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Changes of Ecosystem by the Environment in the Coastal Area
(The Final Report of Steering Division)

Yoshio Horibe
The university of Tokyo, Prof. Emeritus

Summary

Recent human activities have changed the environment of land and coastal regions, and the
changes caused severe damages to the ecosystem of coastal regions. The purpose of our project
is to study the dynamics and mechanism of ecological changes in the coastal areas caused by
the environmental changes of nearby land areas. This is the interdisciplinary study by the five
scientists of coastal engineering, plant physiology, microbiology, and marine chemistry. The
study will give us basic knowledge for the effective use of the coastal area and for its
ecosystem.

When we started our project research, we exchanged information of each field to deepen our
understanding of other study fields. In addition, we believed it is important to study other
aspects of marine ecosystems by cooperative studies with marine biologists. During the last
three years, we had several meetings with marine biologists and limnologists, and discussed the
following topics; stablishment of common study field, development of new research
technologies, use of university facilities for joint research, and funding.

During the last three years, our researches have remarkably developed as we expected.
Following results are important for the future development of environmental studies in coastal
area. A new dispersion and accumulation model of chemical substances in the tidal zone has
been developed. The model will help explain the mechanism of seaweed growing in the tidal
zone. A group has started studying the effect of underground water on growing a mangrove by
oxygen isotope tracer technique. The fundamental biogeochemical processes of biologically
active substances from various land sources were examined by laboratory model experiments.
The results will help explain the complicated field processes of interaction between the mixing
zone of river and sea. It was found that the fulvic acid-iron complex is necessary for growing
seaweed and for preventing the growth of calcareous weed.

At the initial stage of our research, we planned to do the project under the umbrella of LOICZ-
Japan, an IGBP subcommittee of the Science Council of Japan. Now, LOICZ-Japan has not
started its research projects unfortunately. Our project is also a part of the future research fields
of the Society of Sea Water Science, Japan. We want to develop our studies by cooperating with
scientists of other disciplines, such as marine biology, fishery, modeling, hydrology, physical
oceanography, and geochemistry.

_17_



BREBOBEELSHEYOAEE., HAEICRIZTHE
- MYAEREBZNT 70 —F - 20— 7 0EOKSREICOWT

DISAIRE (AR B (FHERE REH

KEMFFEE | FR E RERIKYE R¥H)
KN F—H CRIRREILRY R

1. ¥

il

RIS DR IS, BEM SR OREE T, K, BRAKDREZEDIRT
EHFEHMTRETH D, CORBLEFIL. EELTEBELAMLODARFEL T
HEMIES>THEER DD TH . Liz> T, ABEEENICXZBEBEOLELIZ. F0D
BEMNMNES THRFHOEYDEECHEEICE L VWEEEKIZTT., ZOFEEHS
MITT 2720113, EBFECHEYMON R EEHET 27200 Tlal, HEHOEEER
FHHFENMNET, ZOMFEEL T, ABCHEEOEENECZ2ERNZHEHT S Z
EMTES, AMFEOENIL. BVEZEDT D7 HIBORERIZBNT. AREE
K DRE DL EZEDHITIT AT 2EY D EFCHEEDE(LE DOIISERZEZD
ERETEDTHREMIRFT L. BROICIIEYOLEE., MEOELZ2VEBITE
HOBfZE LT, MEHOENEBIREL(LETFRIT 2 REEZEBRT 22 &I12H
%,

COHMZERT 572DIT, B, BERFONRESRICEET T/ O0—-JIER
LCHRE. T HZEELE. v 7Oo—TJi, 2, mEEOER. ADIT.,
ODWKBIORKDHEKRT BRI EZIZERO LITEEFTTHERZROEAREZZITEAR
D ECTNEERT DEMORHTH D, HROT > FO—THOMmEIL 1983 F£D
HEEICENEK 16 7 km' T, 727 - KIFEMIBIZZ DR 40 %% 5D TNV, <
O -TRNERORE, FEREERL. MEKEEMOREDIE TH S EFER
12, WERFRCH. k. BEMARLEEZELC T, HBEROAEEXZ 5 EEEL%E
ZRZLUTERS 22,

ULAL, BEFE, TOERBIIEEL THB O, =& 25 1 T 1961 £E1Z 3800km’ & >
T O—=THM30EMTL /2 FIRBE>TWS, ¥/ o—T7EDDOERRI,
ANOEIMTHE> T, KEANDIRH, FHORzE-HOEK. S 5ICTE OZEFEM,
FEEAISONTHRAO=D DR, RSO, BB IEZEDIBNEED
REZBRETHS'Y., ZOXD7 7 0—TO2REDN, Hik0BEE, HE
BOERDEFEL T TRSE LNV ORECBIRICKHENRIELDIZRD, ¥/ O
—TDBEEENH SO TRB SN, IXRATZ2RZ DL OBHAENT T o—T

_19_



D%, EEFEDOMBICRDMD I &I/ o7, 1992 FILEEEE#ICE->TT S
VTR SN HERESBICBVWTREENZ Agenda 21 kv JO
— T HREDHEENRD EIFos TS,

FREOMELZTOICUZ-T, Y7 0—JORAEEMIEL L THERARE
EUMN, AR EMRABERFNAETIT<SEBEOH 721 FXITNUED
REO—FIZMAZ. BREBEREFTZ2Y >/ O0-TJHEHITIE. EILFFE

(Rhizophoraceae) D A Y )VF (Kandelia candel (L) Druce). A EIVF (Bruguiera
gymnorrhiza (L) Lamk). ¥ IY¥ <tV (Rhizophora stylosa Griff.). 27XV 5

(Verbenaceae) D )VF 45 < (Avecennia marina (Forsk.) Vierh). N W27 OF
(Sonneratiaceae) DY 7 F (Sonneratia alba J.Smith) . 27 > %} (Combretaceae)
DOEIVFERF Lumnitzera rasemosa Wild) @ 6 #EMNH 2., T LIF, YIL¥v~vk
NWF, AENVFRELEBAHL. IV 7O FIERBEE/MNEEOARIZ, EVFS
TN HEBS. BIEEIC. BIVEFT RFIIMEE. WAL B, HRICT
NENSFMLTND?Y, EETNTNOHHAHIE TS, BREICEK > TEESHNRR
O, IV TTF,. BIFITL, BIVFERFETRO K FEEL 72 B% ORTEERIC
EFTD, MBIk o TRZZN, BN SAEMIZHENAS T, EJFERF - I
FEIY VT TF - VIV F—RAEINF - YY) F  FeldF—F
EIVFONEIZATHL, BEAENFRNOERD ERICEFTL TSI ENHETNT
W52, 20X, BN SRR AN > TIERBIENE T 5ERBEENR S
NDDOIE. WS ARRANC N> T, WHRE., d@KEE, TROJKCRKDOR
&, ITEARYOERCHEHIBEORERENRILL, RxbILE. INSTERHEFT
Me 27/ O0—TEBEOEICRENPIHIEDHELNEBRLTNSEEL SN TN
b, BAESY L, BHMFICL > TREINDRLOFLIR - KiRMR. TEBIILE
KD pH. EC. BLDEE., AHEMEKEREOTBEFLBEEDHBEIZL > TE
BINBZHRELETTO—TBRIBIDEEREDEEREL TS,

X7 O—THEME. KRN SEKEETMENWEREREOHAB TEFTL TS
MEEEYM TH D, LizA> T, MHEEOEECHAZENE LIZAEDE DT, &
BIREICHT 2 ERRIGPHG IR EDERBRITITONT, MECHERIRE DO
ZEBRETEBL TE OFENRSNT NS 1718 39 ok, VRKOEFRE
WK, FUKDKRT vV HELTB 0. B\ERE 3.0 %. 2.0 %. 1.0 %DKE
WDKK T >y VidENTNK— 235 . — 1.56. — 0.90MPa TH >, BH. BELT
KRT v )h— 01MPa U EDIIBPICEFT L TR DARENICE > TR, MK,
FKDEDIZEL EWKRT > v IVEHET T KRNIZS S A AL EEHEBRR
ZABICITWED X OHENKIREBEHER T2 Z EI3EFICRET, v > /o—TJE

_2 O_



MIEE BB EEFTBEINTNS, LAL, WERICAETT Y 7 O0—TEyo
HRKDIZONT, EBT2EDOHEK, FKOEEBESKRT > v IVICERL
TITONTZARIEED THIRNS 20, Ukdls TERETIE. WEBOEY. BB
EERLE< T O—TEYOERNKMREE K, FWKOEBEEBEEOBEKREBLT
WRETHIEEZANEL T > ZEELE,

2. MEIBXUHE

2. 1. WEEF
FLUTHE LRI Fig L IR LEBRBILBOMBRE. 75 SBHETH-
e, COMROMRELET 520, BREOWAIIFODA » &, TRBIOH

e

Tsukiga-hama * )\‘

Fig. 1 The map of survey sites at Uehara and Funaura area in northwest Iriomotejima.

