, A A X I 1] ¥ 5 [ 43 S o CHD | o i
(MD FARME (L), 3% 9 N7, 430 8 HI. M1, L1
(e vd) , H2 M2 L2 CRIE V) A H3 M3, L3 (/) je

W RS & 1 Frs ., AR KR R 1
frs . H K He fidr e v H1 M1 A& R 4h
B i AR TE R A (0 B AN L A RY L R
HR A B 5 A0 A B L 5 5 TR I A g A 30 A7 B AL 3
PR3 Bk A 27 BRAEAR EAT IS SR SL 5,

2 W

21°24'59"

21°24'30"

109°10°40" 109°11'15"
BT AR AR
Fig. 1 Location of the survey plots
1 BEEEKERKRR

Table 1 Growth and health of Avicennia marina

109°11'50" 109°1225"

Shn -3 - 1)

" Gyt . IR
. =i Young Sparse
Tide - Dead B

Plot leaf cur pneuma
level branch
vature tophore
H H1 Yes Yes Yes
H2 Yes Yes Yes
H3 No No No
M M1 Yes Yes Yes
M2 No No No
M3 No No No
L L1 No No No
L2 No No No
L3 No No No
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TMn:root Mn content. Different capital letters of the same season indicate significant differences between tide levels (P <C
0. 05) ,and different lowercase letters of the same tide level indicate significant differences among season (P <C0. 05).
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Fig. 2 Comparison of physiological and biochemical indexes of plant roots and soil physical and chemical factors in wet and

dry seasons
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Table 2 Soil particle size analysis in different tide levels

3R 9%/ % Soil particles/ %

WAL - -
Tide level ik b B i+
Gravel Sand Silt Clay
H 4,15+1. 27a 52.63+4.38b 36,7444, 24a 6.484+1. 14a
7.23+2.34a 61.35+1.41b 27.62+1.81b 3.81+0.29b
L 6.74+1.45a 73.78+2.01a 17.23+0. 90c 2.25+0.16b

Note:different lowercase letters of the same column indicate significant differences between tide levels (P<C0. 05).

2.2 BRERZRES=EMZIMEFEXME YURAESES WA AW E = (P<<0.001) . £
X R AR AR R F AR B AE AL R B A 4 EHE AL HEE K (P <T0.001) M B (P <<0.001) ., % +
KT 34T Pearson AR E 8, &5 0K 3 i . 18 (P=0.002) . Bar(P=0.004). -8B FER(P=
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Gravel:soil gravel content; TMn:root Mn content; Sand:
soil sand content; REW: fibrous root fresh weight; RA: root
activity; Mn®" : soil Mn®" content: RDB: rate of dead branch;
EC:electrical conductivity:Silt:soil silt content: Clay: soil clay
content: SWC: soil water content: TOC: total organic carbon;
Red: positive correlation; Blue: negative correlation; * : P <C
0.05; % % ;P < 0.01l; % % x ;P <C0.001.
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Fig. 3 Correlation between the factors
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Table 3 Linear regression equations of root Mn content and soil Mn’" content

VL 2 .

Equation Ry P AIC

TMn=287.02+2. 24RA—0. 37RFW+7. 31EC—589. 03SWC—0. 02RFW X EC+1. 67RFW X SWC 0.470 7 <C0.000 1 524
Mn®" =—112.91+19. 90RDB+1. 28Sand+ 1. 24Silt+31. 94 Tide level —0. 38Sand X Tide level 0.472 9  <<0.000 1 365

Note: TMn, root Mn content; RA,root activity; REW, fibrous root fresh weight; EC, electrical conductivity; Mn®" , soil Mn®" content; SWC, soil wa-

ter content; TOC, total organic carbon; RDB,rate of dead branch;Sand, soil sand content; Silt, soil silt content.

