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Soils of Swampy Coastal Areas in Southeast Asia

——Part 1. Soils Derived from Mangrove Mud——

Kazutake Kyuma*

The coastal areas of the Southeast Asian
tropics are vegetated extensively by mangrove
forest. Inland there are areas which were for-
merly under mangrove, before they were cut off
from the marine or brackish environments.
These areas together represent an important
fraction of the potentially cultivable land for food
production in the near future. This paper looks
at the soils derived from the sediments deposited
under mangrove, to evaluate their potential for
cultivation.

Mangrove mud contains oxidizable sulfur com-
pounds, mainly in the form of pyrite, which
upon exposure to the air is oxidized to sulfuric
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acid, developing a strong acidity. The resultant
soil is called acid sulfate soil. This paper deals
first with the processes of pyrite accumulation
under mangrove and its oxidation upon reclama-
tion. It then discusses the classification, prop-
erties and management of acid sulfate soils on
the basis of recent research results.

It is concluded that the former mangrove land
is probably reclaimable only with difficulty and a
high investment. It may, however, be possible
to improve soil conditions to some extent by
simple means practicable by the small farmer,
such as localized phosphate application.
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bhbhid, CoXHI>BHROTIK, HE
TV TREDOLIEITONWT, TOHEPH
RICE LU COMBRIEE, BFEOBICK
DIREBOBBT L LEEM U, T TR
B XATHEDIR, BEOXRMLSHS
PIRE DT, RERSEETICH D BEENRF
Az U, KEB4ri3~ v 7 v — 7 0@k
(swamp forest) itBEBbLNIRBILH S,
DH)b=rsa—7TOHEWYL, FRTHE
A & DM pElEE 1 1% (acid sulfate soils)
ZHERT S L, BHATIREBEREDORKL
% (peat soils) SRET 5, ChodTh

b, BEAORBICELTREINCERPDLE S
DE LT B,

AT, ¥/ v -7 TOHEYITC
KT ALBENRE LT, TOAERK, 48,
P, WBREREICOWTRNE, HET Y
TIEBOR T, =/ v -7 OHEDZHEE
%, Christensen [1979] & 1 OF — # it k&
NITKS00F~2 72— EHBEb O TEY,
ZORMEUVTOBEHNBHI BN,
chlsbics, 2 »Frz0EDE (Plain
of Reeds) Ok H1iC, DO T=r I a—70
T » KB hs, £ OHMYW ORI
BODDIT, BETRAIY YY) Z7yEOER
DRRFIR IS ARA (Melaleuca leucadendron 13 &)
DEBIT HmlEE-TELOERINTNS
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Burma 500,000 ha
Thailand - 317,700
Cambodia ?
Malaysia 688,459
Indonesia 3,000,000 ?
Philippines 251,577
Vietnam 300,000 ?

Christensen [1979] it & 3.
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Meters above Admiralty Datum

Level a’s Pulau Kuala
Langkawi Merbok  Matang Selangor Malacca
Highest high water HHW 0 3.2 3.0 2.4 5.1 2.3
Mean high water spring MHWS 20 2.0 2.7 2.1 4.5 2.1
Mean high water MHW 60 2.5 2.3 1.8 3.9 1.8
Mean high water neap MHWN 90 2.1 1.9 1.5 3.3 1.5
Mean sea level MSL 99 1.8 1.6 1.2 2.6 1.2
Mean low water neap MLWN 100 14 1.3 0.9 1.9 0.9
Mean low water spring  MLWS 100 0.6 0.5 0.3 0.6 0.3
Diemont and Wijngaarden {1974] it Xk 3,
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— MSL T DOHER R T
// 3, <vru—7
BIELE L TRED
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3. High part with little slope SELISNE S s
FE%  Oxidized topsoil, brown mottles K U CTE LR IS
Partly oxidized topsoil, green mottles BESHEFINS
#ZZZ3 Reduced subsoil, green sediment WMRE L,
B Black (FeS) colored sediment

Avicennia alba
Avicennia intermedia
Bruguiera cylindrica
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U—7BEETEDOTHBEY, Thhodh
DHERE bR oG IcHI I T AT I3
ERW, L, A4 ENT ) =2 BEIHIT
BNy Ty FESTBID, MOMNET
b HRRE TCOHRPHESL, T OWHIITH
MHWS X0 EL 73520, B#HFEM#BTIIZE
WEBBDBET 5T, KL DR =T
O~ R EICHEEINB IS, L
T, ETAILE-TIE, BITEMICTRRED
BBYBELEENH B, £/, TDXD
ICHEBY OB NE O, HEEOBEKIEE
Hich/ic-oTHROEINB20DIC, BIEWIE
REEMKCHREIH, BUTFicd~s &g,
HEYPICREDOH(HOEEMBEC 5,

oI #RYAPICETE 154 D
Ak & BN

—RIC, ARRIERY P T O DAL -
EHE, RoglLAZI0NERET 3,
i #ERISLLEKITE B SO it
ii. Ao
= V7 a =7 0K UERKBSET TRAL
TR EEEZNE, Lo i, i1 0%,
=7 v -7 FORFEWICEENICEM I N
T3 EWNZ 5,
HEKFICI3# 2,650 ppm @ SO M8 fEFE
T35, DF0MEK1IL HICE 2.65g DEiER
Wb 5, 2D SO AN EHT TIRK
RICE->THLIN, S OB/ (+V])
o (=1 ICHd %,
SO}~ + 8H* + 8¢ —— S(—11) + 4H,0
(1)
zzTS(—1I) &Lzbniz H,S, HS , S
D=D2Dz LD, ThoDHENFEIISEFELESE
AREED pH ILL - TE S, (1) KOG
2, ARHORBILSBORIEEFEE LT,

2CH,0+S02~ — H,S+2HCO35 (2)
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DT EL#EITT B,

Z Dl E G IEE Desulfovibrio % De-
sulfotomaculum 3 D~ pbv—7 1tk -
TAT 424 FENAED, T SDHMHRET
WIER I BRSAERICR U, ERERXRGEDOT
TR, BREETIIET LR, EREIC
WEERLORC 2543, pH T2 T3
MELWOMEICK - THiLZ N, FTRIZE
&% pHS TdHbh, LB IFNETHS,
* eI EAL (Eh) T2 Tid, SO0
AREALT HEAME LT, Patrick and Reddy
[1978] 13 —120~—180mV %252 T3,

