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Physico-Chemical Analysis of Soils in Al-Khums city, Libya
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Abstract: The study was carried out to investigate some of the physical and chemical characteristics of
the soil collected from the farms of al-Khums region of Libya. Soil moisture contents in dry and wet base,
conductivity, TDS, pH, and chloride contents of soil were determined.  Results showed that the texture
of the soil was loam sandy with basic nature as pH was found varying from 8.1 to 8.6. The soil was
moderately alkaline and the chloride content varies from 0.43 to 1.42 g/kg of soil which is slightly higher
than the optimal concentration. The aim of the work was to examine the quality of the soil so that it may
be modified according to the requirements to maximize the soil productivity.
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INTRODUCTION

Soil is the thin layer on the surface of the Earth
on which the living beings of the earth survive since it
is the layer of materials in which plants have their
roots. A productive soil builds the foundation for any
successful cropland[1]. The higher soil quality, the better
it performs. Soil is made up of many things like
weathered rock particles and decayed plant and animal
matter with varying ratios of minerals, air, water and
organic material. Soil is healthy if it consists of
roughly 40% mineral, 23% water, 23% air, 6% organic
material and 8% living organisms. It takes a long time
for soil formation and more than thousand years for the
formation of a thin layer of soil. Since soil is made up
of such diverse materials like broken down rock
particles and organic material, it can be classified into
various types, though based on the size of the particles
it contains[2-3]. 

Soil texture is concerned with the relative
proportions of mineral particles of various sizes in a
given soil. These particles are grouped into three basic
categories: sand, silt and clay. Sand particles are the
largest ones in soil other than gravel or other rocks.
Intermediate sized particles are called silt. The very
smallest particles in soil are clay.

MATERIALS AND METHODS

Experimental: Experiments were performed for the
determination of chemical constituents of soil and some
of its physical properties for the assessment of type
and quality of soil. Soil pH, electrical conductivity and
salt concentration in soil were determined

experimentally to study the soil nature. 

Soil Sampling: Soil samples were collected from four
different places of Al-Khoms city, Libya and nearby
areas. Three samples from each place were taken. 
(1) From the surface, 
(2) From 30 cm depth and       
(3) From 60 cm. depth. 

The collected soil samples were then cleaned and
sieved to remove unwanted substances other than soil
particles. The details of soil sample are as given in
table-1.

Soil Moisture Content (SMC) and Water Holding
Capacity: Soil moisture content for each depth
between 0 and 60 cm was calculated in two ways 
(1) Air dried soil sample and 
(2) Saturated wet soil 

The weight of the wet soil samples was measured
and then the soil sample was put in an oven at 105°C
to dryness till constant weight. The following formula
was used for calculating the soil moisture content[4].

W1 = weight of cleaned and dried weighing
container 
W2 = About 100 g sample was placed in the
weighing container and weighed.
W3 = Weight of the container and contents after
dryness.

Placed the container with soil contents in the
thermostat controlled oven and dried to constant weight
between 105 °C and 110 °C for about 2 hours and
then placed the whole in the desiccators to cool. The
process was repeated for constant weight. 
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 (Ww - Wd)
SMC =  )))))))) ×100

     Wd

where: 
SMC = Soil moisture content dry base 
Ww = Weight of the wet soil (g) = W2 - W1

Wd = Weight of the dry soil (g) = W3 - W1

Soil pH: The pH of the soil was determined by using
pH meter with combined electrode (Model – Hanna,
sensitivity ± 0.01). Prior to the estimation of pH, the
instrument was calibrated with buffer solutions of pH
4, 7 and 10.20 g air dried soil was mixed with 20 ml
deionized water to make 1:1 slurry. The slurry was
agitated thoroughly for 30 minutes to stabilize the pH
and then combined electrode was immersed to take the
reading. The same procedure was adopted for each
sample.

Soil Electrical Conductivity: Soil conductivity was
determined with the help of calibrated conductivity
meter (Model – Jenway-4520). The procedure is give
below[5]. 10 g of dry crushed soil sample (< 0.2 mm)
of each type were mixed with 50 ml of deionized
water in a bottle to make 1:5 ratio (w/v) slurry and the
mixtures were shaken thoroughly for complete
dissolution of soluble salts. The soil was allowed to
settle down and then conductivity cell was inserted to
take the readings.

Total Dissolved Solid (TDS): Total dissolved solid
(TDS) was determined with the help of Conductivity-
TDS meter (Model – Jenway-4520). Filtrates of soil-
water slurry (1:5 w/v) were used for analysis of TDS.

Chloride Content: Chloride content of the soil samples
was determined by Mohr’s method[6] (Argentometric
titration method). 10 g of soil was mixed with 50 ml
of water and shaken well to complete dissolution of
soluble chloride ions. After filtration the filtrates of
each sample were subjected to estimation of chloride
ions. Standard N/50 silver nitrate (AgNO3) solution and
potassium chromate (K2CrO4) as indicator were used
for titration. 

RESULTS AND DISCUSSIONS

Soil Texture: The soil texture greatly influences water
availability. The sandy soil can quickly be recharged
with soil moisture but is unable to hold as much water
as the soils with heavier textures. As texture becomes
heavier, the wilting point increases because fine soils
with narrow pore spacing hold water more tightly than
soils with wide pore spacing. The texture of soil on the
basis of water holding capacity was found to be Loam

sandy.

Soil Moisture Content: Knowledge of the soil water-
holding capacity is essential to the evaluation of
regional soil water balance[7]. Soil water content in air
dried samples and saturated wet samples are given in
table-2. Soil texture greatly influences water
availability. The sandy soil can quickly be recharged
with soil moisture but is unable to hold as much water
as the soils with heavier textures. As texture becomes
heavier, the wilting point increases because fine soils
with narrow pore spacing hold water more tightly than
soils with wide pore spacing[8].  The texture of soil on
the basis of water holding capacity was found to be
Loam sandy.

