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Studies of eco-physiological characteristics of three mangrove species in constr-

ucted wetland sewage treatment system

JING Yuan-Xiao'?, REN Yan-Li*, CHEN Gui-Zhu'* (1. School of Environmental Science and Engineering, Zhongshan
University, Guangzhou 510275, China; 2.College of Life Science, South China Normal University, Guangzhou 510631, China). Acta Ecologica
Sinica,2005,25(7):1612~1619.

Abstract; Mangroves are diverse communities of tropical to subtropical trees and shrubs growing in the intertidal zone.
Pollution eco-physiology and purifying effect of mangrove under seawater condition have been widely investigated. Only few
studies related to mangrove wetlands under freshwater condition have been conducted. The objective of this study is to
investigate the eco-physiological characteristics of three mangrove species, i. e. Sonneratia caseolaris (Sc), Aegiceras
corniculatum (Ac) and Bruguiera gymnorrhiza (Bg) in subsurface flow constructed wetland sewage treatment system under
freshwater condition.

The experiment was conducted in South China Normal University, Guangdong Province of China, from January to
December 2004. One-year seedlings of mangroves were obtained from Futian Nature Reserve, Shenzhen Bay. The constructed
wetland, with 2 m in length, 2 m in width and 0.6 m in depth, was planted with mangrove at a density of 30 plants per
wetland bed. Wetland systems received sewage once 2 week. Plant height, basal diameter, biomass, SOD activity were
measured once a month, while chlorophyll content, photosynthetic rate, transpiration rate,stomatal conductance, electrolyte

leakage were measured once a week.
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The results showed that growth rate of the three species are different. Stem height increment of Sc, Ac and Bg were 134,
32 and 21 cm, respectively. Basal diameter increment was 18. 2, 14. 3, 12. 9 mm, respectively. Biomass increment were 747,
113, 55 g/plant, respectively. The growth rate of three species was in the order of Sc > Ac > Bg. Average value of
physiological characteristics of the three mangrove species were obtain according to the values of all treatment months. Total
chlorophyll content of Sc, Ac and Bg were 1. 91, 1.26, 0. 91 mg/gFW ,respectively. Chlorophyll a content were 1. 44, 0. 93,
0. 64 mg/gFW, while chlorophyll b content were 0. 5, 0. 34, 0.17 mg/gFW, respectively. Net photosynthetic rate were 9. 67,
6.39, 3.57pumolCO,/(m? « s),and transpiration rate were 54, 38, 24 mmol H,O /(m? «+ s). stomatal conductance were 285,
222, 110 mmol H;O /(m? « s). Electrolyte leakage were 10.2, 12.9, 13.5%. SOD activities were 447, 396, 386 U/g FW.
The results indicated that photosynthesis and water metabolism showed a sequence of Sc>>Ac>>Bg, and Sc had a better
resistance to sewage stress. The changes of eco-physiological characteristics of the three mangrove species during one year were
similar. All of the three mangrove species maintained high growth rate and physiological characteristics from April to October,
but had low growth rate and physiological characteristics from January to March and from November to December.

In conclusion, three mangrove species, i.e. Sonneratia caseolaris, Aegiceras corniculatum and Bruguiera gymnorrhiza are
adaptable of subsurface flow constructed wetland sewage treatment system under freshwater condition. According to the eco-
physiological characteristics, Sc was better than Ac, and Ac was better than Bg.

Key words: mangrove; subsurface flow constructed wetland; Sonneratia caseolaris; Aegiceras corniculatum; Bruguiera

gymnorrhiza; freshwater
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ESRERCIAMBRESTIREEE A IHHREES . —Bo¥ENEARRAIRKBRARNEBRR AFEX
AR LT RIS 0~ 18) A T AR T S A S0 4T A AR IR T2 N 5 RIS I B R IR BOR ER HRT RIS R B R A 1
A ATAMMENRERRREENLNRERENTRKSRERKIHE MY EAMFMAT ETH MERKRET
WA . A TR THK ERA Y ELHATRBEFSKEERE S 3 AWMy N AT ESHE, 8L —2F#
BAMEYERK B RSN TR,

1 REHRIGE
11 REAe

AR R 3 MR, 5 % N8 (Sonneratia caseolaris) N T8 (Acgiceras corniculatum) Fl R ¥ (Bruguiera
gymnorrhiza). 3N 1 AN RARYER AR XFEE.
1.2 WA ATRBHHNE

B £ T4 R W K2R AR IR B3 . 1T Mk M R F 0 2m X 2m X 0. 6m (K X FE XD » BB IR B E A 0. 6m,
BOR M T2 EA800 BEA CRL2 10mm)  HIRE A OB Smm) , 48 F R A1 B 25 30em B 43 5 08 R A ER AARKA
TEH 3 A, BE 3 MBHBER, B MBI ELIREY 30 5.

