

















e ) L
KA 2 4% 1,002,339 ton L,
S g D65, 4% BT B,

oA

1

= AT

f124, 335, 000 — % — T,

tapping % T 6 422 D,
B oo fhe
782, smallholder T
2,0001bs L T\ B,
L7ehs o T AR A A oS — A1
DEFEEHIC e s T B,

:/: 7> &

Y pIEDE, Yo b, vy — v 7T — FT

s 5001bs A5 1, 500~

ST = AT

53% D3k

b4

ChIE XD AT AR I BMBOE I LA L= Al LRTEY
DEELZ BB,
L L =AT— MIKBRABEADFIZHI> DI DB 5,
P~ — v 7 TR FAEOF AL, BEFL XS HHERTHED, Wb = 7 TRAT
RREB I o T 2AEHORENALD
x A F o— b smallholder e
WM& W B o4 om | W W | & K W
T — b = by == — %
1961 1, 937,000 428, 500 2,035, 000 278, 200 3,972,000 706, 700
1962 1,926, 000 438, 3060 2,224,000 276,600 4,150, 000 714,900
1963 1,919,000 458, 300 2,332,000 294, 700 4,251, 000 753, 0600
1964 1, 893, 000 476, 800 2,411,000 314, 400 4, 304, 000 791, 200
1965 1, 857,000 490, 900 2,469, 000 347, 600 4, 326, 000 838, 500
1966 1, 813, 060 513,900 2,529, 000 388, 400 4,342,000 900, 300
1967 1, 746, 000 525, 800 2, 589, 0600 397, 500 4, 335, 000 923, 300
1968 — 572, 500 — 471,600 — 1,044, 100
(2)
TE=V— Y 7T T A DWTHE TR LD T b, TA L B2 Th X5 smallholder

X o THEEIh T35,

HaE70% AL £ 1,

RIS BIRAL T 5,

A A —

A D

FTV =KD

_ Wet Padi Dry Padi | 7" pagi ~ | i
OB | | m B N | B | adl
=== FFv === F b == T by z—h = F v
1961/26 734,170 727 47,010 23 35, 465 33 816, 645 783
1962/63 747, 600 780 44, 450 24 46, 520 48 838, 570 854
1963/64 744, 440 659 42,070 23 49,110 52 835, 620 734
1964/65 763, 160 795 43, 190 22, 58, 420 61 864, 770 878
1965/66 763, 100 777 45, 140 22 89, 840 100 899, 080 899
1966/67 755, 780 735 44,100 20 104, 450 118 904, 330 873
1967/68 806, 940 844 43, 850 i 21 156, 950 170 1,007,740 | 1,035




B Rko B DE ARTE D, HL B,

2 WIE DR, B L \CKRIERROER,

2 JfE

U REO B, R, EEOHHOEFNC DL DT\ b, FORHKIT BRI &S

HLAHTED, TTCRBEREIRPERC T s E0oMEELFE L T 5,
(3) FANIN—L

i< L — 7 ClREascEnt Tw5, Bff (Federal Land Development Authority) & ks
CREFIL T D, BELTE=AT— FTHEL T 5%, JEiI0 smallholder 12 & BB L T\ 5%,
FELLTHDITABI Nz 2w YERD DI ODOH D,

i) B Palm Oil Palm Kernel

T— 7 — bV v
1961 141, 000 93, 348 24,227
1962 153, 000 106, 462 27,844
1963 185, 000 123, 649 30,135
1964 206, 000 120, 106 30, 001
1965 240, 000 146, 333 34,426
1966 303, 000 183, 394 42,669
1967 400, 000 213,402 48,318
1968 e 260, 725 58, 715

4 azatrvywy

FE< L — o 7 CIERIS R 3 e b 528, 90%13 smallholder DIETH S, = AT — 1 T
BEA L 2o2oH 5D, THIEA A A= AT T B RDTH D, smallholder CIRFRIEHFE
EAD IRV, RN TV BDTERIFLZ WAHET B L T 5,

WicHEZATROELIVC LML LN TR D, MRBEAEFE 2 VOB E THL LA TS
2, BARGIDD, B X BEREDIE - T 5,

7 — b Smallholding Coconut Oil Coconut Cake
- H — To— - PV bV
1961 80, 000 430, 000 87, 000 52, 000
1962 78,000 432,000 91, 660 54,137
1963 80, 000 429, 000 71,281 45,145
1964 72,000 436, 000 62,132 40, 043
1965 68, 000 439, 000 63, 767 39, 465
1966 63, 000 435, 000 83,418 53,476
1967 60, 000 442, 000 85, 643 57,877
1968 — — 89, 954 62, 532