Soil pH: Soil pH for all the samples was found greater
than 7 which indicated that the soils are alkaline.
Under alkaline conditions, the solubility of minerals
decreases to the point that nutrient deficiencies occur.
Plant growth is therefore limited by deficiencies in
iron, manganese, zinc, copper and boron. Phosphorus
is also less available in alkaline soils and high levels
of calcium may inhibit the uptake of potassium and
magnesium. These soils possess unique properties that
can severely limit plant growth and require special
management. As the soil pH increases, the solubility of
many nutrients is reduced. As a result, these nutrients
are precipitated as solid materials that plants cannot
use. For example, the solubility of iron at pH 4.0 is
100 ppm but if the pH is increased to 6.0, the
solubility drops to 0.01 ppm. At pH values above 7.5,
the amount of iron in solution is often too low to
sustain healthy plant growth. Micronutrient deficiencies
may sometimes be seen in crops grown on alkaline
soils[9]. Elevated pH values can indicate potential losses
of nitrate and subsequent water contamination. The
tendency for soil acidification can suggest insufficient
use of ammonical fertilizers and increased leaching
losses[10].

Soil Electrical Conductivity and Total Dissolved
Solids: Conductivity and soluble ions are given in
table-3. Electrical conductivity is used to estimate the
soluble salt concentration in soil, and is commonly
used as a measure of salinity. Soil with EC below 400
µS/cm are considered marginally or non-saline, while
soils above 800 µS/cm are considered severely saline.
The soils under analysis were found moderately saline.
From the data it was observed that the conductivity
and soluble ion concentration of soil were found higher
in side compared to that of at the surface. If pH and
TDS are taken into consideration, it is clear that high
pH soil lacks in several ions it may be due to a lack
of  microbial  activity in the soil. Elements that act as
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Table 1: Soil samples for analysis
Soil Sample No. Place Depth Colour Month/Year

of collection
1 Lafandania Surface Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 Lafandania 30 cm Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 Lafandania 60 cm Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 Suk-Al-Khamis Surface Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 Suk-Al-Khamis 30 cm Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 Suk-Al-Khamis 60 cm Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 Sahel Surface Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 Sahel 30 cm Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 Sahel 60 cm Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 Mazrah Surface Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 Mazrah 30 cm Brown-Yellow December-2009
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 Mazrah 60 cm Brown-Yellow December-2009

Table 2: Soil moisture content (Air dried and Saturated wet base) 
Soil sample No. Moisture content (Air Dried Base) Moisture content (Saturated Wet Base)

----------------------------------------------------------- ----------------------------------------------------------------
% Inch/foot % Inch/foot

1 1.04 0.13 28.39 3.41
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 0.85 0.10 22.30 2.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 0.34 0.04 24.86 2.98
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 0.21 0.03 26.22 3.15
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 5.43 0.65 21.78 2.61
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 0.96 0.12 29.05 3.49
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 0.20 0.02 28.09 3.37
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 0.40 0.05 29.86 3.58
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 0.54 0.07 27.12 3.25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 0.47 0.06 28.19 3.38
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 0.51 0.06 30.12 3.61
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 0.29 0.04 30.31 3.64

carriers in the soil, such as nitrogen or phosphorus may
be lacking. Phosphates, sulfates, acetates, or humic
acids may also be unavailable in the soil.  

Chloride Content: Chloride ion concentrations of soil
samples are given in table-4. The chloride
concentration varies from 0.43 g/kg of soil to 1.42 g/kg
of soil. These results are slightly higher than the
optimal concentration range of chlorides in most crops
is between 0.3 to 1 g Cl /kg dry matter[11]. The
negative effects of higher chloride ion concentrations

on crops are common in coastal areas. The amount of
chloride found in plants varies with habitat because
both the external chloride concentration and the balance
of other available anions influence the content.

Conclusions: The nature of soil samples was found
loam sandy.
1. Water content in saturated wet soil was 2.6-3.6

inch/ft.
2. Soil pH was varies from 8.1 to 8.6 that indicates

the soils are alkaline.
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Table 3: Soil conductivity, total dissolved solid (TDS) and chloride ion concentration of soils at 21.5°C
Soil No. Conductivity Total Dissolved Chloride Content

mS/cm Solids (TDS) ppm g/kg of soil
1 471 282 1.06
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 766 455 1.07
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 646 389 1.14
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 420 253 0.57
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 673 404 0.71
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 410 246 0.43
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
7 696 418 0.71
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 614 350 1.42
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 432 256 0.50
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 489 281 0.57
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 498 292 0.71
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 513 308 0.71

Fig. 1: Moisture content of saturated wet soil samples (inch/ft.)

Table 4:  pH of the soil samples
Soil Sample No. pH
1 8.60
2 8.60
3 8.29
4 8.50
5 8.46
6 8.52
7 8.40
8 8.37
9 8.43
10 8.12
11 8.17
12 8.37

Table 5: Trees and plnts available at the place of analysis.
Place Trees and Plnts
Lafandania Olive,  Sonabar, Dates
Suk-Al-Khamis Dates, Grapes and Pomegranate
Sahel Dates, Grapes, Pomegranate and Fig
Mazrah Olive, Almond and Fig

3. The soils are moderately saline as conductivity was

observed between 400 and 700 mS/cm, and TDS
was found between 250 and 460 ppm.

4. The chloride concentration varies from 0.43 g/kg
of soil to 1.42 g/kg of soil which is slightly higher
than the optimal concentration range.
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