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INURODUCI'ION 
Northeast Dlailand is a largeplain rimmed te 	

flat to gently undulatingle West adJ south Oy strall mountainsand to 	 or hillsthe north and eas't ,y the MeKonq Liver. A foldedsmall mountains divides the.! plain 	
range of

into 	tto ,vattrsheds which bothdrain into 	thv ,ei;eonri one 
1). A 

of the worlds' largest rivers (Figuresinqle cron of transr-lanted ohoto-sensitiverice, grow'n for 	 glutenoussubsistence under rainf.d conditions,re'ion's 	 is theoredominant activicy. "knomber of field cropsfor 	 are growncash 	on the upland. 'Jassava is the most imi)ortant one butits 	 icreae is .m;ml. comPared to rice.. 

ince the nci --50,s the :%ortneast
impressive cqains in 	

has made large anddeveJ.ooi-.i roads, regionalheaith 	 trade centers,services anc-i educatonal capacity atsecondary an.' 	 the primary,hi<gner lvrkls. Agrict;iture
raoidlv tnt 	 has also increasJd,ai as a result of forest landcultivation. 	 being brought intoYieds oar hectare in the Northeastchanged ,lgniiicantly over this 	

have not
:eriod. 
 Deforestation
croi / percent por Year. Since 	

has
L960 	 rice acreaq.) has doutbledand 	 cassavai andd .. 'e hae increased -1yfourfold ndrespectiv,>Iy, 	 fivefo].d,since -ic 75O. Naticnally ihai agricultureaverage 	 grew anof .erccnt/year. from 165 to 1975*growth 	 but since then.tas sluw to 3.7 1ercent/yr and is expect.xi tom-ore (5) 	 slow evend.ction tr-n's in th,= ,Iorthea3t have followel the 

same 	Zat.errr
 

iTia kortl'.r-, ;t

third 	

contiiins 17,000,000, poople, whico tuL ,iLi on stotal and 	
is one

8.5 million hectareThailand's 	 or 42x of'tvat [anl.J Consecuently the osvernmeort and thejpeOQle of th ru-_ion wish to continue a ra'-dbut 	 pace of developmenti,.r 2 confronto-A witli foriaanl 
 constraints. Inte;'sifying
ag,_icu..'.ur. 'Dro tion 	 .s nrojin to ce much mo-e difficultinc res n.-'rr,muctjo n o- e'oanding the area 	

than 
cultivated.soi.j._ 	 Poor.rratic
anr - ainfall1fls rmo rL t, Io- cor ,t r -i n s . 

are serious although not 
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Landforms -­,ad Climate 

The Northeast Plateau was once covered by the sea but 
uplifted to approximately 200 meters as a part of the Indian and 
Chinese continental movemeints which caused the Himalayas to rise
3,0C,) meters- The ranges of small mountains (large hills) that 
formed in the process resulted in two basins (Figure 2). There 
are sur!)risncly siall variation in elevation right up to the 
foot of 	the nountains. in thc process of forminq, there must have 
ren ms=iv, siinni~-ng and sliding of th, siltstone, shal.,
mudstone and rock salc that were the rrecominant parent
materials. Apparn-,ntly this accounts for the featureless 
lancls,.apr. 

'Ihe ic 'm sand and silt earticles that proedoninate in tne 
reqion's so11. navL a unic:ut size c.istrioution that causes close 
packinq. Ttim r .sult is hioh bulk densitie.s and extremely slow 
rate.-, of rain ,;ater infiltrition and slow move2ment of water in 
the soil, pairticularly vertical movement. 'his pro;xrty keeos 
the watr talh at or near the surface in ttrx rainy season and 
only '-3 e" the hteiqht of[ the dry season (ePoruary).fc-prs at 

