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PROBLEM SOILS AS POTENTIAL AREAS FOR
 
ADVERSE SOILS-TOLERANT RICE VARIETIES IN
 

SOUTH AND SOUTHEAST ASIA
 
(icrhild Boic-Klcin/ 

AWS I RAU I 

The available data on problem soils (saline, sod ic, acid stulfate, and organic 
soils) in South and Southeast Asia are assessed to focus rice breeding for 
adverse soils tolerance on areas with the greatest potential and demand. The 
information prescnted lo- each country consists of definitions, classificalhon 
(according to national or international systcis). extent. and, wherever 
possible, a 1 I be relcvancc of problem soil classil,.ation to rice culture ismap. 
lso considered. Intormalion on geceral land use in the areas concerned, 

current and potential tli/atio0 or ricc cullivation, the rice growling 
environment, Illa .gmeLnIt of t1eC pI ThlClr flctol(s), alild Itlrrc1 arid-rtel plans 
is given. 

Recent soil maps shos saline. Sodic. acid sulfalc. and organic soils 
occupying about 58 m1illion ha in S1u1h and So ultheaSt A\sia. Ihose soils 
generally unstl iblh - 1o1 e C 'lti atioil ill c 'cltudcd. as,,a.c soils with 

[ii t rlot Csscntial.relatively favo)r'able conlitions 'lhcre aldst rs roleice Is 
Furthcrtmore, the dCrllarrd lor rice Ctlltiaitil on pulo lcil soills is limited by 
various factors, so that the potcntili areas lot adverse soils-tolcaut rice 
varieties including areas \vhcrC such iicCs rna\ be gLros\n duririg i land 
reclamation phase total righly 23 nillion, ha. [he laigest itent ial areas for 
saline and sodic soil-tolerant \arieti s occur in Irdia aoid Pakistan, those for 
acid sulfate soil-tolerant varieties in Vietnam, and those for organic soil­
tolerant varieties in Indonesia. 

Formervisiting associate soil scienist, Soil Chemistry )eparment. International Rice Research Institute, P.O. Box 933, Manil, Philippines (current
address Ahornweg 20, 5340 Bad Honnef 1. Federal Republic of Germany. 
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PROBLEM SOILS AS POTENTIAL AREAS FOR

ADVERSE SOILS-TOLERANT RICE VARIETIES IN
 

SOUTH AND SOUTHEAST ASIA
 

Among problem soils, sal;ne, sodic, acid sulfate, and 
organic soil, werc selected for their potential suit abilits, 
for wotland rice cultivation. Dcvelopmcnt of lhigh-yielding 
rice varieties tolerant of these soils holds promisc t'or 
increasing rice production in halldcapl)Cd ar Cas. B3recding 
activities shoutlf(d lciul. oilt si11SOlith and Southeist 
Asia having thle g~oalet demand ard the greatest 
potential. Blltutal , and laos are excluded lrlotl
this 

discussion because none of these problem soils occur 
there. 

Saline. sodic, acid sulfaltC, aid r-g;.inICesoils. atrC dealt 
with as gencra soil tYpes. [heir valriability with recard to 
single or riirltile stress factors (trienit deficiencies OF 
toxicitics) is rIo conIsidlered becLiSC of the lack of 
information on locatin-specifl, Stress sets and their' 
extent. Research onlprincipl Stress combinations has 
been carried out by Akhar aind Pot.hnamperurnia (I), 
IlilleRisLambers (3), aid Neuc aind iih (5). 

SoHi data arc recorded on itcount- basis arind are rnot 
always comparable. Ii.olni coutttriCs trot all of thc 'o.r 
problem soils arc recogii/,ed d iapped olna1national 
level. Sometimes problem ,oils are mapped only il 
association with either nonprobleni soils (e.g., saline-
nonsaline soils) or ither problem soils (e.g., salinc-sodic 

soils). Overlapping of' p-oblcm soils Is comoill dry 
areas (salinC-sodiC soils) as sll is in coastal rerliyts 
(sti Ie-aiCd soI fate-orei ils Is Variois cimhila-

(from irrigation or monsoon rains), soil probJems disap­
pear and the areas bectome most suitable for wetland rice. 
flt, becatuse mionsoo ri rain fall is variable, adverse soils 
tolerance is still required in large areas. 

For th, assessilntll of the potential areas for adverse 
soils-tolcrnt rice varioties, infrrritation ol the actual Ilind 
Itlurc ind use of pioblei soil areas ssaigitlheCed. IIle 
presCnt situation is o1tlined by datla oi gcll'all land use, 
urili/aioO icecultivation, Iice gr1,inc ng iroflicitll, 
llil a liaigellci of the probilcm lactolrs. Some Special 
requiremntlsll fromit aILd\e'rsC soils-toleriallt ric' varieties in 
different countries ic mecntioncd, hit others Must be 
deterrmiined in detail v plant hiccder,. 
"wo prospctls for tilecultivation of adverse soils­

tolerant rice variccs exist. Bcsides tiledertaid fol long­
term annual cropping of problem soil a Sra,sich rices are 
also favoredI as Itemlporaiy land-rchlarlatioli crop. 
Alternat!iv plans considcred by various countries are 
discussed. 

(t I -Itt(A It0N )F 'Rt t1,l1%)IItS 
Although the terms SalIne, Sodi, acid Sulfate, and Organic 
sls a e r e ,i.ir diniioid clasifon 
si;ire distinictly dificrieni amllong t.omtllrl c,,. Several Lttltlita­
iedsiel-dffrn mn otntr e.Svrlqu~rIt c (nlttional or State soil series, based olnsoil inorpho­logy) and quantitative (Soil taxonomy 19] and FAO-Uneseo 
legend [71) system s as well as transitions (correlations of 

tio us). 
For- each oirtr. tlie defiriiori, classification, and both) arc used. In the last decade there has been a tendency 

extent of problem soil areas arc givern accordiig to the to adopt the international classification systems. TheASEAN countries decided I avor of Soil taxoromy, whilen fi~ fSi aooy hl
Most recent suitable national Soil map. ihe extent is notequtivalent to futuore rimclrd. The suitabhility oflthese soils BumussteFOUsolendCq~i\'I]Clt10d. lit-1112l'iclahesuiabiityoftheesolsThe Soil nalmes of, Internattiontal terminologies (whichand their eiviroinlnts or cultivation of at least one rice 
crop per year is variable. Three categories may beeif 

recognized:soilrcgi :or 
" non rice prorblerm soils. w\here li mitat iorns are very 

sevcrc and inhibit rice ctltivatiorr: 
* problem rice soils, whcre sight to moderate limita­

tions could hc-omit pen.sateul by adverse sois-tolerant 
rice varieties: aild 

• nonprohlern rice soils, where adverse soils tocrance 
isriot essential. 

rite mos. important constraint for wetland rice Cetii-
tion on saline, sodic, and alcid stilfate soils is lack of water 
(or poor water control). The adve'rse effects oflthese soils 
are secondary and appear only weln tle water supply is 
inadequate for rice cultivation. Under abundant water 

[e i I 
are given preference ir the cahs correlations) areexplained in the follming paragraphs, while the nationalrelcdsu.,di h ottyrprs
state sSeries Mdissd Inl thle coutry reports. 

The FA() teris for soil units and phascs derive directly 
from the legend of tIe I-\0-t-I nresco soil map oft lie world 
(7). 

Soil taxonomy (9)o llows athierarchical system (order, 
suborder, great group. ;ibgrotip, farrilv, series, and soil 
type). The soil nanes arc conposed of forruative elenents 
at the different levels, tire last syllable referring to the 
order, the penu2ltiaaltei syllable to the suborder, and the 
first one or two syllahles to the great group to which the 
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soil belongs. Subgroups are indicated by an adjective variations are considered. The saline phase is applied 
preceding the term. For easier understanding of the mainly in Fluvisols (recent alluial soils) and Gleysols 
rclevant parts of the terminology, a simplified version in (waterlogged soils). The respective units are Eutric 
common language is used. (fertile) and Calci 'ic(Ca-rich) in both, as well as Humic 

Information from sources other than Soil taxonomy (topsoil high in organic matter, acidic) (ileysols. 
and the FAO system is notcd in this paper. Intihe same manner the saline phase is recognized and 

attached to Soil taxonomy terms in India. Generally it is 
Saline soils present in Hydraquents (soft mud soils tidally flooded), 
Because methods of determination :rind standards for Fluvaqucnts (very weakly developed wet floodpiain soils), 
saline soils are diverse among countries, the World map Haplaqucpts (slightly more developed soils characterized 
of salt-affected soils by the International Soil Science by intense waterlogging), 1talaqucpts (principally sodic 
Society cannot preset a uniform picture (4). Also, FAO soils, discussed in next section), and Caimborthids and 
aad Soil taxonomy use different systems. With FAO the Calcioithids (soils of arid regions with the formation of 
degree of salinity is exprcssed as the electrical conductivity onlh a slightly altered horizon or accumulation of 
(EC)of a saturated soil paste. The lower limit is 4 dS/in carbonates in the subsoil, respectively). 
(International System o Units [SI].,equivalent to The saline phase is also common in acid sulfate and 
mmhos/cm). Classes are: 4-8 = slightly affected, 8-15 organic soils (the appropriate terms are explained sub­
moderately affected, and >15 z strongly affected soils (2). scquently). 
In Soil taxonomy, the salt content (weight 14 ) is the 
decisive criterion. Sodic soils 

The typical saline soils are Solonchaks or Salorhids. The classical sodic soils Natrargids, Natrustalfs, and 
fhe diagnostic propert 5 of Solonchaks is high sainitv Natraq ualfs are characterized by a natric horizon. This 
(EC> 15) at some time of the year within 125 cii in sandy is a subsurface horizon with clay accumulation, having a 
soils, 90 cm in medium-text ured soils, and 75 cm in clay columnar or prismatic structure and an exchangeable 
soils (or topsoil salinity in strongly alkaline soils). sodlium percentage (FSP) exceeding 15. The latter con-
Solonchaks arc weakly developed soils and commonly responds to severe alkalinity (pH >8.5). 
have an accumulation of CaCO3 or gypsum in the subsoil. For sodic soils in dry regions, the climatic factor 
Glevic Solonchaks show signs of watcrlogging within the dominates inthe classification (Aridisols). At the sub­
upper 50 cm. order level, the clay illuviation (argillic) lhorizon is 

Although the concept of Salort hids is much narrower, recognized and specified as the nat ric horiion at the great 
their description as ver' salty soils in iet places in the group level. 
desert is rather similar. Salor hids have a salic horizon I lie presence of an argil lie horizon is diagnostic for the 
- 15 cm thick with at least 2', salt (the thickness order of Alfisols (with slightly acid Io alkaline condi­
multiplied by tihe salt content must be 60 or niore). Their lions), lcGd byolh' a soubdivision accordi ing to moisturc 
occurrence in arid regions is marked by the order regimie (tustic - alteriIatiIg wet aid dry. aquic = wet 
Aridisols (-iis), while the peiultiniate syllable -orth- conditions). The natric horizon is againi Indicated at tile 
refers to only !linited soil formation by weathering and to great group le\cl. Natrargids are often saline, too, while 
accuniulation of salts and Ca. Sal- indicates the presence Natrustalfs are affected to a mLtch lcssCr extent. In 
of the salic horizon within 75 cm of tle surface. Natraq ualfs wetness is due partly to a perched water tabie 

Gypsio'thids are grouped with saline soils ill some above the compact natric horizon. 
countries but should be excluded because of distinct HkalaquCpts arC sodic soils withotIt a natric horizon. 
differences in properties and behavior. They arc weakly dc\loped soils (Inceptisols) with marks 

With modifications of the criteria for saline horizon, of intense walerlgging(aquic moisture regime)and ESP 
Salic subgroups are established in Chromusterts and >15 iii at least half of tile upper 50 cii, decreasing with 
Pellusterts as well as in Natraqualfs in India. The first two depth. Sonic ofthei are also saline. Efflorescence of Na 
are Vertisols (clay soils with deep cracks when dry) inlan and other salts oil the soil surface is comiiion in tie dry 
ustic climate (with alternating wet and dry seasons, i.e., season. 
the monsoon climate in tropical and subtropical areas). ('hroiii ustrts and Pellusterts, for which inatric sub-
They are differentiated by soil color into dark brown group has been deliied, itswell as Camborthids and 
(Chrom-) and dark grey to black (Pell-) types. Natraqualfs Calciorthids wit h i sodic phase (FSP>15 in the subsoil), 
are sodic soils and are discussed in the following section. are described in tile previous section. 

