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ABSTRACT 
 

This investigation has been conducted on the cultivated soil of  Sirt area, Libya, that located 450 kilometers from  East of  
Libyan capital Tripoli and  between the coordinates 16°35  ́  E and   31°12  ́  N to study the potassium status in some soils of 
Libya.  Forty-two soil samples were taken at the two different depth (0-20 and 20-40 cm) from 21sites to evaluate some physical 
and chemical parameters for soils  such as mechanical analysis , total carbonate,  organic matter , EC , pH, soluble cations (Ca++, 
Mg++, Na+ and K+), anions (CO3

=, HCO3
-, Cl - and SO4

=) ,  total K , available K , soluble water K, exchangeable K and non 
exchangeable K. Coordinates of cultivated soil samples were recorded using the Global Positioning System (GPS). Studied 
parameters were analyzed graphically by contour maps to show the spatial distribution of chemical constituents of the different 
soil samples. The results indicate that the majority of soil textures in the investigated area were Sandy Loam. The all soil samples 
at the studied area are poor in organic matter. The soil samples electric conductivity (EC) was suitable for agricultural purposes. 
(The highest value of total K in both depths was found in 0-20 depth   and the lowest value was found in   20-40 depth) .Positive 
correlation was found between the total potassium and the clay content. (The highest values of available K in soil samples were 
found in 20-40 cm depth. In contrast the lowest values were found in 20-40 cm depth). The highest values of  water soluble K 
(meq100g-1soil) in studied soil samples  of both depths were  found in 20-40 cm depth, also the lowest values were  found in 0-20 
and 20-40 cm depth, respectively. (The highest values of non exchangeable K (meq100g-1soil) content in studied soil samples   of 
both depths were found in 0-20cm depth   ,also the lowest values were  found in 0-20 cm depth)  . The soil samples at the studied 
area are poor in total K, available K, soluble water K, exchangeable K and non exchangeable K. 
Keywords:   Potassium status, Sandy loam, Global Positioning System   (GPS), Sirt area.          
 

INTRODUCTION 
 

The soils of Libya are very shallow, coarse and low 
in organic matter content and water holding capacity 
(Laytimi, 2005). Soil studies have been conducted by the 
American and Russian governments over the last four 
decades, using various classification systems and methods 
of soil analysis (Newr, 2006). The (FAO) generated a 
Libyan soils map using their own classification system 
based on both previously mentioned surveys. Soil orders 
include Yermosols, Fluvisols, Regosols, Lithosols, 
Xerosols, and Solonchaks covering 62.745%, 1.38%, 
0.63%, 6.78%, 5.02%, 0.52%, respectively of the country’s 
area. The majority of these soils are silty loam in texture 
(63.0 %), followed by loamy very fine sand (7.0 %), coarse 
loamy (5.0 %), loamy (1.0 %), sand (0.6 %) and sandy clay 
(0.5 %) (Abagandura et al., 2012). Potassium (K) is a 
major element of soils (Hue and Silva, 2000) and 
(Marschner, 1997), the normal content of total K in soils 
ranges from 0.40 to 30.0 g K kg-1 soil. About 98% of total 
K is bound in mineral form, whereas 2% occurred in soil 
solution and exchangeable fractions (Sparks, 2003and 
Khan et al., 2009). The importance of K in plant growth 
and yield has been known since Von Liebig published his 
results in 1840 (Sparks, 2000; Huang et al., 2005). 
Potassium (K) in soil generally exists in one of four 
equilibrated forms variable in their availability to plants: - 
Unavailable-K↔ slowly available-K↔ exchangeable –
K(readily available ) ↔ water soluble-K(readily available ) 
.Many scientists have studied the soil K from different 
points of view, some of them studied the sources of K in 
earth crust and its forms in the soil focused on secondary 
clay minerals and investigated soil K status (Zhang et al., 
2009 and Abdlgader, 2012). The others studied the 
chemical extractions for soil K and derived some values to 
express the soil supplying power, which correlated with the 
biological experiments (Pettigrew, 2008). Wetting and 
drying can significantly affect K fixation (Xu et al., 1995; 
Sharma et al., 2010).  The drying soil under certain 
condition often cause a transformation of K from the 
exchangeable to the fixed or non-exchangeable form. 
Fixation of K (becomes non-exchangeable) can occur from 

drying soils with high exchangeable K or recent K fertilizer 
applications while, K release (becomes exchangeable) can 
occur when soils low in exchangeable K are dried because 
the clay sheets roll back and release K (Mc Lean and 
Watson, 1985). No or little studies have been done on the 
status of K in the main cultivated soil of Libya. Thus, the 
aim of this investigation is to evaluate the potassium status 
in different cultivated soils of Sirt area, Libya. 
 

MATERIALS AND METHODS                                                      

Twenty one soil sites were selected to represent the 
cultivated soils at different locations of Sirt city, Libya by 
Global Positioning System (GPS) technique as shown in 
Table 1and Fig 1. The studied soil samples were taken in 
August, 2014. The experimental sites were represented by 
42 soil samples .The first twenty one  surface soil samples 
were taken  at the depth of (0-20 cm) and the other twenty 
one  soil samples were  taken at the depth of (0-40cm). The 
obtained soil, samples were air dried, crushed and passed 
through a 2 mm sieve, thoroughly mixed then preserved in 
plastic bags for determination some soil physical and 
chemical properties according to the standard methods as 
well as potassium  status in that soils.  