Pearchod watr t2les 
are common o.,vin in the uplands and the 
topsoil ]s water -aturatZf afte-r ,very heavy rain. Impermeable
layer#,w 	 Of- lati.ritL ar,- common at 1-3 meters and contribute to 
keepin," I(,- w'. tcr tat.]c high. i-I)ith so mnuch surface water it is 
under s/zmvi.~v:hy rice is so prucwoninant and the farmers have 
laborieasly conts1ructe,- small i-undcd filds that cover 70 percent 
of the aqraculturai land. 

i.JeralJy r;iie1 rice n-,.ds 2QUU millimeters of rainfall 
(3) 	 for stai.L yi,.<ds but the iartheast oro(muces it with 1100­

(tqcu- The1400 3. fmcnuscer of rought days is greatejr than 60 
days for ,ssentiallv ail the rw.nion and qrL'ater than 100 days for 
much of it i 4. ',(.oci( ty's re!soonsu to this has been to 
evolve patterns of Jana e",nershin that qi e a family lowersome 
and uprer pa'dy Ian. n ',ears of ,.Ycellent rainfall amounts and 
oistributjo, all. a1.'1 ar- transDlanted to rice. When the 
rains art.,- lj Pcar,2st, cn.[y th. lowr paddy is transplanted and
the uoc.x )ar-jim,-._ catch rainfall that seeps slowly down the slope 
to mor o o I sjs ,.ttp the lower paddies continuously water 
saturat,.!d. 

Soil Proper :-itus 

'[hkr( art 3 diffL~re-!nt soil types in the Northeast: but the 
majority are Jo,: hum1c c.leys, podzols and alluvial soils (Figure
5).
 

,ith the t-xc,:ption of som, limestone areas in the hills,
virtually all soilsin tmu b'ortheast ar: I]rivW i from saidstone,
shale or siltstorad r ar- innrunt.y lo,.- in calcium, magnusium,
potassium arid nhosahorous. txing so hig hly weatnered, they are 
extremcly saricdy anni have .0w orwanic mattr and clay
(predcminantly kaoliniticl contents, !ow clay contents combineA 
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with the low activity of kiolinite have resulted ofin soilsextremely low cation exchanqe and bufferingl capacities.Extremely low pHs are common, especially in the dry season. 

Generally clay contents are lea.,,t in the plow layer but
2-3 aretimes creater in the Bi-horizons. The Roi Et profilecharacterised by Brinkman (2) probably has higher overall clay
content but otherwise maj be typi-al: 
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At the time this profile was samoled (March 18), the watertable was aboit 1. P ai The CEC was found to increase from 1.1meq/l00 qm ii. the plow layer to Lpproximately S for all layersbelow 26 cm. ()ro'ric carwn was 0.3 rerceut In the plow layerand declirncd to or].V ;-rcce oa,Is Levi_. '15 cm, The o1H was 5.1in the plow lay~-r m,-' lo c1 tO 4.5 for Viedeeper depths. 'Phi::, profi Ie is noL tyTpica). for pH because theplow layer is ofte n th- Io . I) oH1tin cI. 1i-g the dry 3eason. 
By monitoring -fl, p.lotL, ,la,- et dl (9) found that thepH of rainfed rice pfddh, in tne Northeast increases to 5.5 to6.5 at the height of the rainy -season but comdicnly declines to4.5 in the dry season. '[he pH increase is due to reduction offerric iron when the soil is flooded and the pH decrease due tb 
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the oxidation of iron when the soil dries (2). These reactions 
may be written as.­

+2 
(1) 	 Fe (O0) , 3H ...... > Fe + 3H 0
 

3 2

+2 
 + 

(II) Fe i i/:i 2 + 2 1/2 H 0 ---­ > Fe(OH) + 2H 
2 2 3

pparently these two 
 reactions, and the 
 associated
 
consr -juences: a, the major factors determining the crops grownin Wne Xoest arnrd, hou the farmers manage them. Reaction (1)is a seni imic orocess that corrects the problems of
acidity. Ad:iJtionfly, majy ,orkers (6,7,8) 

soil 
have demonstrated

that the 7.vaili ,ility of rhosphorus is increased when iron is
reduced, rouin!Aby iron pnosohates are dissolved. Reaction (I)has one ,v-vLive consequence because the ferrous ion exchanges
for base ea';tons that tend to be 	 leached away. However, the slowvertical oVCleCqt of water is orobably minimizmn these lossesunder the Prese,-: adw.ncoW state of weathering. 

