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Soil  degradation under long-term rice production in Northeast Thailand ' '

Sawaeng Ruaysoongnern '' and Andrew D. Nobe !'

Abstract

So degradation issues are assum ng increas ng importance in Northeast Thailand and are challenging the

concept of sustainab ity of current land management systems. In th s study, the impacts of and converslon from

natural Dipterocarp forest and wetland to agricu tural production on soil chemcal properties are compared. Soil

samp es were collected at 
'10 

cm ncrements to 1m from a D pterocarp or wetland forest (forest) and adjacent paddy

rce (cult vated) production system along a transect. Since conversion to agriculture production ranging from 40 to

over 100 years, the cu tivated ste has undergone a signficant decline n soi pH as a resut of reduction n soll

organic C leading to loss of exchangeab e bas c cations; espec ally Ca, [/g and K; and A dominat on of the exchange

complex. Consequently, the abil ity of the paddy so to reta n basic cations has been compromsed. A signifcant

component of the extracted cat ons from the surface soil of the cultivated site is in a form that was non exchange

able and therefore subject to leaching at the onset of the wet season The approach adopted in this study to assess

soil degradation from a soil chem cal perspect ve has demonstrated the frag l ity of these sandy soils after continuous

rice productlon. This is evidenced by the degree of degradat on as measured using an ndex that takes into account

changes n the surface charge characteristics and basic caton retention capacitv of a soil t s suggested that the

degradat on ndex rnay assist n quantfication of what s commonly referred to as'soil health'. The long-term

consequences of soil degradation are permanent and bring into question the susta nabil lty of current product on

pract ces on this s te. Soils that have a low buifering capacity (ie. low c ay and organic rnatter content) are prone to

acid ficat on and cation depletion wh ch has a dramatic effect on the productivity of these paddy soils.

lntrod uction

Sandy soils covers arourd 80% in the Northeast oi Thailand and constitute an mportant economic

resource for agricultural production despite their low inherent ferti l i ty (Panichapong, T988, Ragland & Boonpuckdee,

T 987) . They were or gina y dominated by climax Dipterocarp forests unti l recently; low and areas has been c eared

fof f ice production for more than 100 years ago, and untl afound 40 years ago the uplands were then extensively

c eared for upland crop production. The continuous production of r ce could have resulted n a dec ine in ferti ty, with
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an associated loss of productivity. To resource poor farmers of Northeast Thailand the soil is one of the major

biophysicai resources that they have at therr disposal, but under the prevail ing socio-economic conditions, it is one

of the most fragile.

As a prerequisite to the rational management of these soils an understanding of the degree of degradation

that these soils have undergone is needed. This wil l facil i tate the development of appropriate management strate-

gies for enhancing and rejuvenating the soil resource base. Whilst the concepl of charge fingerprinting as described

by Gillman and Abel (1986) and eloquently demonstrated by lvlenzies and Gillman (1997) was developed and refined

on soils from the humid tropics, the technology has not been applied to soils in the sem|arid tropics. In the current

study quantification of the degree of degradation subsequent to conversron from climax dry Dipterocarp forest to

rice production is undertaken using the charge fingerprint technique on soils collected from paddy field with different

land types. These sites could also form the core permanent mon toring sites that can be feturned to in the future to

assess chemical changes that may have occurred due to changed land use.

Materials and methods

Site

lhree paired sites were selected from different rice production in the Nonheast Thailand, and they have

had comprehensive chemical and physical propenies determined (Table 1.1 1.2 and 1 .3) . The selection of sites was

based on the following criteria: (1) the existence of an undisturbed Diterocarp forest in close proximity to an

agricultural production system, (2) a well deJined boundary separating the two production areas; (3) the same soil

type in both areas; and (4) little topographical difference (ie slope) between the two areas. Samples were collected

at f ive points in each area along a transect at right angles to the boundary separating the two systems. Sampling

points were 10 m apart and at each point a single sample was collected from the 0-10, 10-20, 20-30,30-50 and 50-

70 cm.

