
 

Al-Qadisiyah Journal of Agriculture Sciences (QJAS)- Vol.8 NO.2 (2018) 

ISSN Print ( 2077-5822)        ISSN Online (2618-1479) 

 

6 

The EffectofThermodynemic ParametersontheRlationship Between 

Exchangeable Sodium Percentageand Sodium Adsorption Ratioin Saline 

Soilof Iraq Central. 
 

Safa Mahdi AbdulKadium 

College of Agriculture/ University of AL-Qasim Green 
 

Submission Track Abstract 

The study was conducted to determine the relationship between the 

exchangeable sodium percentage ESP and sodium adsorption ratio 

SAR in the soil solution. Some saline affected soils were selected at 

the locations Yosifya, Muwayliha, Imam, Eychreesh, Mahaweel, 

Ejbalah, Abe-Ghragg, Kifil, Elseneya and Eldagharaah. Using 

thermodynamic criteria to recalculate throught description 

quantitative concepts rather than analytical.The results indicate that 

the values of SAR range from 0.96 - 26.80 (cmol Kg-¹)º
·5

 of the 

studied sites and this ratio increased when taking into account free 

ions 3.52 - 32.7 (cmol Kg-¹)º
·5

. The ESP Calculated laboratory was 

(2.0 - 9.0 %) and all of these were less than ESP % according to 

laboratory salinity accounts, and generally show increase in the 

values of the proportion of ESP with increased SAR according to 

the approved indicators. The probability of these soils turning into 

sodic is unlikely to decrease pH and HCO3
-¹ 

values and increase 

concentrations of calcium and magnesium ions. 

The statistical results indicated that in order to predict soil ESP 

based on soil SAR the linear regression model for predicting soil 

ESP from SAR. ESP=1.95+1.05SAR with R²=0.92 can be 

recommended. 
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Introduction: 
Saline-affected soils are characterized by 

varying morphological and physiochemical 

characteristics depending on the ecosystems 

they form. Anions affect the behavior and 

adsorption of soil solution catIons. Due to 

importance of the dynamic cation movement in 

the soil solution, the interaction between 

anions and cations has a role in soil and water 

management (1). Therefore, recent studies 

have resorted to the use of thermodynamic 

concepts in the quantitative description of 

chemical phenomena as ionic forces played an 

effective role in the speed of release and 

adsorption for the ions (2). 

Two different criteria are recognized in 

literature as indicates of salinity.These are the 

Exchangeable Sodium Percentage (ESP) 

indicator is the best expression of sodium risk 

in soil, which reflects the saturation of 

exchange sites of sodium soils(3). 

𝐸𝑆𝑃 =  
𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑎𝑏𝑙𝑒 𝑁𝑎

𝐶𝐸𝐶 
× 100 

and the sodium adsorption ratio (SAR), which 

expresses the accumulation of sodium ion in 

soil solution relative to calcium and 

magnesium ions. 

𝑆𝐴𝑅 =
𝑁𝑎

 
𝐶𝑎+𝑀𝑔

2

 

(4) noted that increasing the sodium content 

leads to the clinging of minutes and the 

breakdown of their structure. The measurement 

of exchangeable cations concentrations in 

saline soil remains problem.In this 

situation,relationships among exchangeable 

sodium percentage(ESP) and sodium 

adsorption ration (SAR) it may be more 

appropriate and economical. Many of the 

approximate relationships between SAR and 

ESP have been derived, including the 

American salinity laboratory . 

ESP = [100 (- 0.0126 + 0.01475 SAR) / 1 + (- 

0.0126 + 0.01475 SAR). 

The use of such relationships was important 

because of the difficulty of estimating ESP in 



 

Al-Qadisiyah Journal of Agriculture Sciences (QJAS)- Vol.8 NO.2 (2018) 

ISSN Print ( 2077-5822)        ISSN Online (2618-1479) 

 

7 

addition to the efforts and time to perform 

laboratory analyzes. (5) noted a fundamental 

problem in the relationship between ESP and 

SAR because of the difference in the 

differential coefficient of ion exchange 

reactions in saline-affected soils as they 

differed according to ionic power.(6),this 

suggested a model for the relationship between 

ESP and SAR.(7) noted that the increase in 

ionic strength leads to the preference of 

Ca
+2

ion due to the pressure of the double 

spreading layer and the calcium movement. 

Because of the importance of the 

thermodynamic parameters in the ESP and 

SAR section, which are considered in terms of 

efficiency rather than analytical focus, ESP 

and SAR have been recalculated and the 

experimental relationship was established 

before and after the calculation of these 

criteria. 