MELABRAE Lz, 51, BONLEROLEEZRAT 220, 1> R2 7
NUEOEBEHERH (J I CA) @ Development of Sustainable Mangrove
Management Project DX >/ O—7 25 —ERNOHBEB L OEBICHEMN> THREXNT
WHEE 500m DEDEHEZFEIZHE Lz 1,

2. 2. iAWY O—-TJkE

FELTYIVIEIFZRANED, ABRETIRINIEMAT, FEILFE, vE

_21_



5Ty, RV TYFROVWTHHEELEZ. BB, N BTREEREORELITED
Rhizophora apiculata & Sonneratia alba (XY 7> %) ZRE LT,
2. 3. KGRBOWUE

SEOKSPREOREIIT, FEHITL~1.5 m OFEE ORI D RIEHFOENS 3~
SETOENERAWNE, HETIESZOXRMER (FLT1TS— 520 TTEIZ
Bnizg, EREBRL EZEZORRESN S ) — 7/ F TEEL Smm D2 8]0 H
0. EOKREF LY IIVERET 5720, EBIT Psychrometer JE chamber (Wescor
HEC — 52) ANz, BED(LEDIZL T DD, TOD chamber ZFRAFO—)b
DRICAN, ERCEBRo /. ERF 2D THS chamber IZAINS T TORH
131 0 L. TAERsRTIE 3 BRI & L T Thermocouple psychrometer (Wescor #£54) T,
Dew point I &> TEOKRT > v VERELEZY. TOXIRAER 1 HOFED
3D BEMLEERICDNTITY, SoNZEEZFELT, TOEOKRT ¥
Y ELE. ZEOART v VERAELZESE. FLE3TOEQ IRERLETO
EQESERWL. BEBIENEOH I AEICERAL. TORERTATAANAN
THHBERICAN, EFEHELEZ. BBERT Uy )VERET DB, HRZRE
EEASWMO L, EEEHEALCEEORZ 1\“54’(’”@?&@\'@%%%7’:7’:&3, BE
AKTEDNIEL TWENWZ 2R LEE, EHEWMOHML, U—TJNFTHUOW
0. L% chamber ANz, 1 59HBITTDER DIKRT >3 v )V Z Thermocouple
psychrometer CHIEL. ZOEZESORBERT > v )b, EDKRT v )b
CBBRTFUVYNDENSERT ¥ )V EKDIZ?° ** . Thermocouple
psychrometer ¥ TIEFEICEDART > v VERET /20T, BHFEVUOWST
M5 chamber NIZAND ETORMZEL T35 I &, chamber NOBER—EITIRD
BLVEICET HETORES(LETEERBEY D2 T2 &, Bk - BEROEEE
%1,/ 1000 COEETRET 5 R ENBETH D >, FUK, WKFIKEFT D
T/ O—THEWT, COBREETIEHDICELATKRL, Fig2 A~D IIRTLIK
LTHRIEBNTH o FBAFO—)VAD chamber KA, EBICERNICHERD
CTEICEoT. AMEDBHEERT B-DIMERSBBEDCERE/DENT
Eiz. .
2. 4. WKEGFKOERBEBIUKRT > v )V ORE

WEK E T 13K OB ER. EOKRT vy )VRRIE LZERITH O T 5K
EHERL. BEEERE GREBHITES. CM-14P) TRIELZ. BKEZIEKD
KRF Ty MIBTFOESICLTRD ., WkEREKTEL QREICHRL. &
SlEERATHEREZBE LR, BBERT Yy Ve ELEAETELTTO
KBTI v VERE LR, ZORIEEZRW CHEERE SKRT > 2 v )V DRER

_.2 2_



SRR

Fig.2  The process of the leaf disk sampling and the instrument
for measuring the leaf water status of mangrove tree grown
in sea coast with thermocouple psychrometer.
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TWBNEHET B0, SIANEDEBERNTN I OEEERDILHEEELS
BEOEBREEZ R I AEREEZRE LTz,

MR EE OPISEITI. Steady state porometer (LI-COR #:8, LI-1600) Z MW7z,
EDADEBESOREFREASD T EICE D T, chamber NOZESIBE 2 KR &
Q7 Bk DI L, iR & REOEE 0 SIEIRR E KD, TOWKZE IR
BELL.

WA REEOWEICIE. HSROEHANARAMAEERE (L1-6200) ZAV.
(LRI D CO JEEEH 355ppm B 5 20 B T &1 5[ CO: IWEZRE L. CO: IREE DD
BENSDNAREEEZBHLEZY, BEI. H1E (FREMLEREME »5
Sz ONT, TNENHERE 2 ROPREE AV, REROIEREIL 1950 ~ 2140
LE-m’ s THolz.

nh. BEOARFIIvIAEROANE, KR, BEIZERO Porometer X3
ENTVNHRBZEANTRAEL .

2. 6. KOEFE (*0) FAL&EEORE

<> 70— TR L TV B AMEERKICE > TRRE NN ED D ER
3BT, ik EEMERN DK DB FERAELE LT OFETRAE L.

¥EKHPTHEE T B Rhizophora stylosa (Y LY EILF) B RUBERR R LY E
Hzet oy — BB ORI OB ZERNS N OEBICEET S Machilusu joponica, Ficus
superba var. japonica 5 IR LIZH ORI & T NEN DY O ED DMK B K
DKE SV IV TENENEFTLTVD WA WARIRRE DMK, BIOIIDK
DEEE ST TNDEARIHRDES 50 ~ 80cm DT SEML7zkD** ORINL
T bbb KK S B BB IE R e R E BRI R E CRIE L7z, R
EHETEK (SMOW) Z2HHEELLTUTOLIITREIND®".

ORIk t= [(R sample /R standard) — 1] X1000 (*/o)

RIS EZUTOEO TH o7z, WIRUIZED SAKNEFELBNLDITE
WE == UIcAATERICEEAR, EES~ 10mm OFZEREE 40 ~ 60mm [ZY) D,
W 2 ML TARERS L OB DA & U, ARE 30 ~ 50g ZEZERFEICE > TKE
BT B eI NS H 5 ARRPICEA LTz, T ORI E B LA Sk,
Bk, NOKEZNENBHALEZAY ) 2—Ed. BRRBEMERT 220IT2HE
. BEERENSEEETIE. BRELSIHRERFEETH T v 7 ETEMRL .
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BB, YRS EER L EERRERBLINEK, WKEERLERI Y a—&
DEEZEMAMERICARE CIBERFTENTNAEL., COMICAR. X7V
2 EDSKPEREL TN EZHER L,

3. 8% B
3. 1. WEBOBRASREEARIZEET 5 O—THEMOKIRE

M KB ONEROEKRICEFTT 23 EINF, PP F, EIFFTT0
IKGIRREZBIE U7z kE SR 2 Table 1 TH 5.