Because salinity also occurs in a wide range of other 
soils, provision is made in a saline phase overprint oi the Acid sulfate soils 
FAO soil map. The saline phase is defined by EC values The terms potential, true, and advanced acid sulfate soils 
higher than 4 dS!m within I m of the surface. Seasonal describe successive developmental stages. 
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In the natural environment of their formaltion in young 
mineral or organic sediments tidally flooded mainly by 
brackish water, enly potential acid sulfate soils occur. 
They contain suhidic materials (rich in sulfides, more 
than can be neutralized by Ca), but due to permanent 
water saturation their pH is about neutral, 

When drained, the sulfides are oxidized to form 
HS0 4 , whereupon the pH drops sharply. The sulfuric 
horizon is marked by a strongly acid soil reaction 
(pH <3.5) and the presence ofstraw-yellow-jarosite (iron 
sulfate) mottles (there is a deviation in Vietnam). With 
time, S is leached downward in tne profile by this process. 

The FAO -Unesco legend and Soil taxonomy agree on 
the definition of sulfidic materials ak idsulfuric liorizont 
but differ with regard to classification. In minera soils,
FAO classes all three types as liionic Fu viSols (S-
containing recent alluvial soils) with either diagnostic 
property or hori/on occlurring within 1.25 Ii of the 
surface. To differcntia:e bet\een potential and actual 
acid sulfate soils, the subi: Jt Ihionic (ilevsols (for 
waterlogged soils withIa silluric horion within the depti 
limit) was introduced in Bangladesh and Sabah. 

In Soil taxonomy the thre. stages are clearly dis-
tinguished at different ICCls. Potential acid sulfate soils 
belong to the order Entisols (the l.-ast developed soils), 
while the others are Inceptisols (weakly developed soils). 
Their common wet condition is reflected in the suhorders 
Aquents and Aquepts. The presence of sulfidic materials 
or a sulfuric horizon within 50 cm of tlie mineral soil 
surface is recognized at tle great group level (Sulfaquents 
and Sn lfaq uepts, often with organic topsoils). Those 
advanced soils with less severe acidity (pH --4 besides 
jarosite imottles within a depth of 1.5 i from transition to 
normal soil conditions) in intertropical regions are clas-
sifted as Sulfic Tropaquepts. 

Organic acid sulfate soils classified wit h the Histosols 
are discussed rext. 

Organic soils 
The term Histosol (from Greek histos :tissue) is likewise 
used in both the FAO legend and Soil taxonomy. 
Histosols form from more or less decomposed plant 
residues that accumulate in water. The organic soil 
materials (having at least 201,¢ organic matter by weight in 
sandy soils, 30% in clay soils, and interimediate contents in 
medium-textured soils) are dominant in the tipper 80 cm 
of the soil, either extending down froni the surface or 
cumulatively. 

In the -A0-Uncsco legend the Histosols are dis-
tinguished by their fertility levels as indicated bY tile soil 
reaction (1)ystric = infertile, acid; Eutric : fertile, non-
acid). To specify acid sulfate conditions in Dystric 
Histosols, asubunit "with Thionic properties"is added in 
Sa balI. 

In Soil taxonomy the degree of decomposition is the 
first criterion for differentiation (low in Fibrists, partial in 
Hemists, and high in Saprists). Classified at great group 
level are 

0 Tropofibrists and Tropohemists, "tropo" indicating 
a warm climate A It h even temperature; 

* Sulfihemists, having sulfidic materials within I m of 
the surface with potential acid sulfate conditions; 
and 

* Medihcmists ano 'dedisaprists, occurring in the 
midlatitudes in a warn climate with winter and 
summer seasons, e.g.. Bangladesh. 

I FVAN('I OtPR(OI FIMSOIl ('1ASSIII('AtION TO RICE 

The relative tolerance of rice for soil salinity and sodicity 
is mitch better to investigate than tolerance for acid 
stlfate and organic soil conditions. 
The lower limit in the classification of saline soils (4 

dS mi coincides well with tihe susceptibility of rice; yield 
decreases of I0P7 at 4.7 dS in. 25(7 at 5.8 dS in,and 50% 
at 7.4 dS Ii have been recorded (6). 

liecriteria for sod ic soils ([SP '-15,plH of saturated 
paste ,>8.5)are low%witIh regard to rice, which can tolerate 
lSlP lc\cls up to 55 and pl[I tip to 9.3. A yield decrease of 
50(( occurs only at ES1) 80 (81I.z 1.Abrol, Central Soil 
Salinity Research Institute, India, pers. comi.). The 
related physical soil problems arc not effective in wetland 
cultiv:ltion. 

In actual acid sulfate soils, the depth o tile sulfuric 
horizon intihe profile, not the tolerance for acidity, is used 
to indicate limitations for rice cultivation (where present 
within 50 cii, Sys and Iarainanthan, 1984, unpubl. 
data). 

Because of their low bearing capacity, the thickness of 
organic soils is their most important characteristic relative 
to rice cultivation. 

Saline, sodic, acid sulfate, and organic soils as c!assified 
by FA), Soil taxononily, and other systcms are not 
generally problematic for wetland rice cultivation, 
because the problem factors do not necessarily occur 
within the shallow root /one, nor do they necessarily exist 
during the wet season (insaline, sodic, and acid sulfate 
soils). But the classification indicates that salinity, 
sodicity. and acidity problems will appear when water is 
inadeq uatc. 1Becausc only tile lower limits are del ied and 
the terms arc open ended, soil problems may be so severe 
that rice cuItivation is impossible. 

For a better assessment, local research on the actual 
conditions in saline, sodic, andi acid sulfate soil areas 
during the rice growing season are reilired. Because of 
tile major inl]uence of regional hydrological regimes, a 
direct conclusion from the classifications related to dry 
season conditions, with tables on plant stresses, is not 
possible.
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT 
RICE VARIETIES IN SOUTH AND SOUTHEAST ASIA 

Bangladesh 

On th2, Bangladesh general soil map (2), acid sulfate soils 
and p,.at are shown as general soil types, whereas salinity
is indicated only as a phase of other floodplain soil units. 
This map resulted largely from reconnaissance soil sur-
veys in 1964-75 and thus represents soil associations 
(which are correlated with Soil taxonomy [51 and the 
FAO-Uncsco legend [4]). 

The definition of the saline phase agrees with the
international standard. Corresponding mapping units are 

* no. 4 calcareous grey floodplain soils and noncal-
careous grey fl( odplain soils with some cal-
careous alluviunim and acid sulfate soils: saline 
(Haplaquepts, some Fluvaqucnts, SuIfaquepts-
Calcaric and FEutric Gleysols, some Calcaric 
Fluvisols, Thionic Fluvisols, Thionic Gley-
sols) 

* 	no. 8 noncalcareous grey floodplain soils: part
saline (Haplaqucpts-Eutric Gleysols) 

• no. 10 noncalcareous grey floodplain soils and non-
calcareous (lark grey floodplain soils: saline 
(Haplaquepts-Eutric Gleysols) 

The extent of saline soils is 1.426 million ha (S. M. 
Saheed, Soil Resources Development Institute [SRDI], 
pers. comm.) of which 0.389 million ha occur in the 
largely unsurveyed Sundarbans under mangrove forest. 
The subdivision by salinity level reflects dry season 
conditions: 

Subd*vision 	 Salinity Area 

(dS/m) (million ha) 


Slightly saline 
 4-8 0,605 

Moderately saline 
 8-14 0.256 

Strongly saline 
 >14 0.010 

Strongly saline mud area >14 0.166 

Sundarbans, moderately 
 0.389 

to strongly saline 

1.426 

In the monsoon, soil salinity levels drop below the 
critical limit of4dS/ m in most areas (H. Brammer, FAO, 
pers. comm.; R. Rahmai,, SRDI, pers. comm.) except in 

previously strongly saline soils in regional spots, mud­
flats, and the southwest Sundarbans (S. M. Saheed, 
SR )1,pers. comm.). ILand accretion from the sea in some 
coastal areas is equivalent to loss by erosion in other 
parts, so that the shoreline as seen from the 1779 map of 
RCnnel (copy in Soil Resources l)evelopment Institute, 
Dhaka) is relatively stable, as is the extent of saline soils 
(S. M. Sahecd, pers. comm.).

Sodic soils are so minor inextent that they cannot be 
mapped. Most patche! cover only a fraction of a hectare, 
and many have disappeared during the last 20 yr, having 
been reclaimed by rice CU Itivat ion. 

Those acid sulfate soils separately mapped (in unit no. 
5, kosh soils) arc ma inly well developed as Sulfaquepts-
Th ionic Wcysols, but some potential acid sulfate 
Sulfaqlucnts-Thionic Fluvisols are included (2). They are 
saline by nature. On older maps (5) the whole of the 
Sundarbans are shown to be occupied by acid sulfate 
soils, but recent surveys in several parts revealed that, due 
to the influence from the Ganges-Madhunati river system
with its Ca-rich waters and sediments, those soils have 
been neutralized, and only in the westernmost Sundar­
bans may potential acid sulfate soils have formed (S. M. 
Sahee(], pcrs. c01ni.). The acid sulfate soils on the east 
coast of Bangladesh are presently clear of mangrove and 
;re ;turning from potential to true acid sulfate soils. The 
extent of acid sulfate soils outside of the Sundarbans, 
where they are included in the saline soils, is0.061 million 
ha (S. M. Saheed, pers. comm.). 

The organic soils, being highly organic and weil 
decomposed, are termed Peat-Medisaprists, Medihemists-
Eutric Histosols, and locally Dystric Histosols (mapping
unit no. 6 [2]). They are extensive and of considerable 
depth in basin ,reas, where on the margins zhey are 
usually 'werlain by a clay topsoil. III this position the soils 
are perennially wet and deeply flooded during the 
monsoon, when the basins appear like lakes, as shown on
the Rennel map. In wet conditions the soil pH isneutral, 
but it turn.; medium to strong'y acid if dried (5). The peat
area totals0.425 million ha, of which 0.114 million ha are 
sIaliw'y covered by mineral soils (S. M. Saheed, pers. 
comm.). 
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Seasonally saline arable land is traditionally cultivated 
with rice under Iloodcd, nonsalline conditions during tile 
monsoon (transplanted aman). In the main arca in 
southxsest BIHangladcsih. le land generally lies fallo, 
dturing the rest olfthu \c ar.\s'hi b lin the smaller parts of the 
cast coast antotllr rice crop (broadcatst ,a s) or ute can be 
gro'wn carlier in spiI' (5). 

[he pcrm~Inentls saline inland spot', cc'or11 thin the 
acid sulfate soil arcea. 