Mechanical analysis was determined following the 
international pipette method  without hydrochloric acid 
using 20 g air-dry soil  and using NaOH as a depressing 
agent as described by Dewis and Fertais, (1970). Saturation 
percentage (SP) of the studied soils were determined using 
method described by Richards, (1954). Soil reaction (pH) 
was measured using a pH meter as mentioned by Richards 
(1954). The electrical conductivity of studied soils were 
measured in the soil paste extract by an EC meter according 
to the method of Jackson, (1967). Organic matter (OM) was 
determined by Walkley and Black’s method as described by 
Hesse (1971). The amounts of soluble cations and anions 
meq L-1 in the studied soil samples were determined 
according to Hesse (1971). Total carbonate was determined 
using Collin's calcimeter according to (Jackson, 1967). .The 
potassium forms (total K, available K, soluble water K, 
exchangeable K and non exchangeable K) was determined 
according to Hesse (1971).   
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Table 1. The coordinates of soil locations in study area. 
N E Site  

No. DD MM SS DD MM SS 
1 31 12 59.3 16 35 84.2 
2 31 10 53.2 16 38 43.9 
3 31 10 72.1 16 39 56.3 
4 31 9 25.0 16 57 31.9 
5 31 9 00.6 16 58 47.5 
6 31 8 39.2 17 2 20.4 
7 31 8 1.10 17 3 64.0 
8 31 7 17.1 17 7 50.5 
9 31 7 51.4 17 4 89.9 
10 31 7 77.7 17 4 3.80 
11 31 2 58.8 16 42 58.8 
12 31 10 53.5 16 38 4.20 
13 31 4 6.4 16 41 44.1 
14 31 9 34.6 16 55 51.3 
15 31 3 97.8 16 41 55.9 
16 31 9 37.4 16 55 51.9 
17 31 11 72.0 16 21 86.2 
18 31 11 54.3 16 21 65.8 
19 31 11 61.9 16 21 90.9 
20 31 11 67.7 16 24 83.0 
21 31 11 77.1 16 24 79.9 
DD :degrees    MM :minutes          SS :seconds  
 

 
Fig 1. The location of studied area and soil samples 

chosen for study.    

RESULTS AND DISCUSSION 
 

Soil physical properties of studied soil samples  
Data presented in Table (2) and Fig (2, 3, 4 and 5) 

show some soil physical properties such as  particle size 
distribution (coarse sand, fine sand, silt and clay), organic 
matter, calcium carbonate content and texture of the 
investigated soil samples at two  different depths (0-20 and 
20-40cm).   

 

 

Table 2.   Some soil physical properties of the study area.  
Site Depth Sand (%) Silt Clay CaCO3 OM SP 
No. (cm) Coarse Fine Total (%) (%) (%) (%) Texture (%) 
1 0-20 43.44 42.39 85.84 2.36 11.81 53.41 0.54 Sandy loam 30.48 
 20-40 67.87 27.03 94.89 2.57 2.57 42.39 0.47 Sand 31.05 
2 0-20 42.32 40.27 82.59 2.48 14.92 58.43 1.00 Sandy loam 31.55 
 20-40 40.59 49.24 89.82 2.54 7.63 53.98 0.64 Sand 33.76 
3 0-20 63.81 27.32 91.13 2.24 6.68 71.85 0.63 Sand 35.56 
 20-40 28.04 57.75 85.79 2.03 12.16 74.93 0.59 Loamy sand 37.88 
4 0-20 30.13 54.91 85.04 1.84 13.05 88.58 0.78 Loamy sand 38.27 
 20-40 9.62 83.97 93.59 2.15 4.21 87.42 0.80 Sand 39.19 
5 0-20 9.33 79.23 88.56 1.91 9.54 85.85 0.76 Loamy sand 38.74 
 20-40 41.64 45.62 87.26 2.12 10.56 81.63 0.63 Loamy sand 39.62 
6 0-20 40.71 47.94 88.65 1.90 9.45 84.23 0.56 Loamy sand 38.4 
 20-40 74.34 5.95 80.29 3.27 16.41 86.23 0.58 Sandy loam 39.12 
7 0-20 29.52 58.88 88.40 1.95 9.71 82.59 0.71 Loamy sand 38.4 
 20-40 23.37 59.41 82.78 3.82 13.38 74.36 0.66 Sandy loam 38.18 
8 0-20 28.25 54.56 82.81 1.89 15.25 75.15 0.61 Sandy loam 37.83 
 20-40 37.79 45.58 83.37 2.07 14.59 75.87 0.76 Sandy loam 39.5 
9 0-20 28.09 55.27 83.36 3.71 12.97 80.03 0.68 Sandy loam 40.54 
 20-40 71.20 12.36 83.55 4.12 12.30 80.58 0.70 Loamy sand 37.16 
10 0-20 50.71 28.39 79.10 6.29 14.62 77.42 0.44 Sandy loam 35.97 
 20-40 35.29 60.40 95.69 2.17 2.17 79.26 0.47 Sand 40.98 
11 0-20 62.30 20.29 82.59 2.48 14.93 72.94 0.49 Sandy loam 40.97 
 20-40 47.79 37.18 84.97 2.13 12.88 71.35 0.66 Loamy sand 31.7 
12 0-20 32.02 52.68 84.70 2.19 13.11 46.60 0.71 Loamy sand 32.01 
 20-40 30.24 51.24 81.48 2.30 16.19 56.15 0.27 Sandy loam 38.23 
13 0-20 40.25 46.45 86.70 2.21 11.08 74.64 0.26 Loamy sand 37.16 
 20-40 65.30 15.78 81.08 1.88 17.03 75.04 0.27 Sandy loam 41.69 
14 0-20 41.04 45.45 86.49 4.52 8.99 82.31 0.83 Loamy sand 40.63 
 20-40 57.56 23.24 80.80 2.42 16.79 80.16 0.49 Sandy loam 37.4 
15 0-20 45.48 42.16 87.64 2.48 9.87 72.93 0.32 Loamy sand 37.55 
 20-40 61.36 25.78 87.13 6.43 6.43 76.84 0.22 Loamy sand 39.32 
16 0-20 46.66 35.08 81.74 5.49 12.81 76.34 0.39 Sandy loam 38.63 
 20-40 39.24 40.75 79.99 3.66 17.70 79.49 0.20 Sandy loam 41.07 
17 0-20 45.23 37.22 82.45 7.80 9.74 76.28 0.74 Loamy sand 40.31 
 20-40 56.89 32.71 89.61 2.07 8.31 78.20 0.37 Sand 34.09 
18 0-20 53.03 34.09 87.12 2.13 10.71 74.60 0.19 Loamy sand 32.73 
 20-40 51.87 25.50 77.36 7.53 15.07 74.78 0.27 Sandy loam 34.72 
19 0-20 49.08 28.52 77.60 3.43 18.94 76.40 0.19 Sandy loam 36.49 
 20-40 44.43 40.13 84.56 1.91 13.48 77.00 0.19 Loamy sand 33.5 
20 0-20 56.17 25.56 81.73 6.09 12.18 70.11 0.24 Sandy loam 33.24 
 20-40 46.71 35.58 82.29 2.23 15.50 65.88 0.37 Sandy loam 33.08 
21 0-20 46.53 33.34 79.87 10.05 10.05 69.76 0.36 Sandy loam 34.18 
 20-40 51.41 37.04 88.45 2.30 9.22 71.25 0.36 Loamy sand 34.18 
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From data in Table (2), it was found at the two 
different depths that the coarse sand content in the studied 
soil samples vary widely from 9.33 (site No. 5) to 63.81% 
(site No. 3) and  from 9.62 (site No. 4) to 74.34% (site No. 
6) in 0-20 and 20-40 cm depth, respectively. 

