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INTRODUCTION

Basicinformationonthenatureofsoils,theirpotentialities,andtheirlimit-

ationsisnecessarytoevaluateCambodianagricultureproperly,andtodevelopa

programforincreasingfoodandothercrops.Suitableinformationhas,however,

beenLimited,especiallyasthereisnottob°foundinanyreportmuchdata

relatingtosoilsofdifferentoriginsoverthewholecountry.Thereis,needless

tosay,someinformationonconfinedareasofCambodia.

In1957,the且yogoUniversityofAgriculture,Japan,hasdelegatedanagri-

culturalexpeditionconsistedofProf.TakashiSATOandAss.Prof.Takahiro

TAKAYAMAtoCambodiawithaviewtoobtainingfreshknowledgefor

tropicalagricultureandtobringtogethersomebasicmaterialsavailablefor

Cambodianagriculture.

Alargenumberofsoilsamplesusedforthepresentstudyweresuppliedby

courtesyoftheresearchmembersbypermissionoftheMinisterforAgriculture.

Thelocalitiesinwhichsoilsamplingwascarriedoutcompriseeveryprovinceof

Cambodia,thatis,StungTreng,Kratie,Kp.Cham,Kp.Thom,Kp.Chhang,Siem

Reap,Battambang,Pursat,PreyVeng,SvayRieng,Kandal,Kp.Spzu,Takeo

andKampotprovinces.

Thesoilsampleswerecollectedduringtheformerhalfof1957beforethe

long-rainsperiod.

ThepresentstudyofCambodiansoilsunderbothcultivatedandvirgincondi-

tionswasundertakenwiththeobjectofobtaininginformationwhichwouldassist

inprovidinganavailableindicationforhigherproductionandforexploitationin

thefuture.

五ノ1ハ1Z)SC/1PE

Cambodiaissituatedatthewest-southernpartoftheIndo-Chinapeninsula,

extendingfrom11°to15°ofnorthLatitudeandfrom111°to117°ofeastLongi-

tude,andcomprisesanareaof175,000squarekilometers.

OnehalfofthenorthernborderislimitedbyLaos,anothernorthern-halfand

north-westernboundariesarerestrictedbyThailand,theeasternandsouthern

limitsareboundedbySouthVietnam,andthesouth-westernendformsashort

irregularcoastlinetotheBayofThai.

ThemainpartofCambodiaiscomposedofabroadalluvialbasinsurrounded

bymountainchainsandhighlandsatal.litsboundariesotherthanthesouthend.

Thecentralpartofth°countryconsistsmainlyofawidespreadplainalong

thecatchmentareasoftheMekongandTonleSaprivers,andextendsfartowards

thesouth.TheMekongRiverjoiningwiththeTonleSapbranchinthesouthern

partofthecountry,andflowinggentlysouth-eastward,drainingintothesea

acrossSouthVietnam.

Theeasternapexofthebasinhasacommonboundary,togetherwiththe

Annanmountainchain.Thenorth-pasternedgeissurroundedbythetable].ands
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ofLowerLaosabout150metersabovesealevelwhichformstheeasternmargin

oftheKoratplateauinThailand.ThebordertoThailandiscomposedofthe

Dangrekmountainchainonthenorth-westernpart,andoftheKardamomand

Elephantmountainchainsonthewesternandsouth-westernregionsofCambodia.

Ithasbeenacceptedthatthepersentbasinsurroundedbythesemountains

hasb°enformedthroughthefollowingcourse.Thatistosay,alow-lyingland

resultedfromdownwardlandmovementsofhigh]ands,andwassubmergedinto

seawateroverawidespacetobuildupabroadbay.Thsnewlyformedbay

wassubjectedtocontinuousfloodingoftheMekongRiveruptothetimeofset-

tlementneartheoutlets.Consequently,thebeyresultedinawidelakeowingto

"dammingup"oftheoutlets .WithcontinuousdepositionoftheMekongmuds

agradualupliftingoflakeb°dswasbroughtabout.Finally,thewidespread

deltaicbasinswhichcomprisethemainplainsofCambodiaasseenatpresent

timehavebeencompleted.ThepresentLakeTanleSapisregardedasaremnant

leftb°hindbytheabovecircumstanceatanearlystage.

Inrainyseasons,asthewaterheadofthelakebecomeslowerinlevelthan

thatoffloodyrivers,thelakechangestherefore,intotheoutletforoverflow,

playingtheroleofawatercontrollertoregulatetheflood.Onthecontrary,in

dryseasons,waterheldinthelakepoursagainitselfintotheriver,andwater

divertedfromtheriverisusedtoirrigatericefields.

GEOLOGY

1)EasternmountainregionsareincontactwithpartsoftheoldAnnan

territoryinSouthVietnam,onwhichvolcanicrocksoflateeruptionarewide-

spread,andbasalticlavaflowsarefoundtoawideextentwithinalimitedarea.

2)North-easternhighlandsarecomposedofplateauxabout150metersin

altitud°extendingfromLowzrLaos,whosebidsaremainlycomposedofsand-

stonemarkingathickanddistincthorizontalstratification;andthesesandstone

areasarepartlymixedwithlimestone.

3)North-westernmountainregionsareclosetotheDangrekmountainchain.

RedsandstoneformeddruingtheTriassicperiodofMesozoiceraarebroadly

superimposedoversuchrocksofoldoriginasquartzitesandlimestonesof

CarboniferousandPermianperiods.

4)Westernmountainregionshaveasimilargeologicalbasetothatofthe
former,i.e.,3).However,rockscoveringthebasearemainlymadeupof

sandyshalesandlim∋stone,andsandstoneofTriassicperiod

　5

landscompriselargeareasoffloodplainsandrollinglands

gently,

River.

●
Largebasinlandssurroundedbytheabovedescribedmountainsandhigh

andextenddownwazdつ
slopingandundulatingfromthenorthtowardstheoutletoftheMekong

Low-lyingareasofthebasinoccurinamarshadjucenttoSouthVietnam,

whicharecoveredattimesbywater.AlongthecatchmentareasoftheMekong
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Riverfromthemarshtothenorth,floodplainsateveryrecentoriginare,toa

greatextent,tobefound.Theseareatpresent,oruptorecentyears,flooded

annually,andaresufficientlyutilizedforpaddyfields.

Oldalluviallandsofwhichtheoriginisofearlydepositionarepartlysituated

onthenorthernwatershedsoftheMekongRiver,andaresomewhathigherin

altitude,ingeneral,thantherecentlyfloodedplain,andtheyarenowb°yond

thereachoffloods.

Muchoflowerpartoftheoldalluviumisundercultivationofpaddyand

uplandcrops,whileinthehigherparts,andfardistantregionsfromthetowns,

naturalopenforestsaredominant.Onthehillylandseastwardfromthecentral

basin,basalticsoilsarewidespread,onwhichplentyofrubber.plantationshave

beenwellworkedbytheforeigners.

CLIMATE

Theonlyclimatologicaldataavailableforthefloodplainsandneighbouring

areasarerecordedforafewregions.

SincethesituationofCambodiaislocatedonthepartoflowaltitudeofthe

Indo-Chinapeninsula,theatmospherictemperaturesarerelativelyhighoverthe

wholeyear,showingthemaximuminApril,andtheminimuminDecember.

Theannualmeantemperaturesfor34yearsatPh.Penhare27.4°C,where

theapproximatemonthlymeanrangesfromabout29.6°CinApriltoabout24.3°C

inDecemb°r.Alloverthecountry,varianceintheannualtemperaturesamongst

thediffLrentregionsisnotsomuch,sothateventhesouthKampotregionwhere

thehighestannualtemperatureofthecountryisrecorded,isnotsohotasto

farexceedPh.Penh.

TheanmlalrainfallinCambodia,asawhole,wouldseemtobeover2,000

millimeters.Itishowevernotedtodifferremarkablyfromplacetoplace.

Lowrainfallisseenonpartsoflow-lyinginlands,whilehighrainfall

comesonthesurroundinghillyandmountainouslands.Therainfallisnotwell

distributedineverymonthofayear,andthedistributionisdividedintotwo

periods,i.e.,dryandrainyseasons.SevenmonthsfromMaytoNovembzrbelong

totherainyp°riod;duringwhichseason90percentoftheannualrainfallhas

beensupplied.

Generallytheheavyandcontinuousrainsareassociatedwithrain-bearingwinds

fromthesouth-west.Inthisseasonthecultivationofricecropsismadepossible.

Onth∋otherhand,fromDecembertoAprilthedryseasonresultsfromthe

north-easterlywinds,especiallythroughtheperiodofJanuarytoFebruaryseldom

isthereanyrainfall.

TheaverageannualrainfallatPh.Penhundertypicalclimaticconditionsof

low-lyingplains,accountforabout1,00mmwhichwouldseemtobethe.lowest

amountrecordedinthecountry.ThehumidityatPh.PenhexpressedbyLang's

rainfactor-R.F.-showsabout50.Ascomparedwith74atSaigonand77at

Hanoi,itisfoundthatthehumidityatPh.Penhislesspronouncedthaninthese

otherregions.
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Onthenorthernandnorth-easternhighlands,thewest-southerlymonsoonis

interruptedbytheDangrekmountainchainsandtheMelpleiplateaux,sothatthe

rainfallbeinghigherthanthatofthecentralplains,reachesuptoabout2,000

mm.Owingtotheirhighhumidity,itmakespossibletheformationofdense

forestsandjunglesextendingfromStungTrengtoVoeneSai;althoughthere,itis

somewhatlowerintemp°raturethanPh.Penhsituatedonthecentralplains.

TheR.F.valuesofthisareaareassumedtobeapproximately75.

Thebasalticredsoilareas‐terresrougesareas‐where,stretchesforabove

100kilometersfromSnoulandMimottoKp.Chamshowahighannualrainfall

whichrangesfrom2,500to3,000mm,suchahighrainfallisresultedfromthe

obstructionofthemonsoonbytheMoihighland.Themeantemperatureofthis

areaisnearlysimilartothatofPh.Penh,althoughitmaybeseenslightly

differentindegree.R.F.valuesarethereforeregardedasatabout100.This

arealiesunderconditionsavailabletomakesuperiorrubberplantations.

Areashavingthehighestrainfall,thatisthatwhichexceeds5,000mmina

year,arefoundonthesouthKampotdistrictbesidetheBayofThai.Thesub-

stantialfallsintherainyseasonareassociatedwiththesouth-westerlymonsoon.

whichishinderedbytheElephantandKardamommountainchains.Asthemean

temperatureinthisregionissomewhathigherthanthatofPh.Penh,R.F.

valuesarelikelytoreachuptoapproximately1.80.Suchatropicalmarine

climatemakesconditionsmorefavorablefortheproductionofpepperandthe

formationofdenseforests.

EXPERIMENTALPROCEDURE

Thesampleswerepreparedforanalysisbyai卜dryinginthelaboratory,and・

grindingtopassa2-mmround-holesieve.

Comparisonsbetweenthesoilsamplesineachrelatedgroupweremadein

termsofsoilcolor,pHvalue,exchangzacidity,hydrolyticacidity,totalnitro-

tgzn,organiccarbon,totalcation--exchangecapacity,degreeofcalciumsatura-

tion,exchangeablecalcium,andavailablephosphorus,calcium,andpotassium.

Allthedeterminationsexceptcolorcomparisonswerecarriedoutinduplicate

onindividualsamples.

Proceduresoftheestimationofeachareout]inedbelow.

1.SoilColor

Inanattempttodescribemorepreciselytheindividualcolorsofsoilsamples

theStandardSoilColorChartpublishedunderthesup°rvisionoftheMinistryof

Agriculture,Japan,wasusedtoairdriedfinesoilspassedthrougha2-mmsieve.

Bythisprocedureaconsistentcolordifferencewasfound.

2.pHvalue

ThepHvaluewasdeterminedwithaglass-electrodepHmeteronboththe

1:2.5soil-watersuspensionandsoil-potassiumchloridemixturewitha1:3.5

soil:N-KClratio.

3.Exchangeacidity

100gofairdriedfinesoilwasmixedwith250mlofNpotassiumchloride
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solution,andthesuspensionwasshakenintermittentlyforoneday.Then125ml

portionofthesupernatantliquidwastransferredtootherflaskandtitratedwith

astandardNsodiumhydroxidesolution.Thereadingsofmlrequiredforneutral-

izationwerereferredtoas"exchangeacidityyl".

4.Hソdyo砂 だoacidi砂

Thisprocedurewasconductedinthesamewayasexchangeacidity,except

thatNcalciumacetatesolutionastheextractsolutionwasemployedinsteadof

Npotassiumchloride.

5.Totalnitrogen

TotalnitrogencontentwasdeterminedbythemodifiedGunningmethodwhich

employedsalitylicacidandsodiumthiosulfatebesidessulfuricacidtocomplete

thedigestion.

6.Organiccarbon

OrganiccarbonwasmeasuredbymeansoftheTyurinprocedurewhich

involvedwetoxidationbychromicacidanddeterminationbytitration.

7.Humus

Humuscontentwasobtainedbymultiplyingtheorganiccarboncontentby

theconventionalfactor1.72.

8.Cation-exchangecapacity(C・E・C)

Totalcation-exchangecapacitywasdeterminedbysomewhatmodifiedpro-

cedureoftheSchollenbergermethod(SoilSci.,30,161,1130).

ThesoilwasleachedsuccessivelywithNammoniumacetatesolutionbuffered

ataneutx・alpHvalue,andtheexcessofammoniumsaltswashedoutwith95

percentethanol.Thesoilsaturatedwithammoniumwasthenleachedwith10

percentsodiumchloridesolutionofpH2.5andthereleasedammoniumionwas

determinedbytheusualprocedurefromanaliquotportionoftheleachate.From

thevalueofammoniumionobtainedhere,milliequivalentofthetotalcation-

exchangecapacitywascalculated.

9.Exchangeablecalcium

AirdriedfinesoilswereextractedbyNammoniumacetatesolutionaccording

totheSchollenbergermethod,andthenweredeterminedvolumetricallybymeans

ofEDTA(Dotite2Na)method.

Toestimatetheamountofcalciumwhichwasexchangedforammonium,pH

valuesoftheextractwereraiseduptoabove12bytheadditionofNsodium

hydroxidesolution,thentheextractwastitratedwithO.01MDotite2Nasolution

inthepersenceofDotiteMXasanindicator.