Table 1. Leaf water status of mangroves growing in brackish water area near Funaura Bridge and brackish water

potential (Dec.6).
Mangrove Brackish water potential ~Leaf water potential Osmotic potential ~ Pressure potential
. MPa MPa MPa MPa
B. gymnorrhiza —1.47 —1.76+0.02 —2.66+0.05 0.90+0.03
R. stylosa —1.35 —1.58+0.01 —2.59+0.03 1.01£0.04
A. marina —1.44 —2.83+0.17 —3.51%0.10 0.68+0.08

Meteorological data : air temperature 18.8~19.4°C, air humidity 50~68%, light intensity 100~120

gE-m?2. sl

FTENFEPIVYIEINFOEDKRT v, BBRT v, ERT 2>
Y IVEENTN— 1.58 ~— 1.76MPa. — 2.59 ~— 2.66MPa. 0.90 ~ 1.01MPa C. [i#
MTIEIFE LD o7z, —H. ENVFITIDEDKRT v, BBERT > v
1T hEn— 2.83MPa. — 3.51MPa TEBIZAEIF, YIH¥TEIINFIDEL, E
RT v )l 0.68MPa ER{EN > T, F/KDEERBREIZEKONL, 2D 15 ~
1.8%T. JKRT ¥ UL — 135 ~— 147MPa THho7ze TDEIITKRT v
WOEWRIKFIZEFTL TWRIZb 00D 5T, BBERT VY VRELICEFTT 2
T OEMNTEART 1.0MPa L EELS Y, ZOBBICIERLTWAEDT, ERTF >
X IPENEINFITITH 0.68MPa. Y IV YbIF. FLIFTIIH 1.0MPa
CIEITEN STz, ZOREZEToZ 12 AMEOREREIIEXRANE L. BlEL =k
DI]IRGKHITHFENL 100 ~ 200 pE-m?s'EF L <Dz, BERPPENITIE
1& 18.8 ~ 19.4 CLHEWDOT, RHOELBEWEHETHo7z. TOLIBEHTTH
WERT I v )V EHERFLTWS Z &1, BREDBEAIZZD, EOKRT > v )L
ZOETLTH, TNUTERERKZ DLV AREIZIZRS T, KETF v LYEN
BKPTESEETL., NS0T O0—THEYOBEENTEEZL TNWDE I ENEDK
SHREEE D S BT 5Nz,
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SEIC, MEABONERIOFKEET S IEE DMBICEFTT ST TV EN
FOKSRIEE LT (Table 2). FKBICEET 57 TV LILFOKGIREILIR

Table 2. Leaf water status of Rhizophora stylosa growing in brackish water area near Funaura Bridge and
in sea water area along the coast near Nadara Bridge and sea water potential.

Growin g ]::tZFShteﬁrﬁ:lea Leaf water potential ~ Osmotic potential ~ Pressure potential
condition pl\(/)fP MPa MPa MPa
2
. Brackish water —1.70 —1.91+0.05 —2.73+0.06 0.83:0.04
Sea water —2.72 —1.88+0.10 —2.89+0.08 1.02+0.05

Meteorological data : air temperature 17.0~18.0°C, air humidity 54~59%, light intensity 50~150
ygEBrm?. sl

KDKETF > v IV — 1.70MPa ERR{EN 57z T ENBIFRL TH, Table 1ITHA
TEQKETF Vv BBRT v VPREL, ERT v b bR,
J=. LAL, ZOKET 2T v WINEKDART >y b EDELS, ERT > vl
Z 083MPa EBWEWSI BRIIED Sz oTz, —7H. SHEDEBKPIZERTLTNSD
YT T EVEDKSREN, WADKRT > v VIEERE 35%0 720 —
279MPa EEL Bzt bEH ST, WARICEET 2V IV ENFLEDS
F. EOKET v IVId— 1.88MPa. BBERT v )lid— 2.89MPa T, ERT >
Sy IO UAEL. 1.02MPa TH D7z,

Yk, EAKPICAEBET A Y IY T LN FOATIREE BT D0, KBURE,
SIOESEHEE, HEREEEAELE. ZORUTIITFRI8RES 00751 0k E
TOEITY. KETED TASE 50 ~ 150 pB-m™ s, KR 17.0 ~ 180 C. IEE 54
~ 50 %Y THo=DT. Table 3KRT LI, HAREE, KBEHEREOEITEL W
FNbAInoi=, BRI TORREFEOLEZEZA DL, MYT VI FOER
RERIC K Z AR EEZ A 5N,

Table 3. Leaf transpiration rate, stomatal conductance and photosyntheric rate of

Rhizophora stylosa growing in brackish water area near Funaura Bridge and in
sea water area along the coast near Nadara Bridge.

_Transpirationrate  Stomatal conductance ~ Photosynthetic rate

Growing area

mmol - m? - ™ mol - m? - s pmol - m™? - 57!
Brackish water 0.67+0.07 0.11+0.01 1.26+0.35

Sea water 0.39+0.15 0.050.02 1.98+0.98
Meteorological data are the same as those of Table 2. '

Lo THEABICAT L TWAY IV LT THERTAE I &R, FLOMKOK
EFEL Iy NED BT IV ITENEDEOKRT VI v V@R END TETH DT,
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FTTIRBNZX ST, RBEERENFEEITNS D o720 T, WERITIIHEYIER RN D& 58
BEOKRT v IVIREOKRT v )L EFIFELL. FEREBICH-EELD
N2, LE—EY—KKEFE (Soil - Plant - Atmosphere Continuum ; SPAC) D7K®D
RAUL, KRT 22 v VOBENE BN SENE T AITKRT > 2 v IV OERICH -
THELD, ZOZEFEE—#EY. YIVYIe VFTRIFK—YIVYIELEORITY
FRILT BT TH B2, Led> T, MKPIEFTTS VIV IV TIE. @k
CHNDKRRT > 2w VSR DKRT v )VEDENE NS Z E1d, KITEW
SWKFABEL, YIVTENFIAR ML AREICZ BT TH S, Lnbic,
BBERT vy VIMENWT EBRIRU T, ERT > v )L LOMPa &5 < X .
FKBIZEBTEL TS VY I eV F S TR R, hEnEE, YaRE
EERLTN5ENS ZEFEINEZETHH T2,

FEIT, ZOXIBRBREMNMEOT > T O0—THEWTHADENINED NFEET S
72, el AR ORI ORI LA THEK DR BEEANE W PRI 0 D B 418 T,

FIEWHENE WA, BELTEFT L TWAFE)F, YIVv<e)LE, e EY
7>KDMTﬂi%ﬁako%@%%&%bt@ﬁme4fﬁéo?I??tw¥‘
EIVFIFTITI, BOKRT v )b, BBERT >y VETNZTNIFIFELL,
FEIVFDEDKRT v )b, BBERT > v VETNENK 0.5MPa & o7z,

Table 4. Leaf water status of mangroves growing in sea water area in Tsukiga-hama near the mouth of
Urauchi river and sea water potential.

Sea water potential ~ Leaf water potential Osmotic potential ~ Pressure potential

Mangrove

MPa MPa MPa MPa
B. gymnorrhiza —1.40%0.04 —2.34+0.01  0.9440.03
R. stylosa —2.19 —2.04+0.04 —2.97x0.07 0.93+0.02
A. marina —1.94+0.03 —2.99+0.01 1.05+0.04

Meteorological data : air temperature 17.0~18.0°C, air humidity 54~59%, light intensity 50~150

pBm?. gl

ZOREERF > v )Uid SHEE B 095 ~ 1.05MPa DEEHI 3 0 1FIF% Lo 7.
ZITH. TOEBNEINA, SHEE OEWADKET > v bEDFLILE, ¥
IVl F. EIFIITOEOKRT v VITEL., F45BEL DA EICE
BI 2V IVT )L ERRICHEYET D SMEKPIKNBENTHRET, w240
—TREYNIKA NV ZEZITBIITTHo720, ERTF U IvIlidd<iEFEahtn
7o
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3. 2. WKBRICEBTAYIVIEILFOKSIREBOLE

HE 1 TR D10, HEREOEWEKTTEEL TV A LT, TITY
ELE. ELESTLOT S O—THEPOEDKET > v Vi, Mk0kET >
S LEDEVICEARDSTEVERT Vv IV EMRHLTWD EWD Z&id. fE
WKL DR 5% 2T, TS0 27 00— 7 Y OIREEOEDITIEHEDAKR
FUL v VEDBWKET Ly LDk TIRD G, kK D 7R DR EHEREE DK
N0, MEEZOKERIL TV EEZES%ER VN, TI T, IKFICEFT
2 A O— T OBRENTRTIOIIRIREICH DN EINERNT H720
F 5 SFHES OAEICEBT HEBMELZ D, Fig. 3 ABCIIRLUMENAR, . /h

Fig. 3 Rhizophora stylosa growing in sea water arca along the coast near Nadara Bridge.
Plant size : Large (A), Medium (B), Small (C)

@3$®V1?7t»# HROX, ﬁﬁﬁmm<‘@%%W®mﬁ%>9vwﬁﬁﬁ%
LKA ARBEASIEMT I 72 o TV B R 8 B 5 9 RFD R D HE SIREEZERIE L Tz,
FORERZE TbtmewmsT%é Kt&E 2.0~ 15m i ébfmtk\$®?1?