The presented data indicate that the coarse sand 
content of the studied soil samples was increased with 
increasing soil depth where as in almost soil profiles, the 
coarse sand content (%) was recorded in 20-40 cm depth.   

Data of the same Table indicate that, in 20-40 cm 
depth the highest fine sand content was found in site No. 4 
(83.96%) while the lowest was recorded in site No. 6 
(5.96%). In 0.0-40 cm depth, the highest fine sand content 
was found in soil site No. 5 while the lowest was in soil 
site No. 11, the recorded value for fine sand content were 
79.23 and 20.24%, respectively. It was noticed that, the 
fine sand content was decreased with increasing soil profile 
depth where the highest value for fine sand content were 
recorded in 0-20 cm depth. 

The silt content of soil samples at present study 
varies from 1.83 to 10.05 and from 1.88 to 7.53% for 0-20 
and 20-40 cm depth respectively. The lowest silt content 
was found in soil site No. 4 and 13 while the highest values 
was found in soil site No. 21 and 18 for both depths (0-20 
and 20-40 cm, respectively). 

 
Fig 2. Spatial distribution of calcium carbonate 

percentage of taken soil samples at the 
depth of (0-20 cm) in the studied area. 

 

The same data indicate that the values of clay 
fluctuated between 6.68 (site No. 3) to 18.94% (site No. 
19) (0-20 cm depth) and 2.16 (site No. 10) to 17.7% 
(site No. 16) (20-40 cm depth). The data reveal that the 
clay content in almost soil samples was found to be 
higher in 0-20 cm depth than 20-40 cm depth. 

It was observed that, the textural classes of soil 
samples under current study varied in both depth (0-20 
and 20-40 cm). The data indicate that the texture of 
14.29% (6 samples), 40.48% (19 samples) and 45.24% 
(19 samples) was sand, loamy sand and sandy loam, 
respectively. 

Accordingly, the majority of soil textures in the 
investigated area were sandy loam.  

Saturation percentage (SP) ranged between 30.48 
and 41.69% for two depths. These values were 
increased with soil depth from 20 to 40 cm.  

Also, data of the same Table and Fig (2and 4) 
reveal that the calcium carbonate content (CaCO3) varies 
from 46.60 to 88.58 and from 42.39 to 87.42% in the 
depths 0-20 and 20-40 cm, respectively .The highest 
CaCO3 values in the two depths were in soil site No. 4 
while the lowest values of CaCO3 content in the above 
mentioned depths were found in site No. 12 and 1, 
respectively. The most of investigated samples percentage 
at the two different depths (0-20 and 20-40)  lie between 
fairly vigorous degree and very vigorous degree according 
to Dewis and Fertas (1970). 

So all the area under study can be considered 
calcareous soil having high calcium carbonate content 
reached to 88.6% in some sites.  

 
Fig. 3. Spatial distribution of calcium carbonate 

percentage of taken soil samples at the 
depth of (20-40 cm) in the studied area. 

 

The organic matter (OM) content as presented in 
Table (3) and confirmed in Fig. (4 and 5) ranges from 0.19 
to 1.00 and 0.20 to 0.80% in the depths of 0-20 and 20-40 
cm, respectively. The highest OM content take place in the 
depth 0-20 and 20-40 cm of soil site No. 2 and 4, 
respectively, while the lowest values for OM content occur 
in the soil site No. 19 and 16, respectively for the above 
mentioned soil depths under current study. The present 
results are in agreement with those obtained by (El-Agrodi 
et al., 1998; Rahil and Qanadillo,2013;and AL-Jaboobi et 

a.l,2014) 

 
Fig. 4. Spatial distribution of organic matter 

percentage of taken soil samples at the 
depth of (0-20 cm) in the studied area. 
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Fig. 5. Spatial distribution of organic matter percentage 

of taken soil samples at the depth of (20-40 cm) 
in the studied area. 