O LTHINIZ S(—) 13, #iEfEET
£V & Eh (4180~ +150) T3 TITAK
INTW3 Fe*' ERIELT, HRTIREEL
ERLBOOwALE: (FeS) ZiLEkd 5,

Fe?* +8%~ — FeS (3)
Z® FeS i3 X MWICEERTH S H», IEH
kD FeS THB<v ¥+ 74 I (macki-
nawite) DO AREAS AR 2 H X2 5 [van
Breemen 1976], C D% F OB RERK T
107'** [Berner 1967], #EEJE FeS O£ Hh
3107°° TH 5,

HRRUIZ: S(—1I) o—#i%, BBHESP Fe
AX DL BMILADHEETIE, MIFER
D LFERBEHE SO) iciktInsg, Fi,
S(0) 3 SOI” VEEMEHAHTTELINIHE
DOHE & LT HERSN, —HAERS N
5 EHBPIRE TH B0, HEEHERIHIC
BIERRMESPIZ O EEBNICERET S &S
N T3 [Stumm and Morgan 1970}, <
DILFHIRFEH L, FeS ERIS U THEEE XA 7
4 + (pyrite) ZHEKT 5,

FeS+S(0) — FeS, (4)

HBNZIRET B S(—II) &L TEERL
W7 =4 (Si) 2#1E0, ZODLTFeS &
IEL, 779 —Y %4 b (Zlhsa%R D Fe,S,)
ERT, N4 54 v E2EKRT B,
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Fe;S, — FeS, + 2FeS (5)
T UTHRT 554 5 4 + OIFRERIZ,
SO) DEHETFT TR0V DA —F -2,
FeS it U 10 4 — ' — KL, 2D &
7% FeS—FeS, ~DZEALOEBHHR LI - T 5
[van Breemen 1976],

72720, TS DA 54 N AEREREOh
ITiE S(0) /23 Si DAEREMEELTSE
ATEBY, LEREEOEKREREST S LD
EEAEDS, 4 T4 P ORERAE BIREEDT B,
Sl i~ A AER M & W O BRI B
574 74 P DEHEZELTHDLE, WH
LD BETEHRELSFH OB —TH B,
Diemont and Wijngaarden [1974] o3 Z:41
TiE, WHETOSZUT, #“EFETLSZL L&
WEINTH B, MOBERTIE, Tk
Nk Hig, HRIMBLAHEICEE LWL D ICE
ReliC 7 » TRIGWERBEDSHERF X 41, FeS
ZHERUDDTBE NS T EEESIT, #EM
TRUFFRBRD 72 DI HIC K BKRDEELASH UL,
TN EMAL DR ENRRILEZ DS L
THRERMEEER LS &b, %14 54
FOFERBICHEE LTS EFKZ 51D [van
Breemen 19767,

DX T HifETIC X-T HElREN S
S(—1I) 1%, E#RMITIZ ¥4 74  (FeS,) &
LTRENRIN, R PCERINS, &
BE, MEEHFEWICOWLT, BoBEILLSY
EABERLTHDLE, %4 74 EHE DS
BERDISHLL 2D 08— THD, %
DI DI HIR T, A BERERE 9758 DS AE
3 5M, FeS MBHEI *bHTLVR L,
LUV, M Omi s A iR Y o
T3, FeS IBOM T EMITD0.01 %L LT
Lh&Ihd, BAaL ndEHEPTH0.6%
ZBAALERBTEAERE SNLTWS
[Berner 197171, %4 54 F OEH R 1315
WEWESIZD 1 ~4SBBREBEBTHD,
FThicld 5P ticd T %5 [Moormann

and Pons 1974],

IV BmBELTIROEN

a. WAL oA HER T DL
LEDBFRETNA 54 AR LUy
ML L, Bk « BGHFRICA S &, BEOD
FEEDOT TROL S RFHERISET 5,

FeS,+--0,+ 2H*
L Fe2t+25(0)+H,0 (1)
Fe2* +--0,+H*

1

—— Fe3* +-H,0 2)
2S(0) + 30, +2H,0
—— 2802~ +4H* (3)

I oDORIGE, M3 bEE
i UptEE 730, Hric 2) Ko KIED -~ —
742443 pH3 TLO000HDA —X—ThH
% [Stumm and Morgan 1970], L L,
(2) K> Fe**—Fe** omfbiZicd, (3) KX
D S0)—>SO:” ~D LIS, i
EoTAT x4 PENBE, SHDOTHER
PITHEFTT S, BIH N2 7Y T Thioba-
cillus ferrooxidans % Ferrobacillus ferrooxi-
dans i< X 0, #:F\3 Thiobacillus thiooxidans
ZIUHET B Thiobacilli \TX>TAT 4
T4 FIND, TDOXDIC, ALERERIL &5
BB DB DT T/¥4 7 4 + OGN
AL D &, ART ARRRRIC K » THEH R
Sttt an s, L TEH O pH 28
3UTFTEGEA L, HBERTITE Fe’ 4
F UBIEFEL, RITE Fe't 2@ Ll L3 5
WA T4 ORI B,
FeS,+2Fe3* — 3Fe?* 4+25(0) (4)
2S(0) + 12Fe3* + 8H,O
—— 12Fe?* +2S0%~+ 16H* (5)
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CoOMRERET D L,
FeS, + 14Fe3* + 8H,0
— 15Fe?+ 425802~ + 16H*  (6)

Wi ohB, (6) RORIEDN—7 24 4103,
20~1,0005r 0% — X —TdH v [ibid], »<4
74 F OBBILIZ EbDHTHERPNLTHS, £
72, T ZTHRRENI: Fe** 13, &7 7
TICX D EY Fe*t itk h, IS
54 FOBILICHT DB,

R INTBOEBERY, KRS VLIEBAR
ik aHfnbiES, B D pH 8>3 &35
&, 2) KoKk D ERE Iz Fe™ i3,
Tk sr % S TR L,

Fe3* +3H,0——Fe(OH);+3H* (7)

3k 88 ket ¥ (brown gel) OO BE
B, HEEDO BN —44 L+ (goethite,
a-FeOOH) D #Ea O BEE ke 5, L
ML, pH4 BEZTO PED BELXHT T
(3, Fe™ 2 &4/ kage 20 TAEUK
Fe(OH); 5, RORIGICE Y ¥ v v —H 4
b (Jarosite) BSHERKT Bo
3Fe(OH){ +2S03 +K*
— KFe;(80,),(0OH)s (8)