Table 5. Leaf water status of Rhizophora stylosa growing in sea water area along the coast near Nadara
Bridge and sea water potential. .

Sea water potential ~ Leaf water potential ~ Osmotic potential Pressure potential

Plant size MPa MPa MPa MPa
Large —1.81+0.04 —2.78+0.15 0.97+0.09
Medium —2.69 —1.77+0.02 —2.7140.05 0.940.04
Small —2.72+0.20 —2.96+0.06 0.24%0.15

Meteorological data : air temperature 17.6°C, air humidity 59%, light intensity 110~130#E - m> - s°L,
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T EIVFOKIIREEIL, Table 2 DIMBICEBT T AV IV LN FEAMETHo =, T
BhB, EOKRT v )UK — 1.8MPa TH/KDKRT > v )LD — 2.7MPa IZ
HARTH 0.9MPa m <. ERT > v )UIEK 1.0MPa TH O, #KDKRT > v Ibk
DEDODKRET Y IINEVIZOENND 5T, YV TILFIIKZ b L ZREBIZIT
<, ERT Vv VTEWERMEREL TWe. —F. B&MK 0.5m T, 1~ 2 F4
EEZONZNDOV IV EIFOKMIREIX, K. FOVYIVPIEIFEELLE
Bolz. TixbB. BEOKRT I v)Uid—2.7MPa TH 1.0 MP a k<. BBRT >
> )VIE—2.96MPakfy 0.2MPa (EWZWT TH 52D T, ERT ¥ v ILid 0.24MPa &
EZLLEDo7z, SHICHEKEHDZEIIE. ZOVTIVIEINFOEDKRT T+
INFHEKDKRT > v )V ED 0.03MPa (K< ZEIZ/NE WASHEKD S HEMENIZ K ZE
RN TEZREICH -7z, TabDE. ZO/NDYTIYTEI)LFOREEDELDKDIE
BIBEMEKEELS T, BEIKZRINTE2REICH -7z,
UEDHERIRDEIIICEADELSFHATES., TiabBE. K. FORFELEDT
IV ENFIRIEHRTBOENBETEILSFEZLTBD., ARLizLDIT. kK
OPZOBVKRT Y IILOKERNL TS, THUIHLT. 1 ~ 2 FED/NE
W O—TRREFTSBENREEL TWRWT., BREOEDICIEHEAKL D EVK
KT v I OKIEIZND, HoTHEFDKRT > ¥ v VIR DKRT > v Il &
DENFEELS L, BKEEZERNTZLZREBIZIHDENDIIETHD, ZOLD
IRIREBIZH > TH, YIVYENFOEDRBERT > v )L — 2.96MPa £TL M
ETFLBENWOT RHDIZEALEBVIRETHERT > v IEIEL /NS 0.24MPa
EMERFLTWSRITBER N, > T, BRBEFEN®RS, RBEENKRE R, E
DIKRFT T VRS SHIELSBDE, ERT v IVEELLINELIZD, 75X
DEEHERFT2ONEEIC/ZD, ELWKANLZ2ZTHEEIGND, BE,
DINDYTIYIENFOEFDOEAITKA ML AEML ZIFHFICEETLT > b
TEBEZOSNBHRNARDED LN, EFFICZOT VI EILFNNRD DK
ARNVARBZITTNWA I EERL TNz,
INFETHRANZLDIT, HERENEL., KRT Iy LOENEKFICEET L.
EDKKRT > X WINEDDWEKDKRT > v IbED@En<T > 7 o— T OREE
OREOIZIZZEDKRT Y VI DEWKNH D, ZOKERRIL TN EEZTS
EREIRV. TOKIZDWTIRETHLS®FT 2N, F¥I@OIovrIvrve)LF
DRI ERE 2 RN 5K N T, #TF 28> CEEERZ O P ICHEILA
TR, —HBEANIFOOA M IRICEETAHYI YY) FiaEnx > /o—TJE
POFZEIIE, AR D K DR TFIKE I DEAD EFNDRFKICE > THRREN
K TIZR W IN EHER L TW5,
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3. 3. YWKHBICEFTHY T O—THEMOKIRBOEREE
FEREOFHILEDF Y I/B LRI ODR » EOEKPICEET ST /0
—THEYMDEDKET v Vid. BRENDEL . [BRME < RBEENDIR VSR
HETFTREEOWHKDKET > VEDENENIBR{RERDZ. TOLSBEREN
%EWE@E?%#EﬁﬂKDmT‘ﬁﬁwﬁwﬂﬁitmaﬁﬁﬁwﬁﬁf\ﬁﬁ
. BENBVNRENPEVWEETT, AV REFITIN)ELBERBOMOHMKITAE
HE5ET L/ O0—THEMERANTRFA L. 512, BROBPTHHENS L, &
HRBALTELEOKENEL, BENEOKEZRRLTNSEEASNDY DO
— TR DO NWT HRET L7z,
3. 3. 1 #EBick3LREORR
3. 3. 1. 1. BARE
=3, BEREOHHEICMNBETAERAKEETT A YTIVYIENFOEOKRT v
N EREITERNCEIE Uiz, JIELRESFE. T0E<INERNA, ENEEOM
1 BEE NI B O WVABERTINEIE L& 25 TH o7z, Table 6 £HBE. AD

Table 6. Sea water potential and leaf water status just before sunrise of R. Stylosa
growing in sea water along the coast near Komi, Iriomote.

Plant Sea water Leaf water Osmotic Pressure
. potential potential potential potential

s MPa MPa MPa MPa
Large —2.75 —2.00%0.29 —3.,13+0.11 1.13+0.33
Small —2.76 —1.9940.15 —2.971+0.18 0.99+0.08

~ * The height of large and small plant was more than 2m, and less than 1m, respectively.

kmﬁmﬁﬁﬁtﬁﬁmmmotﬁ‘ufh%%ﬂ@@mmmﬁ?yavwibﬁm

AT 2w EK 07MPa &< . ERT 22 v )UEHKI 1 MPa TH o7z,
SEICHAEEOBOBREEMICEL TEFLTVWEI VT FOEDKIITIRER

KHFEFCRAIE L (Table 7)o ZOBARD, SETERKBERTHOA A

Table 7 . Sea water potential and leaf water status just before sunrise in S. alba growing
in sea water along the coast near Yubujima, Iriomote.

Sea water Leaf water - Osmotic Pressure
Pl-ani potential potential potential potential
s1ze MPa MPa MPa MPa
Large —2.65 —1.06+0.11 —2.30%+0.06 1.23+0.07
Small —2.65 —1.68+0.11 —2.48+0.17 0.80%0.16

* See the foot note of the Table 6.
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SDOWKRDKRT > 2 v NN TEOART > ¥ v VEEL LB, E< BN
EEARZENWI YT OFTREL, WKOKRF v IVEDK 1.5MPa @holz. &
NERRLUTRENWI VT OFOERT > v IVE 1.23MPa EE L @M DTz,

3. 3. 1. 2. 41V RRIT7 NUE

NVEDOI T O—TX 7 —iZid. x> r7o—7Hohic. BELEDMEOR
BD/ZDIZEE 500 mOAREOBEAWEIMMN > TEREINTWE (Figd). ZDEZEF

Fig.4 The bridge for surveying the mangrove vegetation of the
Mangrove Center, Bali.
480 in the photo, indicates the distance (m) from the land.
AL, TE2RETRENSBENZWEKPIZAEE T 285 10m LLED R apiculata & S. alba
DIKFIREBZRE Lz, BREMMFEAVERSBELOLTBEEDKRT > v )L &N
PHFITEL TW D BIRERICHIE L7z Table 8 255 &, MATH o= THERFREN

Table 8. Sea water potential and leaf water status just after sunset in mangrove plants
growing in sea water along the coast of Bali Island, Indonesia.