10.∠ 肋ailable%%〃 ゴ6%彦s

InJapan,ithasbeenadmittedthattheelementwhichissolubleinO.2N

hydrochloricacidisdefinedasavailablenutrientsinsoils.Theestimationwas

carriedoutasfollows:

Atfirst,asapreliminarytest,10gofasoilsamplewasmixedwith100ml

ofO.2Nhydrochloricacidandheatedat40°Cforshours.Afterfiltration,the

filtratewastitratedwithastandardsodiumhydroxidesolution.Bythispre-test,

theamountofhydrochloricacidwhichwasconsumedasaresultofabsorptionby

⊃　



thesoilisfound.

Then,asaregularexperiment,50gofasoilwasmixedwith500mlofhy-

drochloricacidsolutionofwhichtheconcentrationwasadjustedtobecomeequi-

valenttoO.2Ninthesuspension,underconsideringtheabsorptionbythesoil.

Thesubsequentexperimentwasadvancedbysimilarproceduretotheprior-test.

Thus,obtainedfiltratewasusedtoestimateavailablecalcium,phosphorus,

andpotassium,asdescribedbelow.

Calciumintheextractwasdeterminedbythesamewayasthatforexchan-

geablecalciumdescribedabove.

Phosphorusintheextractwasestimatedcolorimetricallywiththemolybdo-

phosphoricbluecolormethod.Thereductantusedinthisdeterminationwaseither

chlorostannousacid,or1,2,4,-aminonaphtholsulfonicacid,andthedatawere

obtainedfromthecolordevelopedatthewavelengthof680m,uusing"Elma"

spectrophotometerModelIV.

Potassiumintheextractwasdeterminedat768m,uusing"HitachiH-2"

flamephotometer.

11.Mechanicalanalysis

InthepresentexperimentthemechanicalanalysiswasperformedbytheA.

S.K.methodwhichhasbeenofficiallyadoptedinJapan,inwhichpartsofthe

bodyusedfortheworkarethemodifiedKopecky'sapparatusoftwo-tubetype.

Therelationbetweenthenamesofseparatesandtheirdiametershasbeen

decidedasfollows

NameDiameter(mm)

GravelandDebrisabove2

Fi-i1SandC°arseSandFineSandSilt

Clayl三 一 ゜.2525-0.0505-0.0110wO.01

Forthephysicalandchemicalexperimentsthefinesoilwasemployedhere.

Soilclasseshavebeenrecognizedasshowninthenexttableonthebasisof

theproportionoftheclayfractionpresentinthefinesoil.

SoilClassesClay(%)

Sandbelow12.5

SandyLoam12.5-25

Loam25‐37.5

ClayeyLoam37.5-50

Clayabove50

RESULTSANDDISCUSSION

1.DESCRIPTIONOFSAMPLINGSITES

Thesoilsamplingwascarriedoutovermuchofthe

undingplateaux.

inlandbasinsandsurro一
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TABLE 1 丁加1)θ3σ 吻'ゴo〃o/Sa〃2ρ 伽gS"θ3 (seethelatermap)

Lab.
No.
Depth
cm

Locality
Land

Classifica彦 ゴo〃
Color

SofZ
CIasses

Remarks

AlluvialSoils

76

77

78

79

80

1

9
一

-
-

.

.

83

84

85

86

87

88

89

90

91

92

93

4
置

FD

9

9

0～20

0^20

40

0^20

0^-20

zs

O^-20

50

0^-20

0^-20

0^-20

0^20

0^-20

0^20

0^20

0^20

0^-20

0^20

0--20

20^-40

NearSandan,24kmnorth,

ofKratie

SouthofKbalChour.16km
,

northofKratie

〃
15kmnorthofKratie

13kmnorthofKratie

〃

kmnorthofKratie

〃

Kratie

23kmsouthofKp.Thom

NearAngKonh,14km

northofKp.Thom

NearSpeanTraeh,30km

northofKp.Thom

6kmnorthfromNo.87

NearPh.Sanko,22km

north-westofKp.Thom

39kmSouth--eastofSiem

Reap

8kmnorth-westofSiemReap

NearSiemReap

3kmnorth--westofSisophon

44kmeastofSisophon

SIkmeastofSisophon

Bananaplantation

Ricefield

}
1ノ ノ

Peanutsfield

Ricefield

!

1〃

Tobaccofield

i

〃
ト
Vegetablefield

Ricefield

l〃

Openforest

ノ!

Ricefield

〃

〃
Bananaplantation

Uncultivated

Ricefield

〃

Darkgreybrown

Lightorangegrey

Yellowishgreybrown

Reddishorangegrey

ノノ

Greybrown

Lightgreybrown

Reddishorangegrey

Greybrown

Yellowishgreybrown

Lightbrowngrey

Greyishredbrown

Darkbrowngrey

Reddishorangegrey

Lightorangegrey

Reddishorangegrey

Darkgreybrown

Brownishblack

Greybrown

Reddishorangegrey

C.L

C.L

a
　
U

U

U

U

U

L

C

・
S

S

U

S.L

S

S.L

C

L
°
L

S

L
・
U

U

River-sideoftheMekong,annually

submergedbyfloods

Afterharvest,soillayerdeep,river‐side

oftheMekong

Yellowishbrownspots,underlayerofNo.77

Afterharvest,river-sideoftheMekong

Afterharvest,hardtopsoil,river-side

oftheMekong

UnderlayerofNo.80

Rive卜sideoftheMekong,annually

submergedbyfloods

UnderlayerofNo.82

Granularstructure,moreorlessmanured

Floatingricearea

Manyopenteakforestsatenvirons

Startofmixedforestswithteakand

pinetrees

Pineforests

IV'ofloatingricefields

AnnuallysubmergedbytheLakeTonleSap

BarayOccidentalIrrigationProject

Highlyproductive

Shortgramineousgrass,lesstrees,hill
lands

Pondwaterwhiteturbid

Subsoil



℃

96

97

98

99

11

101

102

103

104

105

106

107

1S

109

110

111

112

113

114

115

116

117

so

O^-20

0'20

30--40

60

0^-20

20^・40

0^-20

0～10

10^-20

0^-20

0～20

0^-20

0^-20

0^20

0^-20

0^-20

0-一'20

0～15

0^15

0^20

>20

SlkmeastofSisophon

〃

Kh.PrekRopou,4kmsouth

ofSisophon

〃

〃

18kmnorthofBattambang

〃

Northernoutskirtsof

Battambang

3kmsouthofBattambang

〃

2kmsouthofPh.AuTpong,

28kmnorthofPursat

2kmnorthofPursat

lkmsouthofKrakor,

34kmsouthofPursat

58kmnorthofPhPenh

NearBatheay,northofPh.Penh

NearSamkceup,13kmsouth

ofBatheay

17kmnorthofPh.Penh

3kmnorthofPh.Koki,

14kmSouthofPh,Penh

NearNo.113

〃

SawayRolom,

18kmsouth--eastofPh,Penh

〃

Ricefield

〃

〃

〃

a

〃

ノノ

Mandarinegarden

Ricefield

〃

〃

〃

Ricefield

〃

〃

〃

〃

Grassland

Peasfield

Sugarcane

plantation

Vegetablefield

〃

Reddishorangegrey

Orangegrey

〃

Greybrown

〃

Darkgreybrown

Greybrown

Yellowishgreybrown

Lightyelloworange

〃

Lighorangegrey

Greybrown

Lightbrowngrey

Reddishorangegrey

Orangegrey

Greybrown

Lightorangegrey

Greybrown

〃

〃

〃

〃

C

C.L

C

C

C

C

C.L

C

C.L

C

S.L

C.L

S

C

L

L

U

U

U

U

C.L

S.L

UnderlayerofNo.95

TopsoilofNo.95and96

UnderlayerofNo.98

UnderlayerofNo.99

PilotStationduRiz

UnderlayerofNo.101

Manuredwithplentyofchaffashes

TestplotinStationG6n6tiqueduRiz

UnderlayerofNo.104

Uppermostlayersomewhatsticky

Marshes

Outsideoflevee(road)oftheTonleSapRiver

Alan-alan(lmperatecylindricaBEA),
submergedinrainyseason

Withhighfurrows

Marshes

Marshes

UnderlayerofNo.116

(cont'd)



Table1 (Cont'd)

Lab.

No.

Depth

cm
「

Locality
Land

α… ゴ伽 伽i Color
Soil
Classes Remarks

一
〇

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

鍛

35

1
よ

ー

0^・30

150

11

10～20

10～20

i

;

NearNo.116

Gkmnorth-westofBanam

〃

Skmsouth--westofBanam

6kmsouth-westofBanam

0^-20125kmsoutheastofBanam
}

0^-20

0～20

0^-20

0～20

30

0'-20

0--20

0^-20

0^・20

0^-20

U^-20

0.20

NearKp.Trabek,

35kmsouth-eastofBanam

WesternoutskirtsofSvayRieng

NearairportatPh.Penh

32kmsouth-westofPh.Penh

〃

38kmsouthofPh.Penh

6kmsouthofTranKhnar,

48kmsouth-westofPh.Penh

4kmwestofTakeo

16kmeastofKampot

10kmeastofKampot

8kmwestofKampot

30kmwestofKampot

Uncultivated

〃

ノノ

Cornfield

Miscanthusland

Ricefield

〃

〃

〃

〃

〃

〃

〃

〃

〃

Pepperfield

Uncultivated

Rubberplantation

G,eyb,。wnl

Yellowishgreybrown

Lightyelloworange.

Greybrown

〃

〃

Yellowishgreybrown

Orangegrey

Reddishorangegrey

Yellowishgrewbrown

Orangegrey

Reddishorangegrey

〃

Orangegrey

Lightbrowngrey

Darkgreyish
redbrown

Lightbrowngrey

Greyishredbrown

U

U

C

L

C

C.L

C

a

a

a

L

°

°
L

C

°

【b

q
)

S

a
・
te

a

U

a

Q
}

°
S

lUmfromriverside

Agr.CentredeSamrongThom,

sectioninpondunderconstruction

BelowNo.119

Submergedinrainyseason

Submergedinrainyseason

Marshes

Marshes,roadsidetoSaigon

Marshes,roadsidetoSaigon

UnderlayerofNo.127

Marshes

Marshes

Marshes

Manysaltfarmsatenvirons

Nearseashore,manured

Nearseashore

Nearseashore

Basalticsoils

S1

52

53

54

55

0^-20

0^20

0^20

100

0-一'20

10kmnorthofSnoul

5kmnorthofSnoul

NearNo.52

NearSnoul

〃

Openforest

Ricefield
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52.5

60.5

56.5

27.5

41.5

41.5

27.5

27.0

76.5

73.5

59.5

20.5

32.5

16.0

41.0

24.0

14.5

10.0

12.5

34.0

19.0

11.0

43.5

17.0

13.5

26.5

73.5

46.5

79.5

32.0

23.5

25.0

33.5

60.0

24.5

39.5

61.5

29.5

6.5

13.0

L15.815.2

C15.514.6

C.L15.61S.1

C15.214.5

L15.414.8

S.L15.915.7

S.L15.114.7

L15.114.5

C15.515.1

S.L16.315.7

C.L15.314.5

C15.414.7

L14.714.2

S15.815.2

S.L15.314.6

1.2?

2.11

1

3.38

4.01

0.42

1.69

7.49

1.69

0.21

10.16

1.90

:.

.・

6.96

6.33

15.83

4.64

16.46

10.34

4.64

9.92

10.76

9.23

3.38

15.61

5。49

4.22

6.75

14.35

Mean
1・ ・21
33.6124.242.11C.L(5.75.12.65 10.61

Basaltic

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Mean

0.20

0^・20

020

1!

0^20

60

0～20

11

11

0^・20

0.20

0^20

0^20

0^20

0^・20

0^20

0^20

0-20

0^・20

70

0^一'20

0^20

0^20

0-一'20

0^-10

0

2

4

6

9

8

0

4

7

7

8

5

2

7

1

0

5

1

3

6

2

0

0

5

9

0

7

0

1

0
0

¶⊥

2

5

6

7

5

1

9

6

5

0

2

0

5

5

0

41

1

怨

75

37

5

0

0

5

0

5

5

0

0

5

0

0

5

5

田

妬

30

60

39

%

3

22

9

7

51

9

16

3

47.5

2.5

22.0

14.0

7.0

37.O

S.0

5.0

26.0

33.0

17.3 24.6

0

5

5

0

5

0

5

5

5

5

5

0

0

5

5

7

7

9

4

7

3

6

6

4

4

0

5

6

2

1

1

1

1

3

1

1

1

1

1

16.5

21.5

29.0

21.5

13.0

32.5

2.0

10.0

39.0

31.0

6.5

36.5

52.5

30.5

46.5

.:

83.O

X1.5

74.5

78.b

34.5

81.0

68.5

90.0

36.0

76.0

49.0

64.5

SI1

40.5

93.0

85.0

35.0

36.0

18.OI57.5

a

a

S

L

C

L

C

C

C

G

C

C

L

C

C

C

L

C

C.L

C

C

C.L

C

C

L

L

i C

0

2

7

4

4

7

4

2

4

7

0

3

7

1

2

2

5

3

6

3

3

6

1

9

8

6

5

4

5

5

5

4

5

5

4

6

4

4

5

5

5

5

6

5

5

6

5

6

5

5

5.4

8

2

4

9

7

6

3

0

6

3

0

3

4

8

8

5

2

2

2

6

2

6

1

2

2

5

4

4

4

4

5

4

5

5

4

5

4

4

4

4

4

5

6

5

4

6

5

6

5

5

5.0

0.42

4.85

5.70

4.43

1.69

0.42

6.75

0.63

0.21

6.33

0.63

9.92

6.33

4.22

3.80

7.17

0.63

0.42

0.21

1.90

0.21

0.42

0.21

0.63

0.21

3.04

26.38

17.09

18.36

11.39

23.63

21.52

28.27

8.23

6.54

18.36

9.07

39.56

27.54

21.9

17.51

19.41

6.33

17.72

25.95

5.06

9.71

11.82

14.35

13.72

18.20

Sandstone

1

2

3
4

-

-

-

-

2

2

2

2

～

～

～

～

0

0
0

0

3

7

1
2

-

-

-

-

75.0

.:

75.5

81.5

10.5114.5

16.OI15.5

2.OIL2.5

6.5112.0

a

a
a

.