5) N4+ 9T

STy TR O 6 (h D, 4,400 FARET B, EELTHAREEL L THHI RS,

N%ILY g Rk—VINTHEEI R, 66%4 smallholding THUBHAEELED L TN DZ AT —
FTH D, BELABETEIIY ahs—AMic3, vV FRE—-A1D2H BN, IHIY ak—1M
1ol ans, FERCS~6H, R~1Akre—72085bD, =AF— METIXFRHEI I NA,
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smallholding DT TOTLRY, THTURTERVLEENRD S,

Smallholding | Estate =t H i

= — B =y — %

1961 14, 158 13, 140 27,208 164,598
1962 14,158 13, 140 27,298 195, 625
1963 14,158 16, 044 30, 202 193, 839
1964 18,773 13, 344 32,117 217,812
1965 18,773 13, 344 32,117 254, 285
1966 22, 641 11,829 34,470 254,063
1967 22,641 11,829 34,470 275, 267
1968 — — 35,089 278, 448

AR ATy T

5. Sarawak DE¥

Sarawak DAY 25 & Ak OB, AP owT3 iz Ly 5, 460032 A T19%60
FRAABRIAFVHLBL AN T B,

CLx O AYE, AV FFYTIRDONT HAEIMD LERS ICHEETHS, 2D b,
white pepper 27,600 r ., black pepper 25,280T FATH %, 0.5~1=— 3 —D§y10,000D
smallholder 1T X Y FFFI T 5,

=2 461,090= — » —, JKFE 135, 859= — 7 —, [EfE 213,486=—H—, =2ty > 98,589=—
71— CRERE (hill padi) 2VEWEREE 5 2 b TWwWbA, it shifting cultivation Tk %, 4
BEVELIKFE 51,088 1 v, BERE 40,092 + v, F AL 54,000+ v TH B,

iy H H
1960 1969
TR T F
Tt X O 130, 915 304, 366
VN by 43, 603 186, 539
Z L o ) 17, 200 52, 887
= A 122, 440 49, 866

6. Sabah OE%

T A2261,055=—Hh—, =2y v 114,746 — 5 —, JKFE 74,555 =—H — (5 $4,000= — 3 —
WIAE), A A -t — n74,847= — 5 — (196342 6,500= — » —), PEfE28,620=—H —, =227
7,663 — 7 —THoTHA N A= 2DDUOBKE N, BEFHIL Sarawak & B4 7o,

CAZEAA N A=A, a2 T BENHNEANRTE VOO TRLIDLEEL BLD,

TRBARMOEEIRELSFE V- FARET S Evwbh T3,



I Acid sulphate soils

1. %4 (c&l+ 3 acid sulphate soils

% 4123\ TlE acid sulphate soils (/78 “ Cat clay ” % % - 7= saline ¥ X % brackish ©
marine sediment TH » T, DK\ pHIZFIEEE L C pyrite OFR(LIC X D4 UHifRss X
Ok, 73 =Y AWML EFTLIDOTHBHEL T D,

Cat clay 34 5 v #ifio Katte Klei 225k d DL vbii T 5%, ZHZKEOKED k-
Wk F 7213 streak Jk& 7c L C straw yellow o basic ferric sulphate (KFes(OH)s(SO4)2
jarosite) AHTHIL TV BEZE 5,

Z2ACEBNTULF v 7 75 VI Fiio Bangkok SPEF otk fresh water alluvium & ggifio
marine allvium o i brackish water alluvium 23AWHEZ SGHTL525, S iudin
tidal flat CH T, = Z i acid sulphate soils THEAEL, FOMHAEIE100~1507% ha &\ T
Wh,

»%5 pH4 o plastic E@Thb, FD Fic i cat clay DfEsk%, straw yellow (2.5Y
8/2~8/4) %1 Tk », jarosite ™37\ Limonite, gypsum % & A T35 pH3, ZDJEDO Tk
JK ¢ pH 6 <Thyrite #% < ZA T\ 5%,

TOERIE, EVA-HMHOENE WYL DX yDIk o & DL T\ % Bangkok P TIXEZMIC
s DG E T A ECRRIEE R D, Tdb b cat clay OED Fifio pyrite 258X 1T sul-
phate Lic%, WA % DKM B35 & & ic sulphate 12KEC#ET 5, cat clay ©
JEE e 7 b flood water % 513 T hEITMITIe B Te\, DRICBILCFET %,