Soil analvsis

Samples were air dried and sieved to pass a 2 mm mesh beJore composite sub-samples were made fot

each depth and production system. These samples were returned to Australia for chemical and physical analysis.

Basic exchangeable cations were determined by atomic absorption spectrometry aJter replacement with 0.1 M

BaCl2-NH4Cl as recommended by Gillman & Sumpter (1986). Acidic catons were extracted with 1 M KCI and the

extractant t itrated to pH 8.0 as described by Rayment & Higginson (1992). The effective cation exchange capacty

(ECEC)was calculated as the sum of basic and acidic cations (Ca2++l\,492++K++Na++Al3++H+). Soil organic carbon

was determined by wet oxidation uslng the Walkley and Black melhod as modii ied by Rayment & Higglnson {1992i

and particle size as described by Coventry & Fett (1979i.

Charge Fingerprints we{e determined on the composite samples from each site using the methodology

described by Gillman & Sumpter {1986). The CECB is a measure of the maximum amount of exchangeable basic
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cations that can be retained n exchangeable form, and is therefore of agricutural sgnificance n bref, sols were

saturated w th Ca2+ and brought to equil ibrium in a 0.002 N.4 CaCl2 matrix. The pH of the suspension was adlusted

to sx values rangng from approximate y 4.0 to 75, and exchangeabe Ca2+, Al3+ and C- were displaced with

NH4NO3. The Al3+ content in so ution was determ ned using the pvrocatecho[v olet method (Bartlett et al , 1987).

Amounts adsorbed were calculated taking nto account the amounts present in the entrained solutes. The CECB is

operationa y defined as the Ca2+ adsorbed and CECT as the Ca2+ and Al3+ adsorbed. Durng the equil ibration

period, pH0.002 was determined n a 1:10 so :0.002 lvl CaCl2 suspension fo owing Ca2+ saturation. Ths value is

operaliona y defined as the soil pH. Records of the amounts of acd or base added to the tubes durlng the

equi brat on phase were kept and these converted to cmolc H+/OH added /kg of soil. These values were p otted

against the equil ibrlum pH for each tube and the inverse of the slope of this re at onship was taken to be the pH

buffering capacity (pHBC) of the sor .

The regression ana ys s routine of Genstat (Genstat 5 Committee, 1993) was used to investigate relation-

shlps between pHBC and se ected soil pfoperties to establish a pedotransfer funct on that cou d be used to estimate

ths pafameter. Curves assoc ated wth the charge fingerprints were fitted usng the curve fitt ing function of

SigmaPlot 4 0 for Wndows

Estimation of net acid addition rate

The net acid additron rate (NAAR, kmo H+/ha. year) to the agr cu tura production system was ca cu ated

re atrve to the adjacent undeveloped D ptercarp forest at each site for the 0 15 and 
'15 

30 cm depth interva using the

following equation (Helyar,1991) :

N M R  =  I { ( p H u  x  p H B C " )  ( p H o x p H B C o )  ) x B D x V l , 4  { 1 )

where the subscripts U and D refer to the undeveloped Diterocarp forest and deve oped agrcutLrra

prod uction systerf respectively, pH BC s the pH buffering capac ty for each of the (kmol H + kg-l pH un t 1 ) of the

developed and undeveloped areas; BD s soi bu k dens ty wh ch was taken to be 1300 kg rn-3; V s the so I vo ume

in the depth nterva under consideration (m3 ha T ) ; and T is t me {years) since the change in land use system. The

net acid additon due to the change in land use was est mated from the sum of two depth ntervals.