Veyrum—3%4 Ficid K oDz Nat ®
H,O" 2800 dH 505, FREEmmEEETIE
mic RHdh 30083 K 2567
%o

ru—H¥A4 bRl A PR - f T~
ErkiInpekme (BAAMITIE 2.5Y 6/8~
8/8) AR L, RiRR, iR, BRI LD
ELTHERICERAT S, CORBNISED
72, YEWERIE I H 50T cat clay
(FiEzR) = BB THINT 5 DITRILD,
Pyua—H%4 P R3EHED pH HB>4 &35
&, MKGBESTTTr —%4 P 2HET 5,

KFe;(S0,)2(OH)s
— 3FeOOH +2S0O%~ + K* + 3H* (9)
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DEDES>73%4 54 F OBpLBRER, £
DF ¥, WL aE Y ORI
THY, BUKBRELBEOABRBRICIEDS
53U, BRVERRERIGE LI IR NEY » v —
Y4 b OB E & Ok LE R Y %= cat clay
LHads, chiz A 5 v A FED Katteklei
S RTE, LI Vru—F4L
ral HMPofE a VAT VAR ED
BIIUTNBEIADLDMATHB LD
[Andriesse 1972], %7z, B&{L L T catclay
ZHETEXI UL EEHBYO &%,
mud clay & X 352 & 5% 5 [Moormann
19637,

b. BRALARM DOITSH
454 OBLICE 5> TERT 2BOK
RIRATHEA SN S,

15 7
FeS, + ZOZ + ?HZO
—— Fe(OH);+2S0O%~+4H* (10)

FHbb, 110D 454 FHeh 448
OMAEEIRT B, CORBOBDPIZD DI
SIBBICXY, HHVRBEALBHOD L
EHkEEbitkbhs EBbh s, BY
3 o EEEYE E RISL TR h
%, b Aghic COBAE T I, HE
Bohicad 3N 5590, FEEYRIEFROD
CaCO, TV, #A4AED /N a 7FHICE
AKBOHALH EHHBYOFEBMSNT
W5, LTI, PHRICOHRFLECI R
® CaSO, 75, ABDWMMMEHD L A 2,
EX3f om KR sHERERE ULTHEPICR
HMEhs, 8, »27v )iz F )il
g RF NI AKdizid CaCO, OEENE L,
NRya y ERERICAEEE LIBOSMMNIA
Ve DXL, HEPTOD CaCO, SRS
+5END, WATBKOT A Y BB+
BOSAITIE, Wit EE RS> SAEKRL
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B THEROBEEARIT, Lh-> T
RPBBEmBETIE L 3580, 2k
i, BUTRD 20V v v —F 4 BB
3, FERRMEME AR L OBIT L ICH
5433 %, Pons [1973] (3% F EBRY:pifE IR 1
3 (para acid sulfate soils) &k A Tl 5,
CaCO, Listicd, HELIED—RIEY L
TR, BREB SRS U TR s, Ik
EHBEOKY, RO IR ICE LT
% EREEIC, BZEPRTS, Zh oo
BOSD Ao Hicid, BbgmmEe -
BOY r =94 D F2IC, Kistko »
YA A (Na-alum, NaAl (SO,), « 12
H,0), #<n1Y » A4 I (tamarugite, NaAl
(S0,),+*6H,0), ¥v AV Yy A4 L+ (pick-
eringite, MgAl, (SO,), *» 22H,0), »~v + J }
4 + (halotrichite, FeAl, (SO,), - 22 H,0), =
X3 4 I (rozenite, FeSO, « 2 H,0) 73 &3
HY, HFCHEDCTHO B Hfriid s
[van Breemen 1976},
COEDIT, :EEEY &S L TSI
PRI AR, AIKEDOHERWICHEKT 3
TP, MBALOFBERRICH B T KRR
BAEBROE, KBS omHEMEELIED pH
X3~40 #@Wilicdh A, van Breemen and
Wielemaker [1974] (3-S5 o 2 3EBF o0 88T,
yum—%4 FEGT BED pH &, 3.6~
3.8 FWNHMICINNAT AT &EAEFDI,
CNITHRIE IS A RS DI HHT T, BE
Eor A, A4 0741, Mg* % AP
TR U, T 74 FIRREOK 88, B
gk, Yrwv—F4 0, HEEEHEET LV =
7 & (AI(OH)SO,) 73 EDFM» 57352 M
RO I E » T HROEEER 2@ &, pH
MELEAINBHRTHS &L T35, pH
MAEBLZBEY vu—H A4 MR EOHEKEME
ERE oMK sEREC Y, pH 2 U T
BZHENCEH A, X olcHhRILuEdr &, K%
AV RO ERE SOI- © AI(OH)SO, 73

EHHIK, Hiko#E Lo T, HAeClE
H B0k RINTH KRB ICKRbR S,
TR BMICE, REKOMERRYED 01
WAHECLAET pH 3 EH LT RENT S
EEZOND, TOF&KMAE HY & HCO; 8
HRpEwnsEELTEZON, RATER
N5,

PH =—-(pKy + PK; ~log Pco,) (1)

TZTKy vy — oI ER (1077),
K, [3REE O 5 — R FEHEEE (107°), Pco, 1
REEH A5 HTH B, 25°C TiF

pH=3.95—%log Pco, (12)

EHF, RO Pco, MUIE LIFI0~
107 #MHIcH 5 &H 5, pH 131F1F4.5~
5075, bbb, BEmBELRERO
WAL DS N TEE b S, Ak U7c@Bhsd -~
THR I N/ O L5 pH %, 4.5~5.00D13
itk bEL T E D S [van Breemen
19757,