it is corvent onai wisdom in the !.ortheast that the greatest
agriculture Po;lem,rcxuccionis irsufficient water, a statement .re- t..r.e 

the lack oL eno'j g7h w-ter (o meet the direct needs of the crops 


with which 	 this , ;rees. 2uowever, he does not believe that 
is

the first limitig tactor. i-ather it is the absence of the self­liming, selt-feirtilizinc, consequences of reaction (I) that occurwhen the sc,ils -ire .,ater saturated. Given the extremely low
fertility 	 o! Cnec soil rfrd the low-innut agriculture that ispracticei, oepin. tic soi'. water saturated much of the time is amust in oe:- o havc nut.ient availanilities hih enough for 
even the law 'lields ootainri (approximate rice yield, 1,200kg/na), T'l rla'iJ,,o -cntrioutions of .,;ater in meeting thet 

direct croo 
 n_,,.l -jrr! the i d.ir, .c oenefits of increasing nutrient
avai.lab.ilt ee r r,,ch-e more research and development
emphasis. 

A qcnc n '. c'tive on the fertility status of Cbrtheast

soils is pi-ovid-, , fyu a m'). 
 Ho and colleagues from Asiancountries 	 have ., cc'iarison characterizations of rice soilsfrom the Lcc, ro ., )s of rha land, four reiions of Bangladesh,
two regions i- ch of Sri Lanka and 'Ialaysia and one region ofIndia. Tihe ;J.0 so-Ils in the study were rated by characteristics
and grcupe ,: hreeo cat:ories, .e. inherent Potentiality
the soil (iP)3/, ' iMteqania't r and nitrogen 

of 
status (OM)3/ andAvailable c' ,s status (,, W-V/, The 32 soils from the
Northea9L that ", i,tc study rankod -1.18, -1.14 and -0.94for IP, XDMan., !V. irc ';s:ect.vely. The next lowest values for 

3/ 'he IP ;,er .* citcninedJ.',l-' prinarily by the nature and 
amoun: of cl,, ind hasC status.
 

The C"! v;.uo: :.,r , riv(-d froi; 
 total careon, total nitrogen,
ammonum :nti.t.e. , total P'ho.5DhoIrus and organic phosphorus.

The AP va!,:eq .e- e- termined ri:alrily from two different 
soil tets for a a lal -)hosphorus. 



soils of any region were, -1.07, 
 -,'.36 and -0.72. Soils that
 
were at the average of the group or 410 soils were ranked 0 
on
 
the rating scale. Given these inherently poor soils and the
 
small amounts of fertilizer use it is obvious why rice yields are
 
so low. Large increases in nutrient availabilities must be

occurring in association with reaction (I), otherwise the yield
 
would not even b; 1200 ko/ha.
 

Whereas reaction (I), ar-' the2 associated soil changes, 
are
 
so beneficial to rice yields, reaction (i), and the 
associated
 
changes, are vry detrimental to crops grown either in the dry
season or on .e,,-All-drain d sites in the wet season.. The r-I+ ion
produced in reaction (1i lowers the soil (Figure 6) theoH to
point that large amounts of aluminum are made soluble (Figure 7).
Farmers traditionally cope with this problem by applying dry
animal manure to all voqetacle crops and tocacco, the major dry
season crops. The manure is quite oasic in its effect on the
soil bocause it is usually air dry and most of the urea and other 
easily availaole nitroqen compounds have been lost by ammonia
volatilization. 
 The soil pH s are easily increased because the
 
cation exchange capacities are so low. 
 Ground limestone applied

sparingly would b a more efficient way to raise soils pi-'s but
it is not available duspite abundant limestone deposits at the 
rim of the Korat plateau. 

