1/
Land Management Patterns in Northreast Thailanc
2/
John kagland and Iain Craig

INTRODUCTION

Northeast Thailand 15 a large flat to gently undulating
plain rimmed to tihe west ard south ny small mountains or hills
and to the north and east Yo the Mekong kiver. A folded range of
small mountains Jdivides the plain into two watersheds which boch
drain into the Mekona one of the worlds! largest rivers (Figure
1). A single croo of transrlanted photo-sensitive glutenous
rice, arown For subsistence under rainfec conditions, is the
revion’'s predominant activicy. A number of field Crops are qrown
for cash on the upland, “assava 1s the most important one but
1ts acreage is smal) compara2d to rice.

Since the mA-1353'5  the northeast has made large and
impressive gains  in developlsy roads, regional trade centers,
heaith  services ana educat.onal cacacity at the primary,
seconaary  ant agher levels. Agriculture has  also increased
ranialy sut mainly as a result of forest land Leing brought into
cultivation. Yields per hectare in the Northeast have not
chanyed signiiicantly over this neriod, Deforestition has
avernded 7 percent ner vear. Since L9960 rice acreay? has douhled
and  cassava and  acirze have 1ncreased Ly fourfold and fivefold,
respectively,  since 1974, Naticnally ihai agriculture grew an
average  of -~ nercent/year from 360 te 1975 but since then
Jrowth has sleowed to 3,7 PRrCent/yr and i1s expectod to slow aven
more (5) ., Troduction trainds in the Northeast have followed “he
same attern.

e lerthesst  contains 17,000,000, people,  whicn is  one
third of  the nation: s total and 8.5 million hectare or 42% of
Thaiiand's ultivated land. Conseauently the gsvernment and the
pecole of the region wisk to continue a rarad pace of development
but  nre confronted with formicacle constraints. Intersifying
Aagricuiiure rodiction is ProJing to e much mo-e difficult than
increasing  production by evmanding the arca cultivatad, Poor
soils drid wrratic falnfall  are  serious although not
Insurmountanl. constraincs,
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Landforms z.ad Climate

The DNhortheast Plateau was once covered by the sea but
uplifted te approximately 200 meters as a part of the Indian and
Chinese coatinerital movements which caused the Himalayas to rise
3,00 weters. The ranges of small mountains (larce hills) that
formed  in the process resulted in two basins (Figure 2). There
re surprisingly  seall variation in elevation right up to  the
foot of the .mounteins. 1n the process of ferming, there must have
Leen massive  siipplng  and sliding of the siltstone, shale,
mudstone  and rock  sale that were the predominant parcent
materials. Apparently  this accounts for the featureless
landsaaps:.

ihe e sand and silt particles that predoninate  in the
region's soils have o unicue size aistrioution that cavses close
pack ik, ‘e result as hich bulk densities and extremely  slow
rates of  rain water infiltration and slow movement of water in
the so1l., particularly vertical movement. This property  Keeos
the water Ulaible at or near the surface in the rainy scason and
only -3 mesers decp at the height of the dry scason (ieoruary).
Pearched  water tasles are common oven in the uplands and  the
topsoil 18 wator saturated after cvery heavy  rain. Imoermeable
layers  of  latorit. are common at 1-3 metuers and  contribute to
Keebine  the water tatle high.,  With so much surface water it  is
understandatio why  rice is so predoninant and the farmers have
laboricusly constructed small runded ficlds that cover 70 percent
of the aaricultural land.

Gonerally  roinfod rice noods 2000 millimeters of  rainfall
(3) for stavic yi.lds. ut the wortheast produces it with  1100-
14C0 o (Fisure 3:. The numser of drcught days 1is greatwr than 60
days for :2escntiallv all the rasion and greater than LOC days for
much of it (Friyure ¢}, focicty's responsce to this has been to
evolve patterns of Jana cimershin that give a family some lower
and uprer paddy lant,  In rears of cxcellent rainfall amounts and
distriputior, all paddies are transplanted to rice. When  the
raing ar< rhe georest,  cnly the lower paddy 1s transplanted and
the upper paddies catch rzinfall that sceps slowly down the slope
to more or  less reop the lower paddies continuouslvy water
saturatod.