A S A DOBRILICK > THEKT S S —
DO T H B MKEEALE L, HdmEk
THEO BHUE 1E5 55, Bkhs Ericoh
F =34 MICiy, HREOBMENRS, B
PEREERIE F iR dcid B JE LT AR O EERL
EZETAR00H D, van Breemen [1976]
oAt ~—< 24 I (haematite, a-Fe,0,) &
BATWD, RODHEEAES DD, Wk
DFRNN v 3 7 SPEF T O MBI E R ICE <
HoNB T EnG, BIZSF -4 FOBiKiC
T~ 24 PHBHKRT B EH B LTS,
UL, BESEETOEIC&iRE DR
ZHDObD0MHY, TS OIENROEENE
AZ5RT T &5, van Breemen HE, B4R
P s, mOBEBKSASHhOBE T~
2 A FPDOERITHFTH>TINE ELTUNV S,
INES <A [1968] & 2 4 EEERRMER R 1
OB OEMEZREL, ¥ —V4 2%
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HWRICHONBZ EZH|ELTHEN, ~<
24 PREEINLEN- T,

c. MMEWERIETIROAERICE T Z2HEYD X

&

< v/ v —7F OHERYIICH LY 3 E BT
THMETH, HEBY ORELBRRICHES oA
74+ ORRILAETS, WEHO B S HE
ODOTRENCERECATEIEBYTH
%o MAMEROREEMLRT S5 —D2DH
& LT, Singer and Stumm [1970] O F — &
ZHHLE Y, ol 910 M/ £ O Fe**
Zade pH<C3.5 OEBEZ KK RITHE L7
B, 150 it 4 Fe* obT™h5%720 0L
PRILINIE L o720 L, RUEBTT
oy 7)) T RG> IBE, BILEE T 10°
U RicEdohctMmE LTS,

COXIBMEYDHEOEEMITX A
SN T 5D, ThUUST T ER MR
WABOAERICKE WEHAR 5B AN
S5NTH 3,

Andriesse er al. [1973] 1%, + 7 77 ®O¥EK
PRI R <, LI LIE mud lobster (Thalas-
sina anomala) 53, H1iZEM» S 120cm BEZ
TODTRICH B KRB WAL & B HERE Y % H
RITH725LT, @& 150cm TR 3FEAAE
5 EEMELTNS, TOOMESFY
B A EZH L TOHROEETE, TED®
5B Loz mud clay @ @k T cat
clay #4922 &K%, COBOD KD
EREZ1I~2mictk, s OEBLEHME
D% ZEEDBHETOH D, Lichi-TE
A LA, BAECHOUTHFEAT 203
MHo, #5945 &tk »T cat clay %
AL B HRICEVBEEZELTTH S,

HEBEMERLILAJBE TIPS e —7
T3, HBEWH I 5T EPIRIKEH) I
X BRI CaCO, A 5 T E8H
5N TW 3 [Moormann and Pons 1974],
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% 7z, Giglioli and Thornton [1965] 3, #
YT TV u—7FoREPITH F 3K
BLTW2HLHELTHE, chosDAEY
75 CaCO, #£H#2s, 4 514 +r O LB
WWBWTEEREREZ D &F, T Ttk
RIcEBOTH S,

V EMERETEBROSTR

Mud clay & Xidh 2 E xRk SHE
HERG 12, 5 FE IO B i R 36 1 3% (potentially
acid sulfate soils) E Xigh b E0H 0, C
CTRINSORBEHERYE LT DT, B
MRS LIBOSBEEZ 5,

BAED 7TAYAO 138 4B KRB Soil
Taxonomy [USDA 1975] o4& THISh,
MR EbN TS h, COHRTEEH
BiBE T MO FHEE LI > THBEDIE, K
DZDODHEHTH 5,

i. sulfidic WE—>=>0.75% (LIRE »
720) @S YO TES, 2 S E
BO3GUTOD CaCO, B BAEHFHT 550D
<, X hiFwicd®~<3 sulfuric %
BT 5o

ii. sulfuric F—MmEdH 5 I3HEE LIS
EEDY, pH<3.5(1 1 1 KEEHK) T,
Veyur—Y4 FOBR (B 2.5Y K OHA
T, WE>6) 2HJ 3@,

i # @ sulfidic #)/H O 177 3B £ REVE IR
fRE LD BIHEHE 2 LT, %#FH D sulfuric
JE i3 (BRAERY) MEYERFRIE TIB D4 BlHkde &
LTHWSh 3,

FAO/UNESCO oitR+HER D LAk T
b, k&R USEHERESEHIN, thionic
WIN—=TE2RTEDICHNLNT S,

van der Kevie [1973] B&E 3 DX D IiTH
Pk FelgtE 184, Soil Taxonomy H3R &
FAO/UNESCO F/Rick->THIEL, W
KEFHE LTS, Soil Taxonomy ART



AE BT TEBOLE (20 1)

3, BEMNBREMRELECHENILZ DI
Sulfaquents K#f (Entisol H, Aquent di
H) IWE 3 2 Mme8E 133 &, Sulfihemists K
## (Histosol H, Hemist 68 8) tE4 54
WELTETHY, @HEN) MRUERBIELE
THAMIL & DI Sulfaquepts K#E (Incep-
tisol H, Aquept #H) ICEJ 5 MHEE 1%
&, Sulfohemists A (Histosol H, Hemist
BH) CETAAMEIBTHE &4, £

3EARLTWE, LEOSHBEERELEEICH
IoL T, o Xk hk
bODOHITH, B L HEBRERERETIBNS
WHEEZ/RTEDONH B, 2h bl sulfic i
ML, MAMBEREBE L E~OBITR &
LTHHEIh T3, FAO/UNESCO Hi
T3, EEM, BEMEZREDT, sulfidic B
Hh sulfuric 2 &2 D3¢ <X T Thi-
onic Fluvisols & LTAHILTE Y, BITH

# 3 USDA @ Soil Taxonomy 43 & FAO/UNESCO HFRiC & 5 BHEmigeiE t3E D45
a. Potentially acid sulfate soils

C%gfélc USDA Main Characteristics Wo;/l[(:lpSOil Main Characteristics
World-wide Typic pH (1: 1 water) of Thionic pH (KC)) of dried soil
Sulfaquents dried soil < 3.5 within Fluvisols <23.5 within 125 cm
50 cm if n>1.0; within
30cm if n<'1.0
World-wide Sulfic pH (1: 1 water) of Thionic Some that are less acid
Hydraquents dried soil -.4.5 in Fluvisols than Sulfaquents but
upper 25 ¢cm, or more sufficiently acid to be
acid between 50 and included in Sulfic Hy-
160 cm, n>>0.7 between draquents; non-saline
20 and 50 cm
Gleyic Salic horizon and saline
Solonchaks  at some time of the year;
part that meets acidity
requirements for Sulfic
Hydraquents but not for
Thionic Fluvisols
Dystric Not sufficiently acid for
Fluvisols Thionic Fluvisols but
meets requirements for
Sulfic Hydraquents;
non-saline
Wet tropics  Sulfic? Acidity requirements of Thionic see above
and mon- Tropaquents Sulfic Hydraquents but Fluvisols
soon n<0.7 between 20 and
50 cm Gleyic
Solonchaks
Dystric
Fluvisols
Temperate Sulfic Same as
Fluvaquents  Sulfic Tropaquents
World-wide Typic Sulfidic materials within Thionic see above
Sulfihemists 100 cm; pH (1: 1 water) Fluvisols

of dried soil <<3.5

1) Subgroups not recognized in American classification.
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b. Acid sulfate soils