 

Materials and methods: 
Soil samples (0-30) cm were collected from 

different sites representing some of the saline 

soils in central Iraq (Yusufiya, Muleha, Imam, 

Ajrash, Mahaweel, Jiblah, AbiGaraq, Kefal, 

Sunni andDaghara). The samples were 

aerosolized and then grinded and passed from 

a 2 mm diameter sieve. Chemical analyzes was 

performed for the saturated paste 

extract.ECe,pH,(Na
+
, Mg

+2
, Ca

+2
, SO4

-2
, HCO3

-

) ions (8). The exchangeable ions according to 

(9)Na
+
, Mg

+2
, Ca

+2
 ions in the ionic force 

method. 

The thermodynamic values were calculated 

according to (10) which is based on the 

concentration, nature and density of ions. 

I = 
1

2
 ∑cizi

2 

whereas:- 

I=ionic strength 

Ci=concentration (mols-¹) 

Zi=ion charge 

Efficiency coefficient according to the 

equation Debye - Hockel extended equation 

(11) 

Log x = 
𝐴𝑍𝑖² 𝐼

1+𝐵𝐷  𝐼 
 

Whereas: 

Log x:activity coefficent 

A:aconstant=0.509 for aqueous solution 

Zi
2
:ion charge 

I:ionic strength 

B: 0.328 at 25C
0
 

D:ion size 

       Since the ion pairs with SO4
-2

 were 

extensive with multivalent cations but slight 

with univalent (12). These parameters were 

calculated as the output of the(13) program and 

was based on the concentration of free ions and 

not the analytical concentration. Therefore, 

SAR was recalculated based on these new 

concentrations which took into consideration 

the ionpairs. 

 

Result and discussion: 
The data in table I Indicated that there are 

obvious differences in the salt concentration 

and ionic composition of the soil samples

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Shows the results of the chemical analysis of the saturated paste extract. 

Location 
ECe 

dSm-¹ 

pH 
Ca

+2 
Mg

+2 
Na

+ 
SO4

-2 
HCO3

- 

CEC 

(cmol Kg-¹)º
·5 

MmL-¹ 

Yosifya 4.3 7.4 10.2 6.4 12.1 16.1 2.05 20.39 

Muwayliha 22.3 7.6 41.0 83.0 65.0 30.0 1.99 28.0 
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Imam 8.2 7.5 16.5 13.1 31.0 30.0 1.4 29.42 

Eychreesh 32.6 7.8 45.0 40.0 66.0 25.1 1.12 38.65 

Mahaweel 9.5 7.5 20.5 10.1 41.5 33.7 2.15 23.86 

Ejbalah 7.0 7.5 14.4 10.5 29.7 22.7 2.3 24.50 

Abe-Ghragg 8.3 7.4 8.3 5.3 17.3 26.3 2.4 20.4 

Kifil 17.8 7.8 13.4 19.0 150.0 15.2 2.6 23.0 

Elseneya 6.2 7.5 14.1 11.2 52.0 35.2 2.3 18.70 

Eldagharaah 15.5 7.6 19.0 19.5 100.0 24.6 2.8 20.38 

 

It is noted that the studied soils are between 

(11.3 and 23.6)dSm-¹, so the probability of 

them being turned into sodic soils is not 

possible because of the absence of CO3
-
²and, 

the reduction of the HCO3
-
and pH ratio for the 

indicators adopted for the sodic soil, and the 

most important,soil content high concentration 

of calcium and magnesium. 

 

Table 2 shows the values of free Ions obtained 

from the outputs of the ion pair program. 

These are generally observed to be less than 

the analytical concentration. This is due to the 

ion pairs, which are the highest values 

inmultivalent ions, especially calcium ions, 

magnesium, and high sulfate according to the 

principle of ion pars (12). 