M ove Sea water Leaf water Osmotic Pressure
lantgr potential potential potential potential
plan MPa MPa MPa MPa
R. apiculata —2.13 —1.87+0.04 —2.97+0.11 1.10%£0.07
S. alba —2.13 —1.99+0.06 —2.84%0.07 0.84+0.01

BRBEL, KEFL v A~ 2.13MPa DIARIZEBTLTNBDIC. THEMOED
KRBTy Iid— 1.87. — 1.99MPa E&E<. BBRT > vIVIEN 2D T, JE
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BF v )V 1.10. 0.84MPa EEM Tz, TORERIZ. BARETOREHER &Rk
T, HKDKRT > v )VEDEDODKRT >y IVtE < KRR SRR P ~HE
HEXNBEEITH2I0hb 5T, ERT v IVEK IMPa Em<ffERFFEhTn
7o

= 512, Rapiculata 1 DWT, BITEAMIEA LR EHK 50cm OFEWEADKTR
BEAIE L (Table 9). ABFBEHNEEEHEKFERZOTZDT, TNENDARDE
SADOKDKET v NERBES =M, BAKPIZEET DHRARDEDKRT > vl
13, Table 8 EFBEELDMEAKDKRT >y IVEDEMN 72D LT, FKPIZAE
ELTWBEADEDKRT > v VRADOKADKET > v V& DIES . FALO
KERNTEDREIZH o, DX I ICEDKRT > v VIEN o720, BiER
FL Ll bENRS DT, BADERT Y v VEHAZ DN X > TEH 7,

Table 9. Sea water potential and leaf water status just before sunrise of R apiculata.
growing in sea water along the coast of Bali Island, Indonesia.

Plant Sea water Leaf water Osmotic Pressure
size potential potential potential potential
MPa MPa MPa MPa
Large —2.20 —1.79+0.14 —2.69+0.05 0.89+0.09
Small* —1.64  —1.97+0.08 —3.03%£0.05 1.06%0.13

* Seedling with 0.5m plant height.

PLEDRER, HSNBEL>Th, v/ O—TEYOBENEZ> TS, Kl
MELPIRNEETTIE, AKRF v Ibdi— 2.0MPa LT OHKPICEETT 245
B, EOARTF IR INRBELOWEAKDKRT >y I)LEDELS, TUTDHAN
HETEET vl 0.8 ~ 1.0MPa EEWIREEZMER L TWD Z &R ENTZ.
COT e, WKFICEBLTWAT Y O—THEYOBEBIIEDOKRT > v L&
DHEVKET YT YILOKERRL TWSAREEEZRTHEREINRDEENICHEE
LTWB I EERBLTNS,

3. 3. 2. FHEMNBAUTKNEEOSWEHET TORN

BERXOHBOHEHRT, BRENEL., BRTEEMES BRHOBEABEETT, 0O
KARERRIE L. £T. AXREOHATRIE L2V Y7 E)LFOfERZ Table 10
wEL. ARENEL, RBNBEATHDZEERBLU T, EOKRT > v)Uid
WFNHENEDIET L, BAOWEKDKRT > v )V EDENNEIxoTz. EDK
BF v VOETFEREIINISWY IV IEINFTREN >N, ERZWKDIKRT
y&v»i@%@*ﬁ%y&vwﬁ%%%#otcmémklkvtw¥mﬁ®mﬁ
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F2 3w VOETFEENAE N EEIKBBET > v LAETF Liho e 0T, [E
RTINS RD, REWY IV ENFIRERTAE WP v el EiT
FOKZ LR BB BT,

Table 10. Sea water potential and leaf water status in the daytime in R. szylosa growing in sea
water along the coast near Komi, Iriomote.

Plant Sea water Leaf water Osmotic Pressure
.an* potential . potential potential potential
suze MPa MPa MPa MPa
Large —2.87 —2.594+0.18 —3.51+0.12 0.93+0.20
Small —2.87 —2.72+0.07 —3.284+0.03 0.56+0.08

* See the foot note of the Table 6.
Time of measurement : pm2:25~2:35. Meteorological data : air temperature 34.5 ~35.0°C,
air humidity 54~55 %, light intensity 1900 ~2000zE - m™2 - 571,

LTI SBELDIMBIZETT DK, . IOV IV I FOKNSIRERIE
RKOBDOBAFRELZ. TORER (Table 11). BHENZ L ELRENBEATH >
EDTEDKRT > v VDR OET LN, BKOKRT > v )L bR D EN
DIEDTR, FOYIVIEIFOEDKRT > v VIEALOWKDKRT >+
WEDPPELS, NOYIVYIENFOEDKRT > v VIETHEN S T2, ERT
e ViE, BERT v VMEL 222D T, KRF I v IVBMEFTLEIZE R
B B5aholz. BEOBBRT >y VOETEEZINDYIVYIEILETED A
ENODT, BRERT Vv IVIEK, F. NOTIY I FTRERMEERIT R
MMoTz,

Table 11. Sea water potential and leaf water status in the daytime in R. stylosa growing in
sea water along the coast near Nadara Bridge, Iriomote.

Plant Sea water Leaf water Osmotic Pressure

. a:* potential potential potential potential
s1z MPa MPa MPa MPa
Large —2.60 —2.45+0.10 —2.97+0.11 0.52+0.22
Medium —2.61 —2.49+0.10 —3.16%0.15 0.67%0.16
Small —2.65 —2.794+0.21 —3.334+0.10 0.52+0.31

* The height of large, medium and small plant was more than 2.5m, from 1.0 m to 2.0 m
and less than 1.0 m, respectively.

Time of measurement : pm2:30~15:00. Meteorological data : air temperature 33.5 ~

34.5°C, air humidity 48 ~ 50 %, light intensity 2500 ~26004E « m2 - s°L.
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Y RFST AU B BATHENED. 570 OA®AREAFICERLTH
% Rapiculata & S.alba ZFIVWTHIE Lz, TORER (Table 12) 2H2 L. EDLOLRK
HLTWBDT, ZEOKRET > v IVEREHPY FIHNTETFL TV, TOE
TEERNEL., BKOKRF> Iy IVEFERCETH 2. BERT > vV
BEAEELLTWENDT, ERT v VZEDOKRT > v VIMET Licaie
FETL. BRIZZDKA NV ADREBIZH D T ENDRoTz.

Table 12. Sea water potential and leaf water status in the daytime in mangrove plants growmg
in sea water along the coast of Bali Island, Indonesia.

Manerove Sea water Leaf water Osmotic Pressure
lan th potential potential potential potential

P MPa MPa MPa MPa

R. apiculata —2.27 —2.34+0.20 —3.05+0.10 0.70+0.30

S. alba —2.27 —2.07+0.14 —2.77%0.14 0.70+0.03

The leaf blades used for measuring leaf water potential were not exposed direct by to the sun

in the canopy.
Time of measurement : pm1:30~2:00.

X5, REIE APRENBALBRLET T, EOKSRENLEDEELRLTE2NE
FOEHEICHET 302, 75 7EES OEKPIREET DV VrIENFDR—
W ERIE L (Table 13). BSRDOIE 14 B TREN 10 77 lux LLEEREBDEL <

Table 13. Sea water potential and leaf water status of R. stylosa measured at the just before sunrise and the daytime
. grown in sea water area along the coast near Nadara Bridge and sea water potential.
Plant  Time of measurement Sea water potential Leaf water potential ~ Osmotic potential ~ Pressure potential

A Before sunrise —2.60MPa —2.08+0.04 —3.24+0.17 1.16+0.15
Daytime * —2.57MPa —2.67+0.04 —3.49+0.04 0.82£0.02
B Before sunrise —2.60MPa —1.90%0.10 —3.14%0.19 1.24+0.10
Daytime * —2.59MPa —2.59+0.02 —3.491+0.06 0.91+0.07

* pm 14:00~14:00.  Light intensity : 108,000 lux.