As w be seen below, management practices often fundamentaiy affect surface charge characteristics of

a soil. As this attr bute infuences the ab ty of soils to hod nutrients and buffer changes in so reactivlty, t should

therefore form the basis of a degradation index. lt lenzies and Gilman (1997) suggested that a rnore sat sfactory

estimate of degradation can be achieved by compar ng the actua basic cat on content with an 'deal' s tuation where

pH is sufficiently h gh for Al3- to be eliminated from the system. They recommended that at a pH of 5 5, Al3' ls

effectively e iminated from the exchange complex and that this shou d fofm the foundatiof of an ndex They

proposed the to owrng Degradat on Index (D) ;

n  -  1 n o  ,  / a  t \  t  a t2)
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pHBC and acid addition

Associated with changes in soil organic matter, the pHBC declined with declining OC fiable 1.2). pHBC

ranged from '1.321 to 0.205 cmol H+/kg.unit pH over the depth intervals studied. Using a generalized l inear model

and over all depth intervals, a highly slgniflcant re ationship between pHBC, and the attrlbutes organic carbon and

clay content was observed:

DHBC = 0.'184 (+0.037) + 1.004 (*9 951 OC {7o) + 0.009 (+O.OO4) Clay (o/o) ; I = 0.9'�16 (4)

A comparison of the measured and predicted pHBC using equation 4 is presented in Figure 1.1. lt is of

note that the slope of the i ine is 0 92, which is not markedly different from 1. The use of this pedotransfer function

in estimating the buffering capacity of these light textured soiis using commonly determined soil attributes (.e. 0C

and clay content) wil l asslst in the development of an acidity risk map for Northeast Thailand using existing soil

databases.

Su rface ch arge finge rpri nts

The charge fingerpr nts for each of the pa red sites and depth intervals are presented in Figure 1.2 to 1.10.

The general trend exhibited for each site is that the greatest degree of charge diminution occurred in the surface

G1O cm depth nterva. Thls dec ine in charge diminished with depth and in most cases was not evident at 70 cm.

Clearly the greatest degree of charge decline is associated with a decline in soi organic matter which was highest

in the surface 10 cm. The fact that the greatest degree of degradation occurs in the surface layers is somewhat

heartening since remediation of this charge decline is possible through either soil organic malter conservation or

through other engineering solutions. The regression curves for the charge curves are presented in Tables 1.4. lt ls

o{ note that when regressing CECI against ECEC ior all of the depth intervals there are in some cases a deviation

from the 1:1 l ine (Figure 1.11) . This would suggest that there is an over estimation oi cation exchange capacity

when using ECEC, this berng associated with the presence of soluble cations that are not held on the exchange

complex. lt is thereJore suggested that caution should be taken when using ECEC as an indicator of CEC
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Table 1.3. Net osses in soil organc carbon, net acid addton, acid additon rate and saturation ndex (Su)

associated wth chanoed land use from forest to cultivation.

Site

OC loss from 0-1ocm

depth interval'

Net acid input for

the 0-30 cm depth

interval

Acid addition rate S" for the 0-1ocm

depth interval

(Vha) (kmo H /ha) (kmol H-/ha.yr) (%)

Upper paddy 3.84 72.7 4 1 .92 52.9

Middle paddy 8.27 79.64 1 . 5 9 63.0

Lowef paddy 1 0 . 1 1 94.31 a.94 90.3

' At a so bu k density of around 1,300 kg/m'

Table 1.4. Fitted regression equat ons describ ng the relationshlp between pH (x) and CECb (y) for composte

samples co ected from paddy sites Northeast Thalland.

Site Land use Depth (cm) Equation

Upper paddy Cultivation 0 - 1 0 CECo = -0.005x'+0.431 x-1 .00 0.9908

Forest 0 - 1 0 CECb = O.061x'�-O.O 11x-0.111 0.9933

Upper paddy Cultivation 20-30 ^ ^ . ^ 2 ^ ^ - ^ , , ^ ^ ^
u t rLb  -  u .u4ox  -u . Jcox+  r . Joz 0.9784

Forest 20-30 CECb =  6 .14112 0 .979x+2.146 0.9s76

Upper paddy Cultivation 50-70 CECo - -9.959"'*O.B4Bx- 1 .791 0.9898

Forest 50-70 CECo = 6.61 9*:-O.O78x+0.389 0.9891

[.4iddle paddy Cultivation 0 - 1 0 CECo = 0.Q'l$a'�+6.01 3x-0.077 0.9879

Forest 0 - 1 0 CECb = 6 136^'-O a64x+2.140 0.9979

Midd le  paddy Cultivat on 20-30 ^  ^ ^ -  2  ^utuh = u.uu:x +u.uv4x-u.z r: 0.9923