In the percnniallv saline coaitstal mirudflats, c iltrtsalc 
made to staili,c the 1ilnd by Ilarllrloc allorcstatioM, 

pushing scas',id at I.,00)() ha .\r. Ill tile back, areas ric 
above the tidal Ihld IccI and nierge \ith thre scasonal lv 
saline arabic land (%1. II. 0. tlniida. iaigladCsh Space 
Res':arch and Rlemotc singItL' ()rgaui/atiou, pets. 
conm.). The mallgrosc ar;t ill tile Strudarbans has been 
declared a forest rscrS\+_' ',Saiinit\ is o)l 0o considcation 
there, 

The utii,ation of ,AcidSulfate solls P related to0 their dry 
season (1)SI salinit•.Stumlr slli ic spots alesed olt, . 
shlrimp culturC arid salt IirMntirie. sClCieas moeIcrately 
saline ]alrld is plalltd to trIai ,plillted illmll rice. \Nhich 
gi\Cs lo\ yiClds. 

Only part ol the orgallic soils those \ itlh a clay 

topsoil oil file bh frinlges to I ice (aitsai d1itr 'I[' plilrrtC 
(feel) \\alter aIll ill). Arc IS too deepl\v flkHoodecd C_3 il) or1 
with soils thwt arc peaty thlotlghtrut (vCrv ois biearing 
capacity) are Jeft u der S\\'armp grasscs and sedges. 
OfgarriC Soils Ire also Ii' )e(. arId tiSCI ftor 1ul. 

The delland for icrc ,, d ricc ploduction iS stroi ng in 
Bangladesh. IIh has an a \ciLC IiCC dCfhlil of 1,5 
rnillin t \r. At tile Sarrc tile tire popultllinrlt e Wttlclretses 
3.51i cver yClr. Acco rdirnL t,)the MIatcr Plan ( )ruarii-

tion i), sell-sufficieric, In food gratills iS priItcted fo 
199(0, \kichIra b,e icrisc\cd sooner for rice. 

()n a national l ,sciL solls are kirrirportantpIbleni e 
rclative to tile ovcrnll soll ptctllill. \s hich has not beent 
f,llv reali,ecd. 111rt. becatuse of tine gCitcrll prcsstlrc for 
rMiore food, ail Ilhrlihat.'d pIlticCt 1nitiitcd t1rIier tire 
Mastr lIlarr ()rgarti/mat ( I, %kill assCss rilocinenlt 
posibilitic for arabic lso aily saliirc kind in tihe 
sOtlrtw\st, \\ich is tI ilost CXlCrrISc i ild proirisiig 
aon1011g tire grou-1p of0prubic'I Siii arca<s. 

iceaisc orly 9 ofI' tt coliillV',, al is, rSuicr forest 
aid tl_' imairelroe aieas ill the SilIdarlballs re Strictly 
prnt.etcd arId uiras ailabli forIhe cxpansioaof1 riclarid, 
thc (lcsircd itc'rciaS hilas It coie irlun e.xistirng riceland 
Iappro.xinratels 0.0 ii I mi liia. and additional rice hlas 
to be gr\ rt in thc traditiornal falni, periods (1boro in the 
pOStmlrisoOtll r aIrS in ihc preroIllorli lrtIlnsore areas 
tWO shi'rt-dluriAt on rice cropsMoIr ec' filii\\Cd bi alt carh ­

inattirirg dryland crop( 'g., "tilscs) car bigrown \without 
irrigation, blt for mo0sl o.' tile larnd, irricatiOil is essential. 
Untortunjteily, larIC areas lack fresh w'ter. ibis iS tile 
main dleveloprtimert constrailt,Ild of grealer irirportailce 

than soil salinity. If irrigation water is made available in 
Ds (by storage o rainwatcr or d ivrsion fromo rivers), the 
costs involved do not favor its tuse for rice cultvation but 
rather for salt-tolerant dryland crops like barley, wheat, 
Or legumes to economi/e on water consumption (3). Yet 
tbe great demand Io rice gives it ain advantage over other 
crops. Normal irrigation of rice in 1) will prevent Soil 
siini/ation under local climatic conditions, so salt­
tolcrant rice s\aricties will generally not be needed for this 
region. 

Acid sulfalte soil arcas 

cMsidercd Imr rice culture 
Soill amirepts ISdcclpcd. 

Il tile organic soil aca, 

(0.061 million ha) may be 

only if at variety adapted to 

v inter (iboro) rice could be 
irc 5\'idek gron \where thle are JIv topsoils (0.114 
million ha), tolcr;nce for soils is not thitl [oranic 

principal reLuiremCnt; purely torganic soills are unsuitable 
for rice Cultivation. 

ttR1 I I RI~ t1 1SM ] 11.1I) 

I \tatcm Phcmi () t'almi/all. M t , ut I ,ig timi. Wiatcr )evclop­
Mi.i aMid Ihud (mUthd 1), ( tal ;ic.t .oi samlinity map 195,
sit'l t :1.000 O I W ihaka.2 t k"Mc,'sDt.C''hs pnc ,t institillClp 1t9.4. liaznhltesh geceral soil 
lip tl)S-.,ck I I.s)), )I)0,0 Dhaki 

(tiranuation, ti cschNpnicn1. 1 iicd ',iitils19,7l Sml Stirxcvtt'riPru raiijcot Iimot and \victitrireBtallglaclc Agri­
,:iun. t'.It Suitrcs Ri r s r 

4. t itco " ratim,. Iduicatitmil 'iCu,+1ltitic int( 'ituiiral ()rgaifi,air. 

.I I174 . )-t scissoil maip ol the ,ild, 1:5,010,000.cuenld. Palk,. Vutl. , 
leiciocd t c )patlll t A.\ cilihr. oil Service,tmaserna.ion 

Si1 Simc, Sitall. 1t)75. Soi lraxoiiim : a basic system ot soil 
'assnieI.ru ol ihlinie and intCrprertng sit suiveys. tISt)A Agric. 
Ihmidlt.436t (isemment 'riinting I lice. Washingiun, I).C. 

7 p. 

http:assnieI.ru


IRPS No. 119, November 1986 9 

PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT
 
RICE VARIETIES IN SOUTH AND SOUTHEAST ASIA 

Brunei 

The FAO-Unesco soil map of the world shows that a large 
part of Brunei's area is occupiad by organic soils (0. 183 
million ha, I)ystric Histosols). They are associted with 
Heuoic Ci leysolS and include011' 1soehionic Fluvisols (1). 

Coastal soil salinity isprobably as low and unimlpo.'at1m 
as in the neighhoring Nlavsian states of Sabah and 
Sarawak. Onta cKid sulfatC soils, rice is grown in the M ulaut 
proJect, with irrigatiol and liming stamendmclents (2). 

There are also plans for mechani/ed rice cultivation on 
4,000 la o orgainic soiis (W. J1. Utlrros\'., Sillaut Agricul-
tural Training (cnter. ru uci, pers. conmmn.). Emphasis is 
given to oplinial Ianagemlent so that the price of rice 
produced in reclaiimd problem soil areas will be similar 

to or less than that of imported rice. The target is self­
sufficiency in rice, anticipating the time when Brunei's oil 
will be exhausted (2). 

A rice variety adapted to organic soil conditions (to be 
developed in tile IRRI-Ind- nesia cooperation in tidal 
swam p rice) would be very useful. 

R1:FINIs ('lT il) 

I. United Nations l!docational Sci ,ntific and Cultural Olganizat~on. 
1976. FAO-Unc,co soil map of the world, 1:5,000,000. Vol. IX, 
Southeast Asia. Paris.2.Williams. N. C. 1977. Agronomy and horticulture report. 1976-1977. 
l)epartment of Agriculture, Brunei. 
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT 
RICE VARIETIES INSOUTH AND SOUTHEAST ASIA 

Burma 

Although all four problem soils occur in Burma, sodic, 
acid sulfate, and organic soils do not appear on the Soil 
map of Burma 1983 (6) because of their small extent, 

The saline soils mapped are confined to the Irrawaddy 
Delta and coastal areas. "Ihe Burnmese soil classification is 
derived from the Russian system, which is based on 
morphology. The diversity in nomenclature (I, 3, 6, and 
district soil survey repcrts) is overcome by recent cor-
relation with the FAO-Unesco legend (7). 

The saline soils can be subdivided into three types with 
incrcasing salinity: 

* 	Saline Gleysols (mapping unit no. 11) occupy the 
Delta area, which is still influenced by tidal waters 
(I). Their extent is0.248 million ha (3). The legend of 
the FAO-Unesco soil map (8) for this area (Gleyic 
Solonchak) is not appropriate, because the term 
Solonchak is part of the Burmese soil classification 
(3) but in another context. Also, these soils were not 
originally saline, 

* 	Mangrove forest soils (mapping unit no. 10) are 
common near the coast. The indication of this area as 
"Thionic Fluvisol" on the FAO-U nesco soil map (8) 
is incorrect because these are saline Humic iGleysols 
(3). They cover an area of 0.707 nillion ha (3). 

* 	Saline tidal alluvium soils (Saline Fluvisols) occur 
even closer to the sea. Although they are not 
recorded on any soil map, their extent is given as 
0.292 million ha (3). 


Saline soils thus total 1.247 million ha. 

Sodic and saline-sodme soils have also developed in the 

central part of Burma (Shwebo district, etc. in the dry 
zone), the area of compact alkaline soils being 6.475 ha 
(3). 

Relevant portions ofthe Irrawaddy Delta were checked 
for acid sulfate soils upon special request of the World 
Bank in connection with a loan for a large embankment 
project. In local patches accounting for an area of 5,000-
10,000 ha, pyrite layers occur buried in the profiles at 

1.5-2 m depth (1). Thus, these soils do not even qualify as 
acid sulfate soils (9); they occur within the saliz soils 
area. 

There are only 800 ha of organic soils (called peat, 
equivalent to Histosols [7]), which border several lakes in 
the northeast mountain region (5). 

The three zones of saline soils differ greatly with regard 
to land use and rice cultivation. More than half of the 
saline gley soils area (0. 136 million ha [2]) is planted to 
local salt-tolerant rice varieties under rainfed conditions, 
yielding 2.2 t /ha (U Hla Aye, pers. comm.). These soils 
are not regarded as problen rice soils (1). 

Although by land-use classification the mangrove 
forest area (still inundated at high tides) isnot suitable for 
any other purpose, it gets gradually reclaimed with time 
for rice cultivation. "le saline tidal alluvium (with daily 
inundation by tides) is barren and generally unusable (3). 
These last two zones have not been considered for 
agriculture, so the extent of salhne soils usually referred to 
is that of saline gley soils only. 

There is an extremely strong demand for increased rice 
production because of the growing population and the 
desire for an exportable surplus. Equal priority isgiven to 
increasing rice yields ;n fertile soils and developing rice 
cultivation on marginal soils. The reclarnation of saline 
soils in the Irrawaddy Delta will be facilitated by the 
World Bank embankment project. The geological situa­
tion - high rate of sedimentation of nonsaline terrestric 
materials - leads to the gradual growth of the Delta 
seawards by 60cm/yr and an annual increment in height, 
which favor natural desalinization. The land reclaimed 
will be planted entirely to rice. Since 1980, the Applied 
Research Division of the Agricultural Corporation and 
IR R I have cooperated in breeding salt- and submergence­
tolerant varieties for this region, through which the 
country's riceland will increase by approximately 
million ha in the near futur 

I 
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PROBLEM SOILS AS POFENTIAL AREAS FOR ADVERSE SOI [.S-TOLERANT
 
RICE VARIEHIES IN SOU'FH AND SOUTHEA'j ASIA 

India 

Saline and sodic soils occur in various parts of India, The distribution and extent of coastal salt-affected soils 
interspersed with normal soils so that they cannot be (16) arc as follows: 
separately mapped on a small scale (12). They are either
 
part of soil associations (13) or are indicated bv cross-
 Area 
hatching (4). A small area of saline olgarlic acid ,;ullfate (million ha)
soils (4. 7, 8, 10, 14 is fotund in one location. West Bengal 0.820 

The soils are classified according to Soil ta oIOllvy (2, Gujarat 0.714
12, 15) at the greal group Icel. Additional Salic and Orissa 0.400 
Natric subgroups wcrc introduced with Io ,cr require- Andhra Pradesh 0.276
 
ments in thL' criteria lor salic and oatric horli,ons. Earlier Tamil Nadu 0.100
 
iriformation on salt-affected soil based on Richard's Karnataka 
 0.086 
definition (salinc = -_-4 LI ESP >15, pH <8.5; Maharashtra 0.064>F( S in. 
sodic -C <4 dS m ,ESP >15, pH>S.5:both within I m Kcrala 0.026 
depth) is retaiIcd and used at the phase evel to indicate G o 0.018 
scasonalls affected soils (12). Andaman and Nicobar Islands 0.015 

Saline soils Pondicherry 0.001 
There are thr,:c categorie, of saline soils in India: coastal Subtotal 2.520 
salt-al'fected soils. inland salt-affccted soi in nmedium Area under mangrove 0.574 
and deep black soil regions, and inland salt-affected soils Total 3.094 
in arid and scrinarid regions. [he extent of these 3 is 5.5 
million ha (3). 