3 itig

A S BRAG M T 2 T B R] 4 AR AR R A
PRI AR e . B 0 21 AR PR ORS B A 5 ) —
GE i TS A2 B R AR A
M 5% W 25 20 R AL P I W, 24 pH AT B 31— 2 K
SR (pH (H <<6) . P AN FEM A Mn 28 A 1L
W B Mn® R R R R Wkt 4 PRy
Mn*" R AEK KR F 598 5 S R 0k i 4
AR SR ct I o7 A Ol G AN O N o
(9 pH (R8O B2 VRS BR ST M oA R AP 0
pH EA X &AL, Mn® " & [ E 2. (b ()], +
HEpH HYE Mn® & 85 B &M C(E 3), £
REMRER PE JE A T Mn®' B, X 5 Davis™ |

Weis 25 BB FE 85 1 — 8. 51 AW 58 A A A BF
FEP g Mn® i SRR SRR B, K
JE PR AT iR 5 RAR R R R BE TSR AR B & A G WFR
Hi 3 2 P AR R AR [ (144553, 62) g, 1 HoR
R ok i WL 5 B0 2 A M R T IR AR A o A
BT TUARIF 02 AR A 7 B 4, 26 B b 1 AR R K
HAEAET. . MR ZER T2 % (5 AR R T4
ZRIGHE A TR R HAR T [ (23.50£2. 19)
gl TETZA I, B8RS T RN+ &0 227k
2 W EACELE 2D ], 182 e rp (B 55 i & 1
MR E Ao AR R TG S [(12. 81 £3.747) pg/(g -
h) THRTBAR 1Y %% & F: [ (104. 55 £ 12. 24) mg/kg s #
RGBT e, AR R J10(10.224£0.92) pg/
(g« )W A BEAL, MR R A & [ (108. 33 £ 10. 66)



I ARZFERFR,2024 £,40 %, % 3 H Journal of Guangxi Academy of Sciences,2024,Vol. 40 No.3

mg/kg A IEIE 2:(a). ()], AP R
TG Mn® RO (3 R TR
R KRBT B AR R TR BRI 2800 .

TR A RSB EERGE Y
PRE I Ah b, 4 R 4k A Rl By
KEWEE (R 3, RHEASKES HHE M SR
2 IE AR 56 (B 3D, KR 4 18 5 5 T8 W 0 T 5 1
Mn® "t 35 B 21 B bR - 9 A L - A K R
Mn® " & 5t 0B A AT BE 1 R R A AR O
SETE R A A L AR A g K R L D) I
B S BAIS , PA M A v X PR 2 R A B v IR
BB AU R 5 | A e R Ak i A BT
AR B3 I8 DAL T 0 R b T AR R B 4 L T R R AR
T Al RS BR G A SR IR A MILBR T 52 il i 4 i 19 3T
Rtk AL S e v e A LB B B A X3, AR 5
W A HLER S R R R Mn® T R R IE A
KA T X — (3,

LI RE MR A S B M S SR R b . IR
FE R AR 8 LT 10 20 B AR XA B4 S B (N
537.583 mg/kg) " B @ O B AY X 481 5
GEII K 208 mg/kg™™ 4@ E N 280 mg/kg "), AR
- e 4 R T DA W Y A2 T e R L HRE T
A W 4 b & 4 8 BT B B8 ) KR ] A
PECOT L YN AR H LT O 20 bR X 4 AR
1R T IO 1 T S (L L 3 TR 1 A O B R R A
KEHT R AR BT E 3 B
VREAFER RS E R YT 5k Mn® %
L MR - rh B S i AT AR ZE AR 1 1
(R BIF 5% 5 AR TP e VAR & i I, R 4R B 20 AR £
B Mn®" 553 AH I8 30, BOR BE B 2 BIF 9T M (o e A
RIS, BRI AR R R T
5 R R4 & 5N 74. 60—256. 05 mg/kg, B F4h
W AR R AR S R K (AR 143,95 mg/
k) SR EAHHEERE T E (129 mg/kg) M
MU /N T b E EI AR AR X A KR
U 04 1A R S A AR B0 4 & i (700 mg/kg) M H R L%
0 v R I A P AR R A
Sl A KA R ME . i LA AR R
B, 10 B A 5t A R M 1 PR S AR R AN S

i i 52 P 114 22 53 76 R Rl AE 9 b Ot R B 6 b
KFEM TG 2R 5 000 pg/g 1B K FH
ML TR AL 150 pe/g wh R B A4S 8 5 R 5 Ak