Beyond its implications ror fiuld crop production, reaction

(I) is thought to have been a major, 
if not the major, soil
 
forming 
factor For the,soils in the Northeast. The H+ ion from
 
the reaction absorbed to the
is negative sites structurally

embedded in thC clay. However, hydro'en clay is unstable and

partially decomposes, releasing aluminum and silica. Brinkman(2)
concluded that this mechanism, operating over countless cycles of
soil floodin4 and drying, rLiuced the clay content at the "alasin 
site from greater than 20 percent to the present situation of
less than i. percent in tie 0-16 cm. layer and 11.6 percent in

the 16-2b ci. ]uy-r. Ak-yond destroyinq the clay, the soils have

been further a_-rmW Oy thu aluminum dissolved from the clay

forming L.errous-aluminum hydroxide interlayers 
 in the 2:1 clays
that are prescnt. T!his chloritizatio) process has further

decreased the, cation %',:chang, cacacity of the soils by
permanently ;:iccking exchang, sites. Brinkman estimated that the 
Rol Et soil he studied 'proaoly had a CE: of I0 mI100 gm at an
 
early staqe of deturioration,
 

In 1969 .rinkman (1) coined the terin Perrolysis for this 
soil formin.i process that occurs in alternately reduced and
oxidized sacsonally wet and dry soils. He does not deny that
clays are physically, transoortedN down the profile but concluded 
that such mnchanismris wrc not sufficient to explain theproperties of gluy soil so common throughout Asia. The iron 
reduction/oxidation cycle soil formation
and relatd and soil
 
management consequences are summarised in Figure 8 and I.Table 

5
 



Traditional and Present Cropping Patterns
 

The acrteages of each crop in the Northeast and relative 
proportions of 
the Nation's total production are contained in
 
Table 
2. After rice, cassava is the most important crop. It 
accounts for much of the land clearing since 1970 
 and is the
 
regions most important cash crop. In y.a-s of good rainfall
 
rice sales may exceed cassava, but this is due to disposing of 
the surplus of a suosistence crop and is not consciously 
intended. 

Cassava is an idj.al crop for the Nbrtheast. It can be grown
in infertile, low pH, sandy soils with no cash inputs, has no
 
major pests and is extremely drought tolerant. Harvesting dates 
can be delayer. or advanced in line with farmers labor 
availability, cash reuiruiments ana he market prices prevailing.

Cassava production is curre-ntlv facing two major 
constraints,

First, because it is so efficient at extracting nutrients from
 
even an infurtil,.! soil, it rapidly accelerates the process of
 
soil fertility dclin,.. Second-, because of recent export

agreements Ibetween lhai .and and the EEC, virtually the sole 
market for qhai cassava products, prices are falling to levels 
that are only just economically viable. 

Alternativ. cross to cassava are heing testea and in 1984 
grain sorghur, and iunagt .an wer,. p)romoted. In som.. localized 
areas these te.,ere successful nuc both require relatively high
inputs of cash and- labour, are sensitivu to intermittent water­
logging and are prone to a wide range of pests and diseases. 

Corn is succcssfully qrown in th, Northeast but production
is restricted to the r,tter limestont ot lolcanic soils found 
only in the hilly areas oordezrinq the region where its

cultivation 
 can cause s rious erosion on the steeply slopi.ng
land. Corn coul- :-, grown on the lo-..: fertility soils of the 
plateau but the high lcvIs of fertilizer and lime required would 
make it economically unattractive. 

Nidesprua.1 cropin intunsification in the paddy land is

constrained by th,, hi 
n pro-a.,ility of serious water-logging in
 
pre-rice crops and drouqht in post rice crops unless supplemental
 
irrigation can :-) sup):)l.
 