(oatal sl.a/-aI 'cr(d .soil.. The most comnir soils are 
FIuvaquents (salle phase), fou nd in patche s along the Inlandsal-q/fe'tedsoil"imeium and/eepblack .oil 
coastinc (12) and in mangrove areas. Ii the arid region of regions. Most salt-affected Vertisols occur in the Deccan 
Gujarat, Salorihids and Natrargids have developcd (12). Plateau, with some in southern Gujarat. The typical soils 
Salic or Natric Chrornusterts have formed in basaltic in this semiarid climate come from basaltic rocks and are 
material under semiarid condition in the deltas of tie Salic. Natnc, or Salinatric Chromustcrts and Pellusterts 
Godavari, Krishna, and Cat.very Rivers in Andhra (2). Areas where the salts are present only in the lower 
Pradesh and Tamil Nadu (2). In the humid cllmate of subsoil but render the soils salnc-sodic upon .....,tion 
West Benga! and Orissa, the deltas of the Ganges and (raising tie groundwater table) are mapped as potentially
MahanAdi Rivers are partly occupied by Halaquepts aL!t-alfected soils and arc included in the map. Salt­
(saline phase) (12). The classification of the saline, ,ffected Vertisols (3, 8) occupy 1.42 million ha in the 
organic acid sulfate soils in Kerala is unfortunately not states of Karnataka, Madlva Pradesh, Andhra Pradesh,
conclusivc (2, 12). Maharashtra. and Gujarat. 
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lnland salt-qffected soils in arid and semiarid regions. 
Different climates are reflected in the degree to which 
soils are salt-affected. In the arid areas of Gujarat and 
Rajasthan, Salorthids, Natrargids, Halaquepts, and 
Gypsiorthids are the dominant salt-affected soils. Under 
less severe conditions in Punjab, Haryana, and western 
Uttar Pradesh, Camborthids and Calciorthids (saline-
sodic phase) are prevalent (12). Also :iicluded are poten-
tially salt-affected soils (4). -he extent of salt-affected 
soils in dry climates (3,8)is thus 1.0 million ha. 

Sodic soils of the Indo-angetic plains 
The main soil great groups intheIlndo-Gangetic plains 
are Natrustalfs in Punjab and Ilarvana, and Naraqtualfs 
in western llttar Pradesh. Part of the Natraqualfs are 
saline and constitute a S,'alic subgroup. in eastern Uttar 
Pradesh and Bihar, as well is in the border areas of 
R ajasthan and Mad hva Pradesh, Halaqucpts are the 
common type ofsodicsoil (12). [hc extent of'sodic soils in 
the northern alluvial plains (3. 8) is 2.5 million ha. 

Saline organic acid sulfate soils 
Saline organic acid suliate soils are classiflied with the 
coastal saline soils. In those acid su lfIte soils, reported to 
occupy 0.5 million hi in West Bcngal (A. K. Bandvo-
padhyay, CSSRI, Caonning, pCrs. conlm.) the sulfuric 
horizon appears at such great soil depth that it is
insignificant for agricultlre as well Isfor classification 

purpo,es. Only wh,.n this material is brought to the 
surface, as in excavations, does it become oxidized and 
severely acid. Anyhow, these soils are included in the 
coastal saline soils. 

Utiization 
On the coastal saline soils rice is grown as a nmonocrop 
in kharif (wet season .IuI-SCp) in all states except 
Gujarat, where severe salinity remains; in other regions 
with higher rainfall. salinity levels are low to moderate or 
even nonsaline under submergence (5). Conined to low-
lying areas wilh poor drainage, most of tle land is 
waterlogged (about 50 cm of water stagnating on tile soil 
surface throughout the cultivation period, making the 
field inaccessible). The salts there get diluted rather than 
removed. The acidity in the coastal saline soils of Kerala is 
also neutralized a few weeks after tle onset of the 
mionsoon (3). 

Adapted to the local floo(d )attern, rice is transplantcd 
at tle start of the rains in areas with constant water-
logging (e.g., West Bengal) or after the Ilood peak when 
the water recedes (e.g., Kerala). Intile first situation the 
problems for the rice plant are salinity in tile sensitive 
early stages, and subsequent waterlogging. The second 
situation is favorable. Because of the traditional technique 
of precultivating salt-resistant Pokkali rice on mounds in 
the fields and transplanting it when soil and water 
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conditions are suitable, the Kuttanand tract is the rice 
bowl of Kerala (5). Under difficult environmental condi­
tions, traditional rice varietics yielding about I t/ha are 
widely grown. Water is generally inadequate to grow a 
second rice crop: most areas have saline groundwater (5). 
Where pondcd water is used to irrigate winter rice in West 
Bengal, the recurrence of salinity in the dry season is 
prevented and the land is reclaimed (6). 
The climatic conditions in the areas of mainly saline 

an( potentially saline soils do not lavor the cultivation of 
wetland rice. Irrigated rice is grown only in river valle. s in 
the l)Cccani pliteau, (9). Fhe dCmand for irrigation is high 
in that region, where dryland crop yields are not assured. 
To prevent the potentially saline soils from becoming 
saline in the root /one, only marginal irrigation of 
dryland crops is practiced. lut in the expanding areas of 
hcavily irriiated cash crops (e.g., sugarcanc) waterlogging 
and salinity problems appear ifter a few years. Then rice 
iScultivated, but \'ields graduoallv decline. The problem 
would only be aggravated by the use of silt-tolerant 
varieties. AdecquatC dralnage is the only remedy but is 
difficult to provide inthese dense clay soils. Rice cannot 
be grown during the reclamation process because of its 
high water arid drain age requirement. 

Somc of the saline and sodic soils in the arid and 
semiarid regions Of (iujarat and Rajasthan will be 
included in tile Naimada and Ra.jasthan canal command 
arcs (12). but they Ina\ or may no( be cultivated with 
rice. The potentially saline and saline soils in the Indo­
(Iarngetic plains \iIllbe reclaimed togciher with the sodic 
soils and w\ill conic iinrider the rice - wheat rotation 
collnion there. 

i)espite extremely high sodicity (FSP: 80, pH 10.5) 
the Iotal arca o fsodic .oils is plniried for reclamnation. Of 
tile prev ioisly harrci areas. 300,0t00l ha Ihave [)een turned 
into prodtlictie rice c1iwheat aind. With irrigation water 
supplied hy canals or tubcwells, lie reclamation is begun 
with rice culti\ation. (nll on tile worst sodic soils do 
tolerant grascs like l)ipa/te./lis'a need to be grown for 
tle first 2 yr. Becaiuse of t heir liighcr sod icity tolerance, 
traditional \arietiCs are cultivated first, followed by high 
yielding 'varietiCs. Iecause sodicitv is restricted to the 
topsoil and pnesr subsoil, tle problem disappears in -,.few 
years. Rice yields thlen inrcrease tip to 6 t; ha (3,I I).Where 
faster reclamation is desired or on soils with ESP near 
100,gypsuIIr is ipplied asar anricidirent to reduce ESP to 
3(-4) (for wnr.. [Iis mastir is economically very 
favor'able, bcause it i51n1rime irvestment ard ,ypsm. 
is subsidzed rp to 75(7 

Sodi 7soils occur extensively in village common land. 
For these areas, atforestat ion ichniques have been 
dcvcloped. Fast-growing trees are planted in deep holes 
filled \sith improved soil material (I). The final shares of 
rice arid forest in the reclaimed sodic soil areas cannot be 
determined vet. 
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Because nearly all the arable land in India is alreL-dy 
under ctiltivation, attention is drawn to the land classified 
as cultivable wasteland k,'7 million ha) and barren 
uncultivated areas (22 million ha). To keep up with the 
increasing national demand for food crops and other 
commodities, the target is to bring 5 million ha of these 
lands into production annually (either as fields, forest, or 
grassland). The reclamation of saline and sodic soils is 
preferred, because it is more feasible than that of badly 
eroded areas, for example. Priority is given to tile sodic 
soils in tle Indo-Gangetic plains, which will be important 
rice soils in the future (3). 

Besides the development of reclamation management 
technology, the Central Soil Salinity Research Institute is 
also strongly involved in breeding saline and sodic soil-
tolerant rice varieties. IRRI varieties are used as pirents 
to add the high yielding components to traditional 
varieties adapted to local conditions (CSR varieties for 
both soil types). 

On coastal saline soils with a stagnant water regime at 
the research station in Canning (West Bengal), yields of4d t/rath a n d e c m o C 5- m ) a n d h aE sal nit ( d S .5t 
4t/h-under moderate salinity (EC5-8 dS!m) and 2.5t/ha
under high salinity (EC 8-10 dS / m) have been achieved 
(6). These efforts re aimed mainly at a yield increase on 
existing coastal ricelarld. 

For an estimation of the potential area for salt-tolerant 
varieties, the figure for coastal saline soils needs to be 
reduced. Those soils in arid regions (Gujarat) are 
unsuitable, whereas the mangrove area will be preserved 
and is not available for rice cultivation. Because total 
desalinization in some states is dependent on the monsoon 
and thus uncertain, these soils may still be considered. 
Also, in West Bengal and Orissa, with dominantly 
favorable conditions, salinity is caused sporadically by 
seawater inundation during cyclones (5). 

Affected Vertisols will have to be excluded, as tolerant 
varieties are disadvantageous with regard to increasing 
salinity. Where rice is grown after reclamation, salt 
tolerance is no lon,,r required. 

Probably not all u- llarge fraction of the saline soils in 
arid and semiarid re ons will be reclaimed by rice 
cultivation. 

Altogether, tile potential area for salt-tolerant varieties 
is approximately 2.8 million ha, while high sodicity­
tolerant varieties might be used during the reclamation of 
a maximum of 2.5 million ha. 
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT 
RICE VARIETIES IN SOUTH AND SOUTHEAST ASIA 

Indonesia 

The 1976 (4th edition) Generalized soil map of Indonesia 
(6), scale 1:2,500,000, shows only one of the relevant 
problem soil types: organic soils. The Indonesian term 
Organosol is defined by an organic matter content of 

more than 20) by weight in sandy soils to more than 30;i 
by weight in clayey soils for more than 50 cm depth. This 
definition is rather similar to that ofIHistosols inSoil 
taxonomy (7). 