BHELRARREBHMET R, LB B KEEAA LB CEAZSKUTIRE S8, #TAEREAANTER.
BAGES AR IR LR ERFHAKERA, BBATBE, LGNSR . SKRAFRTRFERER
¥ 7K, 757K COD 2 210mg/L . BOD5 # 95 mg/L . & 15 mg/L 8B 3.5 mg/L ,ERAEHIRMEAK 1 K. 2003 F 10 HE 12 A¥#
B %K ,2004 45 1 AIFIRHETS K.

BAERIEE ARG X EHEHER 3 FAREYE 60 BRI E, LR AT RIS KAEREMGEN B REH
3PP E KR,

1.3 $EPRIE K HW g

BIMAATIE M 2004 4 1 HIF 4,3 2004 4F 12 AR,

1.3.1 AKREAEDE R ERERDE 580 REHUHEUR B 5 R AR IE R ARSI M 21 2R, BRI E AR R
MER,FEEEEHSOR. 2 MEIGCHRTEEE, AHCRETRR FHELLEYE. REAYERERE BAY
ERD) MEESEYRBZEAFETIIMELER.

lgB = lga + b + 1g(D*H),
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RBRHARE BATHABRE —RWUE& MEHET 30 REYK KRB HEL.
xR ERRBITE .
R = (InB, — InB,)/(T, — T")

KA RRFMIEKER, B M B, HJRHE T, M T, HOHKTE.
1.3.2 ABEHFNE

(OHEE b RREBHME RBAEYSE 3 MM, % B Lichtenthaler 1 Wellburn™ ¥ 8 AWE 1 K.

OENAER BZEER . SILFERNE SHAMNEY S HIBE 3 FE KRR RIFERED A #TRE, f AR
B il # £ Li-cor 6200 YoA 1 AN EHATIE , B A B EH K — K55 F 8:00.10:00,12:00.14:00 1 16:00 WE.

(3)SOD HEH#HE BUEHKI M F 0. 5g, TR A P REHEZMAR, il 6ml FA K 50mmol /L pHT. 8 HIBFRRZE Rk (&
FRESHEER 4% PVPP # 0. 3% 89 Triton X-100),10000r/min B.{> 20min, F HHE NEE ACRELA EHSR
HEFEPRFREANE 1 K.

WERBEENE FRSOOEPIEANE T 8T R, B FREMHMX S HE %) =(R/R1) X100
1.4 PR

KA SPSS S KA T HEMERHFHEMGES, MR IR ZEAFEBEESR, R Student-Newman-Keuls £
THREREERHBEHE.,
2 BRESH
2.1 EKRAR
2.1.1 ALE®BALBERELHWEYEKRE

WHE EREKE BRESANEHRENER HTERENERNENENANBGR1IED,

FRIERENEE LR RS EERES TN 134,32 7 21cm, la FHBE S NFHEN K 2.3.1.6 11 1. 4 % %H
ERBERSAERNSAN TAEREE. B2 AERNAAMBEREHE S K 18. 2,14, 3 1 12. 9mm, 1la FEB L HF
MR 2. 1.2.2 00 2.1 1%, BRREHBBRS>AEN~AM.

B1EH. B2 3~12 AREEKRR BB ANBEREREKE, 1~2 AREERSERILEEFIL FAERIAR2S
BEKEEES . EANBENN. RERKFE,3 HOREY 4~10 ABIRR. EERANEEE, 1~3 AR 11~12 AH
BB K B8, 2 AR '

£1 AIBBFAKLABRZIMEDHE . EEFHE

Table 1 Yearly increment of height and basal diameter of mangroves in constructed wetland sewage treatment system

# 5 Height (cm) # R Basal diameter (mm)
12 Species LA ERE EHE LE BT ZRE FHE
Before experiment After experiment Yearly increment Before experiment After experiment  Yearly increment
¥R S. caseolaris 101438 23515 134+12° 16.0£1.3 34.2%3.6 18.2+1.6°
WM A. corniculatum 5544 87+8 32+3b 11.9+£0.9 26.242.3 14.341.5°
AM B. gymnorrhiza 58+3 79%7 Al L 11.5+1.0 24.4%£2.5 12.940.9°