HETYTHE

20% 35

CIZ":SSC USDA Main Characteristics WOII\',]I(;pS oil Main Characteristics
World-wide Typic pH (1:1 water)<<3.5 Thionic pH (KCI) of dried soil
Sulfohemists within 50 cm Fluvisols < 3.5 within 125 cm
World-wide Typic pH (1:1 water)<<3.5 Thionic see above
Sulfaguepts within 50 cm Fluvisols
Wet tropics  Sulfic pH (1: 1 water)<4.0 Thionic see above
and Tropaquepts between 50 and 150 cm Fluvisols
monsoon and/or 3.5 to 4.0 .
oL Humic pH (KCD)=3.5;
within 50 cm Gleysols umbric or 0 horizon
Dystric pH (KCI)>=3.5;
Gleysols ochric A horizon
Wet tropics  Histic Sulfic Acidity like Sulfic Thionic see above
Tropaquepts Tr_opaquc_:pts ; Fluvisols
Histic epipedon Humic pH (KCI)>3.5;
Gleysols 0 horizon
Monsoon Vertic Sulfic Acidity like Sulfic Thionic see above
and Tropaquepts Tropaquepts; Fluvisols
semi-arid \(;:vr}?gll'fsdg'l cm) at 50 cm Humic pH (KCI)>3.5;
y Gleysols umbric or 0 horizon
Dystric pH (KCI) >3.5;
Gleysols ochric A horizon
Humid Sulfic? Acidity like Sulfic Thionic see above
temperate Humaquepts Tropaquepts; Fluvisols
Umbric or .
Y : Humic pH (KCD>=3.5;
Histic epipedon Gleysols umbric or 0 horizon
Temperate Sulfic? Acidity like Sulfic Thionic see above
Haplaquepts Tropaquepts; Fluvisols
Ochric epipedon Dystric pH (KCI)>3.5;
Gleysols ochric A horizon
Monsoon Sulfic? Acidity like Sulfic Thionic see above
and Haplaquepts Trgpaquepts; Fluvisols
semi-arid Sodium saturation .
- Gleyic pH (KCI)>3.5;
>15 in half or more of Solonchaks  salic horizon and/or

upper 50 cm; mostly
saline in some part of
the year

saline at some time of
the year

1) Subgroups not recognized in American classification.

var der Kevie [1973] ic k 5.

DWW TIIMEWRRIE LB SHEEE D C
EE, APEP S DPBOZIEN,
BENBYEWBRIETIETH S5 Sulfaquents
OFAICE, n HY >1.0 DRI DT,
WEEH» S 50cm PINIC 2 n i <1.00D
PO MRRDEAIES DT, #HE@HD

1) n{fi: #HEBEYO UEABREOEE, +4B
BRL7ZEDD nfE<0.7, KB HDDOn >
1.0,

414

5 30cm PLPiC sulfidic 9 E3HBE T 5,
FRELZEOSS, ME@mMMS 1m LA
sulfidic WEEH T3 D3, TOHBEYLS
XV AHTHB (fibric WH) », 503
SHREED R (sapric BH) pEMDHT, 7
~T Sulfihemists & U T4 5%,
(BAEN) BHEHMBELEO HETH, FH
¥ 4332 sulfuric [@s#hEE A S S0cm
URNIcHB T2 &0 E2ELRL, ARYO



AE EETOTEEBEROLE (F0 1)

SMRIE AW 49" Sulfohemists & 4384 5,
EBEAIBOEAIL, 213D sulfuric & hiih
ZHET S0cm DINIC BT 5 C &5 &HE
35, ZDOE4 sulfuric BOFEER, +4
CHERRY « ALEBRBHEA TN S T & AR
RETHDO, BRI Aquept TEHIT/E T
A &Itz b, Sulfaquepts &4 XN 5,
FRVERE RIS B OB S, EF 50 cm
RIS v v —H¥ A4 b 3R> TU 5, +85
PH 283.5~4FThLH Uik 5584, sul-

furic @O HE, SN B 72T, Tropaque-
pts K& oD sulfic #Ef, Sulfic Tropaque-
pts EAHINB LI B, X SITHDS
AT, B S0cm LINO pH 3>4 &12
D, YVrua—HA4 s LoD 50~
150 cm O#PHIC pH<4 THDOY » 7 — 4 4
b A A B B 35 BED, RUEL
Sulfic Tropaquepts S48 3, 72720,
ZH 5> ? Sulfic Tropaquepts 235, HHEL
DTDOUNLVTHIGINEDIEIHBRRTH B,

“o Fe pH % organic C
0 1 2 3 3 4 5 6 0 2 4 6
Few brown __ls NP
mottles : ’
A pyrite
SULFAQUENT 1+

Unmottled gray
pyritic substratum

T 0 T 0 '
; Fe(OH)
1F 1+

0 1
0

Brown and yellow _[jo % . ,‘.\’:‘:
mottled surface soil a 7y B i) <)
E
B <
SULFAQUEPT ‘SL 1
=)

Gray pyritic ___|
substratum

T 0 T 0
Fe(OH)s
‘ﬁ‘\jarosite
1+ 1+
2 2 2

2 3 3 4 5 6 0 2 4 6
T T

Black A horizon

T
2 3 3 4 5 6 0 2 4 6
T T

0 1
Brown and yellow O —<T T 0 T 0 T
mottled B horizon N\
1
L. Fe(OH):
c ~L
SULFIC N
TROPAQUEPT i/ i I
-~ jarosite
Gray pyritic
substratum pyrite
2 2 2

B4 2 Sulfaquent — Sulfaquept — Sulfic Tropaquept %D + M i 2B ELAR K

(van Breemen and Pons [1978])
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2 A ENY 2 7 SERFOBREREBRE O KT
i, B @ Sulfic Tropaquepts
THb, COFBTHBELILZ DI, pH
<ATHOIENS, Yru—% A4 rOHEL
BB THD, il Typic Tropaque-
pts E4ET B LA ITIN,