Soxl Progertvics

‘There  arc 35 different soil types in the Northeas! but  the
majority arc Jow humic gleys, wpodeols and alluvial soils {Figure
5).

With  the  ckeeptlon of some limestonc arcas in the hilis,
virtually ell soils 1n tae MNortheast arce dorived from saidstene,
shale or siltstore and ar: wnberently los in calcium, majnesium,
potassium and nhoschorous. )ing so highly weatnered, they are
extrancly  sandy  and have  low organic matter  and clay
(predeminantly ksolinitic! contents. tow clay contents combined
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with the low activity of kaolinite have resulted in soils of
extremely low cation exchange and  buffering capacities.
Extremely low pHs are common, especially in the dry season.

Generally clay contenis are least in the plow layer but are
2-3 times areater in the fs~horizons. The Roi Et profile

characterised by Brinkman (7)) probably has higher overall clay
content but otherwise may be typical:
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At the tilme this profile was sampled (March 18), the water
table was about 1.8 g, The CEC was fourd to increas: from 1.1
meg/100 gm ia the plow layer to approximately 5 for all layers
below 26 cm. Orqunic carpon was 0.4 rercent in +he plow layer
and declired to only ctrace amounts below 45 om, The pHd was 5.1
in the plow layer and decreased Lo aoproximately 4.5 for the
deeper depths. This profile is oot tynical for pH because the
plow layer 1s often the et 10 o during the dry season,

By monitering field plots, R:=alam! et 21 (9) found that the
PH of rainfed rice prddiog in tne Northeast increases to 5.5 to
6.5 at the height of the rainy season but comucnly declines to
4.5 in the dry seaszon. The pll increase is due to reduction of
ferric iron when the so1l is flexled and the pH decrease due to



the oxidation of iron when thie soil dries (2). These reactions
may be written as:
+ +2
(I} Fe (O2) + 3 =-eeec> Fe  + 3H O
3 2
+

X9}

+
(IT) Fe  + 1/4 0 + 2 1/2 H O —memm > Fe(CH) + 2H
2 2 3
‘oparently  these  two reactions, and the associated
consrijuences,  ei» the major factors determining the Crops grown
in ine Noitheast and how the farmers manage them.  Reaction (1)
is a self-linine process thal corrects the provnlems of soil
acidity. Adcationally, many workers (6,7,8) have denonstrated
that the =zwvailabilitcy of phosphorus is increased when iron 1is
reduced, orocumably iron phosphates are dissolved. Reaction (I)
has one .awjative conseguence Lecause the ferrous icn exchanges
for basc catiens that ternd to Le leached away. However, the slow
vertical moveseat of water is orobavly minimizinc these losses
under the preseat advanced state of weathering.

it is conventional wisdom in the 'ortheast that the greatest
agriculture vrcduction proilem is irsufficient water, a statement
with which this wriiter zgrees. Liuwever, he does not believe that
the lack of enoich witer o meet the direct needs of the Crops is
the tirst limitina tactor. kather it is the absence of the self-
liming, selé-fertilizine conseguences of reaction (1) that occur
when the scils are water saturated. Given the extremely low
fertility of &ne soil and the low-inout agriculture that is
practicea, Keepins the soi’ water saturated much of the time is a
must  in order to have nutcient availapilities high enough for
even the low wvicelds cotained (avproximate rice yield, 1,200
kg/ha). Toe  relative  ceptrinutions of water in meeting the

direct croo r onct the Lrdir o penefits of increasing nutrient
availapiliti:. feserve nach more  research and development
emphasis, .