 

Soil chemical properties of studied soil samples 
Data illustrated in Table (3) show some soil 

chemical properties of the investigated soil samples which 
taken from different depths (0-20 and 20-40cm) in 

saturation soil extract. These properties include pH , 
electrical conductivity (EC), soluble cations(Na+, K+, Ca2+, 
Mg+) and soluble anions (CO3

2-, HCO3
-, Cl- and SO4

2-). 
Data show  that calcium ( Ca++) content in the 

studied soil samples varies widely from 0.04 of site 18 
to 0.59 of site No14 in 0-20 cm depth and from  0.04  of 
site No  21 to 0.62  of site No 14 in 20-40 cm depth , so 
studies observed that in both depth , the highest values 
of soluble Ca content  was found in 20-40 cm depth i.e 
0.62 meq/100g-1soil  of site No 14 , while the lowest 
values were found  in 20-40 cm depth which was 0.04 
meq/100g-1soil   in site No 21. 

From data in Table (3), it was found that the 
highest values of the magnesium (Mg++) content was 
found in 0-20 cm depth ,the recorded  value is   0.22 of 
site No 5 and the lowest value was found in 20-40 cm 
which is  0.01 of site No 14, however the values of 
(Mg++) content in  soil samples  range  from 0.022 of 
site No 2 to 0. 224 of site No 5 in 0-20cm depth  and 
range  from 0.01  of site No 14 to 0.22 of site No 15 of 
20-40 cm depth.  

 

Table 3. Soluble cations, anions, pH and EC values in saturation soil extract of the investigated soil samples. 
Site Depth Soluble cations (meq 100g-1 soil ) Soluble anions (meq 100g-1soil ) EC 
No. (cm) Ca++ Mg++ Na+ K+ CO3

-- HCO3
- Cl- SO4

- - pH d S m - 1 
1 0-20 0.19 0.10 0.61 0.07 - 0.05 0.28 0.64 8.30 1.13 
 20-40 0.25 0.16 0.75 0.07 - 0.09 0.37 0.77 8.28 1.52 
2 0-20 0.19 0.02 0.39 0.07 - 0.10 0.13 0.44 8.60 0.75 
 20-40 0.05 0.06 0.19 0.09 - 0.06 0.07 0.26 8.54 0.46 
3 0-20 0.10 0.05 0.33 0.05 - 0.07 0.10 0.36 8.53 0.54 
 20-40 0.05 0.04 0.24 0.02 - 0.04 0.06 0.24 8.64 0.32 
4 0-20 0.06 0.07 0.27 0.03 - 0.07 0.08 0.28 8.54 0.41 
 20-40 0.05 0.08 0.26 0.03 - 0.07 0.08 0.27 8.54 0.42 
5 0-20 0.11 0.22 0.59 0.07 - 0.11 0.27 0.62 8.23 0.93 
 20-40 0.29 0.15 0.58 0.11 - 0.07 0.41 0.65 8.11 1.20 
6 0-20 0.06 0.08 0.24 0.04 - 0.08 0.08 0.26 8.66 0.42 
 20-40 0.10 0.01 0.17 0.03 - 0.07 0.05 0.19 8.63 0.36 
7 0-20 0.07 0.06 0.25 0.01 - 0.07 0.07 0.25 8.76 0.39 
 20-40 0.06 0.09 0.27 0.01 - 0.07 0.09 0.27 8.56 0.46 
8 0-20 0.14 0.07 0.36 0.06 - 0.10 0.13 0.39 8.36 0.60 
 20-40 0.12 0.05 0.38 0.05 - 0.07 0.12 0.41 8.42 0.56 
9 0-20 0.06 0.09 0.16 0.02 - 0.09 0.06 0.17 8.67 0.44 
 20-40 0.07 0.04 0.23 0.02 - 0.05 0.07 0.23 8.52 0.35 
10 0-20 0.07 0.15 0.61 0.02 - 0.07 0.19 0.59 5.54 0.75 
 20-40 0.12 0.12 0.57 0.02 - 0.13 0.14 0.56 5.53 0.79 
11 0-20 0.25 0.06 0.48 0.04 - 0.12 0.22 0.48 8.15 0.86 
 20-40 0.19 0.16 0.54 0.04 - 0.13 0.25 0.54 8.17 0.89 
12 0-20 0.12 0.04 0.33 0.02 - 0.07 0.11 0.33 8.19 0.53 
 20-40 0.10 0.05 0.32 0.02 - 0.07 0.09 0.33 8.47 0.56 
13 0-20 0.08 0.11 0.43 0.02 - 0.11 0.12 0.42 8.35 0.59 
 20-40 0.13 0.13 0.60 0.02 - 0.10 0.19 0.58 8.11 0.85 
14 0-20 0.59 0.03 0.44 0.25 - 0.25 0.33 0.72 7.32 1.54 
 20-40 0.62 0.01 0.41 0.29 - 0.16 0.22 0.95 7.30 1.60 
15 0-20 0.22 0.22 0.84 0.04 - 0.09 0.39 0.83 8.08 1.27 
 20-40 0.34 0.22 0.94 0.03 - 0.17 0.44 0.93 8.00 1.61 
16 0-20 0.09 0.10 0.32 0.03 - 0.13 0.09 0.33 8.19 0.54 
 20-40 0.08 0.06 0.28 0.03 - 0.07 0.08 0.29 8.28 0.43 
17 0-20 0.08 0.10 0.31 0.02 - 0.12 0.08 0.31 8.13 0.55 
 20-40 0.07 0.11 0.35 0.03 - 0.09 0.11 0.35 8.24 0.55 
18 0-20 0.04 0.06 0.13 0.02 - 0.06 0.04 0.14 8.69 0.36 
 20-40 0.07 0.04 0.20 0.02 - 0.05 0.07 0.20 8.71 0.43 
19 0-20 0.08 0.05 0.16 0.03 - 0.08 0.06 0.18 8.67 0.36 
 20-40 0.07 0.07 0.22 0.02 - 0.07 0.07 0.23 8.76 0.45 
20 0-20 0.06 0.04 0.16 0.02 - 0.05 0.06 0.18 8.57 0.38 
 20-40 0.09 0.02 0.19 0.02 - 0.05 0.07 0.20 8.60 0.43 
21 0-20 0.06 0.05 0.16 0.02 - 0.05 0.07 0.17 8.60 0.40 