BENBREWRRELIE TH %5 Sulfaquents
» 6 Sulfaquepts 2 # T, X 5i¢ Sulfic Trop-
aquepts [CEZHBBAEE, FoMITAH S
N5 IBWE OEEH O AW ITRT
L H20&k5TH 3B,

BEmEE IR, FETHI hS#EDbA
TElt@gaBophcld, =v7e—-7%t
1% (soils of mangrove forest) & kigh 70,
ML (alluvial soils) OEAESEHE L TH
bha BB, Y= bsrs T
{3 acid saline soil & %Uid aluminous
soil [Fridland 1961], ¥ 724 v RV 7 TR
alumisol [Crocker 1962] it &M 3IN
Tz, chsi@F0gFhs, 7728 T
»H - 7-BRIT sol aluné L kidh Tz &
DB TH A,

VI EMEmEIETIROXENOMHE

SIEM S BRVERRRIE LIRS IR - T B,
Z DHROREIC KL DHEHICKENERNS
ohasc kid, LiLctcAhsbHSH
Thb, BT, EWRFEICHEHECET S
LZADREL, MEMEHEE LA O
BERHEICLODWTATAHAE D,

Attanandana et al. [1981] 32 4 H v
IIEFOLED S B, KEREDOIDOHE
D 4 X2 RET S5 LBHKEEY 7
nELUT, LOBUEEEZLE LU, A1
B E, TOHEEMFEFPBROEBYTH
%o

416

T+ kR 18 P 5 % X 53
Bangkok (B) P-1 very well suited
for paddy
Ratchaburi (Ra) P-I very well suited
for paddy
Sena (S) P-1la well suited
for paddy
Rangsit (Rs) P-IIla moderately
suited for
paddy

Rangsit very acid P-IVa poorly suited

(Rva) for paddy
B (3FEREVEME PR, Ra (2RI EIHH
¥ ® Typic Tropaquept T, /KFEfiE (P) i
9 BHIBRE 0, S, Rs, Rva 3
NHMRURRELETH D, FEHERITA
1O TRROSAEMELEDHDT
HBo TNTICHML THENERELILS C
L&, EREEOH EIC @ EMFUTRLT
HB., S & Rs [ Sulfic Tropaquept, Rva
12 Typic Sulfaquept *43pH XN 3,

#A4ICRT XKD, #4313 Ra A8 silty
clay loam T#» 5 DZKR i, §-XT heavy
clay T» 5, pH BEEHMBRELE TRV
hd <S5Thbh, HTH Rva T XKETSH
3.0~3.9 %7, TEARY (BW) &
(3, BRYEREERIE 138 D 05 A9 I O IERR T p Rk
EHAEEY & E, oz &3 Kawaguchi
and Kyuma [1969] : ZHTE Y, AR
HKEaid B s % Ti31.93:20.54%
(n=11), FEMRPEMFARIHE L TI31.28+0.34%
(n=11) TH-2& LT3, HZEBY ~ &
13, BHEMBELIED SRS ELDTIKL
6~10ppm THAHDITXKL, B ® Ra Tt
zhZTh24,51ppm EREWEMH B, Xk
A F A CHERICDOVLTIIE, S TIREETII
Vs, fhOMERRIELE S B TRIEBRD
RHEOBH S THD, KHhit Mg & Na 0F
BEMEMEICH, RBORMEERWL T,
Rt Al BRURBIELE RV, T



A EKET Y TEEBBOLE (20 1)

£4 Nras7 VFHORENERIEG R 15 & o BRI 1 IBo KRB ETHEH
Soil Series Sena Rangsit [Zingsit v %DC,:S Bangkok R?}S?ia'
(Soil Suitability Class) (P-1Ia) (P-I1lIa) (P-1Va) (P-I) (P-1)
1. Texture HC HC HC HC HC SiCL
2. pH 4.7 4.8 3.9 3.0 5.2 5.8
3. Organic matter, % 2.2 2.1 3.1 2.2 1.3 1.5
4. Avail. phosphate, ppm P 9.6 10.5 6.1 7.0 23.6 50.8
5. Exchangeable K, me/100 g 0.42 0.37 0.17 0.24 0.67 0.16
6. Exchangeable Na, me/100 g 0.60 1.20 3.70 0.56 2.70 0.76
7. Exchangeable Ca, me/100 g 13.1 10.0 2.50 1.25 10.0 7.50
8. Exchangeable Mg, me/100 g 4.0 8.5 5.6 3.6 9.3 2.7
9. Exchangeable Al, me/100 g 0.55 0.81 11.4 15.1 0.18 0.09
10. Awvail. silica,
mg Si0,/100 g 10.1 10.9 3.6 —_— 14.1 11.4
11. CEC, me/100 g 31.2 26.4 30.6 — 232 17.4
12. 7 A minerals, % 55 50 65 — 25 50
13. 10 A minerals, % 15 10 10 — 20 25
14. 14 A minerals, % 30 40 25 — 55 25
15. Total sulfur, ppm S 1281 706 5235 — 1131 181
16. Water sol. S, ppm S 440 176 400 — 520 0
17. Jarosite S, ppm S 560 492 2287 — 0 0

* A soil used for pot experiment.
** A soil used for field experiment.
Attanandana et al. [1981] IC X 3,

&R E D Rva Tidfisic e <, chvds—>
OB THBHT EEIBOYES, ARES
A BRI TR IR 56 38 TR WME M 23 35 B 23,
C CT% Rva TEHH WKL, Mg EEA T
HFABRDIBEMBEIBEEZRE LTINS,
van Breemen [1976] (35&fEVEA /R 3 BEPERE
R 3 ORI U 7o HIHIR DS, WER s
ABRICHONTIIFRAML T 5 (2mmol/4)
CEARHMU, HBREMIC LY & A R
PO T, WEEEO AT LR
13 Smmol/¢ FEED 7 4 DA NS T %
LEaRLPDTES,
CDEIITCHrAEOERBIZIE ~T3E b
DD, CEC FXG HHEINTEY,
ToOWBERIFELEATHIENEALAOND,
BTE, LY okicis, B ZlRWVWTHZE
DhELERS, 118D 7TA SIS0

