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ABSTRACT 

 
The negative pore pressure in soil termed as suction is used as an important parameter for 
many of the geoenvironmental applications such as waste containment covers and liners, 
irrigation scheduling in agriculture, water flow through vadoze zone etc. Tensiometer is one 
of the most popular methods of suction measurement due to its low cost, simple 
measurement procedure and robustness. There are several studies indicating the performance 
of tensiometer in soils. However, it is not clear from the literature whether additives in the 
form of salts, fertilizers, etc. influence the performance and measurement of tensiometer. For 
reliable tensiometric measurements, there is a need to understand the performance of 
tensiometer in additive laden soils. For this purpose, tensiometric measurements are 
performed in a locally available sandy soil with different amounts of additives. The details of 
the test set up used in this study and tensiometric measurements are presented in this paper.   
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INTRODUCTION 

The interaction of solid, water and air phase 
present in the soil develops a complex energy 
state resulting in negative pressure known as 
soil suction1. The characterization and 
understanding of unsaturated soil is entirely 
dependent on soil suction, which is defined 
as the amount of energy to be expended to 
liberate unit volume of water from an 
unsaturated soil2. The major components of 
soil suction include matric suction (ψm) and 
osmotic suction (ψo). The sum of these two 

components is termed as total suction (ψ)1-4. 
Matric suction is mainly developed due to 
the adsorptive and capillary forces existing in 
the soil matrix whereas the osmotic suction is 
the result of salts or contaminants present in 
pore-water1. In the absence of any 
contamination, matric suction becomes equal 
to total soil suction. 
Tremendous developments have been made 
by the previous researchers, in the recent past 
for measuring matric suction, ψm, or total 
suction, ψ, in the field or in the laboratory, 
either directly or indirectly1,2,5-9. Among * Author for correspondence 
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these instruments, tensiometer is one of the 
most popular methods for direct soil suction 
measurement and for establishing 
relationship between soil suction (i. e., matric 
suction, ψm or total suction, ψ) and water 
content (i. e., gravimetric, w or volumetric 
water content, θ) present in the soil. Such a 
relationship is termed as suction-water 
content relationship (SWR)10. Numerous 
research works have demonstrated that the 
SWR is central to the behavior of unsaturated 
soil and its use is well established in the area 
of unsaturated soil mechanics1,11-15. It is 
observed that each SWR is influenced by 
different physical, chemical, mineralogical 
and mechanical properties. However, it is not 
clear from the literature whether additives 
like salt or contaminant, fertilizer present in 
the soil influence the performance and 
measurement of tensiometer. For reliable 
tensiometric measurements there is a need to 
understand the tensiometric response in the 
presence of salt and fertilizer present in the 
soil. Such information is required specially 
for projects like irrigation scheduling, where 
watering is done based on suction prevent in 
the soil. In view of this, suction 
measurements are performed with a 
tensiometer in a locally available soil 
contaminated with known concentration of 
salt solution and fertilizer by using two 
different measurement procedures, 
continuous measurement and spot measure-
ment10. These results are used to obtain 
SWRs.  

An attempt has been made to understand the 
influence of soil additives on the SWR. The 
study indicates that the influence of salt 
content on the tensiometer measurements of 
the sandy soil is insignificant. However, it 
has been observed that the SWR of the sandy 

soil shifts upwards due to the addition of 
fertilizer in that sandy soil.27 

MATERIAL AND METHODS 
A locally available river sand designated as 
SA was used in this study. The soil is 
characterized for its specific gravity, grain 
size distribution, maximum and minimum 
dry unit weights, by following the guidelines 
reported in the literature16-19. The results of 
these characterizations are presented in 
Table 1. According to USCS20 the soil is 
poorly graded sand.   
Determination of SWR 
Matric suction, ψm, of the soil samples has 
been measured with the help of a T5 
tensiometer (UMS GmbH, Germany). The 
tensiometer used in this study can measure 
matric suction up to 80 kPa and characterized 
by very short response time. The small 
dimension of the T5 tensiometer ensures 
minimal disturbance of the soil sample 
during its insertion. This electronic pressure 
transducer tensiometer is high resolution 
measuring device for the continuous 
measurement of suction in the soil. The 
changes in soil suction is captured 
electronically and converted to pressure units 
in hectoPascal. For logging the suction 
measurement automatically, the tensiometer 
is connected to a DL6 datalogger (Delta-T 
Devices, UK). The suction values are 
continuously monitored with the help of the 
datalogger connected to a computer. The 
details of this T5 sensor is reported in the 
literature10. 
ECH2O-TE (designated as EC-TE) sensor 
(Decagon Inc., USA) was used to measure 
volumetric water content (θ) corresponding 
to ψm measurements in the soil sample. EC-
TM is a capacitance-type sensor with a 
working frequency of 70 MHz, that measures 
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θ based on the dielectric constant or 
permittivity of the material in which it is 
inserted. The basic principle behind the 
working of the sensor is that the dielectric 
permittivity, ε, of soil mass changes with its 
θ. ε is dependent on the capacitance property 
of the soil mass. The sensor measures the 