CHPBBOTEE L TROZ EBREI LT 5,

1) AROERE Stk B L ER oA

(2) Mn, Cu, Zn D

(B) A7v—AXvIitbbicZMEOKTEEL DL ) HEEXTA ST, TEO pyrite X hoD

sulphate D4R &L EHE LB
e &

2. Bl —7I(C&T B acid sulphate soils

i~ L — 7l acid sulphate soils (20 F=— % — %7 % L \wbh, FEEERED Kedah,
Pelis, Malacca 0 #&Mich %, Kedah T2 6F=—» -2 kHE o T 52, fludBigEzh
TWighdy, 22F vy, FAA—L, TAFERHEZ DO TN 525, [ E,

a. Muda irrigation project area 1T Js\J % acid sulphate soils

Kedah M|Ci3 & £ % LR TR E LD T2 207K EZIED, 10757 ha itk X SKHEEZEEL,
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RO S
» main canal “CiZx, = nadl, b, B0 3canal I 41, & 5T 2 [N Distributory

X b9 % 7o Muda irrigation project # s Cus A, Z AU Bt o Ik &

FLUTHEBIC A - T A, BSEo—XE: 5milex1 mile T2 Distributory i2ii - Tk b,
60m [MFRICHER DD B, KA LD, W LIKA 2 D, Distributory ek
KEHE S THBDT, ZHICHKTHZ LTl Tnb, LIcd o TREAD A D DIRHEKRL
WHTHBLEy A B e bt Tnw5b, KA 4D1srd, 197082 A b E 1 KIKAA D,
2197147 B, A3 X1972452 B, A4 X197352 B A bl b, 197347 AE o F % T
H5,

BT &S 2 ~ 35 ha 2% acid sulphate soils CH % &L Lvbit T 5,

SERE L 2O EO L » L b kEFLEvbhTo 5D GUAR CHEMEDAK #iX & 8%

LNz e otk Ao TAMBUN TULANG padi test station J{i4ThH 5,

WHEOTTCND L AIEL QTEMTHAEDOBNYD D, HBRXFHCS XL THL LE
Vo HHITREEAROE L LT\ B, SR IEFRIC BT, BB & 2 A EAEL T
Ho G ET EVHIIMRE EAL - TRAL T D, HIZbok b HliFEDOREW LD
ADFAD 5.2, Fi4.8 ¢, TAMBUN TULANG X 6.4, 6.1 TH w7z, Ticbd pH
A FE DEL D, BICHREEA I s TWv b, J. SAMMY Kic X 5 Rz I &5
WOB AN TE, 10ft (LT, 8 ~10WHHs L ¥E S @ Xl NTHEWH,

#iyinto Kota Bharu 3 KUMUBU irrigation project ¢ Kelantan iK% Hv 77 v 7
UHERES 5 5l 2 7o ¢, Bl v 13, canal o b H1F% L T\, Bris(Permatang)d Nl
DK DI L = Az acid sulphate soils 235 5, canal D7l b ST T E BB A CL
TIRROBEL D b, H I fURICEEE L S BRTTwb, pH #ET 5 L 2.2 LBt Th
o LOLBEDTTC NS EZATIE pH 1Ko i 6.1, Ti6.2 THholo&\v5, 10 DpH
4 Tholcd i,

JIE s ABEKD = v A oKAHECEET 5 0Ec X 5 & M-9 132 GUAR CHEMEDAK #i[xX¢
»b, M-4 12 TAMBUN TULANG offillatho +3#cH 52, #HtopHi23.6 4.3 Th%
P ICHNC incubation U7ed &3 4.4 £ 5.0 LB o T3,

Tl BN HL U e AE A BER U 72354003 pH 12 A LKL 2S, R BRI R A~ BIc L fadiuy,
BAEmOEIc X VEIibIhs L bic pH X EATLIIDEEZ DR,

B EC B TKRBEF OB 7 if, TEROFEEOHALT acid sulphate soils i & aklikn (T
T a8, ZOHAEAKKO pH REAHHHE & A EEL T, RnEdicd o T b,
TR B OERDTCO T I\ Ted HEEMAE O BRI DTH D L ELbh D, DT
Lirsibo~35 v Mo acid sulphate soils 1o TDJI B « ABEKDOFAEL 7o M-27 13357 L <
BISRL 722 ATH D, 20 pH 11347039 TREAELN TRV EE—FKT 5,