Y Lepidium latifolium 6% FR B & ik 10 mg/g
B A KR B AMRER IE &, 1 H 3k A 3T $2 5 2 A0 Y 1Y
TG PES . SR I A IS FE K s v g 25 L B Rk
I Z KA AS A K A Eh PR A — e FR B W]
iR LA R ) 1 T R R M . £ R A B b aT 5 R 1Y
TANERAETA Y VE PR B R R TR I R T A R 2
8 R i O P AT L A TR KRR S AR R R S
TX — o) R A 2R AR - 358 B R Vi A0 PR Y 2 Bk
H 3 PR R R 0 AT RE S T T B A ) R B T
BRALH] . OCF L0 R AR B /K P18 B0 B A A WA 5 it
T T4 T L0 K BR B Y 52 % P R0 S Pk L LA
I SR LA AR A 25 R G 1 QB LA, A 0 BT R IR
AW SE LA Hh 25K 7 K2 R 2R 30K B T4
RNARGE R/ R -R 78 L PV A S I SN EAR o 7 N ¢
TR A B R 22 AR

4 it

ABEFEHRVT T V4 b 1 U A R 5830 2 e Y
HHERAME T EM L Mn® 20N EF, B
RHAFERA L M0 SESRAE SR LE
EMOCHE X ST A FEAE TR i T AR
R REFCT AP TR s R, R 2
[ A7 7R & A Ok, BAR R o - e fiean, L pH
E MR, M pH {E2 0 Mn™ 16 H e g BLE L ik
T 3G LT R & A s 3 00 KU . AR R o A
B Mn® HRS5ZMIRA LA ERFR
WEACNE . 2B RIE S R AR RS
M E AR R IE ) R R LR SR L
TOKE, D R R KR i S AR R e
HIWASE 6 HHE Mn® B i 52 W 53 1 2 A A
Wi R i WA, DL R R R A A 28
Wi, WFSE A B EAR RS O 74,60 — 256. 05
mg/ kg, L /NF H AL X, (B AR K 55 R AR AR T
FLHE BN R AY I R 2 — 2P

2% 3k

[1] BENE C,PHILLIPS M,ALLISON E H. Treatise on
Estuarine and Coastal Science Vol 12:food as an ecosys-
tem service from estuarine and coastal zones [ M ]. Am-
sterdam: Elsevier,2011:147-180.

[2] HECKBERT S.COSTANZA R,POLOCZANSKA E S,
et al. Climate regulation as a service from estuarine and
coastal ecosystems [ M ]//Treatise on Estuarine and

Coastal Science. Amsterdam: Elsevier,2011:199-216.



(3]

[4]

[5]

L6]

[7]

(8]