 20-40 0.04 0.05 0.14 0.02 - 0.04 0.05 0.15 8.71 0.34 
           

Also, data of the same Table reveal that sodium 
(Na+) ranges in soil sample  of 0-20cm from 0.13 of site 
No 18 to 0.84 of site No 15, while in 20-40 cm ranges from 

0.14of site No 21 to 0.94 of site No 15. Data revealed  that 
the highest values of soluble  Na+ in soil sample  were 
found  in 20-40 depth of site No 14  and the lowest value  
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was  found in  0-20 cm of site No 18 where was recorded 
that 0.94 and 0.13,respectively . 

Data given in Table (4) show that potassium (K+) 
ranged from 0.01of site No 7 to 0.25 of site No 14 of 0-20 
cm depth, whereas 0.01of site No 7 to 0.29 of site No 14 of 
20-40 cm in soil samples under studied .So the pervious 
observation confirms that the highest values of soluble K 
content were found in 20-40 cm depth .in contrast, the 
lowest values were found in 0-20 cm depth.  

Data in Table 3 show also, the soluble anions 
concentrations in the collected soil samples.   The soluble 
carbonates (CO-- 3) are undetected. The values of  
bicarbonates (HCO-

3) content   vary from 0.04  in site No 
21 to 0.25 meq100g-1soil of site No 14 in the 0-20 cm 
depth while  vary  from 0.04 in site No 3 to 0.17 of site No 
15 in 20-40 cm depth . So the  observed   results  indicated 
that , the highest values of (HCO-

3) content in  the studied 
soil samples were found in 0-20cm depth where the value 
is  0.25 ,also the lowest values were found in 0-20 cm 
depth which  recorded 0.04 meq 100g-1 soil . 

 
Fig. 6.  Spatial distribution of electric conductivity 

(dS/m) of taken soil samples at the depth of 
(0-20 cm) in the studied area. 

 

Data given in Table (3) show that chloride (Cl-) 
content ranged from 0.04 in site No 18 to 0.39 in site No 
15 of 0-20 cm depth ,whereas ranged from 0.05 in site No 
6 to 0.41 in site No 5 of 20-40 cm in soil samples. So it can 
be said that the highest value of soluble Cl-   in soil samples 
was found in  20-40 cm depth where it  was recorded 
0.41.In contrast the lowest values were recorded 
0.04meq100g-1soil in 0-20 cm depth. 

Also,   data of Table 3 reveal that, The Sulphate 
(SO4

--) content   ranges in soil samples of 0-20 cm depth 
from 0.1 in site No 18 to 0.83 in site No 15, while in 20-40 
cm ranges from 0.15 of site No 21 to 0.95 of site No 14. So 
the highest values of (SO4

- -) content in soil sample  were  
found  in  20-40 depth of site No 14 which recorded  0.95 
meq100g-1soil and the lowest value was found in 0-20 cm 
of site No 18 where was recorded 0.14meq100g-1soil.   

As shown from the data in Table 3 and Figs 6 and 7 
,all the soil samples have low values of the electrical 
conductivity (EC) .Most of the EC values are  less than 0.1 
dSm-1 ,only site No 1,14 and 15, the EC value increased to 

reach 1.61dSm-1 in site No15(20-40 cm depth).So all the 
area under study is non saline  soil . 
 

 
Fig. 7. Spatial distribution of electric conductivity 

(dS/m) of taken soil samples at the depth of 
(20-40 cm) in the studied area. 

 

Data of the same table   indicate that the pH of 
soil surface (at the depth of 0-20 cm) and subsurface 
samples (at the depth of 20-40 cm)  ranged between 
7.30and 8.76 in the alkaline side .  

The present results agree with those obtained by 
(El-Agrodi et al., 1998;   Rahil and Qanadillo,2013;and 
AL-Jaboobi et al.,2014) 
Forms of soil potassium:-   

Data of Table (4) present the amounts of total, 
available, water soluble, exchangeable and non 
exchangeable potassium content in the investigated soil 
samples. 
 

Total potassium K: meq 100 g-1 soil  
The obtained  data in Table (4)  and Figs(8 & 9) 

show  that  the total potassium  content  in soils of depth  
0-20 cm  varied  from  9.62  of site No 12   to 18.82 of 
site No 11 (meq 100 g-1 soil ) ,while varied in 20-40 cm 
depth from  9.62 of site No 1  to 18.80 meq 100 g-1 soil 
of site No 11 . The highest value of total k  was found in  
0-20 depth  which  recorded 18.82 in site No 11  and the 
lowest value was found in  0-20 and 20-40 depth which  
recorded 9.62 meq 100 g-1 soil  of site No 1 and 12 
,respectively .  
 

Available K (meq 100 g-1 soil)     
Data given in Table (4) and Figs(10&11)  reveal 

that the  available (K meq 100 g-1soil) ranged from 1.27   
of site No 12  to 3.37   of site No 14 in 0-20 cm depth 
,whereas it ranged between 1.1   of site No 7 to 3.36 
meq 100 g-1soil of site No 14 in  20-40 cm in soil 
samples. So from pervious observed  it can be said that,   
the highest values in soil samples were found in 0-20 
cm depth .In contrast the lowest values were  found in 
20-40 cm depth .The data of Table 4 indicate that, the 
available K represents from 13.2 to 18.8% of the total K 
in the surface soil samples, whereas it represents 6.5 to 
20.3% of the total K in the subsurface soil samples. 
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Table 4. Total, Available, water soluble, Exchangeable and Non exchangeable potassium content in the 
investigated soil samples. 