The Indonesian organi, soils arc gcnerzlly acida (pt 
3-5) and consist mainly of x\oodv material in different 
stages of decoiposition. Organosols are napped in three 
units according to tollogriphic positi on: 

* no. I plains and tidal plains 
* no. 2 basins arid alleys 
* no.3 folded, tuplilted mountaiins 

Mapping units I. 2,and 3 have an extent of 27.063 million 
ha (unpubl. from Soil Research Institute [SRI] files). 

Not all these soils can be considered problem rice soils, 
because somaregenerallytinstitable for ric cCultivation. 
This applies to mapping miwi no. 3, occupying ap-
proximately 0. I million liaat altititdcs above 2,000 ill. But 
the far greater and] most importilt areas to be excluded 
are tle thick lowland p, ts, wici were the only type of 
organic soils recognized ard mapped in the past. By 
definition these are soils xith inore than 65':. by weight 
organic matter for more than 50 cm depth (I ). They cover 
approximately 17 million li(4). 

The extent of" problem soiIs canl only be estimated, 
because neither saline, sodic, notr acid sulfate soils are 
mapped at the national level. A flu ithcrcotmplication+ is 
the overlapping of problen .oil types in the vast coastal 
plain areas. Also, the relevant portions of saline and acid 
sulfate soils among the alluvial soils (18.913 million ht, 
unpubl. from SRI [iles) have not been detc rini ted. The 
area delineated by the approximate line of pronourced 
tidal influence is about 8 million ha, cqually shared 
between Alluvial and 0Organosol. Only a0small portion of 
this land is proba bly affected by salinity, since ti6cal 
influence is expressed mainly b, a liuctuarting grouniid-
wate r table (not necessarily saline water), and salt connern-
trations are generally very low inthis hiurmid region. 

Tentative estimates for acid sulfate soils range from 
1.5-2.0 million ha (3) to 3.3-4.0 nillionha (Dricssen, 1976, 
unpubl. data), apparently referring to mineral, mainly
potent'iol d sulfate soils and partly including those 

ndcrl,,iiig organic soils that do not affect the extent of 
problem soils. 

lcause ol physical soil problenis (bearing capacity), 
the depth limit for rice cultivation on organic soils is close 
to their depti limit ol 50 cm. Naturally, those soils with a 
higher mincral (l at nutrient) content are more favor­
able. Ilicir sharc of 10 million ha may be regardcd as the 
approxinate cxtcnt of the potential arca for organic soil 
(partly salinc, pir'l\ acid sultatc)-tolcrant v'arietiCE (the 
suitability of tsmall part of tile peat airca being collpen­
saled b\ sonIC otl11e less oieaiIIc soils Unsuitable becaluse 
of greater soil dcl~thI) at the present level of knowledge. 
The soils of tidal swa iniP areas (which have been 

tndcreoill- ,cclamation h\ tile I)repartment of Public 
Works since It70) prcsent attransition to mineral soils. 
Iley are allm ial soils with a I- to 50-cm-thick organic 
tcr (histie epipedorn) over mineral, gcnerally potential 

alcid stlfatC soil. Rice oCC lics 200,(0)0 hat, with local 
varictics still iitusc (5). These have a n:tiiral sallttolerance 
of, S-10 S ill (A.M,. agi. pers. comm.) and yield 1-1.5IF 
t ht (5). Farmers have developed anl'effective system of 
alternatc riised beds. inv.'hich upland crops are cul­
tiatCd . trid furr\o beds, in\which rice is gr"own (sorjan 
svstei) lisin \\ atcr control arnd I) fertilizle. 

lhis recUioi is a1tnain tarct area for breeding rice 
varietics with adverse soil tolerance atspairt of' the 
goVCrnIiinlr's transtiigrati 0iiproJect. In aijoint workslop 
in 1981, IRRI arid the (overrnnuent of Indonesia for­
niulated research priorities for tidal s\anp rice (2). 
Relevarnt problen soils in tidll lhands, the larger coastal 
plains, nd river- 'alleys would be: 

0 potential acid sulfate sOils with a organic surface 
laever. trid 

0 mineral-rich and moderatclv shallow organic soils. 
Because development of these areas always includes 
mecasures of water control, salinity is disregarded as a 
problem factor. 
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PROBILEM SOILS AS POTENTIAL. AREAS FOR ADVERSE SOILS-TOLERANT 
RICE VARIEIFIES IN SOUJTH AND SOUTHEAST ASIA 

Kampuchea 

Of the four types of problems soils, only saline and acid 
sulfate soils occur in Kampuchea. 

Although tile (encral soil map of the Kingdom of 
Ca mboJia (1) is dated 1963, it shows great conformity
with lithe corresponding part of the FAO-UInesco soil map
of the world (4). The legend olthe KaIpuchean soil map
refers to great soil group terms of the 1949 IUSIDA 
classification systcm, which is based on soil nmorphology 
(0). 

I he 0.1 million ha of saline soils are part of tile coastal 
Complex occupying the narrow coastal plain fringe. The 
coastal complex consists of two different kinds of soils 
that occur closely intermixed and are thereforc mapped as 
a single unit (no. 16) saline alluvial clay soils and 
regosols on duine sands, with minor itnclusions of red-
yellow podiols. acid litho:sols, alluvials, and alumisols (3). 
Fhe extent of these soils is 0.2 13 million ha.
 

The synonym 
 for acid sulfate soil in Kampuchea is 
Alurnisol (imapping unit no. 9). There is only one main 
type of this soil present in the country. The standard soil 
profile description uses other criteria than Soil taxononly5, 

5,and thfns an exact correlation withIcitlher Srilfaluepts 
or StliIfic Tropaqucpts (problem or nonpr(ble ni rice soils)
is not possible. But because rice yi-,elds are low on 
AILnmisols, they can be considered problem rice soils. 
Alumisols occur as minor inclusions on the Mekong
plain; as alluvials, cultural hydromorphics, and plinthite

ypodzols; and in 'he coastal complex and as acid lithosols 
and grey hydronorphics iii coastal areas. They occpy
0.283 m illion ha. 

In the early 1960s most of the area of coastal ,aline clay 
soils remained under mangrove busi vegetation, but the
10% under cultivation was planted to rice. Yields ranged 

from o to 400 kg/ha on natural saline soils and reached 
800 kg/ ha in diked areas after a few years of desalinization 
(3). The 1982 Huke map of rice area h, culture type (2)
does not show any rice cultivation in this region.

The acid sulfate soil \rwas more elCxtensi\Cly lsed for 
cultivation (1962: 501j). with lice as the main crop,
although yield levels \were vcr\ lo' (0-1.5 t ha 131).

The Soil Commission decared that there was enough 
other land with good development potential that the
acid sulfate soils could remain idle until inexpensive and 
abundant sources of limc and fertili/cr were axailable. 
The saline soils were also given low priority' for develop­
ment because of the expensive engineering work req uired 
for desalinization (3). Under these circumstances IRRI 
varieties with specificliadverse soils tolerance offer new 
opportunities for rice production. 

RtITFRt:NCI S(CI 11:) 
. (rocker, C. 1). 1973 (cnorial soil map of Kingdom of alinhodia. 

I SIl) Ministryil .i\li ie, I'hioi terh. 1(63. hi Soil classi­ication in tropical Asian couni ries Iin l,panese I National Instituie.of Resources, .lapanc,c Science and Technology Agency, Tokyo. 
2. Il oke, R. F. 1982. Rice area 1) tpc ol ciilir: Sthti, Southeast and 

Flst Asia. Ihlieroationi Rice Rescaich Irt ti ute, I'.O. [tox 933.Manila. Philippines.iXihittiO. ,I.'o\ilCommission.IlippOfihCSOilSOf(ambodia.19ii2 
Pihlon Plch. ('iCambodia. 

4. IUniicd Natois Idttcatital Stietntilic atd (ulitural Orgaztni'aiion.
1)7(. 1 A\()t itiCC0 soil itijip Of li itlI.Soui .~ As Ph5is.si l i)lCii) Vol. IN, 

5. liitcdstattCs IDepartinleitol Aglicuiturc., Soil (tCsvutiotl Servicc, 
Soil Stirts.v Stf'. 1975. Soil iaxtt lltly: a basic sVliii ol" soil 
Ilaidh. 436. I.S. (i aiinePriling (ffic,rnm Vashingto, A).. 
754 p. 
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT 

RICE VARIETIES IN SOUTH AND SOUTHEAST ASIA 

Malaysia 

The three regions of Malaysia -- Peninsular Malaysia, 
Sabah, and Sarawak -- are autonomous in using different 
systems of soil classification and mapping. 

Peninsular Malaysia 
out in Penin-A semidetailed soil survey is being carried 

sular Malaysia according to tie Soil taxonomy system 
(1i), but the most recent soil map of the region is still the 

1970 Generalized soil map of West Malaysia (9), using 

terms of the Thorp and Smith (13) classification based on 

morphological characteristics. This map is directly 

derived from the more detailed 1968 Reconnaissance soil 

map of Malaysia (13, 17), which was chosen as the basis 

for this research. 'The legend of the Reconnaissance map 

consists of the state soil series, some of which are grouped 

together into associations (or mapping purposes. No 

special attention nor mapping unit is given to saline soils 

as such. Sodic soils do not occur. 

The acid sulfate soils, all formed on sulfidic marine 

clays, qualify as Thionic Fluvisols according to the FAO-

Unesco legend (16). Furthermore, they were characterized 

and correlated with Soil taxonomy by Paramananthan 
(I1) as follows. 

• profiles with A/C horizontation 
-	 Kranji series: saline potential acid sulfate soils. 

Typic (Hydric) Sulfaquents, very fine, mixed 
Linau series: potential acid sulfate soils with 
organic topsoils. Typic Sulfaquents, fine, mixed 

o profiles with A/B/C horizontation 
Guar series: shallow (60 cm deep) acid sulfate 

soils. Typic Sulfaquepts, very fine, mixed 
-	 Sedu series: moderately deep (70 cm) acid sulfate 

soils. Typic Sulfaquepts, very fine, mixed 
Telok series: deep (100 cm) acid sulfate soils. 

Sulfic Tropaquepts, very fine, mixed 

The grouping is somewhat unfortunate with regard to 

Droblem rice soils, because the Telok series, presenting an 

.. tergrade type to nonproblem rice soils, should be 

Iluded. The mapping unit and extents of these soils are 

4lows: 

Area 
Unit Series (million ha) 

no. 2 Kranji 0.274 

no. 3 linau and Sedu 0.063 

no. 4 Telok and Guar 0.043 

0.380 

The organic soils are defined by an oiganic horizon of 

more than 50 cm depth. They arc iubdivided by loss on 

ignition (org-anic matter content) into organic clay (25­

15%), muck (35-65%), and peat (>65%). 
According to international standards (Soil taxonomy. 

FAO-Unesco), some of the organic clays do not qualify as 

true Histosols with regard to organic C content. But this is 

compensated by a stricter depth requirement, so there is 

probably not much difference. Among the organic soils, 

the organic clays have the greatest natural potential for 

rice cultivation. ThL distribution and extent of organic 

soils are as follows: 

Unit Description Area 
(million ha) 

no. 8 Briah-organic clay and muck 0.180 
no. 9 Organic clay muck 0.168 
no. 10 Peat 0.800 

1.148 

Only acid sulfate and organic soils are recognized as 

problem rice soils, because they require special manage­

ment practices for agricultural use. No attention is given 

to saline soils, because salinity ;s considered easily 

removable by irrigation and drainage. 
Most acid sulfate soils are saline potential acid sulfate 

soils (Sulfaquents) under mangrove segetation. Extensive 

cultivation of the more advanced acid sulfate soils 

(Sulfaquepts, Sulfic Tropaquepts) is due to successful 

management - keeping the water table continuously 

above the sulfuric horizon. The shallow depth require­
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ment of >_30 cm of nonpyritic topsoil gives rice an 
advantage over other crops (oil palm, rubber, coconut, 
cocoa). Thus, one-third of the cropped area (approxi-
mately 30,000 ha) iSunder rice, mostly in large irrigation 
schemes with double cropping. The yields obtained 
correspond to 80(i of those on lcrt lc soils (Zahari Abu 
Bakar, pers. comm.). 