A Goow  percnestive  on the fertility status of wortheast
soils is provided tv kyuna (4). He and colleaques from Asian
countries have made comparison characterizations of rice soils
from the foov recions of "hailand, four reyions of Bangladesh,
two regions cach of Sri Lanka and “alaysia ana one region of
India. The .0 suils 1n “he study were rated Sy characteristics
and qreoupe? Iatc bhree catyories, t.e.  Inherent Potentiality of
the soil {13/, rrganiz varter and nitrogen status (OM)3/ and
Available ¢losphorus  status (rj3/. the 32 soils from the
Northeasi that were v, the study ranked -1.18, -1.14 and -0.94
for Ir, o ana an, respectively.  The next lowest values for

3/ the IP wvalues were dotermined primarily by the nature and
amount of ciey and rase status.,
The CM values werc o rived frow total carnon, total nitroqen,
ammoniuwm nitUoge, total rrhosphorus and organic olrosphorus.
The AP valves verc dotermined vrimarily from two different
soil tosts for aval lable »hosphorus.,
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soils of any region wer:, -1.07, -0.36 and -0.72. Soils that
were at the average of the group ot 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 yiclds are
so low. Large increases in nutrient availabilities must be
occurring in association with reaction (I}, otherwise the yield
would not even be 1200 ka/ha.

Whereas reaction (I), and the associated soil changes, are
so beneficial to rice yields, reaction (1T1), and the associated
changes, arc very detrimental to crops grown cither in the dry
season or on wezll-drained sites in the wet scason. The ¢+ ion
produced in reaction (1) lowers the soil pH (figurc 6) to the
point that large amounts of aluminum are made soluble (Figure 7).
Farmers traditionally cope with this probiwn by applying dry
animal manure to all vejetadle crops and tovbacco, the major dry
season Crops. The manure 1s guite pasic in 1ts effect on  the
soil because it 1s usually air dry and most of the urea and other
easily available nitrogen compounds have been lost by ammonia
volatilization. The so1l pH's are easily increased because the
cation vxchange capacitics arc so low.,  Ground limestone applied
sparingly would be a more cfficient way to raise soils pd's but
it is not available despite abundant limestone deposits at the
rim of the Korat platcau.

deyond 1its implications ror ficld crop production, reaction
{I1) is thought to have been a major, 1f not the major, soil
forming factor for th: soils in the wortheast. The H+ ion from
the reaction is absort:d to the negative sites structurally
embedded in the clay. However, hydrogen clay is unstable and
partially decompeses, releasing aluminum and silica. Brinkman(2)
concluded that this mechanism, operating over countless cycles of
soil flooding anci drying, reduced the clay content at the jalasin
site from qreater than 20 porcent to the present  situation of
less than iJ percent in the 0-16 cm. layer and 11.6 percent  in
the 16-26 ci.  laycer.,  sevond destroying the clay, the soils have
been further actraacd oy the aluminum dissolved from the clay
forming forrous-aluminum hydroxice interlayers in the 2:1  clays
that are prescent., Ihis chloritization process has Ffurther
decreased the caftion uouchange capacity of the soils by
permanently nlecking cxchange sites.  Brinkman estimated that the
Roi1 Kt soil he studiud provavly had a CEC of 10 megs/100 gm at an
carly stage of doeterioration.

In 1969 -irinkman (1) coincd the term rerrolysis for this
soil forminay woprocess that occurs 1in alternately reduced and
oxidized scasonally wet and dry soils.  He does not deny that
clays arc physically transported down the profile but concluded
that  such muchanisins woere not  sufficient to explain the
propertics of qgley soil so common throughout Asia. The 1ron
reduction/oxidation cycle and related soil formation and soil
management  conscjucnces are summarised in Figure 8 and Table 1.



Traditional and Present Cropping Patterns

The acreages of cach crop in the Northeast and relative
proportions of the nNation'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 years of good rainfall
rice sales may cxceod cassava, but this is due to disposing of
the surplus of a suosistence crop and is not consciously
intended.