 

Table 2. Main free ions in the saturated extract of mM L 
-1 

Location Ca
+2 

Mg
+2 

Na
+ 

SO4
-2 

HCO3
- 

Yosifya 6.79 4.49 11.80 10.99 1.90 

Muwayliha 32.39 30.23 64.26 13.82 1.57 

Imam 10.94 8.93 30.43 15.53 1.36 

Eychreesh 34.91 31.26 65.96 14.97 0.87 

Mahaweel 14.72 7.16 40.84 13.78 2.24 

Ejbalah 4.90 6.87 29.08 17.34 2.10 

Abe-Ghragg 5.51 3.68 17.01 10.89 2.26 

Kifil 7.24 12.95 146.97 23.02 2.38 

Elseneya 9.00 7.46 24.50 15.95 2.10 

Eldagharaah 10.93 12.62 97.67 85.54 2.52 

 

The soil ESP-cal values were compared with the soil ESP values determined by laboratory tests are 

shownin Table 3 

 

Table 3. Chemical properties used in evaluating soil ESP-SAR model 

Location SAR SAR-FI ESP ESP-Cal 

Yosifya 2.96 3.52 2.00 3.00 

Muwayliha 7.32 7.90 3.10 8.70 

Imam 5.70 6.91 4.68 6.67 

Eychreesh 7.26 8.11 3.50 3.73 

Mahaweel 7.54 8.80 4.67 8.99 

Ejbalah 5.94 7.45 3.64 8.59 

Abe-Ghragg 4.67 5.66 4.83 5.32 

Kifil 12.00 19.12 7.30 14.08 

Elseneya 5.00 6.88 4.37 5.67 

Eldagharaah 16.12 22.48 9.05 18.38 
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The SAR values ranged between (2.96 - 26.80) 

cmol Kg-¹for the studied sites while they were 

between (3.52 - 32.7)cmol Kg-¹for the sites of 

Yosifya and Kifilafter taking into account free 

ions calculated according to the 

thermodynamic concepts. 

The calculated ESP values ranged between(2.0 

- 9.0)%, whereas these values and all sites are 

less than those obtained according to the US 

Salinity Laboratory calculations ranging 

between (3.0 - 27.67)%. 

Linear regression model based on sodium 

Adsorption Ratio was used to predict soil 

Exchangeable Sodium Percentage ESP-

Cal.=0.2595+1.1505(SAR) with 

R²=0.938.Therefore,the soil ESP-SAR Model 

can provide an easy, economical method to 

estimate soil ESP (Fig 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Statistical relationships between SAR and ESP model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

ESP =   1.1759 + 0.4748(SAR)
R2 = 0.797**

ESP-Cal. = - 0.2595 + 1.1505(SAR) 
R2 = 0.800**
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 تاثٍر الوعلوات الحرارٌة على العلاقة بٍن نسبة الصىدٌىم وهعذل اهتساز الصىدٌىم 

 فً التربة الولحٍة فً العراق
 

 صفا ههذي عبذ الكاظن

 جاهعة القاسن الخضراء/ كلٍة السراعة 
 الخلاصة

. فيوحلىلالتشبتSARونسبتاهتضاصالصىديىمESPاجشيتالذساستلتحذيذالعلاقتبيننسبتالصىديىم

. وقذتواختياسبعضأنىاعالتشبتالولحيتالوتأثشةفيوىاقعيىسيفياوالوىيليحتوالإهاهىوششيشىهحاويلىإقبالهىأبيغشاغىكيفلىاللسينيتوالضباسة

.  باستخذاهوعاييشالذيناهيكاالحشاسيتلإعادةحسابالوفاهيوالكويتالىصفيتبذلاهًنالتحليليت

 • º (cmol Kg-¹ )26.80 إلى 0.96 تتشاوحونSARتشيشالنتائجئلىأنقين

. º • 5 (cmol Kg-¹ )32.7 - 3.52 هنالوىاقعالوذسوستوهزهالنسبتتضدادعنذالأخزبعينالاعتباسالأيىناتالحشة5
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 ٪ ESPوكلهزهكانتأقلون ESP (2.0 - 9.0٪ )كانالوختبشالوحسىب

. وفقاللوؤششاتالوعتوذةSARهعضيادةESPوفقالحساباتالولىحتالوختبشيت،وتظهشعوىهاصيادةفيقيونسبت

 .وصيادةتشكيضاتأيىناتالكالسيىهىالوغنيسيىمHCO3-¹وهنغيشالوحتولأنيؤدياحتواليتتحىلهزهالتشبتإلىسىديكئلىخفضقيوالأسالهيذسوجينيى

. SARهنESPنوىرجالانحذاسالخطيللتنبؤبالتشبتSARالوبنيتعلىالتشبتESPوأشاستالنتائجالإحصائيتإلىأنهونأجلالتنبؤبالتشبت

 .R² = 0.92هعESP = 1.95 + 1.05SARيوكنالتىصيتباستخذام

 

 .التربةالوالحةالحرارٌة،نسبةالصىدٌىهالقابلةللصرف،نسبةاهتصاصالصىدٌىم: الكلوات الوفتاحٍة 


