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Abstract: Economical pressure on production and export of natural rubber leads to continuous expansion of 

rubber tree plantations in Thailand, even in areas, where climatic and environmental conditions are not 

optimal. In North-East Thailand the sandy textured soils are widespread. They are characterized by their weak 

structure and low cohesion between grains, making them vulnerable against erosion and degradation. 

The land preparation and its adaptation for implementation of rubber tree plantations usually require major 

land management works (levelling, tree skidding, soil displacement, embankment, etc.). The use of powerful 

and heavy vehicles during these works deteriorates the already weak structure of soils and increases their 

vulnerability to erosion. 

The experimental site of "Ban Non Tun" is located about 20-25 km southwest from Khon Kaen city and covers 

an area of 3.75 ha having a shape of irregular pentagon. This site is a trial of rubber tree plantation, which 

occupies a portion on one side of a small watershed with a variable main slope (between 2% and 5%) oriented 

approximately North-South along a distance of 250-300 m. The difference in altitude between southern 

(upstream) and northern (downstream) parts of the site is slightly more than 10 m (Fig. 1a). The land surface is 

convex with the upper central part (0.4 m to 0.9 m) relative to the lateral zones. In the "Ban Non Tun" 

experimental plantation, further works were undertaken to create elevation differences between "ranks" and 

"inter-ranks" of trees making the altitudes of "ranks" slightly higher (0.25 to 0.5 m) than the "inter-rank" areas. 
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These topographic structures were created in order to protect the tree roots from water excess during the 

rainy season. 

In this experimental plantation, the soil spatial variability was studied by electrical apparent resistivity 

mapping, a non-destructive method well suited for the rapid and detailed characterization of large areas. Soil 

forming solid materials are usually characterised by very high values of electrical resistivity. The electric 

current conduction in soil occurs by displacement of ions, contained in water or in solutions present within the 

porous medium. This feature of electric current conduction explains the relationship between electrical 

resistivity values and different physicochemical soil properties such-as: textural and structural characteristics 

of soil (size and shape of solid particles and pores, their arrangements and aggregation), water and clay 

content, hydraulic and chemical properties (connectivity between pores, hydraulic conductivity, or ionic 

concentration in the pore space water). 

Geophysical and topographical mapping results, characterizing the soil spatial variability and relief 

peculiarities of this site, showed a strong coherence between electrical resistivity anomalies and topographic 

structures created during the land management (Fig. 1a & 1b).  
 

 
Figure 1 Topographic (a.) and apparent electrical resistivity (b.) maps of Ban Non Tun experimental site 

(in UTM geographic coordinates) and very detailed topographic (c.) and apparent electrical 

resistivity (d.) maps of the "Small Area" (in local coordinates) 

a.  b.  

c.  d.  
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To understand the origin and nature of these extended geophysical anomalies corresponding to the ranks 

of rubber trees, we selected a relatively "small area" (with dimensions of 20 m x 12 m) in the south-west part of 

the site, where we have performed more detailed studies (Fig. 1). This "small area" is centered on a "rank" of 

trees. It spreads on two "inter-rank" areas until the halves of the two adjacent "ranks". The elevation differences 

between "rank" and "inter-rank" areas vary from 0.2 m to 0.25 m. This area has two main slopes: one is oriented 

South-North with a slope varying from 0.8° to 1.3°; the other has East-West direction with a slope range 

between 0.6° to 1.2° (Fig. 1c). 

For electrical apparent resistivity mapping in the "small area", we used a device integrating variations of the 

soil electrical characteristics down to 4 different depths: from 0 to about 0.25 m; from 0 to about 0.50 m; from 0 

to about 1.0 m; from 0 to about 2.0 m. The map corresponding to the shallow part of soil (0 to 0.25 m deep), 

revealed different features: very resistive anomalies on the tree "ranks", relatively lower electrical resistivity 

values on the "inter-rank" areas and a conductive anomaly (about 3 – 4 m of diameter) on the central part of 

the "rank" of trees. Results of electrical resistivity tomography (ERT) obtained with electrode lines crossing this 

conductive anomaly indicate that it corresponds to the location of an uprooted tree pit, backfilled afterward. 

Analysis of the geophysical prospecting and numerical modeling results has indicated the existence of a 

very thin and very resistive layer at the top part of each tree "rank", most probably related to the practice of soil 

management works. 

Studies of physical and textural characteristics on soil samples were continued to understand the origins of 

geophysical anomalies and to assess the land management impact on the soil evolution. 

 
Figure 4 Particle size distributions of soil samples, taken on 3 lines in the "Small area": 

a. for Line X = 2m, b. for Line X = 8.5m and c. for Line X = 16m  
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Soil samples were taken every 1 m along 3 lines, perpendicular to the "rank" of trees (Fig. 1c & 1d). At each 

sampling point, two undisturbed samples were collected from depths of 0 to 15 cm and 15 cm to 30 cm. The 

samples were used to define the bulk density and the particle size distribution (PSD). For PSD analysis, the 

weight fractions of solids were determined by dry sieving, using square mesh sieves of 16 different opening 

dimensions. 

PSD analysis of the samples showed that more than 80-85% of the solid components have sizes between 

80 μm and 200 μm for both depths, corresponding to shallow part (0-15 cm deep) and at the depth of 15 cm 

to 30 cm (Fig. 2). Comparison of PSD at different depths reveals higher amounts of coarse particles (0.4 – 

2.0 mm diameter) near surface, versus at depth, indicating significant runoff erosion leading to the transfer of 

fine particles (Fig. 2a & 2c). Detailed analyses of each normalized weight fraction, relative to the sample 

position, indicate obvious links between the relief peculiarities and particle distributions, for both, at the 

surface and at depth. Relatively large amount of coarse particles at depth relative to the shallow part in the 

"inter-rank" areas, exhibits an important indicator of the water infiltration rate modification, resulting an increase 

in the leaching of fine particles. Bulk density values of the soil samples at different depths show also clear links 

with the relief peculiarities. Analysis of results exhibits noticeable differences between the characteristics of 

samples, taken along of different lines, and especially, for the samples corresponding to the uprooted tree 

location.  

These results prove the impact of land management works on different characteristics of soil and show 

importance of the soil spatial variability studies before undertaking any change of land use in sensitive areas. 

Geophysics combined with detailed analyses of soil physical properties appears to be proper tools for 

preliminary investigations in order to define adapted land management works and preserve soil resources. 

 

 



~ The 5th National Conference on Water Resources Engineering 
... ... 1 

n1sLls:?Ju5-zr1n1s5f1:>nssu11t1ê:ÜÛ111tiJ?J1a AsJn s , 

The 2nd EIT International Conference on Water Resources 
,, ... 1 

nisLls:?Ju5?J1n1su1u1?J1d5f1:>nssu11t1aJÛ1 AsJn 2 , 

The 2nd WASWAC World Conference 
... ... 1 

n1sLls:?Ju5?J1n1se>usnl:iau11a:û1îan As'Jn 2 , , 

,, 
'" ,, - 0 ~ ~ ~ - ~- 0 vJ m '*" :>1us111u u a t-1 ::> n &Jrl fl1 san ~su ni s; et n1 sn &J wu €1 u1 

'U 

Multi-disci~lina.ry Knowledge for Water Disa.ster Management 

. ... 
$~1JflY 