capacitance property and gives the output in 
milliVolt (mV)21. This mV output designated 
as “Raw” is converted to θ, based on the 
general calibration equation given by the 
manufacturer (Decagon Devices, USA). A 
detailed of the technology of the θ sensor is 
reported in the literature22,23. 

Table 1 : Physical properties of the soil SA. 

Property SA 
Specific gravity 2.66 
Particle size characteristics  
Coarse sand size (4.75-2 mm) 0 
Medium sand size (2-0.425 mm) 38 
Fine sand size (0.425-0.075 mm) 60 
Silt size (0.075-0.002 mm) 2 
Clay size (<0.002 mm) 0 
Maximum dry unit weight (kN/m3) 15.93 
Minimum dry unit weight (kN/m3) 13.85 

 

The test set up employed for the present 
study is depicted in Fig. 1. The set up into 
which soil is compacted essentially consists 
of a perspex baseplate and cylinder of 120 
mm diameter and 150 mm height into which 
soil is compacted. The tensiometer (T5) and 
EC-TE probe are inserted into the compacted 
soil sample. A sharp edge dummy rod and a 
dummy probe (dimension slightly less than 
actual sensor) was used to facilitate easy 
insertion of T5 and EC-TE into the 
compacted soil sample. The connecting 
cables of T5 and EC-TE are connected to a 
computer through respective data loggers for 
continuous measurement of ψm and θ. 
Continuous and spot measurements 
For continuous measurement of ψm and θ, the 
air-dried soil sample was mixed with 

required quantity of distilled water, packed in 
a polythene cover and stored in air-tight 
container for 8 hrs to ensure sufficient 
maturation and uniform distribution of 
moisture. The matured soil samples were 
then compacted into perspex mold in three 
layers by providing suitable number of blows 
per each layer using a circular hand held 
rammer of weight 600 gm to achieve desired 
dry unit weight (γd) and different compaction 
state. The height of the compacted soil 
sample was fixed as 120 mm. The soil 
sample was then saturated by ponding it with 
distilled water and further removing the 
excess water on top of the sample. This was 
done to achieve near zero ψm value to be the 
initial state for the drying SWCC. Further, θ 
measuring sensor EC-TE, and T5 
tensiometer were inserted into the soil 
sample to the same depth.  It must be noted 
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that the soil around the sensors has the 
strongest influence on the measured suction 
and moisture content values, and hence 
sufficient care has been taken to avoid air 
gap around the sensors.  
The soil sample was then allowed to air dry 
and ψm and  of the sample was continuously 
recorded as a function of time. Since the soil 
is sandy, the volume change during drying is 
considered negligible. In the present study, 
suction-water content relationship will be 
influenced mostly by the moisture variation 
of the soil close to the ceramic cup of the 

tensiometer. Also, it may be noted that the 
height of the sample is less and hence the 
moisture distribution can be assumed to be 
uniform for sandy soil considered in this 
study.  

The data obtained from T5 and EC-TE 
measurements were then used to plot the 
continuous drying SWR, which is termed as 
soil-water characteristic curve (SWCC), 
corresponding to different compaction state 
(initial dry unit weight, γd  and initial water 
content, w) of the uncontaminated soil SA. 

  
 
 
 
 
 
 
 

 
 
 
 

Fig. 1 : Diagrammatic representation of the test setup. 
The soil preparation for spot measurement of 
ψm and  remains same as that for continuous 
measurement. The matured soil sample is 
compacted in three layers to a height of 120 
mm using a hand rammer mentioned above 
to achieve different γd. Further, EC-TE and 
T5 sensors were instantly inserted into the 
compacted soil sample by following the 
same procedure as discussed above. The ψm 
and  of the sample were monitored as a 

function of time, till it becomes constant 
(attain equilibrium). In most of the cases, 
equilibrium was achieved within 20 minutes 
of insertion. In order to avoid any ambiguity 
in equilibration, a few of the random soil 
samples were monitored for 120 minutes to 
ensure constant ψm. Throughout this 
duration, top of the soil sample was covered 
with an aluminium foil to avoid any loss of 
moisture. Each of the spot measurements has 
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been performed in triplicate to ensure 
repeatability of the results. It was noted that 
the variations in ψm were negligible. The 
equilibrium ψm and the corresponding  
obtained for different compaction state were 
used to develop SWR of uncontaminated 
sand SA from spot measurements. For 
preparing salt laden soil, the air-dried sand 
was mixed with required amount of NaCl 
solution having concentration of 100 ppm, 
500 ppm and 1000 ppm, and SWCC and 
SWR were developed as mentioned above. 
Similarly, for preparing fertilizer laden soil, 
the air-dried sand was mixed with 5 % of 
urea and SWR was developed. 