The orgic acid sulfate Soils (included in the organic 
soils, SulIfihemist <, Sulfohemists are generally not 
Otili/ed for agriciilturc most are swamps. Onlv a small 
fraction of their area has been used o date for the 
cultivation of oll paini, pineapple, sago, coconut, rubher, 
and vegetables (3). No rice is grown on peat and only very 
little on organic clay and muck soils: the extent is too 
small to he recorded. Also, in present projects and future 
plans (e.g., West ,lohore Developnent Proeci ,mainly on 
organic soils), rice cultivation is excluded becausc other 
crops are more profitable. At present, sell-stficiency in 
rice production is not a principal objective in Peninsular 
Malaysia. The government tries, though, to keep the level 
of locall.%produced rice at W('0%of the state consumption 
(M.,I.B. IHashini, pers. conmn.), 

For . portion of their respective areas, the 
problem factoi ,4saline acid sulfatc and organic soils are 
overcome by special management, so there is no pressing 
need for breeding rice varieties with specific adve:se soils 
tolerance for peninsular Malaysia. 

Sabah 
The highest level in soil classification iS the soil unit 
(corresponding to tlie FAO-lnesco system [16] with 
someni modifications). Further subdivision follows a list of 
successive criteria, tie first of which is parent material, 
leading to soil families, which are further differetitiated 
accordiing to regional soil characteristics (3). Trte mapping 
units (at scale I 250,000 [3]) are soil associatis. coil-unis at cae I20,00 31 ar sil sscia(OlsCol-sisting only of components of different soil f'amilies, 
Thus, there is no separate mapping of the problem soils 
concerned, nor specification of their exact extent. The set 
of maps was incomplete when this research was done. 

Salhnitv and alkalinity (sodicity) are not regarded as 
significant at the higher levels of' soil classiiication but 
appear only is sixth and sev,,rth criteria ill the sequence 
f sUbd i,'iSiol. 

The Weston association (mapping unit to. )compises 

tile soils of tidal swamps in which tile various tYpes of 
(saline) acid sulfate soils occur: 

* 	potential: Thionic Fluvisol (on su!fidic allu% urn)
" orgainic: Dystric Histosol with thionic properties(on 

sulfidic peat) 
* true-advanced: Ihiionic ( leysol (onr alluviurn) 

The area 0.417 million ha remains mostly under 
nian grove forest (9). 

'rle organic soils are mainly Dystric Histosols. They 
constitute the mapping units Klias and Sitipang (asso-

ciated with minor parts of Humic Gleysol and Glevic 
Podzol, respectively), but because they also occur in the 
same position in other mapping units, the figurc for their 
extent seems appropriate. These soils hase developed in 
thick peat, which is easily identificd by its characteristic 
heath vegetation (9). The extent olthese soils is as follows: 

Unit Association Area 
(million ha) 

no. 7 Klias association 0.121 
(dominant FAO soil 
unit: Dystric Histosols) 

no. 15 Sitipang association 0.004 
(dominant FAQ soil 
unit: Dvstric Histosols) 

0.125 

hige Weston, Kias, and Sitipan soil associationsa re 
regarded as unsuitablc for rice cultivation and as a result 
are left largely undisturbed (9). Because only 10% of the 
agriculturally suitableland is cirrently heing Itivated 
(3) and the total rice area is small (approxiinatcly 40,000 
ha 181), there seems to be no demand for rice varieties with 
tolerance for specific problem soils. 

Sarawak 
Ihe new soil classification system developed in Sarawak 
(7) has been used in recent soil surveys but has not been 
applied to the state soil map, which dates from 1968 (13). 
Problem soils mapped are saline and o;'ganic soils. Acid 
sulfate soils were recognized only recently and are listed 
is potential acid sufate soils within the saline soil area. 
Sodic 	soils are not foutnrid. 

The definition and subdivision oflsaline soils are based on the cnutvy0'tieSoil giroLnidwater (riot soilstheaconductivity of ti le cn not oi l 
satnratior extract) ard therefore cannot be directly 
compared with international standard values (8). The 
limit to separate saline gley soils from other gleys is 

0C.0.5 dSrmn at 25 Sarawak soil scientists declare this 
,alutie too low to bave nuch practical significance for agri­
culture; they consider a level of 1.0 or 1.5 dS 'm more 
appropriate to indicate salinity asaI'arriiing problem (16).Salilne gcy soils are thus ot shown on tie sketch mar, 

nor is their extent given. 
In organic soils there is a dis.creparicy be:*ween soil 

classification (16) and mapping. thc peat soils mapped 
are eq uivalCit to Iltistosols (13) (FAO-Unesc,: Dystric 
Histosols: Soil taxonoiy: Tropofibrists, small occur­
rence of SuIlliheriiists; partly saline [9]). The bulk of 
o rganic soils are lowland peats, which irervery extensive 
in recent filoodplairs but are also found is sniall pockets 
il interior vallcys where drainage is poor. Andriesse (I) 
divides then into basin and valley pcats. Basin peats form 
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domes up to 15 m high, whereas valley peats are flat 
and in many places mixed with mineral material from 
erosion (muck soils) or interlavered with river deposits. 
Mountain peat soils at high altitudes cover only very 
small areas (9). 

On the Soil map of Sa rawak (13), peat soils are 
differentiated into a shallow (K I midepth) phase a id a 
deep (> I i, commonly I>3i depth) phase. Their total 
extent is 1.66 million ha, their shares being 0.182 million 
ha ( I It7 )for shallow peat soils and 1.478 m illion ha (T 
Ill deep peat Soils. 

Most saline and potcrtiial acid iliate sls, as all 
ile orgallic ,oil alc,ls, arc still tindel laturatl forestvegctatiol. Accordin. to the Aprictlture capability :111 

(3), thwsc lands are in ihe I\Ae.st class. wItCre limitations 
are so sc. crc that ;agriculture I, not leasihlc \without land 
reclamation. lI the eIllnanked aits of rcclait cd Saline 
and l stential acid sulfate Soils , ( t i i tore pr fitable 
crops are grown. Rice, with it hiSS ictilit. is ilgi(llcd ;I.isthe poo'Jr f;.irnicrs crop. 

Amning the peat soils, valleY peats Laic ctltivated more 
than basin peats becatse Of their more la\orale s l 
conditions: a certain lnineral content and the rawwkood\ 
material of the soilsgcperallv allos\ cultiMtion to adepth 
it 	 1Imu of oreIallic SOil. ('lmops adap[Ctl to these stronele 
acid soils Ipi I-4) arc widely igro\%n. Silac isS, cll suited to 
tindrained peat, as is pineapie to d rained peat (9). 
(iCoconut (ml.1in1ly in slinlc tireanic soils). rlbbcr, and rice 
(lo not gic ,at isfator yicltl(II).


l)urinp thle ctictri\ crisis in 1973. wlhcit self-sutfficiency

Dg 

in rice wa!s i1tnortant, the potential wetland rice arcais in 
Sam aVak wcC stildiCd (71. Priority was Civen to the 
dcvclopmcnt of fertile stil areas first (yieltds then were 
only I t ha), organic soil areas nlext, and salinc aIlnd 
potential acid sllfatc Soil arcls las t. SeIf-sItfficiency is 
longer the targCt, hit the Itt)du'Ction of 80 of the local 
demand for lice. 

BeiLISC good agricultural land will becole utiC 
scarce in Sarawak as the populatioii rises, land dcvclop-
me1nt locuses on orgamic soil areas hecause o t heir cstent. 
proxinit\ to population ciltcrs. and relatilcl\ beter 
acccssibility than the mountain Interiur. The cultivation 
of several crops has been achlieved, but efforts to Improve 
the organic soil condilions for rice cultivation and varietal 
selection have not sol\cd the sterilit\ plohblel (9). So 
there is a deman lfor rice varieties vith tolerance fror\,. 
organic soils. 

Because only a fraction of the shallow peat soils (0. 182 
million ha) is to be planted to rice, and because of the 
geogr:phical position of the organic soil areas, Sarawak 
would benefit from rice varieties to be developed in the 
IRRI-Indonesia cooperative project under similar environ­
mental conditions. 
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-f OLERANT 
RICE VARIETIES IN SOUTH AND SOUTHEAST ASIA 

Nepal 

Of the problem rice soils, only saline soils arc present in REFERENCE CITI1) 
Nepal. occurring in patches in the Terai. the country's 
modei share of the Ganges plain. The extent of these soils I. United Nations Educational Scientific and Cultural Organization.1974. FAO-Unesco soil map of the world, 1:5,000,000. Vol. VII-2,
is very minor. Organic soils (as included in the FAO South Asia. Paris.
 
mapping unit Bd 34 for Nepal [ I]) have not been observed
 
so far.
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT 
RICE VARIEIiES INSOUTH AND SOUTHEAST ASIA 

Pakistan 

Saline and sodic soils are important problem soils in 
Pakistan. The general term salt-aff'cted soils includes 
saline, saline-sodic, and sodic soils with the following 
definitions (7): 

Soil EC ESID p-H 
Saline >4 dS / <15 <8.5 
Saline-sodic >4 ('S! m >15 -8.5 
Sodic <4 dSi m >15 ->8.5 

The determination of soil profile salinity or sodicity 
(within 1.8 Indepth in more than 24,000 relevant profiles) 
gave a ratio of 28:63:9 among these soil types (7). 
Although these figures are not directly equivalent to the 
actual shares of the area, they may be regarded as such at 
the present level of !,nowledge. On the WAPDA salinity 
map (6) only those soils with surface salinity (EC 4 ill 
the upper 15 cm, relevant with regard to rice cultivation) 
are shown; they occupy 25% of the area surveyed, 

In view of rice cultivation practices (all irrigated in the 
wet season on the Indus plains [3]), the extent of salt-
affected soils concerned needs to be reduced from 10.5 
million ha nationwide to 5.8 million ha in the arable land 
on the Indus (and :ributaries) plains - all other land is 
mountainous or desert 3.2 million ha-- and to in the 
irrigated part of the lndus plains (2). 

Pakistan has the world'-IS !trgest canal irrigation ;ystern 
(8), which has caused a rise of the groundwater table in die 
plains, leading to secondary salinization in some low-
lying areas covering only a very small extent. Most salt-
affected soils date from ancient times, as their formation 
is typical in i. continually arid and semiarid climate (2, 5), 
(primary salinity-sodicity). 

Fhe canal command area (CCA) compri es 13.5 million 
ha and will remain at this level for the near future. Within 
these boundaries, 11.2 million ha (83Ci) are cultivated and 
2.3 million ha (17%) are left uncultivated. Rice is grown 
on 2.3 million ha. 

Saline and sodic soils occur in an intricate pattern of 
patches in fields. They amount to 1.197 million ha, 
differentiated by land capability classes: 

0 class 11, good land, slightly saline soils: 0.801 million 
ha 

0 class II, moderate land, porous saline-sodic and 
saline gypsif':rous soils: 0 252 million ha 

* class IV, poor land, dense saline-sodic soils: 0.144 
million ha. 

Salt-affected soils account for most of the uncultivated 
part of the CCA. Tlhcir total extent of 1.961 million ha is 
subdivided into cultivable land (1.426 million ha in areas 
where irrigation is possible) and uncultivable land (0.535
million ha) (4). Among the worst salt-affected soils are 
those in coastal areas, where seawater inundation, topo­
graphy (flats), and arid climate all favor salinization. 