LNERHET T, EORRT > v VIERFGITEAT 0.59 ~ 0.69MPa (K F L. BERT
3w UiE 025 ~ 035 LNMET Lz 272D T ERT > v )V 033 ~ 0.34MPa
EFLEZ. L L, ERT >V v IUdkRE LT 0.82 ~ 0.91MPa EEmWEZHERFL T
B0, KARLARFRELBRNEVNZ D, TORRIT. BOKRT v I)VBEALO
FEADWBKDKRT > v VEDPRENNEFFELWMEETETLTRSHDD,
YLV TN FIIAPEBBREHE TEZRIREBICH I LZRLTND,
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Fig.5 Diumal change in diffusive conductance in the leaf blades
of different plant size of S. stylosa growing in sea water along
the coast near Nadara Bridge.

* See the foot note of the Table 11.
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Fig.6 Relationship between diffusive conductance and photosynthetic
rate in the leaf blades of R.stylosa growing in sea water along the:
coast near Nadara Bridge.

* See Table 11.

Meteorological data : air temperature 34.7~36.5°C, air humidity
50 ~ 62 %, light intensity 1950 ~2140 2 E - m? - 5%,

PhEEEE - ORICIL, ER TR SEERMBENH o, Figs, 6 5. SHEDHEK
HicEELTWTH. BROBDAPIZIE, YIPIEINFOET 20pmolCO: * m ~*
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Fig.7 Comparison of photosynthetic rates between leaf blades at the
different plant size of R. Stylosa growing in sea water along the coast
near Nadara Bridge.

* See Table 11.
I (the upper most expanded leaf), [T and IIl indicates the different leaf

position. The left and right values at the same leaf position indicate the
photosynthetic rates of the opposite leaf blades.
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Fig. 8 Relation between *O /" O ratio (%o) and salt
concenfration of water.
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Fig. 9 Relation between "0 *O ratio (%o) and water
potential in different salt concentration.
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Effects of environmental changes on plant growth and vegetation in coastal
region — Ecophysiological approaches on referrence to leaf water status of

mangrove plants

Kuni ISHIHARA*, Tadashi HIRASAWA** and Taiichiro OOKAWA**
* Faculty of Agriculure, Utsunomiya University

** Faculty of Agriculture, Tokyo University of Agriculture and Technology

As the study progfam on the effects of environmental changes in coastal region on plant
growth and vegetation, leaf water status was examined in mangroves in the area from sea
water along the coast to brackish water in the mouth of the river.

Leaf water and osmotic potentials of Bruguiera gymnorrhiza (L) Lank., Rhizophora
stylosa Griff. and Avecennia marina (Forsk.) Vierh., and sea or brackish water potential
were measured with the thermocouple psychrometer. The leaf water potentials of these
mangroves, with low transpiration in the cloudy days, were lower than the pbtentials of
brackish water sampléd in the places where these mangroves grow. Their leaf pressure
potentials, caliculated from the leaf water and osmotic potentials, were kept higher than
0.9MPa usually found in the leaves of plants under sufficient soil water conditions. It is also
of interest to note that the leaf water potentials of the mangroves growing in sea water area
along the coast were higher than the sea water potential, but their leaf pressure potentials
were higher than 1.0MPa.

Furthermore, the leaf water potentials were measured in three plants of R. stylosa of
different size and age growing in sea water area. The leaf water potentials of large and
medium size mangroves were higher than the sea water potentials. On the contrary, the leaf
water potential of the small size and one or two year old mangrove was lower than sea water
poteﬁtial and its leaf pressure potential was very low.

These results indicate that R. stylosa growing in sea water area along the coast are
probably using water with lower water potential than that of sea water. It appears that the
sea water is diluted lower than the leaf water potential with fresh undergruond water and that
the small and young mangrove, with low leaf water and pressure potentials, uses sea water
directly because its root system is not yet developed enough to penetrate deeper layer to use
sea water that is diluted with fresh underground water flowing into the sea from the land.
Therefore, the mangrove would suffer from water stress under intense transpiration condition

on a fine day.
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We examined the leaf water status of mangrove plants growing in sea water along the
coast in Bali Island, Indonesia and near Komi and Yubujima of Iriomotejima to ascertain the
results and suggestions mentioned above. The leaf water potentials of the mangrove plants
in both Indonesia and Iriomotejima were higher than the water potential of the sea water
around these plants at the time just before sunset and just after sunrise when transpiration
was very low. In the plants with high transpiration rate at the daytime of the fine day the
leaf water potential reduced to the water potential almost equal to the sea water potential
around the plants. However, the reduction in the leaf pressure potential was not so
remarkable compared with that of the leaf water potential because the reduction in the
osmotic potential was larger than that of the leaf water potential. Thus the leaf pressure
potential was maintained at the level of 0.6 to 0.7 MPa. As a result leaf diffusive
conductance and photosynthetic rate were maintained high during the daytime. The
maximum of the leaf photosynthesis was higher than 20 ¢ molCO: * m” * sec’. But in the
small plant leaf diffusive conductance and photosynthetic rate reduced significantly in the
afternoon of a fine day.

These results could generalize the suggestion that water in the soil where roots of
mangrove plants are growing should be diluted with the fresh underground water from the
land and, therefore, they could sufficiently absorb water with far higher water potential than
that of sea water under intense transpiration conditions.

To examine the suggestions mentioned above, we tried to determine O ./ “O ratio of
the xylem water in the stem of R. stylosa comparing with the ratio of sea water and fresh
water in the river with Dr. N. Tanaka, Graduate School of Environmental Sciences, Hokkaido
University. The very close relation was found between O /'O ratio and salt concentration
of water. The value of O O ratio of sea water and fresh water was 0.2 and — 4.5,
respectively. The values of the xylem water of the plants growing in sea water were — 1.1
to — 1.5. The salt concentration of water with — 1.1 to 1.5 O /'O ratio was 2.2 to 2.3
% from the relation between O /O ratio and salt concentration. Thus we concluded that
R. stylosa growing in sea water was absorbing a 2 to 1 mixture of sea water and fresh water.

The conclusion indicates that the underground fresh water flowing out directly from the
land is essential for the development and /" or recovery of mangrove vegetation in the sea

along the coastal region.
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FEDEWIC X KA BEEY OETR EOEGHRERICEET 2 BENREE. &8
L DRI RRAEP LT Dk E DRBITHED BLDENWEZRASNTT 57201, &
FETHEEA T ZWMOBWTAEEZRRELZRICTOLFRNEEEZHRDS LD
7. BEITEEBEERRIBIZOBIHEKERET 2 I EICKD. KEEREDE
SEETLRDF OB BT D2 HE Uiz (R 3). F7z. MOEHREUSGLR O
K DDA EITD ZEITR D, REERIRDKEEREN N & OREERI O
IRV HEM) DFBRRIC R S N TN 2 DN E RN,

2. MEBIUHE

wpr ] WKEOESNWERY. FELRBLUpH ICEXASHE
Ptk

MR (A X HY, Y RUEITA. DY RS YFNZ/F) & 199
5 B 24 AICATEER GLBELREER) o, Basint)s—- (EE: v o
Bov )%, TRE) 2RET7 A 13 RICEFEAK (BMEREL »5. KEFL
AFEES B 17 AICAHBAFENKAES (BRRLEET) N5, TRABIEZ RS
5 B 21 BIC&HBRAEESIMEBES (BAREMI Mo TNRBRL, ERIC
BEL7=, U —I3MEF LT 4mm OFF THi- /2 0%, KEATBIIAE L T 2mm DO
TS bOE, FEIEE 4mm O TH-ZbOEETNETNEA LR, 7B, ERIT
WINH 2 B TIT o7z,