Bk, WNTIIEED2: 1814 L2392 14
A% <, ZRBO 10 ASEm IV,
B3, 4ASTA 275 -TH0, ik
WEH T RS O RL B T H B T &
b e s, choLED 14 AK+T,
Mg 8F1T2 0« ) VP E T2 & 18A T
WiEd 2 o0, K#MTE 10 A iU L
NW—=3F a2 74 FUREHERTDOT, T
H:H: 13 1% Beidellite-Vermiculite 5%
LEZ TS (B <MLK E> XD
O AMEIE %), Rva TIRZ® 14A by
M5, TAGHDMER L O TR B L
PR, CAASEREETE T AL & RSB B &
IMEH ST, L L, it
Wil S B Ok LS RIZ, OO
BEMSABIRY, FEIEFEHMLLTOEN
Lz kD,
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AL Rva BSEFEICHEHL, S & Rs T
HRPFENA, LA B THWI EHHEH
INs, ThBKBEEREOELSDOPB K
21T, ABICHRERTEWHBZ 0, Vv —
Y4 B IS I i
h, ¥ Rva TEWEERT,

LZicHEHic, BHEmEBRIELIEOB T
b, TOWHEICEDPIL D REWERNS BB,
EREMICAHT EEL BEE K501, &
pH, & AL 1K) V@8, B+ 1 BB TH B T &8
bbb, £, BREROIIFICH 2 BT
ELETE, BEHEROS N DOMBHD,
CNBHBE LRGN H EICHET S
DEMBH D,

VII EEMFiEETIROFIALAR

a. KHEUTORNMHEDOHERME

2N a3y SRR O R R S Of R 1,300
km* RS 5T 553, de Glopper and
Poels [1973] 3 OHuHr @ LHFIH %= #HiLZe
BHHILX->THEL, ZhThORALET

®S N2 7 FHERS ORI/ A LR

MR A
Land Use/Vegetation (Akfg% N?;glrlrrll; o
(Baht/ha)
Nipa swamps 294 60
Mangrove swamps 254 400
(mainly Rhizophora)
Treeless swamps 93 —
(mainly Sueda and bare
land)
Salt evaporation pans 91 2500
Shrimp (and fish) ponds 199 2500
Paddy fields 12 150
Coconut plantations 353 3000
Paddy on good non- — 1100

acid marine soils
(Bangkok series)

de Glopper and Poels [1973] it Xk 5,
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DEiIfEE, T TOEBMBRAZEZS DX IC
R b -7, Nipa Swamp » 5 DUAIL, B
REAZHADOEDREOBRELICELBLDTH
D, =vra—-72oD AR, FLLTK
ROEFEICE D, CORMPSIE, 23Fy Y
H, EH CBEBELEBRZOVRALD
o, JERRMEMERHER KT P-1 KBTS
Bangkok # DK HIETORIMELD H R
THAH, hoORAERINTNE N
DREVEROBAZLELTBE ENbh
L, I a—70DOHRD54 V7 7 (Rhizo-
pPhora) ZA&ER LT RiRZEZHEL HBUE h¥ET
75, MUEMBETEOKEE L TORMA X
DRSS ZEHT L ENTE B,

UL, BEMFBEESDISL, L
WRMBHABODENKE VLI ATE, HE
EHH IS 5 B O BR R RR HE IR I 2,
ARO[ RENL S, FDEE,
KX EHR LG PoET HELoNB D
i3, KHELTOFBATH 3,

IKFG T B et B JumtEE o, 7k
FreEse <13 pH<4 T RUDTHAEHNHEE
INs tinvphsd, ULh2rL, LEEHET T
13, pH<S & 75 & AP A walsib L, 7k
i Al #F i X3 AFHEES 5175,
Attanandana er al. [1982] 3/k#tick - T
KRFGICH T 5 Al BERFOBEMERD, 1
BB DO Al BED 20ppm 2R 5 LAH
MELRZDIIUD, 40ppm TREVULWAEE
BMEEAS B EAE2ATU5S, Attanandana
etal. [ibid.] 13ftli, Rva ZifEKA4 v F =
N— b U7cleic, H@ERTD Al BE TR
i 60 ppm 1CE L, 10 Ok IcHh
72->T 30ppm L LD EEELRTCEER
L7,

W%T@ﬁ%@ﬁi@@%i@ﬂﬁ,iﬁ
MZiERL 14 A gED5dh - T CEC &N &
AT, MK pH S AEDINS &,
ZROZETWE Al BEBRICEET I LE



AN RET U TIEB#OLE (20 1)

BT B, 20 Al IEBBRBHOSEED
Al EFfERDL, Fhotkild sk s
o) YEBREEE- T, MY Y EBREAEA
BICT 5, —MIT, & pH & &L CEC @
HeHR, BREEBTRIThICL2rAEONG
WHDTHY, TOERTEHHERIBIELIEIT
REZMELZDPNZI TS ENZ S,

PRVERE MR IE T3R O 1IBIR IR O Al BT
2L T lE, van Breemen and Pons [1978] @
WrgeEddh v, £hiz AI(OH)SO, O RIS
10772 L - THEINTNEELTWNS,
WMo AkfED Al ikt 2MPEo LA 25
ppm CAEL, 0O Al EEAZHEZ % pH
BETOREEBNTLOEGRMLSEHAL,
pH3.5~4.2 % Al BHERBHORIETH %
ERNTNG, 72720, g3 kRO MW
PeAME L, pH4.5~5 T TICHEEAERTIC
2L EL,

XA A4 FDOEBBRILER TE RO X
h, —HITEETE OMKERILY), 503
MEDENS -4 L THERICES,
AKHEICUTHKRT S E, THSDERILAWIZ
RILINT Fer* & LBEkiiciiing 5,
zD Fe** OBREEIBERRELRICENT
E—MICE <, RICET ppm TET S &0
b 3, AKFGiT 300~400 ppm A B Z % Fe?*
BEOD ETREKBFIEZFEBLE WV, 2 Y
SvATHLOTT vy s (bronzing) &
Ligh, bBETHRMEN IRMLELIEINT
WIZDI, WFNLEBEBEIETH B, 4 H,
JKFG D @ FIFE IR BINICTIEE SHGICTE SR
BLitd K, BERgE, 1K) “®&, K7 )%
EoREE LE Fet BitET I EAICHS 0
zEBHmOoNTW5, BEmERE LI TIS,
FTTRAHILIIC, SHEEEPKRY YRREH
BOBHBICHONAMMTH LS, Thic
& Fe* @Ebsimbiid, SBREGE SEAL
BREID,