M« ZBEROREC L 5 & M~4, M-9 TIXATH cat clay o ERAB D 23, M-9 off
FEOH L\ AKE 2l o o fiiC jarosite o Rl e BEdk & RN L TWB DT, & 112 BT,
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MO AN e S D L~ L —> 7 Cit cat clay 2/3% X 5 foodc LRy e B o 1k 1K
GBI DT EE LB RS,

HRECIEH L I LRI BT 2 S o fEo B s O, Ml h AR E TS
ARG, B REERC L ARER L e 2 L) Fert oI E RGO T VRV

A e n b, FRKEHIC X AL HE RS X W T Ao ENTE L LD
Lz,
FionARIC X ik e /A i o s LR RINL Tun b,

acid sulphate soils O EEL LT

1) HKOWR HAREE 2.5t/ha BIEHH IR, DEBELLAEIIANLL TS EV D,
SEC XN GRS DOFRERH 5D Tt H h20~25< v — F - THBEI T D, HIRO W
ﬁmw»va,vf*va@ﬁ%%%z%méo

(2) WA X BRI CERBIE & X1 x4 o acid sulphate soils RO X LD
Lok, LR CHLDOBILEMBEDOEBADEENRRZ 5, 24 VY - AV OIHELF
7Y = AV OB E TR K UCEITIRBIC R0,

(3) BILDEO Ik B S WUHEE R OHERL T & ey, Bl HRC X sREE

B & le@dBEAT B2y, WM & BT,

FIRALRBT X HEA S, FRBMIWCT 570 ARTILAL GEEH OB AN T
HTVDHD, WL B FRICET 28RO, GHEH O 2B AL D22 o TR A

HELICH b HBDOT, SHLRPELED D LHERD 5,

4) THEoRE  kE+E A zE Chow & @ Guar series i&-D\TO NN L5 &,
TR EEMBEASEIENL T, BRAThbh T a2 2R T35, KA LD T
TR ST A Lic X D, (ELOMELAHIEA L TREEOERFIOLE5b0EELLR
%o

LBOWREE LT~V —v 7o acid sulphate soils (324 D F LIz RicBb EZHNRBS
DT, TOFEMOEHEAWLNCTHZ ENEFTERETH S, LR TMELEA LS HOZAEL
B GE YT S Dh i VBEICELE D5 LB 2D T DA YELMTT 2 0ERD D,
acid sulphate soils 1 &iF BEEEIZ BoOBiED HEC L EOBRIRESDO 7V A5V AL A
LIANRKRELDT, BOMBELZLSDT, ThbLbDONEILICHLLCT LI LBEETH D,
BIZ VKRB OEBORIFLBEXMAND Mn/Fe 2vk&Ewa, Zhik Mn 22 Risesz &
Tk Mn/Fe O k& {75 X 5 hBEENATLPCTHE LD D,

FHEORITCREOHE DD, HATIEGHEN OREGENELThbhTETH52, HFELD
DX 3 B BAELHDDT, T DHDONT H&EEHM & L Latosol o Al CEE
e e b BT H B,

¥ e Rl A » 2 T acid sulphate soils (k3 % WFRIEHL I R ET 2 ©0y, HIUTEPIELE
DFEROPWI L EZ DD



b. -~ v o acid sulphate soils

<5 aiick\ Tt PULAU GADONG o test station ¥ - o8 KUALA LINGGI #i[x#
AL 7,

PULAU DADONG o> test station Tl A Oz L7chs, SRHKIC £ L o led R
K2 BT L7 DO TH B, HaEF AL —n, a—b—, YAHA EH5LHZLKE

TREDTihbTh a2, 27 75 A, 24D HiENG-EvbhTuv b,

1964FEBHE L TH D & & Al b kx5, Eiflic Al-sulphate, Fe-sulphate DKo
crust AT E T 5, pH ZJET 5 & 2.6 THolo, KOO FINCTIZHEDORIRD b DAL I
7o (TS OME Vo T B), MK L5ft, F 11 s—anfizx Tl Tws ez
AFAKERMLIcEZ AL pH3. 6 LlES e,

Mp o« ABEKO M-27T "z hucbic b, szl pH3.4, incubation #o pH3.9 Th & h & (kD
RN ERTTIRONICITEL TH D, HEORIRE L OEROBE A R L jarosite & fEEL T
Wa,

Chew Hong Jung KX v AME R CTHHNEL T, & OHIKT acid sulphate soils IZ 13
S ME DRERT O TR e e 2 LTl L L E D EEIR D w Te,

c. Sarawak &3¥F % acid sulphate soils

Sarawak 1 ¥\ > Tt Sungai Sarawak Padi Scheme Area (Rampangi Experiment Station)
BFAE LI, < ik Sarawak {05 2 CEIET (20,000 =—h =), MOLHTHS EWD T
LT, 7% 7% acid sulphate soils ThH D, WIICZ F o5 TWBEDNEHTH S,