Site   
No 

Depth 
(cm) 

Total K 
meq 100g-1soil 

Available K 
meq 100g-1soil 

water soluble  K 
meq 100g-1soil 

Exchangeable K 
meq 100g-1soil 

Non exchangeable K 
meq 100g-1soil 

1 0-20 10.51 1.357 0.068 1.290 9.15 
 20-40 9.62 1.134 0.069 1.065 8.49 
2 0-20 13.34 1.868 0.070 1.798 11.47 
 20-40 12.38 2.906 0.086 2.820 9.47 
3 0-20 13.25 1.765 0.046 1.719 11.49 
 20-40 13.25 1.403 0.016 1.386 11.85 
4 0-20 16.03 1.996 0.026 1.970 14.03 
 20-40 16.49 1.995 0.026 1.969 14.49 
5 0-20 16.02 2.040 0.071 1.969 13.98 
 20-40 16.03 2.448 0.114 2.334 13.58 
6 0-20 16.46 1.630 0.036 1.594 14.83 
 20-40 18.77 1.722 0.026 1.696 17.04 
7 0-20 18.36 1.454 0.009 1.445 16.90 
 20-40 17.04 1.095 0.009 1.086 15.95 
8 0-20 16.12 2.418 0.061 2.357 13.70 
 20-40 16.49 2.358 0.052 2.307 14.13 
9 0-20 16.47 1.495 0.018 1.477 14.98 
 20-40 16.96 1.725 0.018 1.707 15.24 
10 0-20 15.11 1.588 0.017 1.571 13.53 
 20-40 15.10 1.314 0.024 1.289 13.78 
11 0-20 18.82 1.454 0.037 1.417 17.36 
 20-40 18.80 1.771 0.037 1.734 17.03 
12 0-20 9.62 1.270 0.022 1.248 8.35 
 20-40 13.72 1.313 0.022 1.292 12.41 
13 0-20 16.55 1.548 0.017 1.531 15.01 
 20-40 17.85 1.359 0.017 1.343 16.49 
14 0-20 17.92 3.367 0.246 3.121 14.55 
 20-40 17.87 3.631 0.286 3.344 14.24 
15 0-20 18.35 1.681 0.042 1.639 16.67 
 20-40 17.45 1.591 0.034 1.557 15.86 
16 0-20 18.34 1.907 0.027 1.880 16.43 
 20-40 17.44 1.999 0.026 1.973 15.44 
17 0-20 16.41 1.444 0.019 1.426 14.96 
 20-40 16.03 1.452 0.027 1.424 14.58 
18 0-20 15.17 1.684 0.015 1.669 13.48 
 20-40 16.50 1.679 0.015 1.665 14.82 
19 0-20 15.98 2.441 0.032 2.410 13.54 
 20-40 16.48 1.587 0.017 1.570 14.89 
20 0-20 16.03 1.633 0.023 1.610 14.40 
 20-40 15.12 1.134 0.023 1.111 13.98 
21 0-20 7.33 1.634 0.022 1.611 5.70 
 20-40 15.11 1.769 0.023 1.745 13.34 
 

 

 
Fig. 8. Spatial distribution of Total potassium K of taken 

soil samples at the depth of (0-20 cm) in the 
studied area. 

 

 

 
 

Fig. 9. Spatial distribution of Total potassium K of taken 
soil samples at the depth of (0-40 cm) in the 
studied area. 
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Fig. 10. Spatial distribution of available potassium K of 

taken soil samples at the depth of (0-20 cm) in 
the studied area 

 
Fig. 11. Spatial distribution of available potassium K 

of taken soil samples at the depth of (20-40 
cm) in the studied area 

 

Water soluble K (meq 100 g-1 soil)     
Data of Table (4) and Figs(12&13) show that the 

values of water soluble K (meq 100 g-1 soil) in the studied  
soil samples vary from 0.009   of site No 7 to 0.24 of site 
No 14in the 0-20 cm depth  and  from 0.009 of site No 7  
to 0.28 of site No 14 in 20-40 cm depth. The highest values 
of water soluble K(meq 100 g-1 soil) in soil sample  of both 
depth were found in 20-40 cm depth where was recorded 
0.28 ,also the lowest values were found in 0-20  and 20-40 
cm depth, respectively  which recorded 0.009 of site No 
7.The water soluble K represents only 0.62to 3.31%of the 
available K in 0-20 cm depth and from 0.82 to 7.88% in 
20-40 cm depth. So more than 90% of the available K  is in 
the form of exchangeable K. 
Exchangeable K (meq 100 g-1 soil)     

As shown from the data of Table 4 and Fig 
(14&15), the values of exchangeable K are higher than the 
values of soluble K. It represents more than 90 % of 
available K as said before. 

The values of exchangeable K in 0.0-20 cm depth 
ranged from 1.29 in site No 1 to 3.12 meq 100g-1 soil in 
site No 14 and ranged between 1.05 in site No 1 and 3.34 
meq100g -1 soil in site No 14 in 20-40 cm depth . 