LicaB~7z AP* & Fe®™ &, LBEHRD

pH BE L BNISIERELZBR L, BRFEDFE
RMHE N5, —FoKHLEETIE, #k
TEIEHBEDIT, pH BID15 0 EDPHHIT6.5~
7.0FETENT S, CH3ECHEET HY 2
MEINS EEBICHEBARO T V7 ) EM
HEBDTH B,
BrmigiE tiEcld, LELIEB o
M52 <, pH HEpsh ER LIS a s
H5. THIIE pH PESRZICK T4
ORI ICERT S EZL S50, &
AKEARR, Fv v, YV YBOEBRMIEITE
BEERDBCENPSHREZIZLPD S 5, L
MU, BREWEBRELIE T pH LS DI
Wz toko\EELRFKRE LT, ZK#HE
H D0 ITkiEMED Al Al ® Fe DMEEMER
FRIG 7S Cic & B HMCRIEME R 258 2 % LB DS
b Fl, Vru—¥A4 FMBEETIHES,
oo Fe*t 3 Fe** ¥ TEILINSDIC
12, Fe(OH), BELINSEHED2/3EEHD
H* ULhRZEE UIEWn,
Fe(OH);+3H*+e — Fe?* +3H,0
1

——aFé++%SO$Aw%Kf+2HJ)

L7z85 T, pH OLEABEKOEM TS, #M
KHENC S O Fe* & L IBE b ic iR 4
5T &It b,

o REA Y S R EE T 284
Ref oo HiEL ¥ 5 & pH B~ B5
T 55, pH>S &70% & Wilk&E o AshE Bl
LiZU¥», S(—II) ARSI n5 (5 I H5
BE), O LTIRLHT Fe** |3 FeS &L
T L, B o Fer By
BICEDL, 2L, ThiIEFEYHEE
4 % [Nhung and Ponnamperuma 1966],

Ubokdit, & pH 2 hictyEd Al
F, PAE, X5CH Al KEX-TOEEC
I3 vyBRZIEE, BRIEMEEIEEK
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HELTHMBTABO L IEMHRERIS
Vo RiTiZ, ZhoDHMEERIEL, Rk
BRERIGE LIB A KRR O & UTH2R » &
BT 30DDFRICODNVTELTHE I,

b. FRMEMRRE T EOMB L UR
(1) =7 w—7T0 BEMNBREWREE
HERE B D B B

Hlic, =7 v—-70FicH 5 HERMEH
BAHIT2HAEIFTOL L0 I, Wi
BEMERESLLEL= Y -7, TOR
bEEL, HREOFHEEFESEL, L
U, lORIHE R CIEOE S DS fEET %
BA, 12V 77 2 I O8 o KBLE
BWOX K, ChEHBTIRABLEINT
Wh,

Dk DEL, —MiCiE, HEREB IR
THY, tHOBHIELRBREALTEST,
BARKO MERERERO ETHD, 2T T
13, BidiREZEOCTHEKBALEZE S FEREH
URROR YL, FEHIRIC BIKD Ny 77 v

TICE - TEKT 5 & D 8HRUS, KFE

BEBAREETH S, BIETRISIEAE TS,
CDEIBEBETICHAIHBYIRATH -
T, HRETREBICH S 12D, KBIIENE
BEBIOPZTTEL, EEERLEL,
BH S EEDOFBE L DT W,

B A &, BiEAKMIC & - THABA
ZHIMET 358, BTk > TZODEEDS
EAZ oD, —DIZHBISESNH Y, FKE
KEGHFZEDZROEHTILHBEET,
THEERIC Sy 27w T BRBKEE AL TH
KEHESD B, HAH5OREEHEZRE LU TH
fEA21T9, COHWAIWWE, KOBELENR
h, MEOERNTLBRERICHARDOERITK
DEZDDBEREFNICHES B LR - T
BO, #Kko»Xy 27w AT, HEEHITEE
oM U TRBHICEBORB 2D 5 FB
E18B, 22, AWK EEIHD, B

420

WEBEBLIEEGAICE, BAPORHE
DPAMNIKEZAT HA[EEEEBITORD
TSNS T E T, HA > THHELBA
TEHEBZNONHD D, LI -T, HKiELH
L (l2& X dEE 15~20cm), SHELLE
DOFIEOBK « BALZE C IEROEESL
BTHb,

B2O84, FHEBHUTHRAREDOSZ L
Mg T, MiMiegE s, HokBAE &g, 4%
OB EBILER C X8 1T, MBI
MERCHEK (HB0IEK) 28AL, HEK
LB A" Z3kElkd 5, <5 LTHE30
cm BEOLERO L 54 F OKEBSEEE
fbE Uch Eicid, HKOEAEZDPYD, H
SROBRIKICK - TEHBOEBEEZRKT 5, C
DHERBET 7V HD Y5 v ETE
bh, HAREDRKLIAE B X7z [Bloomfield
and Coulter 1973], E@E7 Y7 Td, ¥ 7
TR Y) =R VIEET, TORFRE#HA
TXBLEEZONEN, HBAKRSOLHINKE
EMHEELTHIEAD,

(i) SAFEMBHERBRELEOHRR

POT< vy e —7TFICHER L E
BEHBEY TH > T, TOBRMEICELEETHE
HmBRE LR LD, HETRT vE OB
WICRFABZO UVEFHARBTEVRINT
WBHDHADIELIR, 72&AE, #2207
& @ Plain of Reeds 2sZNThH D, N
a 7 SEBF |3 Rangsit very acid soil O3k
¢ 3% Ongkharak #1525 N T » 5,
Fh=Lv—vT7RA YAV T TR7I74
{(gelam, Melaleuca leucadendron) K DH:Z %
B E UTRAATER S T 5,

T o DOREVERERRE 138 T 2 AR I IC
B3t RI0EYLREIETTOH
KEBILE DDLU, KKHEWITREDD
AISOIKT, BT 2B E AN MRRIE N
ZHRBELTPLI2LENSH B, LE<LV—VT
Dy —, F) AWM N3 L5 )IH



AE WET Y TEEBMOLE (F01)

ADSONHEIR NI, 2 T ETic YRR 1
WHNHY, 7760y y (RFED K
) ODHEZ LB TH - 1285, KEEZLA
Mo« gk THEICkD, BETE, FALodkE
YRR ER G T B & & b, KRR HE
BITHONBICE ST B,

BRELVANAVTE, 2Ho—H2EY L
D@EIREME-T, HEYOMIL & otilkeig
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