Forest 20 30 ^ ^ - , 2 ^ ^ , ^  ^ - , ^
t  t rub = u.u)  lx  -u.z4JX+u.czld 0.9938

N,4 ddle paddy Cultivation 50-70 a E a  n  n n  I  - 2 t n  n a a , r n  n 1 7 0.9944

Forest 50-70 ^ ^ - ^  2 ^ ^ - -  ^ ^ ^ ^
U E L b  =  U . U  I O X  - U  U C J X f U . Z U O 0.9899

Lower paddy Cultivat on 0 - 1 0 u t ruh  -  u .uJ4x  -u .  r oux fu . JJ  / 0.9983

Forest CEC.-9694"- ' ,  ,n , 0.9425

Lowef paddy Cultivation 20 30 CECb -  6  611r : -O O12x+O.197 0.9964

Forest 20-30 CEC, = g 621": -O O1 1x+0.035 0.9995

LOWer paooy Cultivation 50-70 CECb = -6 663"2*', .124x-1-962 0.9521

Forest 50 70 CEC. = g 676t-O ', ', ', 0.9903
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Figure 1.1 Relat onship between measufed and predicted pHBC using soil organc carbon and clay content from

Northeast Tha land. Equat on for the curve is y = O.042 + A.928t., I = O.928.
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Figure 1.2 Surface charge fingerptrints (CECb) of cultivated and adjacent forest sites at upper paddy in Northeast

Thailand. Depth interval 0-10 cm.
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Rice site # 3: 20-30 cm
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Figure 1.3 Surface charge fingerpr nts (CECb) of cu tivated and adjacent fofest sites at upper paddy in Nonheast

Thailand. Depth interval 20-30 cm.

Rice site # 3: 50-70 cm
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Thaiiand. Depth interval 50-70 cm.
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Rice Site # 4: 0-1Ocm
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Figure '1.5 Surface charge fingerprints (CECb) of cultivated and adjacent forest sites at middle paddv n Northeast

Tha and. Depth nterval 0-10 cm
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Figure 1.6 Surface charge fingerprints (CECb) of cultivated and adlacent forest stes at middle paddy in Northeast

Thailand Deoth interva 20-30 cm.
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Rice Site # 4: 50-70cm
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Figure 1.7 Surface charge fingerprints (CECb) of cultivated and adjacent forest sites at middle paddy in Northeast

Thaiiand. Depth interval 50-70 cm.
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Figure 1.8 Sur{ace charge fingerprlnts (CECb) of cultlvated and adjacent forest sites at lower paddy in Northeast

Thailand. Depth interval 0'10 cm.
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Figure 1.9 Surface charge fingerprints (CECb) of cu tivated and adjacent forest sites at lower paddy in Northeast

Tha and. Depth interval 20-30 cm.
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Figure 1.10 Surface charge fingerprints (CECb) of cu tivated and adjacent forest srtes at ower paddy in Nonheast

Thailand. Depth nterva 50-70 cm.
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Figure 1.11 Relationship between the effective cation exchange capacity (ECEC) and the total cation exchange
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Conc lus ions

The approach adopted n this study to assess paddy soil degradat on in the Northeast from a soil chemical

point of view has contrasted the almost irreversib e degradation of a sandy kaolinit ic so n a tropical climate under

cont nuous cropping system. The degree of degradation expressed as an ndex, S,, takes into account changes in

the surface charge character stlcs and amounts of bas c cations remaining in the soil. We th nk that this index shou d

assist in quantif ication of the degree of degradation due to changed land use.

The ong-term consequences of soil degradation in the Northeast of Tha and site are s gnificant for all

representat ve types and bring into question the sustainabil ity of current agricultural practices in some regions. Soils

that have a low buffering capac ty (i e. tt le clay and organrc matter) are prone to acidlf icat on and cation dep et on,

which can have a dramatic effect on their productivity and food secur ty. Rehabil itation measures such as integrated

farming system and agroforestry system should be considered to reduce losses or irnproving soi productlvity of this

region.
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