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

1 (Avicennia marina ) IR BESEMNREMZINE =

COCHARD R. Coastal water pollution and its potential
mitigation by vegetated wetlands:an overview of issues
in Southeast Asia [M]//SHIVAKOTI G P,PRADHAN
U,HELML. Redefining diversity & dynamics of natural
resources management in Asias Volume 1. Amsterdam:
Elsevier,2017:189-230.
BARBIER E B, HACKER S D,KENNEDY C,et al. The
value of estuarine and coastal ecosystem services [ ]].
Ecological Monographs,2011,81(2):169-193.
BROWN C,CORCORAN E, HERKENRATH P,et al.
Marine and coastal ecosystems and human well-being: a
synthesis report based on the findings of the millennium
ecosystem assessment [ M ]. Nairobi: UNEP - WCMC,
2006 :7-20.
ULLAH R,FEBRIAMANSYAH R, YONARIZA Y,et
al. Reciprocal relationship between governance of natural
resources and socio-ecological systems dynamics in West
Sumatra Indonesia [ M ]. Amsterdam: Elsevier, 2017
231-271.
HE Q,BERTNESS M D, BRUNO J F,et al. Economic
development and coastal ecosystem change in China [J].
Scientific Reports.2014.,4:5995.
MITRA A. Mangrove forests in India:exploring ecosys-
tem services [ M ]. Berlin: Springer Cham, 2020 115 -
156.
ZHANG Z W,XU X R,SUN Y X,et al. Heavy metal
and organic contaminants in mangrove ecosystems of
China:a review [ J]. Environmental Science and Pollu-
tion Research International,2014,21(20):11938-11950.
LI M S, LUO Y P,SU Z Y. Heavy metal concentra-
tions in soils and plant accumulation in a restored man-
ganese mineland in Guangxi.South China [J]. Environ-
mental Pollution,2007,147(1):168-175.
AR, i il R B0 AE K 7= R4 b g L L ] b el
2007(5) :32.
it B e, Ty L A AR R R TR K B W o 5 B
AR LT ] Wbl . 2010(10) :45-49.
EL-JAOUAL T,COX D A. Manganese toxicity in
plants [J]. Journal of Plant Nutrition, 1998, 21 (2);
353-386.
LI J,JIA Y.DONG R, et al. Advances in the mecha-
nisms of plant tolerance to manganese toxicity [J]. In-
ternational Journal of Molecular Sciencess 2019,
20(20) :5096.
VR SCTEE B8R 8T BR 5 5538 , 45 B X AE 40 00 A BRE AR
R BT LT . R R, 2011,31(3) :5-14,
LIU Y,LI Z,XU R. Distribution of manganese( [ )
chemical forms on soybean roots and manganese ( [[ )

toxicity [ J]. Pedosphere,2019,29(5) :656-664.
XN K I, B RE, 5 RE L HEMS S pH.Eh

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

KRB AW RN LT]. MY %5 08k 2, 2003,
9(3):317-323.

HOLLOWAY C J,SANTOS I R, TAIT D R, et al.
Manganese and iron release from mangrove porewa-
ters:a significant component of oceanic budgets? [J].
Marine Chemistry,2016,184:43-52.

JETE R, % AT, 2R M, A5 VR VULV K R £ B AR R 2
PR Y T 45 )8 I 25 43 A A B35 B PN [T ], PR Be 75
5B5i7,2022,44(12) :1639-1642,1651.

1 U 7R R L N TR 37 SOFAR O LTS T
W G o A5 B [T, b I M 5 A 2022, 9(5)
104-110.

FRA , PRk B, 2R, LD AR & S P AR B TR
HEFELT]. 25 24,2009, 29(7) : 3893-3900.

R, B XL T ARAR MUY A R4
JE oA B A 3 MR P [T ] AR 35 3 8 2 4R, 2020,
29(1):183-191.

DAVIS ] G. Soil pH and magnesium effects on manga-
nese toxicity in peanuts [ J]. Journal of Plant Nutrition,
1996,19(3/4) :535-550.

WEIS ] S, WEIS P. Metal uptake, transport and release
by wetland plants: implications for phytoremediation
and restoration [ J]. Environment International, 2004,
30(5) :685-700.

J5 BELAR B S0 AR TRV O DR MO E D A R A L) .
e HE MOl BHE L 2008,35(1):71-73,129.

A AL BT BT ATV 2R bk T O O A
BT ] U R BE A4, 1997, 13(4) 141745,

TRz o, N 2 K L0 N AR A A oA B s I T A
YRR (D], L ) AR R A%, 2015.

B, LRl A B 07 i LML JE st Rl
Rh£ 5 AR A L 2000.

FEELL MR, KO T R e R K R
Prrh s OF 5 LT 0. AL T8 7 H T, 2008, 30 (3)
173-176.