RPBEN S MEEWHPHELFEE, R FE AR EEZRE YKV AR BEEFHE Values are means £ SE for 45 samples, the
different letter in the same list indicated significant difference at p=0. 05 level
4R ITHELEDE BT IHANEYAYERSHKRRERNEATEE D . ZRIABREK 1 FFHEY
WERERKEN SHNBITERFHALEESNELAFE. RENSFESHNEL SHAREY LRI BNERNEYE
(&3,
F2 4PBRMBADARE

Table 2 Linear regression equation of biomass

o HHRE A XK BEH

Species Linear regression equation R ?
#WR S. caseolaris lgB =— 0.5771 + 0. 8894lg(D?*H) 0.918 <0.01
lgB = — 0.3971 + 0. 9574lg(D*H)* 0. 954 <0.01
WIEW A. corniculatum lgB =— 0. 096 + 0. 8068lg(D*H) 0. 902 <0. 01
AW B. gymnorrhiza lgB = 0.4298 + 0. 5616lg(D*H) 0.736 <0.01

* SCIS 25 R At A9 [8] )3 5 7 Regression equation after experiment
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1 ALBMISKEEAGER MENTMABKRE . ERAMEGER 45 TRFRFHEIRES
Fig.1 Monthly increment of height and basal diameter of S. caseolaris(Sc), A. corniculatum(Ac) and B. gymnorrhiza(Bg) in constructed

wetland sewage treatment system (Values are means+SE for 45 samples)

KIEH. R AEWAMAMKGEY BERE D BN 747.113g/8 M 55g/8 . 1a G MR 45 0 Fpiet 89 21.5.2 #1 2.8
%, BRAKBR AENKZ ARRE TAEREE. LRERMMEREVRERPRERAAKAEY RN 5. 6 451 9.1
BEBTERNEEAR= BEYRBNEE. B AMEKERORBRTERERRR MERKZ ABRRHERSE.,
2.1.2 ATB#HGEKLERESTEIEHARFRPRAREPERKREKE HTTHRALERTKAERSE SHEHX
KREBIRBEYHAERZR A TRBEKERALS FIIEEARRP RO N E KRS TR ERRE
4,

FARVALRFHEHATEBEALAEREMFIEH AR R S HAMEYNKRE EENEYEESMEA 12 5
BFAEET 3 ﬁﬁﬁﬁ%%é&ﬁ&%ﬂﬂi—%%%ﬁ,ﬁu—i%ﬁ%%ﬂiﬁlﬁﬂﬂ@ﬁk%‘iﬁéﬁét%ﬁﬁ1ﬁﬁfé~ii%»ﬁﬁﬁu
— AR ERRENERETE —E8. A TBHISKEERGER AL AN EY RS S RERYERARRD
XH 76%.83% M 43% .

22 HEESE

BE1~12 AHRESR(EDHEHSESBNPHEGES . RSEZVIMER HEX  AHSE b HEAERE>
s> A TAERBE. '

2R E1IFENERSET, WG E HREa IHRE D SRBAARERHL. 3 HINEYE 1~12 AHHE
ESRERBAY, I~3 ARBTFRETHE.MEE S EEE. B4 HER 1~ 12 AGHEESBRBETER 1~ ABHE
FHEE, FTERANGRERMEAEYR, 1~3 F 0 E 0k 72 (E 055 08 132 B8 A0 %, T 28R AR R A #, AR B
Wi e /o

£3 AIBMSKAERZIHAYEDREENERKAR

Table 3 Biomass and relative growth rate of mangroves in constructed wetland sewage treatment system

A & biomass(g/plant) HIGHE K
3 Species LR ERE FH R Relative growth rate
Before experiment After experiment Yearly increment (g/(g+aDW))
BRS. caseolaris 3743 784456 747+49° 3.0540. 45
WAER A. corniculatum 2742 140412 11348 1. 6440, 23°
AW B. gymnorrhiza 31+3 86+8 55+ 6° 1.0240.15°

RHRHMER A5 HEYHEHE,FA—FFEEARERRE SUYKFEEAE BE 2L FH Values are means+SE for 45 samples, the different

letter in the same list indicated significant difference at p=0. 05 level

2.3 BHEER KBERRSARE

WBEI~12 A EAER EBERRSILFERAEE DSJNAENER RAERFARY 3 THEHFHEGES . X6
R SHAMMY NSRS ER EBERNSASEHENBRESRAEN>AR, MEEZHBE. RIDESERNKS B
RS> WER > A
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Table 4 Comparison of mangrove growth between constructed wetland sewage treatment system and Futian Nature Reserve, Shenzhen

