
Pedotransfer Functions for Estimating ESP & SAR for Arid Soils in the 
Eastern Region of Libya 

Ahmed Y. Habell 

l.BSTRACI 
Most of the applied methods to determine the 

Exchangeable Sodium Percentage (ESP) and Sodium 
Adsorption Ratio (SAR) are time consumin& aud 
sometimes expensive, especially in calcareouo soils, due to 
the dissolving of CaC03 and Mg CO, durin& the chemical 
analysis and then erroneously driving to au increue of 
Cation Exchange Capacity (CEC) value. To work around 
these problems, many researchers bave developed 
Pedotransfer Functions (PTFs ) as an attempt to estimate 
these parameten from easy-t~H»btaia some soil 
characteristics such as Electrical Conductivity (EC). In this 
work, Unear regression models using tho EC as a predictor 
for estimating the ESP and SAR were developed with IIIah 
recommended determination coefficieats. Ia order to 
validate these models, they were applied to estimate ESP 
and SAR from EC for l6 soil samples collected from Al­
Jabal AI-Akbdar in the eastern region of libya. The paired 
samples t-test analysis of these compared samples showed 
no significant difference between tbe laboratory 
measurements and those estimated by tbe rq:reuion 
models. 
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INTRODUCIION 

Libya can be said to be an arid coWitry, lletause the 
average annuall rainfall is less than I 00 mm, covering 
about 93% of the country (Ismail, 2007). Generally 
Wider these conditions, evaporation and evapo­
transpiration are not compensated by the precipitation 
and the irrigation water, so the chance to flush out the 
accumulated salts from the root zone is little (Bresler et. 
a/., 1982). As a result, the saline soils are developed 
throughout the country. In addition, the application of 
irrigation water with poor quality may result in an 
increase of soil salinity hazards (Szabolcs, 1998). 

The excessive accumulation of salts in the root zone 
have some negative effects on plant growth; such as 
reduction of water availability through the action of 
osmotic pressure, hinder the growth by toxic effects, and 
it may also result in unbalanced nutrients uptake by 
plants (Donahue et a/., 1990; Brady and WeiL 2002). 
On the other hand, the adsorbed sodium under alkaline 
conditions often affects the plant growth by the specific 
toxicity and nutrient deficiencies. Also, it usually 
manifests its destructive effect on soil structure, 
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producing poor physical conditions such as: increased 
surface crusting and then a low infiltration rate leading 
to excessive surface rWioff and erosion (Gopalibardhan 
et. al., 2007). 

In general, the recognized criterion to identify salt 
affilcted soils is based on the measurement of salts 
content by the Electrical Conductivity (EC), of the 
saturated soil extract with border > 4 (dS.m"1

) (SSSA 
1997). The sodium hazard of soil is usually expressed as 
Sodium Adsorption Ratio (SAR) with reported threshold 
of 13 (Cmol•1.Kg"1

), and the Exchangeable Sodium 
Percentage (ESP) with reported threshold of I 5% 
(Richards, 1954) .These are defined in the following 
equations (I) and (2): 
SAR • Na• I [(CtJ+ + Mfl•i !2Ja' (I) 

Wbere: 

Na •, Ca2
• and Mfl+ : measured soluble sodium, calcium 

and magnesium , respectively (mmol.L"1
). 

ESP= (Na•tcEC)" /00 (2) 

Where: 
Na•: measured exchangeable sodium (Cmol•1.Kg"1

); 

CEC: cation exchange capacity (Cmoi*1.Kg"1
). 

As shown in equations (I) and (2), for determining 
the soil SAR and ESP, it is necessary to determine the 
exchangeable cations such as Na •, Ca2+, Mg"' and K+. 
This therefore leads to a lot of time, coupled with the 
chance of mistakes during the laboratory work. The 
other problem is that, extraction of exchangeable Cal+ 
and Mg'* during chemical analysis might dissolve some 
of CaC03 and MgC03, existing in soil and erroneously 
driving to an increase of CEC values , espeeially in 
Calcareous Soils (Oustan et al., 2007). 

Based on the above facts, it will be more convenient 
and economical to develop such a method which 
determines soil SAR and ESP, using Pedotransfer 
FWictions (PTF.) from more readily measured property, 
such as soil salinity index (EC). 

"The Pedotransfer Function (PTF) is used as 
translating data we have into what we need" (Bouma 
1989). Recently, many successful attempts have been 
done to estimate the difficulty in determining son 
property utilizing easy or available measured soil 
properties by empirical models (Drake and Motto, 1982; 
