RAHMAN M S,RAHMAN M,JOLLY Y N,et al.
Heavy metals in afforested mangrove sediment from
the world’s largest delta: distributional mapping, con-
tamination status, risk assessment and source tracing
[J]. Marine Pollution Bulletin,2024,203:116429.
WANG M,CHEN Q,CUI J,et al. Distribution, ecolog-
ical risk, and sediment - influencing mechanisms of
heavy metals in surface sediments along the intertidal
gradient in typical mangroves in Hainan, China []].
Marine Pollution Bulletin,2024,206:116677.

ISLAM M M,AKTHER S M,WAHIDUZZAMAN
M, et al. Fractionation and contamination assessment of
Zn,Cu,Fe,and Mn in the sundarbans mangrove soils of
Bangladesh [J]. Soil and Sediment Contamination,
2023,32(7):789-811.



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

I ARZFERFR,2024 £,40 %, % 3 H Journal of Guangxi Academy of Sciences,2024,Vol. 40 No.3

RENGEL Z. Availability of Mn,Zn and Fe in the rhizo-
sphere [J]. Journal of Soil Science and Plant Nutrition,
2015,15(2):397-409.

PORTER G S,BAJITA-LOCKE ] B,HUE N V,et al.
Manganese solubility and phytotoxicity affected by soil
moisture, oxygen levels, and green manure additions
[J]. Communications in Soil Science and Plant Analy-
sis,2004,35(1/2):99-116.

RENGEL Z. Manganese uptake and transport in plants
[J]. Metal Ions in Biological Systems,2000,37:57-87.
MARSCHNER H. Mechanisms of manganese acquisi-
tion by roots from soils [ M]//Manganese in soils and
plants. Dordrecht: Springer Netherlands, 1988: 191 -
204.

XIE H,YANG Y, LIU J,et al. Enhanced triclosan and
nutrient removal performance in vertical up-flow con-
structed wetlands with manganese oxides [ J]. Water
Research,2018,143:457-466.

A, R SCkh. T E R L AR S IR R R E £ L] &
224 ,1994,31(1) :86-93.

B4 R T M 2 By 2T MR AR g e s A R ) ). +
H€.,2004,36(5) :561-564.

FNT L E A B EE . U R B AR 5% W LD AR ER e B
FEPEARLT ] e Aol B2 . 2008, 28(3) :32-37.
KUMAR A,RAMANATHAN A,PRASAD M B K,et
al. Distribution, enrichment, and potential toxicity of
trace metals in the surface sediments of sundarban
mangrove ecosystem, Bangladesh:a baseline study be-
fore sundarban oil spill of December, 2014 [J]. Envi-
ronmental Science and Pollution Research Internation-
al,2016,23(9) :8985-8999.

DUFEY I,HAKIZIMANA P,DRAYE X,et al. QTL
mapping for biomass and physiological parameters
linked to resistance mechanisms to ferrous iron toxicity
in rice [J]. Euphytica,2009,167(2) :143-160.

BAYEN S, BUFFLE J. Hollow-fibre liquid-phase mi-
croextraction of polychlorinated biphenyls:dynamic as-
pects and analytical challenges associated with their
speciation [ J]. International Journal of Environmental
Analytical Chemistry,2009,89(4) :277-292.

BAYEN S, WORMS I,PARTHASARATHY N,et al.
Cadmium bioavailability and speciation using the per-

meation liquid membrane [J]. Analytica Chimica Acta,

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

2006,575(2) :267-273.

BELLUCCI L G,FRIGNANI M,PAOLUCCI D;,et al.
Distribution of heavy metals in sediments of the Venice
lagoon: the role of the industrial area [ J]. The Science
of the Total Environment,2002,295(1/2/3) :35-49.
HSCHC ARG . YA B RS CroNiuMn (19 2]
Py A [T, B HIAE 2540, 1996, 7(2) 1 139-144.

HOSCHL R FE R AF AR U T Bk 24 Ak
B R AR C R I R K E A L)) M 2= 4. 1996,
38(3):227-233.