433813 saline gley soil T& v, pH MEHDEEEY 51T TESRAREVHE L DAL,
M e E DOV 0 ~ 6 140,562, 12~18i0.8725, 24~30If1.672% T F I3 LHinL T\ 5,
I T ARIK (D FIg 2 2 il b 3 & WEOHENATE D L TH T, T hik jarosite Tidix
Wi EHEEL T,

R4z = v »% (Nipah) ®1, Mangrove & Nibong ThoT, = OR#uL =y DTIC
Mud-lobster &\»5 20~30cm D= 7 = DB T Mounds #{Ebh, EORML FE+%
37, TROMBELGHE S GAKREZRACHTZ LT, MEOTREAOBEY S $1
TWHRERE - TW5, Mounds Ok Im ELIC biET S50 LD %,

—_10 —



IV RABRboE RS o BEZE

1. Bumbong Lima Research Station

WL 2HTE TV L, Bk, BRAVGET NHORMOTE T 5 @11 plant
pathology @72t %, K. M. Chin K238 L FEL TEHA LTV 5, BADMERILA
EhEEDHTD, ZOHTHICEWKREDOKAE L THIRRDIEC ST T 5%, O FHERRF,
@F LERH, @b i, @AZEHRKE, GPenyakit Merah, HZEE, ©FHNH, AKAEEEKRN,

BETA L, BAKDOHERLEHRL 1T L ARDhD X 5l Tnb, FEMIEAIIZ T
BUKE OMBE A HWEN & GIR L oG8 TRIRL T2, MEROEYL 2HTcE Tk, kK
MARDI DFHEH 33D E SR TE D 0 & 7 DA REED B D,

2. Bukit Merah Padi Experiment Station

I S BRIL S BT A 72 L2 ATH D, Mo, & ke BARFofcd o
T, FIRAFREEMRNIE O TER AL T, KOAMOE L B E L TR #L ofmfEo
=VVYY, YAV, AAFVELHRUBLOGEELY DT T, BERmETER MEEY L
TWd, AAFVIRNERMEED 25, BRCHALCLRD D, FLLPCLI I BRDOTEK
b %, TAZIRALOBHEDO IV, AEMKCOX VI DOEDdILTHEETTO T2,
53 A T lifF 4 <& Bumbong Lima 12 { b RTIWKTH Do BUMEHFIEREI D 15fHIC
XMW TONT A EaHLTHH L THb,

3. Telok Chengai Padi Experiment Station

Muda irrigation project area ® 1tz B b, canal REBDOh A S TLNBH, & 2K
EhpORITIET ATH T, BEGIMCKT R 2R D 5o

PERPERIIC CIREs ), T THEZSDDOIEEZL TWw5b, 1213202 DRFHD ALK
e a i, 1K laTAndy, Vy&iive AnniEAs <, HAKEORREMGET
FOEFNREE R T Do PIONIWEETIE, Ay b ORPEABRTTIEN, MELY, NEHOWE
W, IEERTE A RE LEMORERTE L TV %,

SRR TRADMAIIRETREA L ML eMEZ LRCfHL W52, HF vRII-&
DZETHol,

4. Tanjong Karang Peat Station % k7' Soil Water Research Station

Peat soil (3i~v—v7Ti3200=—2—H%5 L b Tk b, EELTHEADOS ETHEEL
7o b DO THEMKIER (woody or forest peat) & XIEN 5L DTHB, VHEAER L OCHEIERITH T
DL T, TV = 7 TIHEEYOEGEIC X b 66% L) 1% peat, 6562%~35%% muck, 35%

— 11 —



PIF 2B E (organic) LIFA TS,
Peat station Tix2~41ft o peat ' marine clay ® FIcHEE L T %,

2at eV, AL R n, 2—b— BT REFH, RETIFA, L5 AL, V

LH A, Sy T E

Iay,

AR IR T D XL TETWA, E59h AL Cu, F 40
A= ZTBRATTC T,

N

b

PR AL O REE T TR A

Tl LA YT A ETH D,

Peat soil TRIEHIZ/L 2 Dk ThH - T, SRR BEGRT 2 EEbh b, ZofE
XY S It THR B M T KM OIS L &ix 126t 2Cicin b b5,