REIOAMB LMK EDORS

ERTE 27cm? D& D B ICEME 10g HUEOMEZ &0, Bk EELTL 1:20
DESTMA. 4 BEE S, 24 BB L72%, KR 3em ZTORERZRFE CEO
e DU ICER Lz, KIC, BBIRICHEKIRE 0%, 10%. 100%. 200%D ALK
PEEES (BABIIEBKEBENTNTN0%. 5%. 50%. 100%ITME) L. 16 KfE
e 7 LB som B L. B A OKBMTERBLOBEEYCRLICHEG L
TEESD) L. BB A ZELSEE (10,000pm. 20 43) L7z EERZRR L.
sl BBk A 2 RE S KBTEEREN H D WITILELIC< Wa DO PIZEELTNWDS
SEEED) ELE, 5 LTESIERE A KDWTEHRKE (TOO) BE (&
A HERE RS SRS - B TOC-500) %, #% BIZDWTIL pH. TOC IBEB LT P, Mo,
Al. Fe. Cu. Mn. Zn J&FE (ICP-AES. Plasma Atom Comp MK II. Jarrell Ash) %<
ZNRIE U BB L OATHE KT OB TRBEE T I VEELTELSIWE,
AROEHBADHEEEER
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EETROFERFEEZASNITE720I2. UTONE2fTo /-, /28, HiH
HE D ZERFIEDOEIEZE Figd 1IRT. £9. ik A 2EODBEL 2RO &R
FKZIMA CTEERLDBT A EICEDEEEL. T0%. BEIKEZRANTHEE
W B MLz, SR E R LS (10,000pm. 20 4) L 7= EEKZ 100mL
ICEAL., ICP TEELTRRBEZIE L (RAMEEEMESER) . K\WT, Ok
ERBAKEMA TEERODBET S EICRDEEEL. TD%B. 7 vb/KkEREML
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o7z, Eiz. BEALKEZEDFER. BREIVRDENBN 72D, 7 v b/KEBEIE L
frbiahoiz, KEILETIIEKEBE 100628 WT. Rk A 20 BEL 2RI
BNFER S NI o 72728, ALK RS R, 7 v ALK R 5 R KIBE 50% % T
OB DWW TITH 77,

rlo Samples + 200 mL HpO |
I
[ 4 h Shaking, Left for 24 h, Supernatant taken ]
Adding 0 to 200% sea water, Shaking, and Left for 16 h

i
| Supernatant (Sample A) l“’ TOC
|

[Centrifuge]

Supernatant ____».@
— (Sample B)*
[Digestion with Hp02] ' ! TOC, pH
[XAD-8, Sephadex QAE-25] Bioelements
i Bioelements
[Digestion with HF] TOC
@ Bioclements ) Bioelements

Fig. 1 Layout of experiment. *Including colloids difficult to precipitate.

KIZ, BB P OUERET A P RBTRE A ERINYT 272012, B BSmL 2 BR/K K
I IE XAD-8 B I VIR A 2 3ZHLHHIE Sephadex QAE-25 % 2mL ZFTE L7271 T AT
BLUTHENZRES Bz, 15 L1 15~20mL OBHMAKTHE L., EHKR SRR
EHEDET25mL ICER LR, TOCREBIUEETLRREZRE Lz, DEATD
AR ORBRENSDELSIZICRD., AWM ERTRREZ KD,

IO L TESNEREMEZENENGHE A POREICHEL K,

EBR2 WRKEOERSIWKBEERMICESA2¥E

gealarel, SEBORMB LMK E DRSS
ER 1 THWELHBRRERER LV, HZICRFEAK (BHRFRIEE) »
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DHE LT, KT, BB 2ILE 0.50m OE/KYE PTFE B (ADVANTEC) ZHW
THEE LKAEDEDA 2 EDES ZEZ GERIC).

KEBEAEEY. SEILRODH
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MUERTN, BEEBL TEZHECIZOVWTD TOCBEORIEZ1To 7z,
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CEHANRY PVBEOGTFIA XM ERE LI, I RANRY MV, SEHERIC HCL
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EDBIELE, DFIAX0HmbREE2TOEEAN, FIIV/—3I1T—-3>r0Ox
KNS5 74 =KD TFOEEGETRIEL 2. /15 A YMC-Pack Diol-60G (300mmx8mm
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EE 3 KEMET VR OCEER & T DS R AR
peatbrel, R omR

Wi, ETEER JtmELER) »oERERE (1996¢F7A3H) 2. BFESR
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B (BHMELHET) MNo/KkAEL (FFE5A13H) 2. GHBRRFRFHINERES
(BHIEEME) »oRAEE (RE7A5R) 2, TNETNEHBMUERICH L, £
7o D7D F ) (19964E7A 18 1Y) 7 — it EHR UM R AHE TEED . ATEH
A (19964E7 A3 BICRAEREHREU R & D B THE) . A£TEHE)IB (19965£7H3H
V23 O AHE TEEED) O 3 FEEE O KRR D P TRWZ,
SN Bk 2R EE10g : /K200mLOBIE THRML ., ER T4 FfEk & S &,
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(Visking) . WRAGEZIE L THIERBAEI 2572, 7IVREBE DL, I F 4 > ZHNE (Dowex
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& (BETOC-5000 TRIELZ. /2. BER. 7IVFABREEIL. HEE (EERO
LEIIB®E, BUSBER) OBREHEOSTRRFRBELIVER L=,
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2k 0. FEEE220~500nm. HIEHE FE300~600nmfE THIE L7z,
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HNO; B L OBk T . BAEE L ZFLE045 1 m DB /K £ PTFE IS A
(ADVANTEC) Z iz, BIKFOTREEZ AR E U, BHKIZDWTTILVR
VA E FREDIIE ATV, 7527 E Uk, REla. by cBLO TV ABRIBIRIZDWN
& TEFEDEEZICP (Thermo Jarrell Ash IRIS/AP) THIE L7z,

3.8 R

=1 BEKEOESVERY. SETRBIUpH ICEASHR
31 WKEOEANEEYMBIU pH IZHEASHE
VEKIEEE 0%F5 DEEL AL B D TOC BE LT N5 2K SRS S BB O TOC IRE
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Fig. 2 Total organic carbon (TOC) concentration in Fractions A and B as well as
pH of Fraction B.
(a) Peat, (b) litter, (c) Paddy soil, (d) Manure
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BLUpH OEALZ Fig.2 ITRT . MHKIEBE 0%EF DB A O TOC BRI, B (1330
+£100ppm) >BEAE (716 +1ppm)> 1) & — (537+20ppm) >/KH L4 (12.620.0ppm)
DIFETH o7z, A B D TOC IREEIL. B 616+ 9ppm. B 88.9+9.3ppm. U & —
106+ 7ppm. KHTHE 4.0+0.1ppm TH . BLSBEIC K DIRRTIE 90%LL E. /KH
TETIER 70%DEEMNR Uz DIcxt U, BIETIRILERITO TN 15%Th - 7=,

MEKIRE DN, TR TIEAE A, B & BITRFIERED 00%LL FEA L=,
& — KEATRITBWTHHE A PO 60%LL EDOFEMMNHEKEDESICL > TIL
Uiz, #BKIREE 100%F OFEL B O TOC BEIL. U — TIdi/KEE 0% D 64%
THTZM, KEIIBTI 00%0EEL Tz, BIETIEERE A, B & bIiciEkiEeE
DEFITHED BERYOILKREI G 1R T E/NE 0Tz, 2B, BEYOLRE.
IKIREE 0%02 5 5% DT D HIREITHET L7z,

B B O pH IHBKIRE 5% TR o7z AETF Lz, ZhUd, #EkP R E DB
Lo THEEMCHEN OSSN HOFEBICE 25D EHEZ Lz, pH I3KDE
GO TERFLZMN, WBKEBE 100%ICBNTHRKRTIL 64, UF—TH
6.9 THoT. =77 AHMIREDEN > 72 /KH IBHE B T MB/KIBE 50% T pH7.8
WKERTER LU, £z, Jo& pH D@EM o 2B TIE pH DELIZIEE A ERD SNt
Table 1. Concentrations of the elements in Fraction B and their change due to mixing

with sea water (mg/L)