.

.S

S
Q
)
S

7

1

6

0

FD

〆0

5

10

2

0
/
6

7
・

5

5

4

5

1.90

0.21

2.74

0.63

7.81

6.96

8.23

7.81
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0.17

0.16

0.07

0.15

0.07

11S

11:

0.05

!1:

0.12

0.05

0.07

0.is

o.os

O.12

1.17

1.33

0.49

1.10

1・ ・

o.7s

o.sl

O.23

0.56

0.63

0.37

1・11

2.14

0.41

1.17

・

8.3

7.0

7.1

9.3

9.8

6.3

4.6

7.0

5.2

7.4

8.6

11.8

8.2

9.7

2.01

2.29

0.84

1.89

1.13

1.34

0.a7

0.39

0.9?

1.08

0.64

1.03

.:

0.71

2.01

34.99

40.11

24.28

31.29

23.44

20.74

17.90

20.83

17.62

20.92

20.92

21.70

40.30

12.78

27.77

15.26

..

3.33

8.67

1.07

2.99

1.73

1.60

16.7?

11.63

1.06

2.47

1.80

0.70

2.47

43.61

21.59

13.71

27.71

4.56

14.42

・..

.:

95.18

55.59

5.07

11.38

4.47

5.48

8.89

0.022

111・

o.ola

O.025

0.016

0.007

0.054

0.010

1!1・

o.ois

O.013

0.018

0.042

0.14ρ

0.031

o.ii 0.92 8.2 1.57 25.12 6.58. 25.01 0.040

0.025

0.021

0.001

111'

0.002

0.00i

o.00i

tr.

o.00i

O.007

tr.

0.001

0.ois

o.00i

O.003

0.013

0.013

0.003

111:

0.002

0.003

0.002

tr.

0.003

111i

O.002

tr.

111:

tr.

0.004

0.01 11!i

soils

0.04

0.i7

0.16

11:

0.24

0.08

0.33

0.06

u.06

0.i7

11'

0.22

0.16

0.14

0.i7

0.12

0.15

0.27

0.is

11・

0.25

0.18

0.23

0.20

0.21

o.is

0.37

1.49

1.30

0.61

1.70

0.62

2.30

0.48

0.41

1.47

1・1

2.7?

1.56

1.43

1.26

0.74

1.26

1.76

1.20

0.51

1.87

1.06

1.65

.,

2.36

i

1 1.52

3

6

1

8

0

4

9

8

3

9

0

6

9

9

6

4

7

4

8

4

4

9

2

3

1

9

8

8

7

7

7

6

7

6

8

1

2

9

9

7

6

8

6

6

5

7

5

7

9

1

1

ー
ム

ー

8.3

0.64

2.56

2.24

1.05

2.93

1.06

3.95

0.82

0.70

2.54

1.59

4.76

.:

2.45

2.16

1.28

2.17

3.03

2.07

0.88

3.22

1.82

2.83

3:17

4.U6

19.53

23.31

30.77

34.69

28.42

20.53

41.18

19.82

18.33

45.45

31.51

25.81

18.82

30.75

32.04

27.59

42.49

32.34

36.63

21.90

31.51

35.35

37.96

16.02

43.29

2.64

16.55

3.03

13.14

5.65

1.28

3.46

2.57

7.46

0.52

2.85

10.66

2.48

7.97

1.26

2.53

3.47

9.86

6.06

2.39

15.31

6.32

14.51

13.13

15.99

13.52

71.00

9.85

::
..

6.23

1

12.97

40.70

1.14

9.04

41.30

13.18

25.92

3.93

9.17

8.].7

30.49

16.54

10.91

,.

::

38.22

81.96

36.94

i

2.61 31.54 7.24 23.00

0.015

!11・

0.012

0.021

11・'

0・Ol6i

0.015

0.oiy

O.013

0.013

0.074

0.024

0.014

0.017

0.00s

O.004

0.029

0.077

0.osi

111'

0.015

0.oigI.
0.07

O.OU6

0.074

o.00i

o.00i

tr.

0.002

0.00i

O.001

0.00i

tr.

tr.

tr.

tr.

0.002

0.005

tr.

o.00i

o.00i

XO.001

0.041

0.025

0.019

o.00i

O.011

0.122

0.α)3

U.UO2

0.032 0.011

0.003

0.005

0.003

tr.

0.003

0.003

0.cw7

0.005

0.003

!11.

0.011

0.003

0。004

111S

lIIS

O.005

0.oii

O.II

O.032

0.013

0.ols

O.004

0.062

0.005

0.020

0.013

soils

07

10

06

07

0

0

0

0

0.51

0.85

0.46

0.5G

3

5

7
0

7

8

7
8

0.88

1.47

0.79
0.97

15.77

36.59

120.3

15.93

::

4.42

0.53

い ・4・

5.58{
12.08

2.61

8.86

0.019

0.05

0.ozi

O.009

0.002

0.005

0.00i

O.001

畿
畿

O

O

O

O

(Cont'd)
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Table2(Cont'd)

Lab.No.
Depth

cm

MechanicalComposition

Soil

Classes

pH Acidity

Gravel
Coarse
andFine
Sands

Silt clay H20 KCl

Ex・ 一

,changel

y、

xyaro一

砂"`

y1

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40
41

42

43
4b

45

46

47

48

49

SO

0^20

0-一'20

0^20

60

0^20

0^・20

40

100

0^20

20^40

111

0^20

0^16

0^'10

20^25

0～15

15^・30

0--10

30

0^20

0^-20

0^x20

20^30

0^・20

0^・20

20^-100

0^一'15

0^20

0-一'20

0-一'20

0～15

0^15

0～15

0-一'10

SO

O-一'10

50

0^・15

0^-IU

10～20

U^・IU

lO～30

0角 ・15

・0角 ゴ10

20-・-25

0～15

1.3

0.5

0.s

O.4

1.8

35.1

41.5

4.0

0.3

0.1

0.5

1.2

1.2

33.0

15.0

0.4

2.0

14.0

46.5

3.2

1

tr.

tr.

1

5.1

8.1

0.5

1.2

69.3

0.3

0.4

1.1

1.0

46.8

3.9

16.2

9.6

4.3
2.2

2.4

5.4

3.4

5.7

1.4
1

69.5

18.0

82.0

75.0

78.5

54.5

32.5

77.5

75.5

68.5

61.5

62.5

10.5

61.5

65.5

67.0

9.0

81.5

75.5

46.5

76.5

.).Q

54.5

26.0

59.0

50.0

70.5

69.0

67.0

24.0

41.0

50.0

5

5

0

5

5

0

5

0

篭

器

妬
5・
器

0

5

5

0

0

5

5

4

7

6

8

8

7.5

14.0

7.5

11.0

13.0

17.5

4.5

1

16.5

7.0

13.5

11.5

16.5

27.0

18.0

6.0

29.0

24.0

19.0

16.0

17.0

13.0

6.5

14.5

18.5

12.5

11.0

11.5

11.0

16.5

14.0

16.5

12.0

17.5

25.5

77.5

10.5

19.0

13.5

37.0

60.0

8.5

17.0

20.5

25.5

20.0

85.0

30.5

18.0

26.0

77.5

7.0

8。0

26.5

5.5

74.0

16.5

50.0

22.0

34.0

12.5

18.0

26.5

61.5

40.5

37.5

32.5
22.0

30.0

30.0

39.5

33.5

35.5

14.5

L

C

S

S.L

S.L

L

C

S

S.L

S.L

L

S.L

a

a

a

a

s

a

s

a

a

a

C

L

鉱

L

C

S

S

L

S

C

}
鉱

C

翫

L

鉦

翫
L
C

C
隻

L
臥

L
L
G

L
L
鉱

2

8

8

8

6

8

4

6

8

9

8

7

0

1

7

7

5

9

4

3

0

8

9

8

6

2

3

0

4

9

3

0
9
3

4
0
0

0
7
8

6
8
1

0
7
9

5

4

5

4

4

4

4

4

5

4

4

5

5

5

4

4

5

5

5

5

6

5

5

5

4

4

5

5

5

4

5

5

5

4

4

5

5

5

4

4

4

4

4

4
4

3

4

5

0

2

4

4

0

1

1

3

6

9

6

3

4

4

8

1

0

9

2

0

2

1

8

2

0

7

8

1

8

5

0
9

7

6

0

5

0

0

9

9

6

5
0

9

5

5

6

5

5

5

5

5

6

5

5

5

5

5

5

5

5

6

6

5

6

6

6

6

4

4

6

5

5

5

5

5

6

4

4

5

5

5

5

5

4

4

4

4
5

4

Mean

0.63

2.53

0.42

3.59

2.11

2.53

11.18

13.08

0.84

,・

7.17

0.21

1.90

0.42

2.32

0.84

0.11

0.63

0.84

1it

O.42

0.21

0.21

5.70

0.84

0.32

1.06

0.32

0.42

2.11

0.42

36.50

22.37
JAW

4.43
..

8.40

8.65

7.81
12.66

16.25

10.55
11.82

6.96

9.50

8.65

6.75

12.45

10.34

19.00

17.09

8.65

6.12

10.97

9.50

16.25

7.60

4.85

9.71

5.06

7.39

6.59,

4.22

3.80

2.95

21.94

5.70

13.29

7.39

9.92

7.17

13.93

3.59

44.10

32.07

13.93

19.00

23.42

17.09

..・

ユ2.24

27.22

43.56

19.62

25.11

レ ・6157・61・2・ ・128・8iL5.415・ ・i・ …1・ …9

T°tal

mean 17・gl40・31・9・ ・1・ …IC・LI5・6團3・ 副 ・3:14
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o.lo

O.06

11・

o.os

O.09

0.11

0.07

0.04

U.11

!1.

0.02

0.29

0.06

0.19

0.13

0.os

O。04

11'

0.04

0.12

11.

0。06

11・

0.04

0.16

11S

O.07

0.is

O.09

0.16

0.io

O.16

0.07

11S

11:

0.14

0.05

11'

0.16

0.io

O.18

11:

0.14

0.40

0.io

O15

o.s7

0.66

0.97

0.36

0.77

1.31

0.29

0.23

0.59

0.9,9,

0.19

2.47

0.42

2.18

1.53

0.57

0.21

0.72

0.32

0.s7

0.29

0.57

0.61

0.29

1.36

0.69

0.64

0.82

0.79

1.38

0.55

1.25

0.59

0.91

0.83
1.28

0.47

1.06
2.11

1'

2.05

0.67

1.81

5.36

1.33

1.60

:.

1U.2

10.7

7.2

9.6

11.8

4.0

5.8

5.3

7.3

9.5

8.5

7.0

11.6

12.2

7.0

5.0

7.9

7.a

7.9

4。8

9.5

10.2

?.3

8.7

8.1

9.1

4.4

:.

8.4

5.5

7.8

8.4

10.9

10.3

9.0

8.2

11.8

12.9

10.6

11.3

8.3

12.6

13.4

13.2

10.6

1.49

1.13

1.67

0.61

1.32

2.25

0.49

0.39

1.U1

0.76

0.33

4.25

0.73

3.74

2.63

0.98

0.36

1.23

0.55

1.50

0.50

0.98

1.05

0.50

2.33

1.19

1.10

1.41

1.36

2.37

0.95

2.14

1.02

1.57

1.43

2.20

0.80

1.83
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TABLE 3 TheComparisonofProperties

Soils
Gravel

oa

Alluvialsoils

Basalticsoils

Sandstonesoils

Totalmean

47mean

20mean

35mean

4.2

17.3

7.6

7.9

ylo
%

U

42.1

57.5

..

41.0

SoiZ

CIasses

pH

H20

C.L

C

L

C.L

i5 .7

5.4

5.4

5.6

KCl

5.1

S.0

5.1

5.1

C2Zty

Exchange

y1

2.65

3.04

4.01

3.34

xy〃o砂 一

tic

Yi

10.61

18.20

10.19

13.1

Locality,geology,]andclassification,color,soilclasses,anddepthof

samplingarebrieflyrecordedinTablelinwhichthedescriptionwasarrangedin

theorderofthefollowing,i.e.,alluvial,basalticandsandstonesoils.

II.ノ1ハ 乙4Ly7YCノ[LRESULTSoyERTHEワ 四丑)LESOL乙

Alltheanalyticaldataforsoilsamplescollectedthroughoutthewhole

provinceinCambodiaarepresentedinTable2.
Fromobservationsofthetopsoilsinthistablethefollowingconclusionsare

drawningeneral,thoughtherearemoreorlessvariationsfromsoil.tosoil.

Thechemicalandphysicalpropertiesofthesoilsaregenerallyoutlinedbelow.
SoilclassesofCambodiansoilsbelongtoaclayeyloamwithsomegravel.

Thesoilshavealowerdegreeofacidity.Totalnitrogenandhumuscontentsare

low.Carbon-nitrogenratiosshowamoderatevalue.Cation-exchangecapacityis
sufficientorgood.Thecontentofexchangeablecalciumisnormal.Thepercent-

ageofcalciumsaturationisslightlylow.Thecontentofavailablecalciumis
low,availablephosphorusandpotassiumvaluesaremuchlower.

Inshort,itwasseenasarulethataithoughCambodiansoilshavesuch

favorablefeaturesassuitablesoilclasses,weakacidity,moderateC/Nratioand
highexchangecapacity,theyareextremelypoorinavailableplantnutrients.

III.SOILGROUPSOFDIFFERENTGEOLOGICALORIGINS

AbriefgeologicalillustrationisshownontheMapatpage47.
ClassifyingthesoilsinCambodia,fromthegeologicalpointofview,they

canpossiblybedividedintothreebroadgroupsasfo1!ows:
A)Alluvialsoil(Lab.No.76-135)

B)Basalticsoil(Lab.No.51-75)

C)Sandstonesoil(Lab.No.1-50)
Alluvialsoilsoccupythebroadinlandbasins,whicharemainlyutilizedas

paddyricefields.Outcropsofbasalticrocksfromgentlehillylandsinconfined
area,asseeninthemap;onwhichtheoverlyingsoilsarecarefullycultivatedas

rubberplantationsundermodernmanagement.Sandstonesoilscompriselargeareas

intheregionsofplateaux,andmountains,surroundingtheinlandbasins,where
theyarecoveredwitheitherdenseoropenforests.