KRREDOURIZ 5 DL LT LD EINFO BN - TL B, FHIR KGR E L TORKRLO
FHPNEE Lo T 23D Ebh b, SHIERHICH TS upland crop OB HEFEL FBde
SRAR T T W IE A HED H LR B A L b b,

Soil water research station |3 LA ZCH KAFMORG A LI L 2 ATH A, = O
DFEKREN— OIS L2 E7n DT ER G E LT, FREOBICHERERS &6 o R dR

DB A AT o TT,

5. Pineapple Research Station

Pineapple research station (% Johore Bahru odty§®» Pekan Nenas =% b, Malayan
pineapple industry board = J& L T\ %,

SA Ty T IO TiE upland @ mineral soil Il BT, me—U g v X D
WD 2 SEL RfFhicuicd, 317y 7t peat soil wwlIET 5 LicExdbhie,
Johore 7213 88,000= — 7 — DA D h, B~V —> 71\ T 37,000 — % — o3
>y FMD 97% »5 peat soil TH L, MEFMCBIEEH B To 5 OTEAIER (10, 1, 8) #
200~800kg /= — 7 — ffiv~, WREASHIOIEM Az LT\ 52, peat 12X » 4~ 5ETINENED S
LTAVDY, FOREMENEMNMEFPEERE LI TW5S, A1 F v SRS ES T D
THRZMHAL T AF AN, BHEN S AEE2 2L b, K#fc Ca, S, B, Zn, Fe, Cu,
Mn, Mg, N, P, K o&KBERBR ATl 5,

6. Semongok Agriculture Research Centre

Sarawak -—T( department of agriculture ® 4, +iz research branch, field branch, educa-
tion branch ® 3 branch 235 %,

Research branch (3 assist director o 3 &1z agricultural economics, agronomy, botany,
pathology, entmology, soil survey, chemistry, experiment stations 12423 C > 5,

Agricultural economics (¥ {-#dk ft o FFil o FE i & #2 5, farm management & library # 7
TdHoThb,

Agronomy 1} 8 > division 3% b, pepper, rice, soils, oil palm, cocoa, peat, essential



oil (371 > essential oil ® division |1 pasture /e TN EZEDT L5,

Botany | rice 32T pepper o Tlvb,

Soil survey % department of agriculture » & UM B 555, flx Semongok ¢ agricul-
ture research centre iz 7, Soil survey division 2 3 2D T THHELTE b, 3 AD
552 Aita—w o A ThAH, AE drawing room B T HEAZERL Tk b, 1968 410
50 74 1 o soil map of Sarawak % HL Tu%, 1269912 1 Ko k11 reconnaissance
™ E 313,924, semi-detailed 1.525, detailed 0.012%5¢H %

Kuching oy 5 4 U #iiv T % Semongok 239 ol &g b, & & Ti&il % 72 C Semongok
O X 1'% experiment station (71X TiL Stapok deep peat research station, Tarat
experiment station, Paya Paloh padi testing station) ¢& D s &R valEa filcbh, £0

DB FEHE I N5, RO L, P2 KOS SIBHENCARTSH Y, 4 plot X DfE
X DAL T s AP

TV =T, ST R B R BRI B R AR E (43, 10) i FTIiEI R T
[P AR LA ETTlebh TR BT, FRilah 2o T
FRBE LI LA EARTELT, ¥FdBEOBS TlINEOHHELTHEGIBRLFL~THS
DTF =y ZHREECTH L, LD THEEOIWIBENRE L, TN IIC X505 e
LT ENLINLL, FELLTHRODIGEUNT S,

Semongok ¢ agriculture research centre [ 2Bt HYCNHEOMBEL I LD STE

D, ILFOERRINL DVIEVAR—ARED, MEELHEL TS,

T A eh iz IR L 72 Semongok series (red-yellow podzolic soils) Tk 5,

Chemistry division (3 analytical chemistry & agricultural chemistry & % b, Fi#iaa i
DO 22D L2 ATH D, 196953 b3, 31755, A HTAH 23,0855 % fTin o T\ B, #

FrZ Loy 5 OES, L x5 ol b2, B, X o7 acid-sulphte soils
WA LT i, HEBELAROEE LOMGRORy b, KRExvIRBBEE2TRo T 5,
BEYTHLOT, RENETlebh TRy, B HEEOBRIC X DI
Bl AN o THRT AP, foot rot j5 (Phytophthora palmivora) #EIC /s TWB DT, %
R X Pk, EPEGEOEM, BEAOA 7V —=v 7OBnTitbh Tv 5,