 
Fig. 12. Spatial distribution of soluble potassium K of 

taken soil samples at the depth of (0-20 cm) in 
the studied area 

 

 
 

Fig. 13. Spatial distribution of soluble potassium K of 
taken soil samples at the depth of (20-40 cm) in 
the studied area 

 

 

 
Fig. 14. Spatial distribution of exchangeable 

potassium K of taken soil samples at the 
depth of (0-20 cm) in the studied area 
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Fig. 15. Spatial distribution of exchangeable potassium K 

of taken soil samples at the depth of (20-40 cm) 
in the studied area 

 

Non exchangeable K (meq 100 g-1 soil)  
Non exchangeable K is the difference between 

the total K and the available K expressed in meq 100g-1 
soil, it consist of 1- the unavailable form which found in 
primary minerals like micas and feldspars, 2- the slowly 
available K which found between the layers of 
montmorillonite clay or bound in the crystals of illite 
and vermiculite clay minerals. 

From data  of Table (4) and Figs (16&17) ,it was 
found  that    the values of non  exchangeable K meq 
100 g-1 soil content   vary from 5.70 site No 21 to 17.36 
of site No 11, in the 0-20 cm depth, respectively and 
8.49 of site No 1  to 17.03 of site No 11 in 20-40 cm 
depth, respectively. The highest values of  non 
exchangeable K content in the studied  soil samples of 
both depth were found in 0-20cm depth which  recorded  
17.36 ,also the lowest values were  found in 0-20 cm 
depth which recorded 5.70 meq 100 g-1 soil.  

 
Fig. 16. Spatial distribution of Non exchangeable 

potassium K of taken soil samples at the depth 
of (0-20 cm) in the studied area 

 
Fig. 17. Spatial distribution of Non exchangeable 

potassium K of taken soil samples at the depth 
of (20-40 cm) in the studied area 

 

The present results agree with those obtained by 
(Mc Lean and Watson, 1985;   El-Agrodi et al, 1998; 
Raheb and Heidari, 2011; Huang et al., 2005; Kotb and El-
Hady, 2006; Rahil and Qanadillo, 2013; AL-Jaboobi et al, 
2014; Adamo et al., 2016 and Rawat, et al., 2016). 
 

CONCLUSION 
 

It can be concluded that most of the studied soils are 
considered poor in their potassium content , thus Attention 
should be given to those crops which need high potassium 
requirements and potassium fertilization in order to have 
the optimum yield in Libya soils. Also, the irrigation 
should be applied by modern irrigation methods 
(fertigation and spraiy method) to the potassium become 
available for plants. The soil in the studied area is non 
saline with pH higher than 7 and reach to 8.5.Also the soil 
is highly calcareous having high CaCO3 content. 
 

REFERENCES 
 

Abagandura, G.O., D.M.Park, W.David, W. and 
W.Bridges. (2012), “An Assessment of Soil 
Resources and Soil Degradation in Libya”, 
AMBIO. In review. 

Abdlgader, K. A. (2012). Kinetics of potassium release and 
plant response in some calcareous soils of Egypt 
and Libya. PH.D. Thesis, Alexandria, Egypt. 

Adamo P, P. Barré, V.Cozzolino, V. Di Meo and B. Velde 
(2016). Short term clay mineral release and re-
capture of potassium in a Zea mays field 
experiment.Geoderma264:54–60.Doi:10. 
016/j.geoderma.2015.10.005  

AL-Jaboobi;M,M. Tijane,S. EL-Ariqi, A.  El Housni, A. 
Zouahri and Bouksaim.(2014):Assessment of the 
impact of wastewater use on soil properties. J. 
Mater. Environ. Sci. 5 (3) (2014) 747-752. 

Dewis; J. and F. Fertias (1970). "Physical and Chemical 
Methods of Soil and Water Analysis". Soils Bulletin 
No. 10. FAO. Rome. 

 



J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 8 (9), September, 2017 

 429 

El-Agrodi; M.W, E. M. El-Hadidi, S. A. Hammad, A.A.  
Elnaggar; (1998). Potassium Supplying power of 
Dakahlia governorate soils. J. Agric. Sci. Mansoura 
Univ ., 24(2): 861-872. 

Hesse, P. R. (1971)." A Text Book of Soil Chemical 
Analysis". Juan Murry (Publisher) Ltd, London. 

Huang, P. M., J. M. Zhou, J. C. Xie and M. K.Wang 
(2005).potassium in soil. In:Eneyclopedia of Soils 
in The Environment, 3:303-314. 

Hue, N. and J. Silva (2000). "Organic soil amendments for 
sustainable agriculture: organic sources of nitrogen, 
phosphorus, and potassium." Plant nutrient 
management in Hawaii’s soils, approaches for 
tropical and subtropical agriculture. College of 
Tropical Agriculture and Human Resources, 
University of Hawaii, Manoa. Chapter 15:133-144 

Jackson, M. L. (1967). "Soil Chemical Analysis". Printice-
Hall of India, New Delhi. 

Khan, K. S., S. Heinze and R. G. Joergensen (2009). 
"Simultaneous measurement of S, macronutrients, 
and heavy metals in the soil microbial biomass with 
CHCl3 fumigation and NH4NO3 extraction." Soil 
Biol. Biochem. 41(2): 309-314. 

Kotb; M.M. and A. A. A. El-Hady (2006). Land suitability 
assesment of a new reclaimed area, South Cairo 
Governorate, Eastern Desert, Egypt. J. soil 
Sci.46(4): 357-376. 

Laytimi, A. (2005), “Market and Trade Policies for 
Mediterranean Agriculture: The case of Fruit/ 
Vegetable and Olive Oil”, Available: 
http://medfrol.maich.gr/documentation/view/reports
/wpHYPERLINK 
"http://medfrol.maich.gr/documentation/view/report
s/wp1-asr/Libya.pdf"1HYPERLINK 
"http://medfrol.maich.gr/documentation/view/report
s/wp1-asr/Libya.pdf"-asr/Libya.pdf (accessed 22 
Jun. 2016). 