Comparingthesoilsfromthesethreegroups,theirpropertiesareasgivenin
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塾

betweenDifferentOriginsofCambodianSoils
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Table3.OnthebasisoftheresultsshowninTable3,theproperty

ineachgeologicalgroupcanbesummarizedasshowninthefollowing.

ofsoils

A)AlluvialSoils(Lab.No.76-135)

Soilclassnameis"clayeyloam"withalmostnogravel.Soilreactionis

weaklyacidtoneutralwhichshowsthelowestacidityamongstthethreegroups.

Thecontentofnitrogenandhumusismuchlessthanthatofsoilselswhere.

Cation-exchangecapacityissufficient,butthelevelbelongstomediumclassof

allgroups.Exchangeablecalciumisusualincontentandbelongstomediumlevel

ofall.Saturationdegreeofcalciumissomewhatlow,butisthehighestinevery

group.Availablecalciumcontentisnormal,butisthemaximumofall.The

contentofavailablephosphorusshowsthehighestvalueamongthethreegroups,

thoughitisdeficientinamount.PotassiumintheavailableformisextremelyFoor.

B)BasalticSoils(Lab.No.51-75)

Thenameofsoilclassisaclay,richingravel.Theacidityrangesfrom

weaklytostronglyacid.Nitrogencontentismedium,butisthehighestofal]

thegroups.Humusamountisnotenough,butthisalsoisthemaximumofall.Both

cation-exchangecapacityandexchangeablecalciumareadequate.Thedegreeof

calciumsaturationissomewhatlow.Thecontentofavailablecalciumispoor.

Phosphorusintheavailablestatusisindefect,butisthehighestclassaswell

asthatofalluvialsoils.Theamountofavailablepotassiumalsoreachesthe

maximumofallgroups,althoughthevalueisconsiderablylow.

C)SandstoneSoils(Lab.No.1-50)

Soilclassnameis"loam"withsomegravel.Theacidityrangesfromfairlyto

weaklyacid,whichissomewhatlowerthanthatofbasalticsoils.Nitrogen.and

r　umuscontentsarelow,buttheyhaveintermediatevaluesbetweenthetwo

groupsofsoil.Exchangecapacityisadcquate,butistheminimumofthethree

groups.Thecontentofexchangeablecalciumisnormal,butisthelowestofall

thegroups.Thepercentageofcalciumsaturationisrelatively]ow.Available

calciumcontentisaslowasthatofbasalticsoils.Availablephosphorusissur-

prisinglylacking,ofwhich,thelevelisonlyonetenthofthatoftheother

groups.Theamountofavailablepotassiumisverypoor,asisalsoalluvialsoils.
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TABLE 4 丁加Co〃 ψ〃 ゴso"o/Pプoperties

D)Summary

Comparisonbetweenthesethreesoilgroupswhichweremadeintermsofsoil

classes,acidity,exchangecapacityandnutrientcontent,givesusanindication
ofhowthesoilsare,inorderoffertility.Namely,thesegroupscanbeevaluated

asunder:
Inphysicalproperties,bothbasalticandalluvialsoilsareoffinetexture,

andtheirsoilclassesbelongtoaclay,whereassandstonesoilsareclassifiedas

aloam.Gravelcontentishighestinbasalticsoils,lowestinalluvialsoils,and

intermediateinsandstonesoils.

Inchemicalproperties,thedegreeofacidityisinthefollowingorder,basaltic

soils>sandstonesoils>alluvialsoils.Nutrientcontentshowstheorderof

basalticsoils>alluvialsoils>sandstonesoils.Exchangecapacityincreasesinthe

orderofbasalticsoils=alluvialsoilsandsandstonesoils.

Inshort,fromtheabovecomparisonthefollowingconclusionsarepossibly

drawnasawholewithreferencetothepropertiesofthesoils.Thatistosay,

basalticsoilsareregardedasthebestofall,inspiteoftheirsomewhatstrong

acidity.Alluvialsoilsareofsecondorder,thoughtheyhavetheleastacidityofall.

Itwouldappearthatsandstonesoilsareinthelowestclassofall,sincethere

isalowclaycontent,defectsofnutrition,andlowexchangecapacityintheir

feature,eventhoughsoilacidityisinintermediaterangeamongstthethreegroups.

IV.ALLUVIAI.SOIZ.,S(Lab.No.76-135)

AlluviumisfoundinlargeareasoftheinlandbasinsofCambodia,muchof

whichdistributeswidelyalongcatchmentareasoftheMekongRiverandaroundthe

LakeTonleSap,andextendsfaropentowardsthesouthernboundary.Inregions

thatareprotectedbyoverlyingalluvialsoils,mostoftheagriculturalresources

inthiscountryhavebeenculturedbynativesoveralongperiod.Asabovemen-

tinned,alluvialsoilshavethelowestdegreeofacidityinthewholegroupofsoils,

buttheirnutritionallevelsandfoodholdingcapacity,belongtotheintermediate

classofCambodiansoils.

Thesoilsofthisgroupcan.possiblybedistinguishedby,anddividedintothe

followingtwokindsowingtoregionalandenvironmentalconditions.
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betweenDifferentRegionsofAlluviums
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Fig.2Alluvialsoil(Lab.No.83).

Tobaccofield.River-sideoftheMekong.

Annuallysubmergedbyfloods.;km

northofKratie

Fig.1Alluvialsoil(Lab.No.77).

Ricefield.River-sideoftheMekong.

16kmnorthofKratie

Fig.4Alluvialsoil(Lab.No.90).

Ricefield.Annuallysubmergedbythe

LakeTonleSap.39kmsouth--eastof

SiemReap

Fig.3Alluvialsoil(Lab.No,i;8).

Pineforest.36kmnorthofKp.Thom
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1)AllrcvialSoilsinDifferentRegions

Comparisonsweremadeastosoilpropertiesofthefollowingfourregions

wherealluviallandswereregionallyclassified,i.e.,A)Easternregionfromthe

MekongRiver(St.Treng‐Kratie),B)EasternregionfromtheLakeTonleSap

(Kp.Cham‐SiemReap),C)WesternregionfromtheLakeTonleSap(Sisophon

‐Ph .Penh),D)SouthernregionfromPh.Penh(Ph.Penh‐SvayRiem,Takeo).

Analyticalresultsonalluvialsoilsofthefourregionsaresummarizedin

Table4.

Thecharacteristicsofthesoilsintheseregionswerecomparedwithone

anotherasthefollowing.

A)EasternregionfromtheMekongRiver(Lab.No.76-84)

Thenameofthissoilclass,asawhole,isaclaywithsomegravel.Soil

reactionshowsweaklyacidictoneutralwhichisthelowestinacidityofallthe

alluviums.Totalnitrogenandhumuslevelsarethemaximumoftheregions.

Exchangecapacitybelongstoahighclassamongsttheregions.Thecontentof

exchangeablecalciumandthepercentageofcalciumsaturationareintermediary

ofthealluviums.Availablecalciumcontentisinthelowestlevelofwhich,the

amountisonlylessthanhalfofthemeanvaluesforalluviums.Levelsof

availablephosphorusarethehighest,whichistwiceasmuchasthemeanvalues

foralluviumsandthreetimeshigherthanthatofthewholecountry.Potassium

contentintheavailablestateispoor,butitbelongstothehighestclassofall

alluviums,andalsotoahighrankamongstalltheCambodiansoils.

Fig.6Alluvialsoi1(Lab.No.93).

Bananaplantation.NearSiemReap

Fig.5Alluvialsoil(Lab.No.91).

Ricefield.BarayOccidentalIrrigation

Projects,tikmnorth-westofSiemReap
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B)EasternreigonfromtheLakeTcnleSap(Lab.No.85-一 一92)

Texturesarecoarserthanthatoftheotherregions.analthesoilisclassified

asclayeyloamwithoutgravel.Totalnitrogenandhumushavevalueswhichare

surprisinglylowerthanthoseoftheotherregions.Exchangecapacity,exchange-

ablecalcium.andsaturationdegreealso,aretheleastofalltheregions.The

amountofcalcium.phosphorusandpotassiumintheavailablestatusisverylow.

C)WesternregionfromtheLakeTonleSap(Lab.No.93-112)

Thenameofthissoilclassis:-aclaywithsomegravel.Thesoilshows

weakacidity.Nitrogenlevelsarehigherthantheaverageofalluviums.Humus

isverydeficientinamount.Thevalueofexchangecapacity,andexchangeable

calcium,showthehighestofalltheregions.Saturationdegreeofcalciumkeeps

atrelativelyhighlevels.Thecontentofcalciumintheavailableform,isas

muchastwotimestheusualcontentinalluviums.Whiletheamountofavailable

phosphorusisextremelydeficient.beingrankedthelowestofall.Thecontent

ofpotassiumintheavailablestatusisofintermediatevalue.

D)SouthernregionfromPh.Penh(Lab.No.113-135)

Soiltexturesaremuchheavierthanthoseoftheotherregionsinalluviums,

andsoilclassbelongstoaclaywithalmostnogravel.Soilacidityindicatesweakly

acidictoneutralreaction.Totalnitrogencontentisabouttheusuallevelfor

alluviums.Humuscontentispoor.Exchangecapacityandexchangeablecalcium

haveamediumdegreeofalltheregions.Saturationdegreeofcalciumhasthe

highestvalueinalluvium.Availablecalciumpertainstohigherlevelsofallthe

regions,despitethepoorness.Phosphorusintheavailableformispoor,butis

mediumofthealluviums.Thecontentofpotassiumavailableforplantgrowth

issoextremelylow,thatthelevelsaretheleastofthefourregions.

E)Summary

Fig.8Alluvialsoil(Lab.No.103).

Mandarinegarden.Northernoutskirtsof

Battambang

㎡

ま

Fig.7Alluvialsoil(Lab.No.101).

Ricefield.PilotStationduRiz.18km

northofBattambang
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TABLE 5 TheComparisonofProperties

Soils
Gravel
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Comparingthecharacteristicsofthedifferentalluvialregionsfromtheabove

description,theycanpossiblyberankedasfollows,onthebasisoftheirfertility.
ThebestregionofalluviumsisdecidedtobetheEastoftheMekongRiver,

i.e.,A)wherethehighestcontentofnutrientsandthelowestacidityareshown,

eventhoughexchangecapacityissomewhatlower.
SoilsofthesecondorderaresituatedatthewestoftheLakeTonleSap,

i.e.,C),whichhavethehighestexchangecapacityandthesecondhighestcontent
ofnutrition,butindicaterelativelystrongacidity.Soilsbelongingtothethird

classarethereforeregardedasthosesituatedonthesouthernregionfromPh.Penh.

TheeasternregionfromtheLakeTonleSap,i.e.,B)onwhichthesoils
havethelowestnutrientcontent,andtheexchangecapacityisplacedinthe

lowestclassofallalluvialsoils.

2)ノ4〃 耀,ゴα1So'1s〃 痴 θ7Diが 〃entConditions

Inlow-lyingareasalongthesouthernpartofcatchmentbasinsoftheMe-

kongRiver,therearewidespreadmarshesandswampswhicharecoveredattimes

bywater.

Themoreuppercourseoftheriveriscomposedofalluviumofrecentorigin

whichiseitherfloodedannuallyduringthepresenttimeoruptorecentyears,

muchofwhichhasbeentilledandutilizedsufficiently.

Alluviumofoldorigininsomewhathighaltitudeislocatedinfardistances

fromthepresentuppercourseoftheriverandisnowbeyondthereachoffloods.
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Fig.IOAIIuvialsoil(Lab.No.113).

Alan-alangrassland.3kmnorthofPh.

Koki,KandalProvince
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Fig.9Alluvialsoil(Lab.No.

Ricefield.River-sideoftheTonle

17kmnorthofPh.Penh
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betweenDifferentKindsofAlluvium
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Mostofthislandsstilliscoveredwithopenforestsofbroardleavedtrees,hence

lesscultivationofricecrops.

Comparingthesethreekindsofalluvium,i.e.,marshes,recent,andold

alluviums,thereisageneraltendencyasshowninTableS.

OnthebasisofthesevaluesgiveninTable5,characteristicsofeachkindof

thesoilswerepointedoutbelow.

A)MarshSoils(Lab.No.123-125,129-131)

Thissoilclassnameis:‐aclayeyloamwithoutgravel,whichhasthehighest

claycontentamongthethreekindsofalluvium.Soilreactionisweaklyacid.

Nitrogenandhumuscontentsareverylow.Exchangecapacityandexchangeable

calciumarebothsufficient.Saturationdegreeofcalciumisappreciablyhighand

showsthetoplevelamongstthethree.Availablecalciumhasasurprisinglylow

contentwhichisthelowestofalluviums.Phosphorusintheavailablestateisonly

containedinaspooraquantityasonefourthoftheaverageofalluvialsoils.

Availablepotassiumalsoisverypoorandthecontentisonlyaboutonehalfof

theaverage.

IthasbeenreportedfromtheInstituteofScience,Cochin-China,thatthis

acidityofthesoilismainlycausedbythepresenceofmuchsulfuricacid.How-

ever,T.NAGATA,etal.hasfoundthatthedegreeofaciditywasinalmostno

proportiontotheamountofwatersolubleSO4rangingfromO.382toO.004per

cent,andtheyledtotheconclusionthatsuchahighSO4contentcannotbeonly

Fig.12Alluvialsoil(Lab.No.131).

Ricefield,4kmwestofTakeo

Fig.IIAIIuvialsoil(Lab.No.116).

Vegetablefield.18kmsouth-eastofPh,

Penh
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onecauseoftheacidity.J.KOBAYASHI,makingwateranalysesofnumerous

rivers,hasreportedthefollowingresultsastothewaterqualityoftheMekong

River,atthecourserunningalongthenorthernboundaryofThailand.

(Meanvaluesforthreesites,ppm.)

pHCaMgNaKHCO3SO4ClSiOzFePO4NO3-NNH4-N
6.930.05.57.51.6110.914.76.614.10tr.0.030.04,

Asseenhere,SO4isinoutstandinglyhighconcentrationand,inaddition,

calcium,andmagnesiumalso,arecontainedinquantitywhilethecontentof

sodium,potassiumandchlorineshowslowlevels.MuchofSO4intheriverwater

mightthereforebeexpectedtoresultinSO4accumulationinthemarshsoils.