Cassava is an idcal crop for the Northeast. It can be grown
in infertile, low pH, samdy soils with no cash inputs, has no
major pests and 1s extremely drought tolerant. Harvesting dates
can e  delayed or advanced in line with farmers labor
availability, cash reguircnents and “he market prices prevailing.
Cassava production is curruntly facing two major constraints,
First, becausc it is so officient at uXtracting nutrients from
even an infertile soil, it rapidly accelerates the process of
soil fertility dcclin... Sccordd, because of recent export
agreements Letween Thaicand  and the EEC, virtually the sole
market for Thai cassava products, prices are falling to levels
that are only just ecconomically viable.

Alternative Crons to cassava are Leing tested and  in 1984
grain sorghum and mungitean were promoted. In som: localized
areas these were  successful mut both reguire relatively high
inputs of cash and lavour, arc scnsitive to intermittent water-
logging and are pronc to a wide range of pests and discases.

Corn is successfully grown 1n the Northeast obut production
is rustricted to the ovtter limestone or volcanic soils found
only in the hilly arcas pordering  the region where  its
cultivation can causc scrious crosion on  the steeply sloring
land. forn could oo grown on the low fertility soils of the
plateau but the high levels of fertilizer and lime required would
make 1t cconomically unattractive. .

Widespread  croppina  intensification in the paddy land is
constrainud by tho high provacility of serious water-logqging in
pre-rice crops and drought in post rice crops unless supplemental
irrigation can v supnlicd.

Agronomically, rice  1s  the aost  attractive crop for
¢xXpansion in the jortneast, Much of the wusper paddy which
usually does not reccive cnoudh water for transplanting could be
direct secaed and thus produce a crop. Enough labor to weed the
crop 1is a major constralnc. Kice prices will not support the

cost of herbicides and the farmers wish to avoid then in favor of
the frogs, land cracs and fish that grow in the paddies.

Agriculturc Develomment Through a Parming Systums Approach

Faced with these constraints to any single crop solving the
development newds of the Northeast, 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, nasad on o good understanding of the
current system, identify whore appropriate improvements can  be
made. Acceptance of these changes is sought through on-farm
testing done collaroratively with the farmer, coxtension officer
and experiment statlon rusvarcher.

An example of improvements coming from this approach is  the
NERAD 4/ project working in Rol Et province.  There rice yields
had declined to the puint of alarm and farmers began scarching
for an altern-tivi to reverse the docline, First they grew
watermelons as a cash crop and noticed that the yields of rice
following wat.rmelons was much improved. The residual fertility
from the manurc and chemical fertilizers that must he applied to
grow watermeleons was carrying over to the rice. Supbsoquently,
the farmers improved the system by adding a kenaf  crop  planted
after watermelons and with the first rains of February or March.
This crop 1is harvested whenever rainfall is sufficient for
transplanting rice, usually latce July or early August. the
farmers have gone from a single rice crop to limited triple
cropping which they rotate between ficlds to improve yiclds of
their subsistence rice crop.

Widusproead  adowtion of this system is currently limited by
the high 1nnput costs tor manure and fertilizer and its  inherent
risk duc to variable prices tor the watermelon and the bHuild up
of soil-bornc root rot discase (Phytophthora nicotianne) in
kenat’, which 1s frequently subjected to watcr Jogged conditions.
NERAIM'S approach has ecn te test green wmanure crops as a  low
input altoernative to watormelon to stabilize race yiclds. The
root rot prob:l.w 1n kenet has oween successfully overcome by  the
introduction ot Tuwan renaf  which is more resistant to  the
disease under watcer-looixd conditions.