Marschner,H.(1997). Mineral Nutrition of Higher plants . 
Second Edition. Academic press ,Harcourt Brace 
and company, publisher . Tokyo. 

Mc Lean, E. and M. Watson (1985). "Soil measurements 
of plant-available potassium." Potassium in 
agriculture (potassium in agri): 277-308. 

Newr, B.A.B. (2006), “The Application of Land 
Evaluation Technique in the North-East of Libya”, 
Ph.D. diss., Cranfield Univ., UK 

Pettigrew, W. T. (2008). "Potassium influences on yield 
and quality production for maize, wheat, soybean 
and cotton." Physiol. Plant. 133(4): 670-681. 

Raheb, A. and A. Heidari (2011). "Clay mineralogy and its 
relationship with potassium forms in some paddy 
and non-paddy soils of Northern Iran." Aust. J. 
Agric. Eng. 2(6): 169-175.  

Rahil;M, H.  Hajjeh  and  A. Qanadillo  (2013). Effect of 
saline water application through different irrigation 
intervals on tomato yield and soil properties. Journal 
of Soil Science. 3: 143-147. 

Rawat, J., P. Sanwal and J. Saxena (2016). Potassium and 
Its Role in Sustainable Agriculture. Potassium 
Solubilizing Microorganisms for Sustainable 
Agriculture. pp. 235-253.  

Richards, L. A. (1954). "Diagnosis and improving of 
Saline and Alkaline Soils". U. S., Salinity 
Laboratory Staff. Agric. Handbook, No.60. 

Sharma, A., V. K. Jalali and S. Arora (2010). "Non-
exchangeable potassium release and its removal in 
foot-hill soils of North-west Himalayas." Catena 
82(2): 112-117. 

Sparks, D. L. (2000). "Bioavailability of soil potassium." 
Handbook of soil science: 38-52. 

Sparks, D. L. (2003). Environmental Soil Chemistry (2nd 
Ed.,). Burlington, Academic Press. 

Xu, G. H., S. D. Bao and R. H. Shi (1995). "Characteristics 
of natural release and fixation of interlayer 
potassium in soils exhausted by cropping." Soils 27: 
182-185. 

Zhang, H., M. Xu, W. Zhang and X. He (2009). "Factors 
affecting potassium fixation in seven soils under 15-
year long-term fertilization." Chin. Sci. Bull. 
54(10): 1773-1780. 

 
AB تDEدرا IJراKL MNوDPQRLوا MQSQTULاص اWXLا YSZ MBر[\PLا M]U\PZ ت^E    
   IjPk اPbc `QPi` و WPbc IgUhcد TB` اDfLدي،  اdSL^ودي Pbc `Pbc` وa`ي
IJراlا mno ، MBرا[Lا MQjp رةWh\PLا MScDa ،  

  

 VWX YZ[ \]^ Y_`ت اcd e]fghX idراV`ه اlت ھlno450pZ`ا ihqrW`ق اct uv wx   i]fgh`ت اrpyاVzإ |orxو ~ZXاcط ip�16 °35  ´
E 31°12 ´N rp�p` Yأرا� �W�X م�pdr^� ]eXc^ igp زرا]inZ_�v ep ��42ل ھlه ا`Vراc�X   . wpp]^ w^ idض ��w ودراe`rz id ا`�

 upnZ_�v up]h[ YZ[ ذة���v)0 -2040-20  و (uv21و ipWp�f`ا cp�rWh`ا �WX wpp]_` �`ت وذcd i]fghX \��v  �pZ�_`ا ��v iو�rhp�`ا
 iXc_`rX م�pdr^��ر ا`�q \ph� �`lx ت وro�poت وا�ro�p^r�`ا �pxc^و i��h�`وا YXc��`ا �pq��roت ا`�ipZ وا`_Xc�`وا Y�por�ph`ا

)YZ�`م ا�pdr^��م ا`�r`� -ا`�pdr^��م ا`lا¡  �Y ا`rhء – ا`�pdr^��م ا`r�_hدل – ا`�pdr^��م ا`�r�_v cpدل – ا`�pdr^��ا�\ ) . ا`�h`ر اrp_ا� w^
 iph`rW`ا�\ ا�h`ا V�V�^ مr¢o امV�_drX idروVh`اGPS.(( \ز����� ا`_^ iر��_gx  £¡اc�  �hWX idروVh`ت اrn�`ا �p��^ w^ r¤أ�

�ذة��h`ا i[ر�gh`ا iXc_`ت اrgpW`   ip¡rphp�`ت اro��hZ` Yor�h`ا . rx idروVh`ت اrgpW`ا w¢Wv ام�ن رYZv ھlه ا`r_g¡¦ أrtرت إ`Y أن �
��cp� .iي¤W`دة اrh`ا uv rاھ�_�v Y� ةcp]� تrgpW`ا �x �`lx. ip[اض ا`�راc¨©`  drgv تrgpW`ا ��` YXc��`ا �pq�. rhx أن ا`_

 uv ªhW`ا Vg[ تVو� YZ�`م ا�pdr^��Z` ehp� YZ[ان  ا Vم و��pdr^��Z` i�«g`rX0-20up]hW`ا �x  Vg[ تVو� ehp� ا¡  .  وا��l`م ا�pdr^�ا`�
YZ[ا uv ªhW`ا Vg[ تVو� e` ehp� 20-40up]hW`ا �x Vg[ تVو� ehp� وا�� . Vg[ تVو� ehp� وا�� e` ehp� YZ[دل اr�_v cp�`م ا�pdr^�ا`�

 uv ªhW`م . 20  -0ا�pdr^��ر ا`�q \ph� Y� ةcp]� idروVh`ت اrgpW`ا �x.  
 
 