B)RecentAlluvialSoils(Lab.No.76-84,85,89-97,106,108,111,112-122,

126-128,132-135)

Atermof"clayeyloamwithoutgravel"representsthegeneralsoilclassesfor

thisso三1.Soilacidityisweaktoneutra1.Totalnitrogenandhumuscontentsstand

atthetopofthewholealluvium,despitetheirdepletion.Exchangecapacityand

Pxchangeablecalciumarebothadequateandtheyindicatethereforethehighest

levelinalluvium.Thepercentageofcalciumsaturationisintermediate.Available

calciumisrichinsomedegree,holdingthetoplevelofalluvialsoils.Thecon-

tentofphosphorusandpotassiumintheavailablestateismaximal .amongstthe

threekinds,inspiteofitspoorness.

℃)OldA〃uvialSoils(Lab.ハTo.86-88,98-105,107,109,110)

Alluviumearlydeposited,'iscalledTerresgrieses,inwhichthesoilsarenow

beyondthereachoffloodsandhavebeensubjectedtorelativelylongweathering.

Unde卜1ayerscontainsomeironrustspotsorironconcretionswhichseemto

haveresultedinleachingfromtheupper-layers.

T.NAGATA,etal.havereportedthatthetopsoilhasremarkabllyhighSiO2/

A1203ratiosbecauseoflowAIaO3content,whereasthesubsoilcomprisesmuch

ofSiOz,A1203,andFe20s,andratiosofSiOz/A1203arethereforeappreciably

lowerthan.thoseofthetopsoil.Accordingly,thetopsoilisregardedasa

sialliticsoil,subjectedtotheleachingaction.

Thenameofthissoilclassisa"clayeyloamwithoutgravel",inwhichthe

claycontentistheleastofalluviums.Soilreactionrangesfro血weaklyto

stronglyacid,ofwhichtheacidityisthehighestofallthealluvialsoils.

Nitrogencontentislessthanthatofmarshsoils.Theaccumulationofhumus

belongstotheintermediateclassofalluviums.Exchangecapacity,exchangeable

calciumcontentanddegreeofcalciumsaturationareallinthelowerdegree

amongthethreekindsofalluvium.Availablecalciumismoderateinamount.

Availablephosphoruscontentisverypoor,aswellasthatofmarshsoils.Pot-

assiumintheavailableformisthepoorestofthesekinds.
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D)Summary

Fromthefactsabovementioned,comparingthesethreekindsofalluvial

soilwithoneanother,theycanevaluatethemselvesasfollows:

Thebestistherecentalluvialsoil,becauseoflowestacidity
,highestnutri-

mentcontent,andexchangecapacity.Thesecondisthemarshsoilwhichhasweak

acidity,mediumnutrientcontent,andexchangecapacity.Thelastisdete卜

minedtob°thatoftheoldalluvialsoil;byreasonofitshighestacidity
,least

foodcontent,andlowestexchangecapacity.

V.BASALTICSOILS(Lab.No.51-75)

Areascoveredbyoverlyingbasalticsoilsarerunninginthelongbandshape,

fromnearKratieandMimottothesouthofKp.ThomthroughKp.Cham.

Theseareasonwhichmostoftherubberplantationshavebeenconcentratedare

notedasthemainplaceofsuperiorrubberproductioninCambodia.

Thesoilsareestimatedasthebestsoilofthewholecountryonaccountof

thefactthattheirnutrientcontent,depthofsoillayer,andexchangecapacity

atesignificantlyhigherthanbothalluvialandsandstonesoils
,althoughthey

havesomeweakpoints,forexample,theyarestrongerinaciditythantheother.

Basalticredsoilshavesurprisinglydeephorizonsrangingfromabout15to

l8metersontheaverage,from30toabove35metersatmaximum,andfrom

'.a)to2metersatminimum.Asthedeeplayersareveryrichinaclayfrac-

tion,theirmoistureholdingpowerissufficientlyhightoavoidthedrought.In

thecaseofextremedrynessonthesurface,thesoilmaintainsthemoisture,as

muchastobemouldedevenatthedepthof20to25centimeters.

AccordingtotheresultreportedbyT.NAGATA,etal.,SiOz/AlzO3ratios

ofunderlyingbasalticrocksnogth-westofKp.Chamwe〔e4.56,whilstthoseof

clayfractionsinoverlyingbasalticredsoilsaccountedforonlyabout1.31,

owingtodecreasingofSiOzandincreasingofA1203.Thevalueof1.31isap-

preciablylowerthanthatof1.33whichhasbeenshownasastandardforlaterite

byE.J.MARTIN,etal.(1 .927).Fromthesereasons,Y.HENRRYandT.

NAGATAgivetheconclusionthatthebasalticredsoilsaresubjectedtothe
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TABLE s Tみ θCo〃3ρ αγゴsゴo〃o∫P70ρ θ79'ゴθs

Soils

EasternregionfromtheMekong

River13mean

WesternregionfromtheMekong

River7mean

Meanfor20basalticsoils

Gravel

OO

7.4

27.3

17.3

ClayISoil
%Classes

57.4

57.6

57.5

C

C

C

pH

H20

5.1

5.9

5.4

KCl

4.7

5.7

S.0

cidity

Exchange

Yi

4.50

0.32

3.04

〃y〃o'y-
tZC

y1

22.26

11.24

1.20

weatheringundertheconditionofmedium-gradedlateritization.

1)BasalticSoilsofDifferentRegions

Areasprotectedbyoverlyingbasalticsoilsarelikelytovaryintheirfeatures

fromplacetoplace,forexample,fromtheeast,tothewestoftheMekong

River.Thesesoilswerethereforecomparedastotheirpropertybetweenthe

followingtwoareas. コ
BasalticsoilseastoftheMekongRiver:Thisregionwherethepresentstudy

hasbeencarriedoutisconfinedtoarangeofKratie‐Snoul‐Mimot‐Kp.Cham.

BasalticsoilswestoftheMekongRiver:TheycomprisearangefromKp.

ChamtonearKp.Thom.

Theanalyticaldataforthesetworegionsarecomparedwitheachotherin

Table6,fromwhichtheircharacteristicscanbepointedoutbelow.

A)BasalticSoilsEastoftheMekongRiver(Lab.No.51-67)

Texturalnameofthissoilisaclaywithsomegravel.Acidityrangesfrom
weaklytostronglyacidic,whichisthereforemuchmorehighthanthatof"B".

Nitrogenlevelsarelesspronouncedthanthoseof"B".Humusismoredeficient
thanthatof"B".Exchangecapacityislower.Exchangecapacityandpercent

ofcalciumsaturationarebothonlyonehalfof"B".Availablecalciumalsois

Fig.16Basalticsoil(nearLab.No.

60).Newrubberplantation.Southof
Snoul

Fig.15Basalticsoi1(nearLab.No.

55).Pre-arrangedrubberplantation,open
forestisclearing.NearSnoul
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betweenDifferentRegionsofBasalticSoils

N
%

0.17

0.22

0.18

C
%

1.43

.:

1.52

U

z

8.6

7.7

8.3

Humus

%O

2.45

2.89

2.61

C.E.C.

me.

30.59

33.30

31.51

Exch.

CaO

me.

4.85

11.60

7.24

Degree
CaSat.
%

15.86

34.83

23.00

vailableNutrient%

CaO

0.023

0.050

0.03

PROS

o.001

0.029

0.011

KzO

111・

0.027

0.013

ahalf.Availablephosphoruscontentisonethirdof"B".Potassiuminthe

availableformisonlyaslowasonefourthofthatof"B".

B)BasalticSoilsWestoftheMekongRivet'(Lab.No.68-75)

Soilclassname,togetherwith"A",isaclay,whilegravelcontentismuch
higherthanthatof"A".Soilreactionisweaklyacidtoneutral,whichisof

theleastacidicamongstthesoilsinCambodia.Nitrogenisappreciablyhigh,

whichbelongstothehighestclassofall.Humusishowevernotsomuch,but

pertainstooneofthehigherclasses.Exchangecapacity,exchangeablecalcium
content,anddegreeofcalciumsaturationarethehighestinthissoilthanof

allthesoils.Thecontentofavailablecalciumisrelativelythehighestlevelof
thecountry.Phosphorusandpotassiumintheavailablestatushavethehighest

content,ofwhichtheformerisfourtimesasmuchasmeanvaluesforthewhole

soilandthelatterreachesuptothethree-foldrespectively.

C)Summary

Thefindingsfromtheabovecomparisonsforbasalticsoilsarethatthereare

widevariationsinbothchemicalandphysicalsoilproperties,betweenthesetwo
basalticregions.

ThebasalticsoilswestoftheMekongRiverofwhichthecontentandhold-

ingcapacityoftheplantfoodaresignificantlyhigher,andsoilacidityismuch
moreweakthanthatoftheeasternregion.
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Fig.ISBasalticsoil(Lab.No.68).
Coffeeplantation,Agr,Expt,Station,

37kmnorth-westofKp.Cham

Fig.17Basalticsoil(Lab.No.67).
Rubberplantation,Agr,Expt,Station,

14kmeastofKp.Cham
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TABLE 7 ThePropertiesofBasalticSoils

Soils
Gravel

OO

α の ノ

00

Soil

Classes

罰一

H20

pH

i
KCl

Rubberplantationsoils7mean

Meanfor20basalticsoils

2.3

17.3

65.7

57.5

C

C

5.2

5.4

.40ゴ4z妙

Excha〃ge盈"01y-

ylly、

14.7
S.0

3.94 23.30

3・・41・8・2・

Thesoilsofbasalticoriginonthewestside:,oftherivermust,ofnecessity,

beregardedastheb°stofalltheCambodiansoilsinmanyrespects.

D)BasalticSoilsofRubberPlantations(Lab.No.55,56,62,64-67,69,79)

Mostoftherubberplantationsareundercultivationonbasalticsoilswith-

outdistinctionofregion.

Fig.20Basalticsoil(Lab.No.73).

Pre-arrangedrubberplantation.Jungle

isclearing.Half-waybetweenKp.Cham

andKp,Thom

Fig.YgBasalticsoil(Lab.No.71).

Kapokplantation。6gkmsouth-eastof

Kp.Thom

i幽

of
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%π4〃R励 δ〃PJ伽'α ガoπ

N
%

0.17

o.is

C
%

1.48

1.52

　

iz

8.4

8.3

Humus

%O

1.98

2.61

C.E.C.

me.

31.96

31.54

Exch.
CaO

me.

5.3?

7.24

'/=/

CaSat.

°0

17.84

23.00

vailableム1〃 〃zθ 撹%
o

CaO

0.033

0.032

P20s

0.004

o.oii

K20

o.oio

0.013

Theanalysisofbasalticsoilswhererubberplantsareculturedarepresented

inTable7.

Fromtheresultsshowninthetable,comparingtheanalyticaldataofthese

soilswiththemeanvaluesforbasalticsoils,thefollowingcharacteristicsare

found.

Thenameofthesoilclassisaclaywithoutgravel.Claycontentaccounts

foruptoabout67percent,ontheaverage,whichisthehighestofbothbasaltic

andothersoils.

Soilreactionisstrongtoweaklyacid.Nitrogenandhumuscontentsare

appreciablylessthanthosetheaverageofbasalticsoils.Exchangacapacity,

exchangeablecalciumandpercentageofcalciumsaturationshowcloseagreement

withthemeanvaluesforallbasalticsoils.Availablecalciumandpotassiumare

intheintermediatelevels,whilephosphorusintheavailablestatushasthecon-

tentsolowastoreachonlyaboutonethirdoftheaverage.

Fromthepointofviewofthefertility,thefollowingconclusionswithre-

ferencetorubberplantationsoilsaredrawn

Thesesoilsare,atpresent,notfertilesomuchastobeevaluatedasthe

bestsoilofall,againstexpectation.Theirnutrientcontentislesspronounced

thantheaverageofallbasalticsoils.Especially,theoutstandingweakpoints

ofhigheracidity,anddepletedavailablephosphorus.Inaddition,humus

contenttendstobeexhausted.Itseemsprobable,thattheseunfavorablefeatures

are,ofnecessity,takingplaceowingtocontinuouscultivation.

Ontheotherhand;thefactthatthisregionhasproducedhighyieldsofsuperior

rubbermaterials,becauseofmorevigorousgrowththanothersoutherncountries,

appearstobegovernedmainlybythesuperiorityofphysicalproperties,suchas

soiltexture,profile,andwaterholdingcapacity,besidesclimaticconditions.

Itcanbe,however,saidthatsincetheinherentfertilityofthe-soilhas

shownsuchveryhighlevels;thatcontinuousgoodmanagementisnecessaryto

maintainandimprovethesoilfeatures.

VI.SANDSTONESOILS(Lab.No.1-50)

Sandstoneissuperimposedoverthehighlandsandplateauxsurroundingthe
centralalluvialbasins,muchofwhichismainlycoveredwitheitherjungle,or
openforestsandisthereforerarelyusedforthepurposeofagriculturalutiliza-

tion.
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MostoftheoverlyingsoilsareofTriassicredsandstoneorigin,whilstareas

in,orclosetotheKiriromhighlandwheretheyabutonthecentralplains,are

composedofoutcropsofJurassicsandstones.

Sandstonesoils,asawhole,belongtoaloamandtheycompriseac:ay

contentsolow,asonlyaboutonehalfoftheothergeologicalsoils.Thesoils

aremoderatelyacid,butsincetheirnutrientcontentandexchangecapacityare

bothinthelowestlevelasmentionedabove,theymustberegardedasbeingof

theleastagriculturalvalue,inthecountry.

1)SandstoneSoilsofDifferentOrigins

Sandstonesoilsweredividedintotwoaccordingtothedifferenceofgeological

periodofmotherrocks.

Triassicredsandstonesoils.....areasotherthanKirirom.

Jurassicsandstonesoils.....areaofKirirom.

ThecompositionofthesetwokindsofsoilisgiveninTable8.

Thepropertiesofthetwokindsofsoilareoutlinedb°lowrespectively.

A)TriassicRedSandstoneSoils(Lab.No.1-34)

Triassicsandstonesareofolderorigin,aslongasonegeologicalperiodin

MesozoicErathanthoseoftheJurassicperiod.Owingtohighcontentofferric

ironinTriassicsandstones,theyarereddishcolored.Therefore,soilsderived

fromthesesandstonesalsoarereddishincolor.