TRYIT A A5 3R8E Jey .+ S BR 57 32 (. DB4403/T 68 —
2020 (ST B BNl 37 Wi B #LR 2020,

MR 4, R AR 75, X G L 55 R Tt R SR
FCRRAELT ). R FRBEAG I . 1992(3) :107-110.
PR, X34, B 05 05 ) G AR5 0T X L A Jm
i SIBA AT LT ] ) P9I R 2= 2 4 CH AR 2 10
2014,32(4):108-114,

KAEWTUBTIM P, MEEINKUIRT W,SEEPOM S, et
al. Heavy metal phytoremediation potential of plant
species in a mangrove ecosystem in Pattani Bay, Thai-
land [J]. Applied Ecology and Environmental Re-
search,2016,14(1) :367-382.

SU T.CHEN J.HUO X.et al. Transcriptome-wide
m” A methylation and metabolomic analysis reveal reg-
ulatory networks in rice roots under manganese stress
[J]. Environmental and Experimental Botany, 2024,
226:105906.

NEZHADASAD B,RADJABIAN T, HAJIBOLAND
R. Symptoms of Mn toxicity and the effect of salt on
Mn toxicity and accumulation in the halophyte Lepidi-
um latifolium []]. Plant Biosystems: an International
Journal Dealing with all Aspects of Plant Biology,
2023,157(3):711-726.

PAN F,LIU H,GUO Z,et al. Metal/metalloid and
phosphorus characteristics in porewater associated with
manganese geochemistry: a case study in the Jiulong
River Estuary, China [ J]. Environmental Pollution,
2019,255(Pt 1):113134.

ALONGI D M. Macro- and micronutrient cycling and
crucial linkages to geochemical processes in mangrove
ecosystems [ J]. Journal of Marine Science and Engi-
neering,2021,9(5) :456.



1 (Avicennia marina ) IR BESEMNREMZINE =

Accumulation and Influencing Factors of Mn Content in the
Roots of Avicennia marina

XUE Yunhong'?,LIU Wen'ai'"*"* ,FANG Chao'"”

(1. Guangxi Key Laboratory of Mangrove Conservation and Utilization, Guangxi Academy of Marine Sciences (Guangxi Mangrove
Research Center) , Guangxi Academy of Sciences, Beihai, Guangxi, 536000, China; 2. Observation and Research Station of Coastal

Wetland Ecosystem in Beibu Gulf, Ministry of Natural Resources, Beihai, Guangxi,536015,China)

Abstract: Manganese is an essential element for plants.but excessive Mn can lead to plant death. In this stud-
y,nine sample plots were set up in the Guangxi Beihai mangrove wetland reserve, where Avicennia marina
was suspected to have Mn poisoning symptoms. The physiological and biochemical indexes of A. marina root
system and soil physical and chemical factors were determined. The effects of various factors on the root Mn
content and soil Mn"" content of A.marina were analyzed by variance analysis, Pearson correlation analysis
and stepwise regression analysis,so as to explore the reasons for the growth weakness of A.marina. The re-
sults showed that root Mn content and soil Mn’" content was significantly correlated with various root physi-
ological and biochemical indexes and soil physicochemical factors. Multiple stepwise regression analysis
showed that root activity,fibrous root fresh weight,soil electrical conductivity,soil water content,and the in-
teraction between fibrous root fresh weight,soil electrical conductivity and soil water content had significant
effects on root Mn content. The significant effects on soil Mn®~ content was withered branch rate.soil sand,
silt,tidal level,and the interaction term of soil sand and tidal level. The Mn content of the root system in the
study area was 74. 60— 256. 05 mg/kg,which was much lower than that of the well-growing A. marina root
system in Shenzhen (700 mg/kg). Therefore,the growth and decline of A. marina in this area was not direct-
ly caused by excessive Mn. The cause of A.marina withering needs further study.

Key words: Avicennia marina ; Mn accumulation;influence factors;root;mangrove
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