Sample % Sea water P Mo Al Cu Fe Mn Zn
Peat 0 071 0011 6.0 0.005 2.7 0.012 0.007
5 0.18  0.004 043 n.d. 0.072 0.058 0.007
50 n.d. n.d. n.d. n.d. 0.21 0.073 0.044
100 n.d. n.d. n.d. n.d. 0.29 0.026 0.000
Litter 0 0.64 0017 0.69 0.014  0.66 0.011 0.021
5 n.d. n.d. 0.22 n.d. 0.29 0.042 0.060
50 n.d. n.d. n.d. n.d. 0.18 0.045 0.058
100 n.d. n.d. n.d. n.d. n.d. n.d. 0.058
Paddy soil 0 0.67 0016 1.1 0.015  0.61 0.013 0.012
5 2.7 0.066 035 0.061  0.11 0.047 0.056

50 30 0.70 3.5 0.60 0.94 0.13 0.47

100 71 1.5 10 1.7 2.6 0.26 1.1

Manure 0 36 0.053 0.082 0.082 14 0.12 0.14

5 34 0.058  0.11 0074 14 0.13 0.15

50 32 0.050  nd. n.d. 1.2 0.077 0.13

100 33 0.066  n.d. n.d. 1.0 0.042 0.16
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Moz, pH 2t EAHERRRBEOEIIIEL TH 5T, pH WAEEY OKELIZK
FIEE /N Iho LRI N,
32 WAEDEANEE B PORELRICEASHE

BB HORFEITLRIEBES Table 1 1R 7. MW/KBEORDEE. Al & Fe lJTRHEMN
5. P. Cu. Mn. Zn ZEIENSTNENEDL BTSN, FICEIED P IREIM
OREI DK 50 B TH o7z, UF—EKATIBHE B OTTERREIL Al AMRET 15 &
B ZUAMINTNBELLTB Y, RBRELEL TP, MnldFEEE, Mo, Cu,
Zn 3R RISz, F/2. AR T 1 MRV EZTRL Tz,

Mk EDBRSITHEN, BRBECY ¥ —0iE B Tid., P. Mo, Al. Cu BXU Fe
DEITLRBENTEZITH D L. Fe 2M< 4 TRITBKIBE 50%E TITHRERALT &
ro7me R TIE Zn, U & —Tld Fe BX U Mn BENTIB/KIBE 100% TR
IR E75o 7z, BIETIE Al BET Cu DMEKIBEDEIMICHWRHRF LT S0 72
M. ZTOMODITTHE (P, Mo. Fe. Mn. Zn) BEIISEEREERET T, KEILBTIE
P. Mo. Cu. Mn. ZniBEIZEAL. Al BXUFBEDWVSTZARMDRIZERLZ.
33 WKEDESWRELEERIEABRBLUNIREGBTIRICIGEA XS

B LK EAED £ T v (LK R EM% O & TR IMIE £ 7121 Table 2. Table 3
TR, 7B, WD T ALK EBROMRICHES T, TOEERBRITETH S Al WIAIE
LU= 0 EHER I N, TR RS Al EOHEEIIARPIRE & HIWT L 7z, TR pcalet
A VT VEKIEEE 0% IC I3 2B R BIRBENRDRKEN S 2 & EXG U TREERH
Table 2. Concentrations of the elements bound with insoluble organic matter in Fraction

A and their change due to mixing with sea water (mg/L)

Sample % Sea water P Mo Al Cu Fe Mn Zn
Peat 0 57 0047 34 0011 17 0.048  0.016
5 072 0007 20 0003 10 0.006  0.025
50 064 0008 20 0004 095 0004  0.007
100 0.65 0008 1.5 0.003 056  0.006  0.008
Litter 0 15 0007 10 0003 08 0028  0.039
5 12 0004 023 0010 012 0005 0041
50 093 0005 019 0001 0027 0010  0.006
100 - 082 0004 0024 0001 0018 0007  0.008
Paddysoil 0 11 0022 029 0019 011 0011  0.015
5 10 0024 014 0019 0032 0004 0014
50 12 0028 016 0022 0035 0004 0014
Manure 0 31 0001 0029 nd 0.009 0033 0012
100 44  nd 0055 0043 019 0055  0.051
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MERE LR EL<BEATED. P, Mo. Al Fe BX Mn DL 4 OB
PERbEMN DT, FFIT Al B4.1mg/L). Fe (189mg/L) 1. KICEENE NS/ & —
DENEN3072NL 20 BFULETH Sz, LALANS, ZNSDOTHRIINTHHHE
IKIREE 5% T 80% LA EMILBR LTz, U & —fEl A TIRWTNOITE DK EDRESIC

FEo TR L7z, IKETIRREL A h ORIETER M 009% L0 L2 HE /K IEEE 59% Tk

L7z, AEER DS S EEITERIL AL Feo Mn @ 50-70%0584 L 72D H T, P. Mo,
Cu BLU Zn DREITIIERBEANRD SNz, BIETIEEKEE 100%I12

BWTP. Al. Cu, Fe BEU Zn DBRENEEMNL Tz,

Tes R DR A SHBKIRE 0% ICEBEDH TEAEFe 2E5ATHD, P LU
D HHEEREITTRIEE D 4 BT TROREN oz, M LEGRE PIBEIKALIET
BEbE<. Mo. Al. Cu. Fe. Mn @D 5 TEDRRICKNTEWEEZ KLz, HBtiEs
BEILEDZ < DMK EDREIZE > TREA LN, BRBIAY ¥ —i2BWNTIEMmK
BE 100%ICBNWTHaBMOEREELR L TZEO I EEaEITEMIE SN,
Table 3. Concentrations of the elements bound with clay minerals in Fraction A and

their change due to mixing with sea water (mg/L)

Sample % Sea water P Mo Al Cu Fe Mn Zn
Peat 0 0.74  0.11 87 0.038 19 0.071 0.064
5 0.17  0.007 4.2 0.004 0.84 0.004 0.012
50 0.16  0.004 3.0 0.005 0.54 0.003 0.007
100 0.12 0.010 43 0.006 0.88 0.004 0.008
Litter 0 035 0013 89 0.017 4.1 0.015 0.050
5 0.28 0017 14 0.009 1.5 0.016 0.039
50 021 0012 15 0.010 1.3 0.015 0.027
100 021 0.025 14 0.009 1.1 0.018 0.025
Paddy soil 0 1.4 0.041 10 0.029 11 0.031 0.048
5 0.58 0018 0.83 0.012 0.13 0.003 . 0.011
50 0.57 0021 0.66 0.013 0.074 0.003  0.028

3.4. kB FOMERET A BITROBIS LT DMK EDERICESEL

B B D XAD-8 B LU Sephadex QAE-25 71 T LBBEDHEYTEEZR (Table 4)
&, KEALBIZBNT 38% @D TH oM, KT 84%. UHF—T 23%,. BEET
74%THO., TNTN 0% LOEEINEREI N T W=, Tz, BKIEE 100%E
DEEMEERITINTNOMEIZBNTD 1.5%U T TH o7z,

MB/KIREE 0% & WB/KIREE 100%IC BV 2B B P OILRICH D 2l 4 BBtk &
BHEMIE B REITR DTFEEIE % Fig. 3 1RT . KEBE 0%20B 6. WIhoiRkics
WTH P, Mo, Al. Fe @D 85%LA ENFHEMIESETH o7z, Cu. Mn. Znld. IR,
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) & —TIREEMESEOEIENE <. KALES IORE TILEEOEI G &N
57, WKEDREICED. BETIE Fe. Mn OAHHFE B RICEREL M, ’TEE
00BLL L DNEESEE, BEIL 100%EERETH o/, VY —THE—RIB SN/ Zn 1,
Table 4. Total organic carbon (TOC) concentration in Fraction B after passing through a
column of XAD-8 and Sephadex QAE-25

Sample Salt TOC after column ~ TOC before column Percentage of
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