Thenameofthissoilclassis:-aloamwithsomegravelsimilartothose

of"B",i.e.,theKiriromarea.Soilreactionisweaklyacidictoneutral,which

issomewhatloweraciditythanthatof"B".Nitrogencontentislessthan"B"

andhumusshowsmuchlowarcontent.Exchangeablecalciumanddegreeofcal-

ciumsaturationarebothgreaterthan"B".Eachofavailablecalcium,phospho一

TABLE8 TheComparisonofPropertiesbetween

Soils

Triassicsandstonesoils,24mean

Jurassicsandstonesoils,11mean

Meanfor35sandstonesoils

Gravel

OO

7.3

8.3

7.6

切

%

U

29.6

29.8

..

Soil

Classes

a

a

L

pH

H20

5

2

の

　

く

U

F
D

5.4

KCI

5.3

4.7

5.1

cidity

Exchange

y1

1.25

9.52

4.01

F1ン〃o砂 一

tic

y1

9.12

12.34

10.19

TABLE9 TheComparisonofPropertiesbetween

Soils

Junglesoils13mean

Openforestsoilsgmean

MeanforZ4Triassicsandstone
soils

Gravel

OO

3.6

18.1

7.3

切

%

V

29.0

24.0

29.6

SoiZ

CIasses

a

L

鋭

L

pH

H20

5.5

5.9

5.5

KCl

5.1

5.5

5.3

Acidity

Exchange

yi

1.89

0.7i

1.25

xydyoay-

tic

y1

10.24

10.58

9.12
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rus,andpotassium,showsnosignificantdifferenceinamountascomparedwith

thatof"B".

B)JurassicSandstoneSoils(Kiriromarea)(Lab.No.35-50)

Motherrocksonthisareaarenotredsandstones.SoilclassesofJurassic

sandstonesoils,togetherwith"A",belongtoaloamwithsomegravel.Soil

acidityisstrongerthan"A".Nitrogenhasmuchhighercontentthanthatof
"A" .Humuscontentistwiceasmuchas"A".Exchangecapacityishigher

than"A".Exchangeablecalciumandpercentageofcalciumsaturationareex-

ceedinglylowerthanthoseof"A".Availablecalcium,phosphorus,andpotassium

areequalinamounttothoseof"A".

C)Summary

Fromaboveresults,comparingthesoilpropertiesofJurassicsandstone

soilsontheKiriromareawiththoseofTriassicredsandstonesoilsonareas

otherthanKirirom,itcanbesaidthattheformerhashighercontentofnitro一

owingtoadaptableclimaticconditions

humuscontentshaveresultedinmuchnitrogenandenhancedexchangecapacity,

whilsttheyhavealsocausedsuchunfavorablepropertiesashighacidityanda

lowsaturationdegree,becauseofnoteworthyhumusaccumulation.Theamount

ofavailablecalcium,phosphorus,andpotassium,shows,however,noremark-

abledifferencesinthetwokindsofsoil.

genandhumus,andgreaterexchangecapacity,andhasasimilaramountof

availablecalcium,phosphorus,andpotassium,tothoseofthelatter,whereas

thelattershowsloweracidity,hencehigherasaturationdegreeofcalcium.

FavorablefeaturesoftheKiriromsoilsaremuchaccumulationofhumus

andabundantpineforests.Thushigh

DifferentGeneticPeriodsofSandstoneSoils

N
%

o.io

O.15

0.12

C
%

o.s7

1.70

1.15

C
面

.,

10.4

9.0

Humus

%

1.50

2.94

1.98

C.E.C.

me.

20.96

25.86

22.59

Exch.
CaO

me.

5.14

3.80

4.69

Degree

CaSat.
00

24.59

19.20

22.79

vailableNutrient°o

CaO

0.030

0.033

0.031

P20s

0.001

0.001

o.00i

K20

11!'

0.009

111・

TwoForestTypesofTriassicSandstoneSoils

0.12

0.09

0.10

1.05

0.76

o.s7

8.5

::

8.4

0

0
m●
●

-

↓

-

∴

1.50

20.41

20.91

20.96

5.70

4.58

5.14

25.57

25.42

24.59

0.02710.00110.009

0.0341traceIO.009

0.03010.00110.009
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2)Jungle-andOpenForestSoilsofTriassicSandstoneOrigin

MuchofTriassicredsandstoneareasisoverlaidwitheitherjunglesorop°n

forests.AcomparisonofthepropertieswasmadeinTablegbetweenthetwo

kindsofsoilwithdifferentforesttyp°s.

TheresultsshowninTablegareexplainedasfollows

A)JungleSoils(Lab.No.1-16 ,29,30,34)

Thenameofthissoilclassisaloamwithoutgravel
,andtextureissome-

whatfinerthanthatof"B",i.e.,openforestsoils .Soilacidityishigherthan"B",

whichshowsweaklyacidictoneutralreaction.Nitrogenismuchhigherthan

"B"inspiteofthepoorness
.Humuscontentishigher,butitispoor.Exchange

capacityissimilarto"B"andisinsufficientamount.Exchangeablecalciumis

morethan"B".Thep°rcentofcalciumsaturationisinsamedegreeas"B".

Availablecalciumismuchmorepoor.Phosphorusintheavailableformishigher

than"B",butitissurprisinglypooralso .Availablepotassiumisverypoor

similarto"B".

B)OpenForestSoils(Lab .No.17-19,22-25,28,33)

Thissoilclassissandyloamthatisrichingravel;textureistherefore

muchmorecoarsethanthatofjunglesoil"A" .Thesoilisweakerinacidity,

asawhole,than"A",thoughitindicatesweaklyacidictoneutralreactionaswell

as"A".Nitrogencontentisonlytwothirdsof"A" .Humusisinalessamo-

unt.Exchangecapacityisequalto"A"
,whichisadequate.Exchangeablecal-

ciumcontentislowerthan"A"
,butitisnormal.Thepercentageofcalcium

saturationisthesamelevelas"A"
,whichisslightlylow.Availablecalcium

contentishigher,butpoor.Phosphorusintheavailablestatusislower
,which

meansitisextremelydeficient .Availablepotassiumshowssimilarcontentto

thatof"A",butitalsoisverypoor .
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and12).Profileunder

eastalongtheroad

southofStungTreng
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Fig.23Sandstonesoil(Lab.No.5

and34).Borderofjungleandopen

forest.Leftsideisopenforest
,another

sideisjungle.27kmsouthofStung

Treng
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Itcanbepossiblysaidfromaboveresultsthatjunglesoilsare,ingeneral,

morefertilethanopenforestsoils,hencetheformerhighercontentofnitrogen,
humus,exchangeablecalcium,andavailablephosphorus,despitethesomewhat

higheracidity.

3)KiriromSoilsunderDifferentForestTypes

SandstonesoilsoftheKiriromareaweredivisibleintothefollowingfive;and

comparedwithoneanotheraccordingtotheforesttypesinwhichtheyaresituated:

A)

B)
C)

D)

E)

Thesoilson
theirchemicalpropertiesinTabl

Denseforestsonplain

Openteakforestsonhighland

Openpineforestsonhighland

Mixedforestswithpineandjungleonhighland

Junglesonhighland

whichthesetypesofforestarepresentwerecompared

e10.

asto

A)Dense/oyestonplain(Lab.No.35)

ThedenseforestsarefoundonaplainsituatedatthefootoftheKirirom

highland.

Soilclassesare"sandwithoutgravel"andthesehavethecoarsesttextureof

all.SoilacidityissignificantlylowerthanalltheotherKiriromsoils.Nitrogen

andhumusareverypoor,andbothhavethereforetheminimumofeveryforest

soil.Exchangecapacityandexchangeablecalciumarebothattheminimum,

buttheformerissufficient,whilstthelatterispoor.Thedegreeofcalcium

saturationisintheintermediaterangeofall.Availablecalcium,phosphorus,

andpotassiumcontentsarethelastinorderintheKiriromarea,andtheyare

thereforeextremelydeficient.

騨蝿蕪

Fig.26Sandstonesoil(nearLab.No.

28).Openforestwithpuddle.Northof

Kratie

Fig.25Sandstonesoil(nearLab.No.

28).Openforest.NorthofKratie
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TABLE 10 TheComparisonofPropertiesbetweenDifferentForest

B)Operateakforests(Lab.No.36,37)

Soilclassis"sandyloamwithoutgravel".Soilacidityisslightlyhigherthan

thatof"A",althoughitrangesfromweaklyacidtoneutral.Nitrogenandhu-

muscontentishigherthan"A".Exchangeablecalciumandexchangecapacity

indicatethemaximumintheKiriromarea.Thedegreeofcalciumsaturation

belongstothesecondclassinthisarea.Availablecalciumcontentisthehighest

intheKiriromarea.Phosphorusintheavailablestatusisinthesecondhighest

class,inamount,butisverypoor.Availablepotassiumshowsthehighestin

content,togetherwith"E",despiteitssignificantpoorness.
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TypesO/Kir〃0〃2(ノuyassic)SandstoneSoils

N
%

o.lo

O.12

0.13

0.14

0.28

0.is

C
%

0.55

0.92

1.4$

1.81

,;

1.69

U

I　

S.S

8.1

11,2

12.6

12.0

10.4

Humus

OO

0.95

1.58

2.55

3.11

5.98

2.94

C.E.C.

me.

18.17

37.31

25.41

27.38

18.59

25.86

Exch.

CaO

me.

2.82

9.21

2.81

1.62

2.44

3.80

D6976θ

CaSat.

00

15.52

23.30

11.22

5.92

38.64

19.20

Avai励1θNutyient%

CaO

111.

0.059

0.031

0.014

0.035

0.033

P205

0.001

0.002

trace

trace

O.003

0.00i

h20

0.002

0.olo

O.011

0.005

1/1i

O.009

D)Mixedforestswithpineandjungle(Lab.No.47)

Soilclassnameis"clayeyloamwithoutgravel",ofwhichthetextureisthe

finestintheKiriromarea.Soilacidityisstronglyacid.Totalnitrogenandも
humuscontents,andexchangecapacityallbelongtothesecondhighestclass.

Availablecalcium,phosphorus,andpotassiumaresopoorastobebelowonehalf

ofthemeanvaluesforthisarea.

E)Jungles(Lab.No.48-50)

Soilclassnameis:一"asandyloamwithoutgravel".Thesoilshavestrong

aciditywhichisthestrongestofallthesoilsofCambodia,thatistosay,their

meanvaluesforpH(HaO)andpH(KCI)are4.7and4.Orespectively.Sucha

greatlyenhancedacidityofthesesoilsisregardedasaresultofthehighaccumu-

lationofhumussubstances.

TotalnitrogenandhumushavethehighestcontentofalltheCambodiansoils.

Thehighcontentofnitrogenisrelatedtovigorousaccumulationofsoilorganic

mattersunderthecoolclimaticcondition.Exchangecapacityofthissoilbelongs,

againstexpectation,tothelowestclass,togetherwith"A".Exchangeablecalcium

hasintermediatevaluesintheKiriromarea,butitisverylow.Thepercentage

ofcalciumsaturationaccountsforitbeingthehighestintheKiriromarea.

Availablephosphoruscontentshowsittobeofthetoporderinthearea,although

stillitisverypoor.Calciumandpotassiumintheavailableformarebothsituat-

edinthesecondtopclassamongstthesoilsineveryforesttype,yettheyare

notenough.

AcomparisonofthesoilsamongstthesedifferentforesttypesintheKirirom

arealeadstothefollowingconclusions.

Soilacidityandnitrogencontentarebothraisedinproportiontothehigher

accumulationofhumus.Theirlevelsincreaseinthefollowingorder,withrespect

totheforesttype:Jungles>Mixedforests>Openpineforests>Openteakforests

Denseforestsonplain.Thenitrogencontentofthesesoilsisintherelative

orderJungles>Openteakforests>Openpineforests>Mixedforests>Dense

forestsonplain.

ThedenseforestzoneonthebroadplainrunningfromKp.SpeutoKiri-

rom,fromwhichthesoilsample"A"referedtoas"denseforestsonplain"was
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obtained,isexpectedtobeofgreatpromisefortheexploitationinfuturebythe

agriculturalexpeditionofouruniversity.Butitwouldseem,againstexpectation,

difficulttolookonasfertilesoils.Thereasonforthisisthatthecontentand

holdingcapacityofplantnutrientsaremuchlowerthanwhatwouldhavebeenex-

pectedfromthespotobservation,withtheexceptionoftheweaknessofacidity.

Theauthorsregrettosaythatthedecidedconclusioncannotbedrawnastothe

soilof"denseforestsonplain"byreasonofinsufficientnumberofsamples

obtained.

VII.SOILPROFILES

1)GeneralViewthroughouttheRegions

Cambodiansoilswerecomparedwithoneanotherastohowthevariationof

propertiesbetweentheirtopandsubsoils,withspecialreferencetothestatusof
soilconstituents,hasbeentakingplace,asshowinginTable11.

FromthedatashowninTable11,topsoilscanbegenerallycomparedwith
subsoilsasfollows

Soilclasses,gravelcontent,andpHvalues,arefoundtobeinnosignificant
variationbetweensoillayers.Exchangeacidityoftopsoilsishoweverlower,

whereashydrolyticacidityisratherhigherthanthatofsubsoils.Thecontentof
totalnitrogenandhumus,exchangecapacity,exchangeablecalcium,andavaila-

blecalcium,phosphorus,andpotassiumallindicatehighervaluesthanthose

ofsubsoils.

Inshort,itcanbesummarizedthattherearenonoticeabledifferencesof
soilclassesandaciditybetweentopandsubsoils,whilstthelevelsofnutrients

aremuchhigherintopsoilsandreachanamonutasmuchastwicethatofsub-

soils.ThesetrendsarelikelytosuggestthatCambodiansoils,generallyspeaking,
havenotasyetbeensubjectedtothepronounceddownwardleachingprocessof

nutritionalconstituentsunderordinaryconditions.

2)SoilProfilesofDiが'eventGeologicalOrigins

AcomparisonwasmadeinTable12astotopandsubsoilsofthefollowing

threegroupswhichwereclassifiedaccordingtothegeologicalunits;basaltic,

sandstoneandalluvialsoils.

OnthebasisofthedatashowninTable12,thecharacteristicsoftheprofiles

aredescribedbelow.