#® Height (cm) #4% Basal diameter(mm) 4% # biomass(g/plant)
— XRA  ERE  SRN XRE BN XRE
Before After Before After Before After
experiment experiment experiment experiment experiment experiment
5 25 truct
ik , AWK BFERY Constructed ) o 235415  16.041.3 34.243.6 37+3 784456
S. caseolaris wetland sewage treatment system
I A Futian Nat
WY B AR 5K Futian Nawee 0 o 258+1 15.84+1.1 38.54+3.7 3642 1038498
Reserve, Shenzhen
L ALBIETEAKIEBRY Constrvered (|, 8748 11.940.9  26.242.3 2742 140412
A. corniculatum  wetland sewage treatment system
I # Futian N
W H B RRSP K Futian Natore o 9548 11.740.7  28.341.9 2742 169415
Reserve, Shenzhen
15 4i Constructed
A8 o ALEBATFALERE Constructed o, o 7947 11.541.0 24.442.5 3143 8648
B. gymnorrhiza  wetland sewage treatment system
|48 # Futian Nat
RYBE BARPK Futien Natwre /) 15349 11.641.1 37.2-£3.4 3142 198417

Reserve, Shenzhen

FHRBUE R 45 YW {E Values are means+SE for 45 samples
5 ATRBBAKLEREIMINEUHERSR

Table 5 Chlorophyll contents of three mangrove species in constructed wetland sewage treatment system

[ B£8R (mg/gFW) 4 & a(mg/gFW) 42 % b(mg/gFW)
Species Total chlorophyll Chlorophyll a Chlorophyll b
¥ H S. caseolaris 1.9140. 892 1.4440.23* 0.5040. 06*
AR A. corniculatum 1. 26+0. 50b 0.934+0.12° 0. 3440, 03%
A B. gymnorrhiza 0.9140. 34¢ 0.6440.08° 0.17+0.02¢

BN 12 AR ESETAREE, A—FIFRARERRE SKUKFREEEERYE Values are means £ SE for 12 months, the different

letter in the same list indicated significant difference at p=0. 05 level

F6 AIBMBALERGINENFRSER . EREENSIGE

Table 6 Net photosynthetic rate, transpiration rate and stomatal conductance of mangroves in constructed wetland sewage treatment system

e %A ER (umolCO,(m? « s)) B HEHE (mmolH,0 /(m? + 5)) S 3 E (mmolH,0/(m? « 5))
Species Net photosynthetic rate Transpiration rate Stomatal conductance
W& S. caseolaris 9. 6713.59° 54+26° 285+138°
WAES A. corniculatum 6.39+1. 59" 38+13° 222472
AM B. gymnorrhiza 3.5740.63° gt 125 1104 75¢

BN 12 ARFHE L HEE, B FBREEZRE S5UKTEA B EE R Values are means £ SE for 12 months, the different

letter in the same list indicated significant difference at p=0. 05 level

B 3 RBAL7E la (LA B P, b A M3 R A AL B A AR R L 3 ML TE 4~ 11 A A AR
BIHFEAKT,1~3 A 12 A s FRE TR, 3R, S50 MER 4~12 A4 3 ABRERSRTER.B1~3A

BRRLRESERET AR ERASAERTER, £
BREERNI~3AHBRGTTERELHTZBERGEF, W
WHERZRZwER D,

2.4 FBEMEF SOD i #

MR ARERTSHREREYHEERZ—, TR
HYRGEGRE.SOD AR B2 — B A THE
Yy 35 0 R B LR BB

RE 1~12 80 BE S A H 08 R AR R0 A1 i
B i M SOD HHMFEGEEK 1. R TRVUBBRBL
FERABFR<MEN~AM, RUERZHERERE. SOD
B SMAMEPERFRE.

B s RHER1~12 ABHEBREEHERAULK, ML

®7 ALBMBSKLERSE 3 HAMENERRBRHERNSOD F
b3
Table 7 Electrolyte leakage and SOD activity of three mangrove

species in constructed wetland sewage treatment system

S BRRB HE(%) SOD ¥#(Ug 'FW)
Species Electrolyte leakage SOD activity
¥ F S. caseolaris 10. 22+1. 20° 447+145°
W A. corniculatum 12.88+2.81° 396+135°
KM B. gymnorrhiza 13.53+2. 65 386+139°

BEN 12 ANWENELFRES, B-FEBAERERRE
S%KFEE B EE RN Values are means+SE for 12 months, the

different letter in the same list indicated significant difference at p=

0. 05 level
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Fig. 2 Monthly change of chlorophyll contents of S. caseolaris