Agronomisally, rice is 
the, .,ost attractive crop for
 
expansion in th,, ;,ortneast. Mucn ofl the urper paddy which 
usually does not rceiv eiouCfh water for transplanting could be 
direct seece d and thus produce a crop. Enough labor to weed the 
crop is a major constrain. Rice prices will not support the 
cost of hurbicides ano the farmors wish to avoid tht.n in favor of 
the frogs, land crai.s and jish that grow in the paddies. 

Agriculture Dev.lor,int[n'ouCh a [Farming Systems Approach 

Faced with tlkesu constraints to any sin il, crop solving "he 
development needs of the iNortheast, development projects are
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increasingly emphasising a farming systems approach. The idea is
 
to closely study existing production patterns, labor demands and
 
market opportunities and, nascd on , good understanding of the
 
current system, identify where,appropriate impro'ements can b­
made. Acceptance of these changes is sought through on-farm
 
testing don. collahoratively with tht farmer, ext2nsion officer
 
and experiment station rtjsuarcher.
 

An example of ii1,rovumunts coming froii this approach is the
 
NERAD 4/ projLct workin-f in Roi Et province. Theru rice yields
 
had declined to thL point of alarm and farmers t)ean searching 
for an altern ,tivL to reverse the decline, First they grew
 
watermelons as a crsh crop and noticed that the yields of rice 
following wat, rmeions was much improved. The residual fertility
 
from the manure and chemical fertilizers that must be applied to 
grow watermelens was carrying over to the rice. Subsequently, 
the farmers improved the systm n0y addcin' a kenaf crop planted 
after watermelons and with the first rains of February or March. 
This crop is harvk:sted whenever rainfall is sufficient for 
transplanting rice, usually late July or early August. The 
farmers have gone from a single rice crop to limitcdA triple 
cropping which they rotLate betw*.een fields to improve yields of 
their subsistence ricc,crop. 

Widuspr.:ad adontion of this systkm is currently limited by 
the high inut costs for manure ani f,.urtilizer and its inherent 
risk due to v~iriai.le, prmck:s tor the watermelon and the build up 
of soil-borne root rot dis~asc- (Phytophthora nicotianne) in 
kenaf, which is frtiuelltly subjecte<J to water ].oqqgtW conditions. 
NERAD's appro.icn lnas ;:..n to te:st qreen manure crops as a low 
input alternativ,: to ;1at rrne].on to stabilize rLcu yields. The 
root rot in has successfully by thepro~l.., Keno£ ,,t-,n overcome 
introduction ot 'Luirl r.enaf which is more resistant to the 
disease under witnr-lxe-W. condiCtions. 

Introducin:4 I)nlut .-edsesame grown bc:fore and after rice, 
constructing ,.c.irs to ku .)more of the soil water saturated, 
prouucing fish in tile -X!:Ay ',.ith ricu, village woodlots and 
live3tock dis rine parasite are parts of NERADand control all the 
project. [hus,. ,ctivitiLs are not so dramatic as thousands of 
hectares of a n&w crop for ,export Out they are more appropriate 
for the Northeast. Th,, area is one of an inherently low yielding 
subsistence agricultutu with cheap labor being its major 
competitv._ adrvantogq, 1e.,2n this production advantage is 
dtisappuarinq. ffi farm Lnrloyment in regional trade centers, 
BangKok -r~i the %liddleFast has gro.*:n rapidly to augment the 
growing of su;sistnc,., rice. 'ih.upcoming five year plan is 
purported to --mph sis, rural industrialization. Certainly the 
large numbLers of construction rnd oth r workers who are cycling 
in and out of the Krthnast ,,jI.Ltiprove the worKforc, for such 
industry, if it r,:ally qro,.'s. 