RESULTS AND DISCUSSION 
Continuous measurements 
The continuous drying SWRs (SWCCs) 
obtained for contaminated and un-conta-
minated soil are compared as depicted in Fig. 
2 and Fig. 3 for 100 and 500 ppm of NaCl 
solution, respectively. It can be noted from 
the figures that the drying SWCC for 
uncontaminated soil matches perfectly with 
contaminated soil for both the concentration 
of salt solution. This clearly highlights that 
the soils contaminated with inorganic salt do 
not influence the continuous drying SWCC 
of sand obtained using tensiometric 
measurements. 

It is worth noting that Tarantino et al. 
(2009)24 have reported the possibility of 
osmotic effects due to different type of 
solutes. Also, Marinho and Chandler 
(1994)25 suggested that an osmotic suction 
could develop in the tensiometer due to the 
porous stone interface and tensiometer would 
then measure a value ranging between matric 
suction and total suction. In view of these 
ambiguities, the results presented in this 
study would help to clarify the negligible 

influence of salt present in the soil on SWCC 
obtained using tensiometric measurements. 
However, there is a need to ascertain this 
observation for different type of salt solution.   
Different SWCCs corresponding to two 
different compaction unit weight of the salt 
laden soil has been compared as depicted in 
Fig. 4. It can be noted that all SWCCs match 
perfectly. This indicates that initial dry unit 
weight has negligible influence on the SWCCs 
of salt laden soil.     

 
Fig. 2 : Comparison of uncontaminated and 

contaminated continuous SWR (SWCC) for soil 
mixed with 100 ppm NaCl solution. 

 
Fig. 3 : Comparison of uncontaminated and 

contaminated continuous SWR (SWCC) for soil 
mixed with 500 ppm NaCl solution.
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Fig. 4 : Continuous SWR (SWCC) for soil 
mixed with 100 and 500 ppm NaCl solution 

corresponding to different compaction states. 

 
Fig. 5 : Comparison of uncontaminated and 

contaminated spot SWR for soil mixed with 1000 
ppm NaCl solution. 

Spot measurements 
The entire data obtained from spot 
measurement procedure for uncontaminated 
and contaminated soil for 1000 ppm of NaCl 
solution were used to plot SWR, as depicted 
in Fig. 5. It can be noted from the figure that 
the SWR of uncontaminated soil matches 

well with contaminated soil. Therefore, it can 
be summarized that the soils contaminated 
with inorganic salt do not influence the 
continuous and spot SWRs obtained using 
tensiometric measurements.  
Fig. 6 depicts the SWRs obtained from spot 
measurement procedure for sand and sand-
urea (5 %) mixture. It can be noted that for a 
particular value of suction, the water holding 
capacity of urea laden soil is more than sand. 
This observation is in line with the results 
reported by Glab and Gendek (2009)26. The 
study indicates that organic amendments 
such as compost, pig manure and sewage 
sludge increase available and productive 
water retention of soil.  

 
Fig. 6 : Comparison of uncontaminated and 

contaminated spot SWR for soil mixed with 5 % 
urea. 

CONCLUSION 
The study deals with an investigation on the 
influence of soil additives on tensiometric 
measurement of a locally available sandy 
soil. Suction and volumetric water content 
were measured in the uncontaminated and 
contaminated sand samples by following 
continuous and spot measurement procedures 
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and SWRs were obtained. The study 
indicates that the measured continuous and 
spot SWRs for soils with different NaCl salt 
concentration match well with the  
continuous and spot SWRs of 
uncontaminated soil. Therefore, it can be 
concluded that the tensiometer measurement 
of matric suction is not influenced by the 
presence of salt such as NaCl. The study also 
indicates that the addition of fertilizer has 
significant influence on spot SWR of the 
sandy soil. The water holding capacity of the 
sandy soil increases due to the addition of 
fertilizer in it. In addition to this, the role of 
initial dry unit weight on continuous 
measurement SWR has been investigated. It 
is noted that the initial dry unit weight has 
negligible influence on SWR of salt laden 
soil obtained using continuous measurement. 
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