(Sc) s A. corniculatum(Ac) and B. gymnorrhiza(Bg) in constructed

wetland sewage treatment system(Values are means+SE for » times

of sampling,n=12)
3 g :
3.1 ATBsheh 3 R R Y A& B A SIS BT

AHRLERER 3 AW EYIER AER AN R

Hy3E B YOK BB B A H 0 O B T8 A 3 15 A Ak HE &
G BRAPENNKRFERE SREHENEYRENRS
WY L EE KOG I X R KA - RERL S ERNR
RO, 7 1la EKIRS,3 FHY 4~10 5 HHERFIE
FEKRR, ETEBBEFYERBEEATE, WE 1~3 AHM
12 AmE, B TFRERRK,3SHEYNERSZANLRBERN
B, A RERERBEREKY. BELE AREMYMERKE
EAEYBRRRERMBFRTER BHLEER EBER AR
BRI R 2 I RM TN AERE T RENHE
#. Lin® B KR RARAAE K BERKG, ARWHTER

16 mSc ODAc OBg

KA B & (umolCOy/(m?-5))
Net photosynthetic rate

Transpiration rate

R E# (mmol/(H;0-5))
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B3 ATBBEKAERGEER FENMAREEEER KRB
BERSALFEATLEE N » KBEEHTFHERER.2=12
Fig. 3 Monthly change of net photosynthetic rate, transpiration
rate, stomatal conductance of S. caseolaris (Sc), A. corniculatum
(Ac) and B. gymnorrhiza (Bg) in constructed wetland sewage

treatment system (Values are means+SE for » times of sampling,n

=12)
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mSc OAc oOBg
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LA =1
T

Electrolyte leakage
=

LB L (%)

w

(=3

"6 7 8 9 10 11 12
H4% Month

B4 ALERBEKLECEREER WEMAKEBREELER
T BB R n WA IR T E L IRHEE ,n=12)

Fig.4 Monthly change of electrolyte leakage of S. caseolaris(Sc),
A. corniculatum (Ac) and B. gymnorrhiza (Bg) in constructed
wetland sewage treatment system(Values are means+SE for  times

of sampling ,n=12)

O BE BREKFE-FERGELNHES RIS BBITIF. 1L AFR LB, 2008. 34~44
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EHERFANSHBE L M2 KTZLRAREERK, AERUEFROATEBBTKGERENRKELE FEER
St AR RRIREE, B AR EESEY BARERES NS RR.
3.2 fRIEX 3 R4 Y MM

WERTRREN 3 MAMEYEE TRANEW E I HEYRANRERIEFTAR. BR 1~2 AZRENOZ W, B
BREEHMBEAEEAR, ARILPEL HRESR GO R AB AR KA T EERIF L FEH LR E 3.8
O, AR EAN K RMEN. S EEEZHEENIL AZEEHEEVHERKTER MHAEXN T HFILFREZERW. X2H
¥ 5 R T B AR A XIS 3R LU R, T AR B A AR O S R T SR T,
3.3 ATBHKAIAEXT 3 MAMEY KW

FHEMATEBHYEHALEK KIEZRRE LRABRWEEREEFHEW. 4+ ARKBER, BRNRERK
BERAR ETASHEESERR 1~3 ANKEHE LA, . 55~6 ABHT;MAN 4 ABNEKEE HHARMSER,
HEREE SUEER EBEENSAFESHEGLAZE . 55~6 ARAHEER(B 2B 3. ZEXERBANLAR
UBARENE . SEEBEX ALBHKAIEE . ZEED, SBORMK UMM ES, HYBRKRE, MAKE SRR EKKE
R XK LB BURS, 7~8 AL, REFERE BB ATBHOKSEE EXRBA, B TRE REHFKS, B
KA B, TR 2B 0 2E B 4R 552 1K B0 00 B, 32 K 32 e B AR T, SR K R B R R IE R B A K R BB, I
R B, RAEKEE HEESE SRR ABERNSASESERADERE 5.6 ANAERREEWREEW@E 1~
B3, BEZKMBKEMA K, LA LSRR A A T8 K A2 b b B 8UR, Bt R R a iy R g A
TR, BRI K AL, BRE R K AR B ALY @R 5550, AL 08 st ¥ WA 08, K LB R LA, BE
BERHURSSRETNREEKEYEKEE/NT 20m), TR R A TR KE R KRR B A, YK o E gk
B, B b 20 B — B B MK R T 7R )RR BE B M K T LD A R B . B SRSV MK R R ST T AR R Bk A v K
FHENBLE EANRN. ZTER AERNAABATES EBB KNSR URREER/RESTR.
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