Introduciny peanut and sesame grown boefore and after rice,
constructing wuirs to Keeh more of the soil water saturated,
prouucing fisn 1in tie caddy with rice, village woodlots and
livestock disuvinse and parasite control are all parts of the NERAD
project. These  actlvitles are not so dramatic as thousands of
hectares of a new crop for cxport but they arc more appropriate
for the Northeast. The arca 1s one of an 1nherently low yiclding

subsistence agricultur.  with cheap  lavor being its major
competitive  advantage. kven  this  production advantage  is
disappuaring. Oreefarm omployment  1n reaional trade  centers,

Bangkok vt the Middle East has grown rapicly to  augment  the
growing of sucslstonce  rice.  ihe upcoming five year plan  is
purportued  to wmphasise rural industrialization.  Certainly the
large nunbers of construction and othur workers who are  cycling
in and out of the vortheast will improve the workforce for such
industry, it it really grows.

4/ wNortheast Rainfed Agriculture Development project currently
rceing  impivacnted by the ‘Thai MOAC and USAID.
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Conclusion
2

The Northeast is a large (170,000 km ) semi-flat plateau,
It is populated by 17 million industrious people left behind
economically because of inherently poor land and isolation. The
isolation protlem has puun solved and with it the exploitation of
the land's meager store of fortility has  becn rapidly
accelerated. dowever, 1t doues not appear that the land will be
exhausted and abandoned as 1n some ~arts of the world. Most
farmers own thoir land nd directly draw their food supply from
it. When rice yields decline below anproximacely 1200 kg/ha they
add organic and chumical fertilizers to reverse the  trend. The
land is greatly cd.graded by the ferrolysis process operating  in
seasonally floodud and dry soils, but this too is a self-limiting
process. Thus it is reasonable to expect the region to continue
producing indefinitely although yieclds will continue to be  low.
The pressing need is not to develop some large scale export crop,
hbut to stabilize the subsistence rice yields and  to gradually
improve the various cash crop and other enterprises in a  self
sustaining manncr, not only to meet Family cash ruquiremonts for
education and consumer goods, out also to supply agricultural
inpurs as sussistence farmers decome more integrated into  the
market economy
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Table 1. Schematic model of the genesis of eluvial
horizons in seasonally wet, acid 5011s;
ferrolysis. (sSource: Brickman, Literature Cited
Ref. No. 1, Table 3j).
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Water saturation

T
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e
. i?* . o . :
H consumption Fe™  production from ferric oxides
'
.PH rise Displacement of exchangeable bases
-

amd aluzinium by 7o

)

Fomat iOn of —————
soluble Al-polymurs
| —
Degrease in Eluviaticn of hdscit (Imxnbilization of fulvic acids
Fe*” activiey Al-polymers and Fe at high metal/aeid ratios:

inhibiticn of cheluviation)

Formation of incomplete aluminium
interlayers in 2:1 clay aminerals

Trapping of forperiy Dosresse in cation exchange

N N )
exchangeable F¢* Capacity of clay fraction
in interlayers

DRY SEASON
Alr entry

Oxidation of §Xchangeable (and
dissolved) Fe* to free oxides

' production
. +
Formation of K clay ol drop
Clay decompesition and formation of Al, Mg clay

Liberatior of secondary silica

(upon desiccaticn:)
Formation of serondary silica aggregates

———————— .




Table 2

Crop Production in Northeast Thailand

Lard Use

Preduction

' Change in |  M.E. as !' M. Mean National N.E. Yield~
Planted Planted Avea | Percentage Yield Mean Yield | as Percentage
Area 178-1963 1 of National! 1978-83 1978-83 of National
(Ha. x 107 (%) P Production ! (kg /Ha) (kg/Ha) Average

Rice 4,51 | % ) 16 L1, w0 1,660 B &
Cassva 74 RO & 59 : 13,400 13,900 96
Maize 501 + 53| 22 | 1,780 1,990 90
Kenaf - 217 31 : 100 i 1,040 1,040 100
Sugar <ane 104 + 12 11 39,800 40,600 98
Peanut P + 0B 19 " lom L, 190 86
Cotton sl + 13 ) 1, 2m 1,150 110
Mungbean 18 + .55 4 664 594 112

Source: OAE, 1983
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