TABLE11 TheComparisonofPropertiesbetween

Soils

Topsoils

Subsoils

26mean

31mean

Gravel

OO

9.3

9.4

切

%

U

49.4

49.3

SoiZ

CIasses

C.L

C.Li

pH

H20

5.3

5.3

KCl

4.9

4.9

Acidity

Exchange

y1

4.44

6.47

Hy〃o砂 一

'ゴo

y1

18.13

15.54
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A)Profilesofbasalticsoils(Lab.No.53-59,69,70)

Surfacesoilsofbasalticregionwhichhasverydeepsoillayerscomprise
somewhathighercontentofclayandgravelthanthoseofsubsoils.Exchangeand

hydrolyticaciditiesaremuchstrongerthanthoseofsubsoils.Thecontentoftotal

nitrogenandhumusismuchhigher.Alsotopsoilsshowhigherexchangecapacity

andexchangeablecalcium,andcomprisehighercontentofcalcium,phosphorus
andpotassiumintheavailableform,comparedwithsubsiols.

Theamountoftotalnitrogen,humusandavailablecalciuminsurfacesoils
isthreetimeslarger,andavailablephosphorusandpotassiumaretwiceasmuch

thatofsubsoils.Theoutstandingfeatureoftheprofilesinthebasalticregionis

thefactthattherearethemostremarkabledifferenceinsoilaciditybetweentop
andsubsoilscomparedwithotherregions.Oneofthereasonsforthisseemsto
bedependantuponthehighaccumulationofhumussubstancesonsurfacelayers.

B)ProfilesofSandstoneSoils(Lab.No.7,8,10-15,1823,26,27,29,30,38
-46 ,48,49)

Thecontentofclayandgravelinsurfacesoilsissomewhathigherthanthat
ofsubsoilsaswellasinthecaseofbasalticsoils.Soilacidityshowninthe

termspHvalueandexchangeacidityisweakerthanthatofsubsoils.Total

nitrogenandhumusarecontainedmuchmore,thaninthoseofsubsoils.Exchange

capacityshowsnodifferencebetweenthetwolayers;Andthen,exchangeable
calcium,andavailablecalcium,phosphorus,andpotassium,arekeptinhigher
contentthanthoseofsubsoils.
Inshort,topsoilsofthisregionhave,ingeneral,lessaciditythansubsoils,

thisiscontrarytothecaseofbasalticregions.Thesesandstonetopsoilshave

muchhighernutritionalcontent,thatistosay,allthenitrogen,humusand

availablecalciumandpotassium,twotimesasmuchasthatofsubsoils,are
containedinthem.Comparingthesandstonesoilsoftwodifferentoriginsasto
theirprofilestheresultisshowninTable13.
Nodifferenceofnutrientmobilizationinprofileswasfoundbetweenthesoils

derivedfromsandstonesofthetwogeneticorigins.Itwashoweverfound,that
inthecaseofJurassicsandstonesonly,theexchangecapacity,exchangeablecalcium,

andavailablecalcium,werehigherintopsoilsasgenerallyseeninCambodian
soils,whereasinTriassicsandstonesoilsnovariationoftheseconstituents,be-
tweentopandsubsoilswasshown.

C)ProfilesofAlluvialSoils(Lab.No.77,78,80-83,94-96,98-102,104,
105,116,117-122,127,128)

TopandSubsoilsovertheWholeCountry

N
%

o.i7

0.07

C
%

1.37

0.59

w

iz

1

8.4

Humus

OO

2.36

1.01

C.E.C.

me.

27.49

24.02

Exch.

CaO

me.

7.56

4.86

Degree
CaSat.
00

27.50

20.23

AvailableNutrientoO

CaO

0.034

0.019

P205

0.007

0.003

K20

1/1'

0.005
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TABLE 12 TheComparisonofPro}'iles

Basaltictopsoils

〃subsoils

Sandstonetopsoils

〃subsoilS

AIIuvialtopsoils

〃su1)soils

4mean

5mean

13mean

15mean

gmean

llmean

4.3

2.0

12.6

9.4

10.2

16.7

61.6

59.0

32.8

30.6

53.8

58.4

U

U

a

a

U

U

S.0

5.4

5.4

5.2

5.6

5.3

4.7

5.1

5.0

4.9

S.1

4.8

3.59

1.52

6.59

7.44

3.15

11.25

22.00

14.'13

18.22

12.8

14.18

19.00
「

TABEL 13 TheCo〃zparisono/P/oノ ゴ1θ3between

Triassictopsoils

〃subsoils

Jurassictopsoils

〃subsoils

!3mean

10mean

mean

Smean

11.1

11.8

15.1

3.2

30.2

28.5

36.9

35.3

a

a

a

a

5.615.3

5.414.9

5.014.5

4.914.7

1.60

5.02

14.57

12.28

10.92

9.21

28.90

20.26

Inalluvialsoilsthecontentofclayandgravelismoreorlesshigherinsub-

soils,thantopsoils,thisiscontrarytothecaseofbasalticandsandstonesoils.

Lessacidityisshownbytopsoils.Totalnitrogenandhumuscontentsintopsoils,

aremuchhigherthanthoseofsubsoils.Exchangecapacityshowsnodifference

betweenthetwolayers.Thecontentofexchangeablecalcium,andavailable

calcium,phosphorus,andpotassium,intopsoilsismuchhigherthanthatofsubsoils.

Inshort,theinherentfertilityofalluvialsoilsismuchhigherinsurfacelayers,

thantheunderlayersbecauseofloweracidity,andhigherfoodcontent.The

amountofnitrogen,humus,exchangeable,andavailablecalcium,heldintop-

soilsishalfasmuchagainasthatofsubsoils,andphosphorusintheavailable

statusamoutsuptothethree-foldthatofsubsoils.

VIII.AMELIORATIONOFCAMBODIANSOILS

1)AmeliorativeManagementfortheWholeSoil

Cambodiansoilsvaryintheirnaturalfertilityfromhightolow,mostof
whicharenotregardedatpresentassoilshavingahighagriculturalvalue.There

arethereforeevensomesoilswherethefertilityissolowastolimitinsome

degreetheirproduction.
Thepresentyieldsonthesesoilsarelikelytobedominantlydependantuponthe

climaticcondition,suchashightemperaturesratherthanthatofthesoilfertility.

However,withcarefulmanagement,especiallythecarefulcroppingandthe

judiciousapplicationofsuitablefertilizers,bothfertility,andproductivity,can
beimprovedtosatisfactorylevels,-togetherwiththecombinedeffectofthehot
climate.
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between1万 ノァBrentOriginsoプSoils

N
%

0.23

0.07

0.14

0.07

0.13

!1:

C
%

1.62

0.53

1.54

0.62

0.95

0.63

C

N

7.0

7.G

11.0

8.9

7.3

7.9

Humus

%O

2.79

0.91

2.65

1.07

1.63

1.08

C.E.C.

me.

3.22

23.05

21.00

21.30

27.26

27.71

Exch.

CaO

me.

12.19

5.37

3.16

2.40

7.33

5.31

D29ノ θθ

CaSat.

00

35.62

23.30

15.05

11.27

26.89

19.16

vaia∂leハnutrient%

CaO

0.044

0.016

0.032

0.024

0.026

0.016

P205

0.007

0.004

0.00i

trace

0.014

0.005

K20

o.oii

O.005

111・

0.004

1112

0.007

●

TwoDifferentOriginsofSandstone5"oils

N
%

o.li

O.06

0.19

1!:

C
%

1.04

0.49

2.34

0.88

C

N

9.5

8.2

12.3

11.0

Humus

OO

1.79

0.84

4.02

1.51

C.E.C.

me.

22.98

23.49

27.83

16.91

Exch.

CaO

me.

3.19

3.14

3.12

0.92

Degree

CaSat.
00

..

13.37

11.21

5.44

vaaaaNutrient°o

CaO

0.029

0.026

0.036

0.022

P205

o.00i

trace

o.00i

trace

K20

0.007

0.003

0.U12

0.007

TABLE 14 AmeliorativeindicationstoCambodiansoils

GeologyandRegion Aoゴ4づ砂 N Humus
Available

CaIP K

ハleedOf

liming

Need°f'Need°f

manuyingloyg.sub.

Needo/Needoノ
●o

manuring〃aanurang

Needof
●

manurang

Overthewholecountry 十

Alluvialsoils 十 十

EastoftheMekong

(St.Treng‐Kratie)
EastoftheTonleSap

(Kp.Cham-SiemReap)

WestoftheTonleSap

(Sisophon-Ph.Penh)

SouthfromPh.Penh

(Ph.Penh-SvayRien-
Takeo)

十 十 十

十 十

十 十

Basalticsoils 十

East°ftheMek°ng+++

(Kratie-Snoul-Kp.Cham)
WestoftheMekong

(Kp,Cham-Kp.Thom)

Rubberplantations 十 十 十

Sandstonesoils 一t一 十 十

十 十 十

十十 十 十

十 十

十 十 十

十 十 十

十 十 十

十 十

十 十

十 十

十 十 十

十 十

十 十

十 十

十 十 十 十

Triassicredsandstones
Jurassicsandstones
(Kiriromarea)

'

十 十 十

十 十
i
十 十 十 +

+

+

+

十十十 十十十

十 十 十 十 十 十

十

十 十 十

十 十 十

十 十

十 十

十 十 十

十 十 十

十 十 十

十 十十 十 十

十 十 十

十

十 十 十

十 十 十

十

十 十 十

十 十 十 十 一1-十

十 十 十

十 十 十

+

+

+

+

+

+

十 十 十Essential,十 十Highneed,十Need.

■
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ThemostoutstandingweakpointofCambodiansoils,consideredasawhole,

isanextremedeficiencyofavailablephosphorusandpotassium;andthesecond

pointisthatmostofthesoilsarepoorinnitrogen,humusandexchangeable

calcium.

Toincreaseproduction,therefore,theheavyapplicationofphosphaticand

potashfertilizersisessential;atthesametime,theadditionoflime,and

nitrogen,arenecessaryirrespectiveofmanurialform.

2)ル7anagementノ'oytheSoゴ1s{ゾDゴ 加7θ 撹GeologicalOyig勿s

Thenecessityofameliorativemanagement,

thesoilgroupsofdifferentgeologicalorigins

Table14.

andthefertilizingrequirementof

areconclusivelysummarizedin

SUMMARYANDCONCLUSIONS

Thepresentstudywascarriedoutwithsoilswhichwerekindlysupplied

bytheagriculturalexpeditionofouruniversitywhoweredelegatedtoCombodia

in1957.Thesoilsusedwerebroadlycollectedfromallprovencesofthecountry,

inwhichthesamplesincluded103surfacesoils,and32subsoils.

Physicalandchemicalproperties,suchascolor,texture,soilclasses,pH

values,exchangeandhydrolyticacidities,nitrogen,organiccarbon,humus,

carbon-nitrogenratio,exchangecapacity,exchangeablecalcium,degreeofcalcium

saturation,andavailablecalcium,phosphorus,andpotassium,wereexamined

fromallthesoilsamples.

ThedescriptionofeachsamplingsiteisshowninTable1.Analyticaldata

foreachofsoilsoverthewholeareaaregiveninTable2.

Cambodiansoilswereclassifiedtothreegroupsonthebasisofdifferent

geologicalorigins,thatis,basaltic,alluvialandsandstoneorigins.Thesethree

groupsofsoilwerecomparedwithoneanotherinTable3.'

Then,alluvialsoilsinwhichthefollowingfourdivisionsweredividedby

thedifferenceofregions,arelistedinTable4,thatis,easternregionfromthe

MekongRiver,easternregionfromtheLakeTonleSap,westernregionfromthe

LakeTonleSap,andsouthernregionfromPh.Pznh.Owingtothedifferences

ofeithergeneticrelationship,orenvironmentalconditition,thealluviumwas

dividedintothree,i.e.,marsh,recentalluvium,andoldalluvium,ofwhichthe

characteristicswerecomparedinTable5.

Basalticsoilsalsoweredividedintothetworegionsoftheeast,andthewest

oftheMekongRiver,andtheirdistinguishablefeatureswaspresentedinTable

6.Andfurther,soilsofbasalticorigin,beingunderrubberplantation,were

consideredinTable7,astotheirspecialcharacteristicsincomparisonwiththose

ofotherbasalticsoils.

■
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Accordingtothedifferentgeneticperiods,thetwokindsofsandstonesoilin
thecountrywererecognized-TriassicredsandstoneandJurassicsandstonesoils.
TheirchemicalandphysicalpropertiesareindicatedinTable8.Jungle-andopen
forestsoilsofTriassicredsandstoneoriginshowedinTableghowtheirpro-

pertiesarealikeandyethowtheydiffer.Atthesametime,sandstonesoilsof
JurassicoriginontheKiriromareawerecomparedwithoneanotherinTable10
accordingtothedifferenceofovergrowingforesttypes.
Astohowthevariationofconstituentsbetweentopandsubsoilshasoccur-
red,soilprofilesoverthewholeregionwereobservedinTable11.Andthena
comparisonofprofileswasmadeinTable12amongthethreegroupsofsoil
withdifferentgeneticorigins.
AsimilarcomparisontotheabovewasmadeinTable13betweenthetwo
kindsofsandstonesoilofTriassicandJurassicorigins.
ItisnotpossiblefromtheseresultstosayconclusivelythattheCambodian
soils,asawhole,areofadequateinherentfertility:eventhoughtheyareunderthe
conditionofasuitablephysicalnature,lowacidity,andsufficientfoodholding
capacity,theirnutrientlevelsshouldbegenerallybynomeatushighlyevaluated,
becauseoftheextremedeficiencyofavailablephosphorus,andpotassium,and
thepoornessofthenitrogencontent.
Comparingthesoilsofthedifferentgeneticorigins,therearewidevariations
betweentheirproperties.Inphysicalproperties,thesoilclassnameofbasaltic
soilsis"clay",alluvialsoils"clayeyloam"andsandstonesoils"loam".
Inchemicalproperties,acidityisintheincreasingorderofbasaltic>sand-
stone>alluviaIsoils.Nutrientcontentshowstheorder-ofbasaltic>alluvia1>
sandstonesoils.Nutrientholdingcapacityincreasesintheorderofbasaltic=
alluvial>sandstonesoils.
Asaresultofthis,basalticsoilsareregardedasthebestsoilofall,de-
spitetheirmoreorlessstrongacidity.Alluvialsoilsareofintermediatefertility,
whilesandstonesoilsbelongtothelastclassofall.
Basalticsoilsweredividedintotworegionsaccordingtotheirlocalities.The
soilsoftheregionwestoftheMekongRiveraremuchmorefertilethanthe
soilseastoftheriver.
ThebestregionamongalluviumsisthatwhichliestotheeastoftheMekong
River,andtheregionofthesecondorderisthatwhichliestothewestoftheLake
TonleSap,andnextisthesouthernregionfromPh.Penh,andthelastinorder
inalluviumsisgiventotheeasternregionfromtheLakeTonleSap.
SandstonesoilsweredistinguishedintotworegionsoftheTriassicandJura-
sicpzriods.TheJurassicsandstonesoilswhicharesituatedontheKiriromarea
haveahighercontentofnitrogenandhumus,andagreaterexchangecapacity
thanthoseoftheTriassicorigin.WhiletheTriassicredsanstonesoilsshow
loweracidityandahighersaturationdegreeofcalciumthanthoseoftheJura-
ssicperiod.However,regardingtheavailablecalcium,phosphorus,andpotas-
sium,eachshowsnoremarkabledifferenceofamountbetweenthetwokindsof
soil.
SomeindicationsforameliorationofthedifferentkindsofCambodiansoil
werelistedinTable14.
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摘 要