BRI X 505k Piper nigrum L. o5 »Cfif@e> “ Kuching” 134 BAVE S IED S\ 024,
foot rot JFIZiE L, Indian fix & K& LT “Kuching” ##Rk+ R0 Ghbh b, 7=
Piper [ ffi> Piper colubrium, Piper cubela, Piper hispidum %% A K &353R fTcbi
T b,

EHMEMEOER R0k i “Kuching” 3% LWHAY FoT0 54, EIUELT
LT, AR hiomfE (Balancotta, Uthirancott &) (RN EIHE W AEBIEES S L DT, Th
B DOAFIC X AIRIEMEO TN Z 2 AHL R TV 5,

BEROENA 27 ) —=v 7 P. palmivora =% L4

Tl x5 EHR

KD RITFCRIRLTU B,

— 13 —



WADB AT A0 R FE 1l FUiHlE L CoRBRIONRY, £ 21CE LORK
DK BIET HEL T 5 X 5 il L Th b, WETIRYIM-ELREATUHEL, &
HLTHE, FEREOHEETFORBRCREL, BHOBRTRIMhE L LI e, Ex6 A
BEPNCE ¥, RHLERLCECZ THREALHEL T 5,

BEORBTI, FECEEL CHEC LREEZ L 2 U URWAIC B L, 3 HRBEO IR 1
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REPORT ON
ACID SULPHATE SOILS IN THE MUDA IRRIGATION AREA

Jiro KOSAKA

(National Chugoku Agricultural Experiment Station)

Foreword

I was given an opportunity to carry out a survey on acid sulphate soils in the Muda
Irrigation Area under the Tropical Agriculture Research Program. My visit to Malaysia
covered a period from 15 December 1970 to 7 January 1971.

I am very much indebted to Director General and Deputy Director General of Agri-
culture for their kind guidance and warm assistance extended to me during the coarse
of survey. I also take pleasure in acknowledging the generosity and assistance extended

to me by all offices I visited and by all persons I met in Malaysia.
Result of Survey

The crop damage caused by acid sulphate soils in the Muda Irrigation Area was
studied at the Guar Chempedak District in southern part where the damage was most
severe, and at the environs of the Tambun Tulang Padi Test Station in northern part
where the damage was less severe.

Damaged leaves were characterized by brown spots at the tip, and plant growth
was very pcor as compared with healthy plants nearby. The damaged plants were
very easily pulled out of the soil. Roots were being decayed and changed to black,
giving a strong small of reduced substances. The distribution of the damaged crops
is localied at topographically low terrains.

The soil showing a great damage at Guar Chempedak gave the pH value of 5.2
for top soil and 4.8 for sub-soil. In Tambun pH was 6.4 and 6.1 respectively. This
indicates that pH has been considerably increased by soil reduction.

Among the acid sulphate soils of the Kemubu Irrigation Project Area of eastern
coast, an observation was made on a lower soil layer which had been piled up by digging
of a canal. It was black-brownish clay loam with yellowish mottles on the dried surface.
The pH was as low as 2.2. However, the pH of field soils showing crop damage was 6.1

and 6.2, though the symptom was less severe than that of the Muda Area.
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All these results can be explained by the fact that dry soils have low pH, but
with the elapse of time after the submergence of field, soil reduction takes place by the
activities of soil micro-organism and which results in pH rise.

According to a study of Kawaguchi and Kyuma®, M-9 was found in Guar Chem-
pedak District, and M-4 in Tambun Tulang Padi Test Station. The pH of dry top soil
was 3.6 and 4.3 respectively, and atfer the anaerobic inclubation pH has risen to 4.4
and 5.0 respectively.

It is interesting to note that in Japan tests®*® to improve acid sulphate soil had
been carried out at the environs of Kasumigaura of Ibaragi Prefecture and Teganuma
of Chiba Prefecture. In both districts, pH of soil without lime application shows practi-
cally no change and retains a low pH value during a cropping season. This is due
to the low activities of soil micro-organism because an enough time has not yet elapsed
after the initiation of land improvement.

It is also interesting to compare the acid sulphate soils in the Muda Area with
that of Thailand. According to a survey made by Kawaguchi and Kyuma the cat clay
layer which is usually observed in Thailand was not found in M-4 and M-9, but Kyuma
discovered a characteristic mottles of jarosite on the exposed soil profile in canals near
M-9 area. Since in Malaysia there is no clear distinction between rainy and dry sea-
sons, unlike Thailand, the permanent oxidant layer is not formed and therefore the
cat clay is not formed.