Desalinization of the root zone is currently the only
method practiced to make salt-affected soils agriculturally 
productiv.,. This involves intensive leaching with surplus 
water and drainage of the soils, a:: well as a compulsory 
land-use pattern for 3-8 yr. Rice isinvariably grown as a 
reclamation crop during summer, and a legume (e.g.,
clover) is raised during winter, which is too cold for rice. 
In severe cases this rotation is preceded by growing 
Dipachnefisca or Seshania aculeata. 

The persisting sodicify problem has generally not been 
tackled. The Rice Research Institute is ne,, developing 
chemical measures such as applying gypsum or acids to 
decrease LSP from 30-40 in sodic soils to less than 15, 
mainly because of physical soil problems, which are very
pronounced as the soils are poor in organic matter. Such a 
low ESP would not be essential for rice cultivation, bmt. 
favorable for wheat, which is the common crop rotation 
in the rice tract of Pakistan. Land reclamation i3 limited 
by irrigation water shortage, which allows a cropping 
intensity of only 10% in summer and 60% in winter of the 
cultivated part of the CCA. Nevertheless, the reclamation 
rate between 1963-65 and 1977-79 kkas 82,000 ha/yr or a 
25% decrease in the extent of salt-affected soils (8). 

Most of the class 11(slight!y saline) soils are presently 
under rice cultivation (1). Yields of 1.2 t/ ha of' Basmati 
rice or 2.2 t/iha of coarse-grained IRRI varieties are 45% 
and 39%, respectively, below those on good lane, (M.A. 
IMian, Soil Survey of Pakistnn, pers. comm.). A r-Lduction 
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of yield decrease during land reclamation by salt- or high 

sodicity-tolerant rice varieties is desired.


The potential area to be cultivated with such rice 

varieties is2.6 million ht within tihe (CA.Among tileareas to be reclaimed, patchy salt-affected soils in the 
cultivated part are given priority. These are areas with 
topsoil salinity-sodicity and partially reclaimed soils (2) inwhich sodicit 

ty remains Natc anhortids (1). Also,
the cultivable land in the so far itticultivatcd part might he 
reclaimed in the futture if itwere allocated irrigation 
water. Salt-affected soils previously excludcd fr'om tile 
C('A are of no consideration (2). 
The development of' adapted vtrict ics would allow a 

wider spr'ead of' irrigation wa er and increase the i rca of 
rice production. 1 le dCmandIfor rice is tremendous in 
Pakistan, which is the world's third greatcst rice exporter. 
A further expansion of' ricc exports is desired, while 
domestic conIsLI Ilptloll is also stcadli,y incretasing. Theor.
Rice Research Institute has recently joined forces with 
IR RI in the International Rice Salt and Alkali ToleranceObservational Nurscrv (IRSATON)program.
b a ng 
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT 
RICE VARIETIES IN SOU [HI AND SOUTHEAST ASIA 

Philippines 

The strongly generalized 1972 Soil map of the Philippines 
(8) does not show saline, acid sulfate, or organic soils, 
Also, on the provincial soil rnaps( 1948-72, scales 1: 100,000-
1:250.000) these soils are not separately mapped hut 
appear in several local soil series (3). Thiiough the present 
project to produce regional soil maps for the whole 
country usinrg the Soil taxoonlv (II) system, these soils 
can be estimated, but tile project will take several years. 

Saline soils are not defined b a li1 it alhle, hut their 
occurrence is equated wit litidal lauds. In the coastal areas 
they cover an extent of 0.4 million ha (4). They largely 
overlap with acid sulfate soils(inlainly SnIufic T ropaquepts 
[5], some Sulfaq uents [ 10] 7,000 ha [12] -20,000 ha [2]). 

iImost areas soil salinity is only a seasonal phenonienon. 
The organic soils, termed peat, correspond mainly to 

Tropofibrists or Futric Histosols (7) and thus arc distinct-
ly different from tie severely acid Dystric Histosols 
commonly found in South and Southeast Asia. They 
occur as freshwater inland peats and also as saline coastal 
peats (6). Their extent is estimated as 6,000 ha (12) to 
15,000 ha (2). 

The natural vegetation on saline soils mangrove 
forests covered 100,000-200,000 har in 1977, but this 
area is continuously diminished as the land is converted 
into fishpond areas (I176,000 ha then). To protect tile 
coast, a strip of forest is to remain along the shore and 
trees are to be planted as belts on wide bunds in between 
the brack ish-water fishponds. Maximum yields of fish are 
4 t /ha per yr, hut the level of attainable production is set 
at 2 ti ha per yr (4). At current prices, fish farming is a 
flourishing business with a high expansion rate. 

The remaining 24,000 ha of tidal land are used mainly 
for rice cultivation in high rainfall areas. Rice is planted 
on the relatively higher parts of tile land (to be safe from 
sever'e flooding, which is the main problem in the wet 
season) only after tile rains have washed away the salts. 
Uider such conditions modern varieties tested for their 
salt tolerance yielded about 4 ti ha (9). Unfortunately, 
these nromising results can be achieved only in the limited 
area where rice s already cultivated. All the other tidal 
land is generally too saline even for salt-tolerant varieties. 
Rice cultiItion there would be possible only after 
expensive land reclamation (12), which in turn would 
make salt-tolerant rice varieties unnecessary. 

The only extensive adverse soil type for wetland rice 
saline soil is not even considered on the national scale, 
where tile list of problcn soils is headed ioy Ultisols 
followed by Andosols and Oxisols (I, 2). In tile saline soil 
area, land use by mangrove forest and fishponds is 
economically and ecologically better than rice cultivation. 
Even salt-tolerant rice Nariet ie cou id riot become cor­
petitive. Thus, the governnicnt's Nangrove Resources 
Development rogran for tidal lands deal.,, entirely with 
the development if' mangrove forest (forest product 
extraction from permanent forest land) and mangrove 
swalp fisheries (eiivi ron intal protection and fish 
production) (4). 

Because of the reiatively small extent of saline, acid 
sulfate, and organic soils available lr rice cultivation 
(less than 20,000 ha each), the Philippines is riot aftarget 
area for breeding specific adverse soils-tolerant lines. Yet 
these problem soil areas can benefit directly fron the 
experience at IRRI experimental sites there. 
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PROBLEM SOILS AS POTENTIAL AREAS FOR ADVERSE SOILS-TOLERANT 
RICE VARIETIES IN SOUTH AND SOUTHEAST ASIA 

Sri Lanka 

Saline, sodic, and organic soils were classified as national 
soil great groups in Sri Lanka in 1961 (5) and vvcre later 
correlated (6) with Soil taxonomy (10). Saline soils are 
termed Solonchaks, equivalent to Salorthids; sodic soils 
are Solodized Solonet/ or Natraq ualS. From the organic
soils termed bog and half bog,oj lybop soils qualify as 

Histosols, mainly Tropohemists. bog soils witht:111 

lower organic matter contents are TropaqUepts/ mineral 
soils (2). 

Mapping units (7) arc soil associations. Their extents 
determined from the nap are 

* ,;olonhiiaks and Solod ized Solonet, 0. 112 millionhia 
2 

* Bog and Ia If bog soils (lowla rndarea)= 0.089 mill ion 
Iha 


Saline and sodic soils are found in tile dry and arid 
zones (3), where they occulpy flat coastal plains and tidal 
flats. Sod icsoils arc also part of other soil associations on 
undulating plains (2). Because saline an] sodic soils 
always occur in low topographic positions, tiley are 
poorly drained in the wet season and arc thus well suited 
to rice cultivation during that period (8). In 1972 the 
salinie and sodic land wis mostly barren with a patchy 
grass cover (2). Of the 0. 112 million ha, only 7,300 ha 'crc 

wet (Mahia)planted to rice, tnainly rainfed in till season 
(9). In the Batticaloa District, local salt-resistant varieties 
were being grown inlthe early 1950s (It). I anld-use plans 
are to incre:tse the rice area Ol saline and sodic soils. 
Fromlotie nallagenient practices recommended (2). it can 
be conl uded that adapted rice varieties would also need 
to be flood tolerant. 

Organic soils fill low-lying areas itt the wet zone (3). 
Flog soils havc developed in basin centers and half bog 
soils on the fringes (2). They are permanently waterlogged 
and acidic (pH 4.5-5.5 13]). Bog soils are flooded 
periodically, partly with saline water. l)uring flools they 
often float away, causing lodging of' tie rice crop (4). 
Most of the area is wasteland with natural swamp 
vegetation (2, 3). Some rice is cultivated, and expansion is 
planned for the bog area (7). Here salt and flood tolerance 
would be additional requirements for organic soil-adapted 

rice varieties. Detailed information on the desirable 
characteristics of suitable rices in tidal swamps (including 
saline and organic soils) was presented during a 1984 
workshop (4). 

iii order to attain self-sufficiency in rice, higher produc­
tion from alltthree prohlen soils isdesired (4,8). Yet, on a 

national scale, they are of minor importance in terms of 
extent and utilization (9). Thus they would benefit from 
adverse soils-tolerant rice varieties. 
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PROBLEM SOILS AS POTENTIAL AR EAS FOR AI)VERSE SOIILS-TOLERANT 
RICE VARIETIES IN SOU IH AND SOUTIHEAST ASIA 

Thailand 

The most recent soil map isthe 1979 General soil map of 
Thailand (3), in which Soil taxonomy (9) is applied.
Mapping units are soil great gro ups with textural 
,idjectives; sometimes two are grou pcd togCthler for 
mapping purposes. 

The saline soils are not easily distinguishable, becauIse 
they are given no Separate mapping uniit. lHcy overlap
with Sulfaquents and may occur in 1Ialaq uCpts. General 
knowledge and sketch maps by Pailichapong (5) charac-
terize Hyd raqucnts as coastal saline soils. Saline soils 
occur as follows: 

Unit Description Area(.millionha) 

no. 2 clayey Hydraquents 0.091 
no. 6 clayey I-ydraqUnltS 0.19 

loamy, claycy
Stllfaq uents (half of, 
the area, (arbitrarily.. 
chosen) 

The Halaquepts and Natraqualfs are permanent 
(saline) sodic soils occurring in tile northeast. Thus, tile 
figure for their extent is valid for the rainv season when 
rice is cultivated. In contra;t, tie Soil Salinity Division 
(Department of Land Develcipmnt) deals mainly t 
temporary salinizat ion (2.85 m-illion ha for tlie dry season 
[1,2]). Sodic soils occur as follows: 

Unit Description Area 
(million ha) 

no. 18 Halquepts 0.071no. 27 	 loamyloamy Natraquafs 0.19 
no. 50 	 clayey Palcaquults .. 0.057 

loaniy Natraqualfs 
(half of the area, 
arbitrarily chosen) 

Only the coastal potential acid sulfate soils Sulfa­
quents -- qualify as acid sulfate soils at tihe great group
level according to Soil taxonomy. The corresponding 
criteria (upper boundary of sulfidic material or sulfuric 
horizon within 50 cm of soil surface) are highly significant 
regarding liiitationis for rice cultivatioll (Sys and 
Paramananthan, 1984. unpubl. data).

The advanced type of acid sulfate soil of the Bangkok 
plain as indicated on other maps (5,7) is an intcrgradc to 
normal soils (Sulfic Tropaq ucpts, having higher ptt
values and the sulfuric horizon at greater soil depth). 
With ample, Ca-rich water supply for one rice crop in the 
rainy season, further soil amelioration involves mainly
liming and marl ing. Thus,Stlfaic lmiprovom the objective of the Acidr.I, Pro ect isto dterniine limc, mar!, 

and P requirements using aicidity classes ip to pH 6.0(4). 
Acid sulfate soils are as follows: 

Unit )escription Area 
(million ha) 

no. 1 loamy claycy 0.02 
Sulfaquents 

no. 6 clayey Hydraquents 0.19 
loamy clayey 

Soulfaqnents (half of 
the area, arbitrarily 
chosen) 

The definition of organic soils according to Soil 
taxonomy, is within the range of the former terms peat
and muck, and keeps the extent of these soils within tile 
limits of former estimations (80,000 lha [15] to 60,000 ha[10]), Tropofibrists (mapping unit no. 88) occupy 0.073 
million 	ia. 