カ ン ボ デ ィ ア 国 土 壌 の 物 理 的 及 び 化 学 的 性 質

佐 伯 秀 章 ・岡 本 昌 雄 ・東 順 三

井 上 博 文 ・滝 内 雅 宏 ・樽 味 宏

昭和32年(1957)1月 、 カンボディア国農業

調査団として、教授佐藤孝 ・助教授高山敏弘

の両氏を本学より派遣し、全土に亘って調査

と資料の蒐集を行った。本研究に用いた土壌

試料は両氏によって採取され、農林大臣の認

可のもとに本学土壌学研究室にもたらされた

ものである。

採集試料は力国内の全州に亘る広範囲のも

ので、そのうち表土103点 、心土32点 につい

て分析を行 った。実験項 目は,土 色 ・粒度分

布 ・土性 ・pH(水)・pH(KC1)・ 置換酸度

・加水酸度 ・全窒素 ・有機炭素 ・炭素率 ・腐

植 ・置換容量 ・置換性石灰 ・石灰飽和度 ・有

効性の石灰 ・燐酸及びカリなどの 測定 で あ

る。

土壌採集地点は地図に示してあるが、国内

の主な地質を網羅 し、沖積層 ・玄武岩 ・砂岩

の3大 地質系統のすべてに亘っている(第1

表参照)。 国内の全地質系統について、一貫

して比較を行った文献はないので、その意味

に於て、また分析‡壌の数の多い点に於て、

この報告は今後の力国農業の資料として役立

つものと考えられる。更に深い研究を力国土

壌について進める計画を持つている。

この研究で得た結果の大要は次のようであ

る。

(1)力 国土壌全体の通覧:第2表 参照。

粘土含量は平均約40%で 、土性は礫を含む埴

壌土である。酸度は弱酸性、窒素と腐植は少

い。炭素率は8.5で まず適度。置換容量は高

く十分。置換性石灰は普通。石灰飽和度はや

や低い。有効性石灰は少 く、有効性燐酸とカ

リは極めて少い。結局力国の土壌は、長所と

して、物理的性質の良いこと、酸性の弱いこ

と、および養分の吸収力が高いことなどが挙

げられるが、然し養分含量は一般に低 く、特

に有効性の燐酸とカリに極端に乏しく、また

窒素が少いことなどのために、決して高 く評

価することはできない。勿論次に述べるよう

に、地質系統の差によつて、土壌の良否は非

常に違つている。

(2)沖 積土壌:第3表 参照。この土壌は力国

中央部の盆地を形成 している、米作の中心地

である。粘土含量42%。 土性は礫を含まぬ埴

壌土。弱酸性一中性で、各地質中最 も酸性は

弱い。窒素と腐植は少 く、各地質中最少。置

換容量は十分で、各地質中の中位。置換性石

灰は普通量で各地質中の中位。石灰飽和度は

やや小さいが、各地質中では最高。有効性石

灰は普通量であるが各地質中では最高。有効

性燐酸は乏しいが各地質中では最高。有効性

カリは極めて乏しい。

(3)玄 武岩土壊:第3表 参照。コンポンチヤ

ムの北西から、東に向つて帯状に分布 しゴム

園の中心地をなし、森林が多い。粘土含量は

58%。 土性は礫に富む埴土。明一弱酸性で、

砂岩土壌とともに、沖積土壌よりも酸性は強

い。窒素は普通量で各地質中の最高。腐植は
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やや乏 しいが最高。置換容量は十分で最高。

置換性石灰は豊富で最高。飽和度はやや小。

有効性石灰 ・燐酸 ・カリ何れも乏しいが、そ

れでも燐酸とカリは各地質中で最高である。

(4)砂 岩土壌:第3表 参照。中央盆地の周辺

部をなし、主に疎林 ・密林をなしている。粘

土含量は29%。 土性は礫を含む壌土で各地質

のうちでは最も粗な土壌をなす。明一弱酸性

で玄武岩土壌と大体同じ。窒素と腐植も乏し

いが各 地質 中の中位。置換 容量は十 分で最

高。置換性石灰は普通量であるが各地質中の

最少。飽和度はやや小。有効性石灰は乏しく、

玄 武 岩 土 壌と同程度。有効性燐酸は極めて

欠乏し、前2者 の地質のものの%以 下、有効

性 カリも非常に乏しく、沖積土壌と同程度で

ある。

(5)沖 積層 ・玄武岩 ・砂岩の土壌の比較

酸 性 は 玄武岩土壌〉砂岩土壌〉沖積 土壌

養分量は 玄武岩土壌〉沖積土壌〉砂岩土壌

置換容量は 玄武岩土壌〉沖積土壌〉砂岩土

壌の順である。結局、玄武岩土壌は酸性はや

や強いが、最良の土壌で、沖積土壌は酸性は

最も弱いが第2位 、砂岩土壌は酸性は中位で

あるが、養分に最も乏しく、置換容量も最小

であるため、最下位の土壌と見なされる。

(6)地 域別の沖積土壌:第4表 参照。4地 域

に分けて比較すると、沖積土壌中の最良の土

壌は、プノンペ ンより上流のメコン河東側の

河 沿いの沖 積地である。面 積は余り広くな

い。これは置換容量はやや低いが、酸性は最

も弱く、また養分は 沖積 地のうちで最も多

い。第2位 は米作の中心地をなす湖西の沖積

地で、酸性は比較的強いが、置換容量は最大

で、養分含量は沖積地中の2位 である。第3

位 はプノンペン以南、国境までの沖積地であ

る。最下位は湖東の沖積地で、養分含量も最

も乏しく、置換容量も最小である。

(7)環 境別の沖積土壌:第5表 参照。

沖積地を低湿地 ・新期沖積地(毎 年河水また

は雨水の濠水する地域)・ 古期積沖地(氾 濫を

もはや受けないやや小高い地域)に 分けて比

較すると、最良の沖積土は新期神積地の土壌

で、酸性は最も弱 く、養分と置換容量は前者

に次ぐ。最下位は古期沖積地で、酸性が沖積

地のうちで最も強く、養分と置換容量は最も

低い。この土壌は相当に溶脱を受けている。

(8)地 域別の玄武岩土壌:第6表 参照。

これをメコン河東側地域と西側地域に分けて

比較すると,そ の性質に甚だしい差が認めら

れる6す なわち、西側地域のものが優良で、東

側地域に比べて酸度は遙かに低 く、各養分も

置換容量も極めて高い。メコン河の西側地域

の玄武岩土壌は力国の最良の土壌をなしてい

る。

(9)ゴ ム園土壌:第7表 参照。大部分のゴム

園は玄武岩土壌に集中し、しかもその多くは

河東地域であるが、河西地域すなわちコンポ

ンチヤムの北西にもある。これらのゴム園の

土壌は強一弱酸性で玄武岩の 平均 よりも強

く、窒素と腐植は平均よりも低い。置換容量・

置換性石灰 ・飽和度などは平均と大体同じ。

有効性石灰やカリも平均と同じであるが、有

効性燐酸は極めて乏 しく、平均の%に すぎな

い。これによるとゴム園土壌は世評ほどには

肥沃でな く、養分含量は玄武岩土壌の平均値

よりやや低 く、ことに酸性が強いことと、有

効性燐酸の欠乏が目立つ。また耕作に伴 う腐

植の消耗や地力減退の傾向がみられる。今後

の管理に注意が必要である。

⑩ 生成年代別の砂岩土壌:第8表 参照。

力国の砂岩には中生代三畳紀の赤色砂岩と、

ジユラ紀の砂岩とがあつて、前者は沖積盆地

の周辺に広 く分布し、後者はキ リロム高地附

近に局限されている。いずれも疎林やジャン

グル地帯をなし、農業的にはまだ殆んど利用

されていない。

三畳系の赤色砂岩壌土と、ジユラ系の砂岩

土壌とを比較すると、三畳系のものは、土性

は礫を含む壌土で、ジユラ系のものと同じで

ある。酸度は弱酸性一中性でジユラ系よりや

や酸性は弱い。窒素はジユラ系より少 く、腐

植はジユラ系より非常に少い。置換容量はジ

ユラ系と同程度であるが、力国中では最小で

ある。置換性石灰や飽和度はジユラ系より高

い。有効性石灰 ・燐酸 ・カリはいずれもジユ

ラ系と同程度であるが、欠乏している。
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他方、キリロム地方のジユラ系砂岩土壌の

特徴は、気候条件と、松林の多いことのため

に腐植の集積が多いことであつて、そのため

に窒素や置換容量は三畳系よりも高いが、反

面、酸性が強 く、飽和度が低く、置換性石灰

に乏 しい欠点がある。有効性養分の含量は両

者に差は見られない。

⑳ 林型別の三畳系砂岩土壌:第9表 参照g

三畳系赤色砂岩土壌を、疎林とジヤングルの

2つ の林型に分けて比較すると次のようにな

る。

ジヤングル土壌は、土性は礫を含まぬ壌土

で、疎林土壌の礫に富む砂壌土に比べて多少

密である。酸度は弱酸性一中性で疎林土壌よ

りもやや酸性が強い。窒素 ・腐植は疎林土壌

よりも遙かに多い。置換容量 ・石灰飽和度は

疎林土壌と同程度。有効性石灰は疎林土壌よ

りも少いが、有効性燐酸は疎林土壌よりも多

い。しかし絶対量は極めて欠乏 している。有

効性 カリは疎林土壌と同程度であるか、やは

り絶対量は極めて乏 しい。

結局、ジヤングル土壌は疎林土壌よりも、

酸性はやや強 く、有効性石灰にも乏しいが、

窒素 ・腐植 ・有効性燐酸の含量が高 く、全般

的にみるとジヤングル土壌の方がす ぐれてい

る。

⑫ 林型別のジユラ系(キ リロム地方)砂 岩

土壌:第10表 参照。キ リロム地方を、麓の平

地の密林と、高地にあるチークの疎林、松の

疎林、松とジヤングルの混濡林、およびジヤ

ングルの5つ に分けて、それらの土壌を比較

すると、酸度 ・窒素 ・腐植は、ジヤングル〉

混渚林〉松疎林〉チーク疎林〉平地密林の順

序で、他の養分の含量はジヤングル〉チーク

疎林〉松疎林〉混清林〉平地密林となる。

コンポンスプーとコンポンソムの間にある

平地の密林地帯は、調査団によつて今後の開

発に有望であろうと期待されたが、土壌の性

質は良好ではなく、キ リロム高地の土壌に遙

かに劣るようである。しかしこの平地密林地

帯の採集土壌の点数が足りないから、決定的

な結論は下し得ない。

㈹ 土層断面の通覧:第11表 参照。力国の各

土壌を表土と心土に分けてその性質を比較す

ると、全般的にみて、表層土は下層土に比べ

て次のようである。

土性や礫の含量には、表土、心土に差はな

く、またpHに も差はない。置換酸性は表土

の方が弱いが、加水酸性は逆に表土の方が強

い。窒素 ・腐植は表土に多いが、炭素率はや

や表土が低い。置換容量 ・置換性石灰 ・有効

性石灰 ・燐酸 ・カリはいずれも表土が高い。

結局、土性と酸度は表土と心土の間に殆んど

差はないが、養分はみな表土に多 く、心土の

約2倍 に達している。

ω 地質別の土層断面:第12表 参照。玄武岩

・砂岩 ・沖積層の3つ の地質系統別の土壌の

表土と心土を比較すると次のようである。

玄武岩土壌の表土は心土に比べて、粘土分

と礫はやや多く、酸性は強い。窒素 ・腐植は

多 く、心土の3倍 に達し、置換容量 ・置換性

石灰も多く、有効性石灰 ・燐酸 ・カリは心土

の2倍 程度に多い。玄武岩土壌の心土の酸性

は、各地質系統の心土のうちで最 も弱いにも

かからず、玄武岩の表土は最も酸性が強いと

いうことは注目すべき事実である。

砂岩土壌の表土は心土に比べて、玄武岩と

同様、粘土分と礫はやや多い。酸性は概 して

表土の方が弱く、窒素 ・腐植は心土の2倍 に

達 し、置換性石灰 ・有効性石灰 ・燐酸・カリ

も表土が遙かに多い。また砂岩を三畳系の赤

色砂岩とキリロム地方のジユラ系砂岩とに分

けて、表土と心土を比較すると第13表 に示す

ように、表土と心土の間の性質の相異は、ど

の砂岩土壌も殆んど同じ傾向にある。

沖積土壌の表土を心土と比較すると、他の

地質系統の土壌と反対に、表土の方が粘土分

と礫が少い。酸性は砂岩土壌と同様に表土の

方が弱い。養分も表土が高く、窒素 ・腐植 ・

置換性および有効性石灰は心土の1.5倍 に達

し、有効性燐酸は心土の3倍 で、有効性カリ

はやや多い。

㈲ 管理対策:第14表 参照。全土壌を通 じて

一般的にいえば、燐酸とカリの施用は絶対に

必要であり、有機物の増成と窒素 ・石灰の導

入も考慮すべきである。

更に各地質系統別の土壌や、地域別の土壌

につき、施肥の必要度を表示した。
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