4/ Northteast "K-infWc Agriculture- Dvelorxuent project currently 
-ocing imDl.ilunti d by the Thai W)AC and USAID. 
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Conclusion
 
2 

The Northeast is a largo (170,000 km ) semi-flat plateau, 
It is populated by 17 million industrious people left behind
 
economically becausL of inherently ooor land and isolation. Th1e 
isolation problem has 0rxn solved and with it the exploitation of 
the land's muac ,.r stor, of fertility has boen rapidly 
accelerated. i-owuvkr. it does not appear tnat the land will be 
exhausted and abandoned as in some c-arts of the world. Most 
farmers own thir land ind directly draw their food supply from 
it. When rice yields declin, ,Aow anproxiniawly 1200 kg/ha they
add organic and chitical fertilizers to reverse the trend. The 
land is greatly d.qridoed ny the fcerrolysis process operating in 
seasonally flooded and dry soils, bL.c this too is a self-limiti.ng 
process. qhus it is reasonahb 2, to expect th, region to continue 
producing indufinitely althouah yields will continue to De low,
The pressing ne.ed is not to devtlop some large scale export crop,
but to stabilize the_, subsistence rice yields and to gradually 
improve the various cash crop and other enterprises in a self 
sustaining manner, not only to meet family cash requiremcents for 
education and consumer goods, out also to supply agricultural
 
inputs as suosistcncu farmers occome more integrated into the 
market economy 
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Figure 6. Decline in 1$iof rainfed paddy soil, Khon Kden 
1983/84, resulting from the oxidation of ferrous 
iron. (Source: Ragland, et al. Literature 
CitE," Ref. No. 91) 
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Figure 8. 	Schematic model of ferrolysis process operating 
in seasonably wet and dry soils. 
(Source: Brickman, Literature Cited Ref. No. 1) 



Table 1. Schematic model of the genesis of eluvial
horizons in seasonally wet, acid soils;
ferrolysis. 
 (Source: 
 Brickman, Literature Cited
Ref. No. 1, Table 5.1). 

WET SEASON
 

Water saturation
 

Reduction 
 Eluviition of secondarv silicj
 

11 consumption Fe ;roduc i.n from ferric oxides 

. pI rise Oisplacte 
 of echsJ ale bao,_s

~~aad
aIc: niuw by y-'
 

Por ation Or
 
soluble Al-polymers
 

Deqrease in 

e •luviticon of basedactivicy Al-pol.:ers (ico'tbilization of fulvic acidsan re' at igh netal/acid :itios:I 

inhibitien of cheluviation)
 

Formation 
 of incomplete aIum;n iu 
interlayers 
in 2:I clay mnera.!q
 

Trapping of fornerlv
2
exchangeable FC £ ati"I excilange
cdpacise of cli fraction
 

in interlayers
 

DRY SEASON
 

Air entry
 

4Oxidation
of changeable (and

disolved) Fo 
 to f... oxjd,, 

H production 

Formation of 11' clay pll drop 

Clay decompot;ition and formation of Al, Hg clay 

Liberation of 
secondary silira
 

(upon desiccation:)

Formation of se:ondary silica aggregates
 



Table 2 Crop Productionm in Northeast Thailand 

aid Use Producti on 
Change in L. s .. M.. National N.E. Yield'Plant-dane, I Iantcd 't( 'cent;i]e Mtae Yield as Perontage 

Area . j]78-19}.,3 of Nat i.oi1l3 1978-83 1978-83 of Nationl 
(Ha. x 10 ,) Prouction (kg/Ha) (kg/Ha) Averag 

Rice 4, ? )5 36 iOA, 1,660 73 
Cassva 
 746 - 59 13,400 13,900 96 
Maize 501 + 53 1,780,2 l,99() 90 
Kenaf 217 
 - 31 100 1,o.10 1,040 100 

Sugar cane ].04 + 124 11 39,800 40,600 98 
Peanut Al + 25 19 1,020 [,190 86 

Cotton 23 .13+ 23. 1,270 1,1.50 UO 
Mungbean 18 + . 55 4 664 594 112 

Source: OAE, 1983 