I-ihe present goal in rice cultivation is to increase
production per hectare of favorable soil rather than to
expand cultivation on problem soils. Thailand has been 
an exporter of 3 million t,'yr; grain and cooking quality
are the 	most important criteria and have priority over 
mere quantity. 
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[he agricultural potential map (6) classifies the entire 
area of saline Hydraquents and saline Sulfaquents as 
nonagricultural land in whi,. mangrove forest should 
remai n. In the coastal areas saline vd raqunts are 

-
presently used for shrimp raising, salt f'arinlhg, fuelwood, 
and coconut, which produce higher incones than land 
reclamation and stbscquent rice cultivation (G). This is 
even more true of the sal ine St lfaq tiC tS. Rice cuiit tion 
is insignificant ol these soils. 

A7r t fhp4.
Approximately 70' of the area of' lalaquepts and 
Natraqualts isplanted to rice, with an average yield of 1.2 
t ha ( I I ). At prcsent, local varieties are preferred over 
I RR I varieties because of' their tallness and consequent 
ability to survive floods. A suit able high-vielding variety 
for this area needs to he tolerant of' submergence,
drought, aill-	 I ryVI 1-Cooperati

drddiciy recurring in the dr intervals of the 
rainy season. 

ie i-
',;oils IIigh organic 

matter content (>651,,) and floodiln! (>I inl) inhinit rice 
cultivation. Only small patches of wethlnd rice occur oil 

he slgallitareiC1OStlv !nCultivated. 

the fringes( 10). 
The prospects for increasing rice prodtUctiol in prmb-

]eilsoil areas by using adverse soils-lolerant varieties are 
favorable for the sodic soils in northeast Thailtnd. 
Further adaptation to location-specific hydrological 
conditions dtring the rice growing season is of' similar
in tportance.lure 
i r n 
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PROBLEM SOIlS AS IOIENIIAI. AREAS FOR AI)VERSE SOlIS-TOLERANT 
RICE VARIE'TIFS IN SOTIII AND SOUTHEA'V ASIA 

Vietnam 

In the 1984-85 land resources inventory program for the 
Mekong Delta (7). where the hulk of Victnam's saline, 
acid sulfate, and oreanic soils arc found, the soils were 
classified ateordingto Soil ta\xononr\(4) ut L'cncrally a 
descriptivecs stein i.used to Classify national soil groups 
(9). 
The saline soils along coastal plains are tc,lied marine 

a1llu\ial- (9). Fron the F",\)-l neseosoil llmp ol the 
\,orld, thcextent of saliln il isgi\en as.83 millionlha 
(3). They arc mainly .cakhalisine liic [HIl\isols and 
Futric (ilCysol, \.itla saline phaCs. \,,sttCiatCd are 
Ihionic Fl\iols. ,,aline phan. rid Ci,' Solonchnks 
v,it more ttalr 00)0)() each.h h; 

lhe coastal salinie s(oils arc lnh tct pi rati\ saline 
\.hen intruidCd ,ith salinicvalcr in the drs scaistrn(1)s). Ile 
the, ct scaisor \S). stil coinditiuns arc lhioahl lot rice 
culti\rtiolI. and L'trtd \aicLds arc .'liC' d uiiug high 
yiehlite varictics such as 11,42 (9). Btis. these soils are 
lloilproblclll rice soils. 

Acid sulfate sils aV cry importirtr, tcctrpvirig about 
htlf the ttrtal ;rca lthe Mcktng )elta aind parts of the 
coaistl areas of -cii al atd torrthtrr \'ictntamr (t)). lhc\ 
)ccur ill -;Ial iot-,' tYpes and stagrcs o1 dc\Clcpini1 (8). In 
their morplhlogicail cliar;actcristhes mnri of them difler 
fromt those critClia used, for their classiliicatitori inSoil 
tatxottnly,orrtire I:A()-t 'icsco Icgerld (9). 1he rcl\evaut 
[AO figure tirextert ttl lhttric [luvis-ols is only 1.50 
Million ha. burt tire rri'tst r Icent Victlirl!i seICirCs IS) 
stale 2.5S9 tilliri ha of acid sullate srils inthe Xlekong 
Delta alone, as ollh)\w": 

. 

Soil type a icur trenee Area 
. .(millionha) 

Potentiarl reid sulfate soils ill 0.704 
tidal marheSlIC, atl UndCrnieFitlh 
lanrtsgrove frorests 
Shallow acid sulfate soils found 1.015 
in empoldercd backs\,,armps 
Well-dCeclop d acid sulfate 0.870 
soils occupying large areas in 
the FPlains of Reeds and the 
Plain of H atiei, plus scattered 
.pots throughoult tilie Delt a 

In the acid sll'ate soil areas, land use isadapted to the 
great variabil it\of the soils. Some of the mieral sailie: 
potential acid sulfate soils are traditionally u'cd for 
shrimp raising in I)S and rice cultivation illW' giving 
good yields. Where these soils havC an olgatlic topsoil, 
crops oth'er lh; ,i lice alc , Prortl of.of1" salinel lhe 
potential acid sulfatC Soils iC ',till nUder tlattlil 'Cetla­
tion., Iang"ro\C, arld .1'/h'lt Ulct (). Where this land 
was rcccntly Cleared for culti\atiti and potlcntial acid 
Sullate soils ricnr at a depth of 30-N) cur (of mineral 
.,oils). rice is "r\M\ bsisiig a shallhxn dr;iIagi c s\ stcm 
(ditches 3(1cm ducp) to each ait'hil\ rum the nonllritiC 
topsoil alltile ,!ait i WS (8). 

Acid sulfate soil cornditiois arC Itllaitiil during tile 
trainritior, period 7oil)5 it \tW lriCC irlreadvWS her is 
so\"i. hut later disappear (6). 1li maiii \ari;hles 
dterriinin agr.icultural poihilitics inacid sulfate soils 

0 depth of tie :sulluriiC h li/Otsl lldC\vCl­l hllv, or ,,\x 
opud).
 

* parent mate'rial (hcartcla and peaty cla\ are least 
Ite\ trb!c), 

* ccurrcrtte il saline on Irchlrs atir aica. illd 
0 shallo\ or deep Ilhtodinug (7). 
In arcas a raiinfcd ,\satcr regime and\,.itlhshaihm 

lllailll, (jartsitc presentyrunig, shialh(M aid sulfte sttils, 
at 30)-5t cmi deph 1 land isiccliiintCnd on1rice cultiovatiotr 
by iippr prialc rtlCIll 95(1 inlterisi\C\\itttl Irti;itaCt t. 
shailh% dratinagec 5sctiis ct\otCd in arca fl9).00(l0Ira I1). 
With F'applicatitnt. hicit )id.ire \ aictiCs,ci%c rcasiriible 

yields (9). Inl t s r t l l,ifnotIrpC Cnt. rais.d beds 
wcre costurctcd or On\ land Ctilts such as "s trcrille aid 
pineapple. \itih modlerate stw..tc,, (7). 

Ittiltedecplyfttdeid acid stullale stil arcas. thc',tils are 
generally ,,cli dccIped (.pi Itich,aIo,,itc Itivid 5( ciii 
depth). Float ut,anrd dCCp) v,alter Iices are cithi\ ited irltile 
relatihchl better land (\\ilh \iltxdccpl\ dee\Clopcd acid 
sulfate soil,-_jatisitc at M()-10)1 CI depth). but silds arC 
low. The Other parrts arc trsed to gross..i/O/cr,'a/iilo­
delndrrt, a prtrttable ttimher tree (7). 
The orgarniC sioils. cal!Cd pCat. inc Cquiv hal.'nt)vstl'icin 

Histosols in the FA)-I Iriesco legend (2). Ihe, occur in 
the backswarrps betweern the river flrodplain and the 
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coastal plains (9). They are mosti underlain by potential R 

acid sulfate soils at 0.5-2 in depth (8). The extent of

Dystric Histosols is given as 0. 183 million ha (3). 


R FE1;R :N C'IS (I 1:l) 
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Summary 
Recent soil maps show that saline, sodic, acid sulfate, and 
organic soils occupy more 58 million ha in South and 
Southeast Asia (Table I). 

Table I. Extent of proble i slils	inSoitl and Southeast Asia. 

sol -

Soil" (mi--in ha-


Saline Sodic Acid sulfatC Organic Total 

Bangladesh 1.4 0. 0.4 1.9 
Brunei 0.2 ().2 
Burma 1.2 1.2 
India 5.5 2. 8.0 
Indonesia n u 27.1 27.1 
Kampuchca 0.1 0.3 0.4 
Nalavsia u 0.8 2.9 3.7 
Pakistan 6.2 4.3 10.5 
Philippines 0.4 0.4 
Sri I.anka 0.1 0.1 0. 1 0.3 
Thailand 0.3 0.3 0.2 C.1 0.9 
Victnam 1.0 2.6 0.2 3.8 

lotal 16.2 7.2 4.0 31.0 58.4 

"uz unmappcd or oerlapping 'Aith other prohlem soil types. 


With regard to the potential area for adverse soils-
tolerant rice varieties soils gCncrally unsuitable for rice 
cultivation should bc excluded, e.g.: 

* saline and sodic soils in dry areas where irrigation is 
not possible, 


" severely acid sulifate soils, and 

* clecp organic soils, 

as should solls with favorable conditions where adverse 
soi!s tolerance is not rCquired, e.g.: 

* 	seasonally desalinized soils, 
* moderately sodic soils, 

e deeply developed acid sulfate soiL, and 

* organic soils with a mineral topsoil. 


Furthermore, the demand for cultivation of adverse soils-
tolerant rice ,arieties on problem soils is limited by a 
number of alternatives, e.g.: 

" 	protection of the natural environment (e.g., saline 
soils in mangrnve forest areas such as the Sundar-
bals of Bangladesh), 

• land use adapted to environmental conditions (e.g., 
salt production and fish raising in saline acid sulfate 
soil regions in various countries), 

* successful management of the problem factor (e.g., 
advanced water management on saline potential acid 
sulfate soils in Peninsular Malaysia), 

" competition from more profitable crops (e.g., oil 
palm and pineapple on organic soils in Peninsular 
Malaysia), and 

• abundance of nonproblem rice soils (e.g., Sabah). 
The areas where adverse soils-tolerant rice varieties may 
be grown during a land reclamation phase (e.g., in the 
Indus planas, Indo-Gangetic plains, and Irrawaddy delta) 
are included in the total extent of roughly 23 million ha 
(Table 2). 

Tlable 2.Extent of potential area for adverse soils-tolerant rice 
varieties in South and Southeast Asia. 

illion
Cuntry 	 O ha) 

Saline Sodic Acid sultate Organic Total 

Bangladesh 0.1 0.1 
Brunci 0.2 0.2 
Burnia 1.0 1.0 
India 2.8 2.5 	 5.3 
Indonesia 	 a 10. 10.0 

Kanmpuchca 0. 0.3 0.4
 
Malaysia (.2 0.2
 
Pakistani 2.6 2.6
 
Sri I anka 0.1 0.1 0.2
 
Thailand 0.3 0.3
 
Victnam 0.1 2.6 0.1 2.8
 

Total 9.5 - 3.0 10.6 23.1 
'No figure available. 
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