In Thailand, acid sulphate soils are saline and brackish marine sediments containing
cat clay. Low pH of the soils is caused by sulfuric acid and sulphate of iron and alumi-
num produced by oxidation of sulphides, mainly pyrite®. Cat clay, which is said to
have originated from the Dutch name Katte Klei, defines a layer in which basis ferric
sulphate (jarosite) of straw yellow colour is deposited in the form of film or streak
on grayish matrix. Below the cat clay layer, there is a reduced layer containing a large
amount of phyrite and showing nearly neutral reaction. This type of acid sulphate soil
is widely distributed in Thailand in brackish water alluvium, between fresh water
alluvium and marine alluvium of the Bangkok Plain.

As the dry season and rainy season are distinct there, the oxidation of soil takes
place in the dry season to a considerable depth. Thus, the pyrite contained in a layer
below the cat clay is oxidized to sulphate. Along with the rise of ground water level
with the start of rainy season the sulphate reaches top layer. The cat clay layer remains
as permanent oxidant, not being reduced even under the flood water during rainy season.

This is the characteristic of acid sulphate soil in Thailand.
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In newly reclaimed paddy fields in Japan, so-called “Akagare” often occurs. This
is characterized by the development of brown spots on leaves and damaged stem base
and roots. Kurozawa et al.” made clear that the phenomenon is caused by the root
damage due to abnormal soil reduction, which induces an excessive absorption of Fe*
and the unbalance of nutrition. Soil oxidation by a proper water management and proper
fertilizer application are effective to remedy it. Varietal difference of rice in resistance

to it was known.
Improvement of Acid Sulphate Soils

Although based on my limited observation, the following measures could be recom-
mended to improve the acid sulphate soils:
(a) Application of lime
In the Muda Area the lime has been applied at about 2.5 t/ha at first, and the ap-
plication has been continued although the dosage is reduced each year. It is reported
that grain yields were increased by 20~309% by the application. Fortunately, lime stone
is found in the Area and is available at 20~25 Malaysian dollar per ton. The lime ap-
plication also contributes to supplement lime and magnesia as the acid sulphate soils are
lacking these elements.
It would be worth noticing that the dosage of lime application could be reduced ap-
preciably by adopting the following measures.
(v) Prevention of acidification and accumulation of sulphate by flooding
As exemplified by the formation of acid sulphate soils in Thailand, the oxidation
of sulphides and accumulation of sulphates occur in the top soil during the dry season.
The fact that the cat clay soil is not found in the Muda Area indicates that these
changes occur to a much less extent in that area. However, such an accumulation of
sulphates in the top soil should be avoided by keeping fields wet during the dry season,
for example by a continuous submergence of the fields.
() Prevention of damage by soil reduction
A general practice is that weeds are reaped, piled and plowed under at the time
of land preparation. However, to prevent the damage caused by fresh organic matter
decomposition it should be burnt or removed to outside the field. Application of iron-
containing materials is widely practiced in Japan in order to prevent the damage caused
by Hydrogen sulphide and to alleviate soil reduction. But it is known that the application
or iron-containing material induces an aggravation of Akagare sometimes. Therefore

further research on the spot is needed to apply this method to the Muda area.
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(@) Promotion of double cropping of rice
According to the analysis record of Malaysia’s acid sulphate paddy soil, content of
sulphur-compounds shows an increase in lower layer, suggesting of the leaching of the
compounds. It is note worthy that the continuation of double cropping system is effec-

tive in reducing the content of sulfur-compound in top soil.

Future Research Problems

Malaysia’s acid sulphate soils differ in profile morophclogy from that of Thailand.
It is necessary first to trace the changes in soil throughout a year. An attention should
be given to the chemical change and movement of sulphur-compounds in the soil when
double-cropping of rice is practiced, in comparison with that of simple cropping practice.

As a major aspect of the damage by acid sulphate soil is considered to be a nutri-
tional unbalance caused by a damaged function of root, a research on this point will be
needed. For instance, a good growth of rice plant is associated with high Mn/Fe ratio
in the plant.” The problem is not a simple question how to increase the absorption of
Mn, but to find out a good environment which enables plants to keep a high Mn/Fe ratio.

Although the application of ferruginous material is widely practiced to alleviate soil
reduction, the result is not always consistent as stated above. A detailed study is neces-
sary on the use of Latosol as ferruginous material.

A study should also be directed to the possibility of finding a resistant variety to

acid sulphate soil and if there is any such a variety the selection thereof should be studied.
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