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Abbreviations: ECe, electrical conductivity of saturated 
pest; ESP, exchangeable sodium percentage, ESP, exchangeable 
sodium percentage; SAR, sodium adsorption Ratio; CEC, cation 
exchangeable Capacity; FC, filed capacity; PWP, permanent wilting 
point, AAS, atomic absorption spectrophotometry; CEC, cation 
exchange capacity, Av.P, available phosphorous; AWHC, available 
water holding capacity; SOC, soil organic carbon; ESP, exchangeable 
sodium percentage; AAS, atomic absorption spectrophotometry

Introduction
Saline sodic soil is one of the most important soil factors 

which affect plant growth and ultimately limit crop production and 
productivity.1–3 Studies conducted in different areas estimated that 
nearly 11million hectare (ha) of soils in Ethiopia is in the grip of 
salinity and sodicity hazard.4 As a result, salinity/sodicity of soil is 
becoming a serious threat to crop production in the arid and semi arid 
areas of Ethiopia.5–8

Land use change particularly from natural ecosystem to 
agricultural lands in general and to irrigated crop production under 
poor management practices in particular are among the major causes 
of declining in soil fertility followed by land degradation and low 
agricultural productivity.9,10 Hence, assessing soil physicochemical 
properties is imperative to understand the status of soil quality in 
different land uses. Maintaining soil quality mainly depends on the 

characterization of the physicochemical properties of a given soil. Soil 
characterization is required to classify soils, and determine chemical 
and physical properties not visible in field examination.11 Therefore, 
knowledge of the kinds and properties of soils is critical for decisions 
making with respect to soil management and crop production.12,13

Salt affected soils occurred either from parent material in areas 
where evapotranspiration exceeds mean rain fall or from soils treated 
with poor irrigation management practices. Crop production in arid 
and semi arid regions is dependent on irrigated agriculture.14 However, 
the hot and dry climates of these regions require that the irrigation 
water should not contain soluble salts in amounts that are harmful to 
plants or have adverse effects on soil properties. However, water of 
such quality is not available in sufficient quantities to satisfy the water 
requirement of all the crops grown. Under this condition farmers are 
forced to use all irrigation water sources. 

Irrigated land in Ethiopia is estimated only 4 to 5%, covering 
about 640,000 ha, which is a significant portion of cultivated land 
is currently not irrigated.15 The annual rainfall in study area is less 
than the evapotranspiration rate and then farmers fulfill their crop 
water requirement from Rivers and ground water sources. However, 
both water sources contained medium to very high concentration 
of dissolved salts sufficient enough to gradually develop salt upon 
continuous use for irrigation,8 which, in turn, required expensive 
treatment to make them productive again. Therefore, a well-managed 
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Abstract

This study intended to characterize the physicochemical characteristics of soils and 
irrigation water qualities under four land use types of Babile low lands in eastern Ethiopia. 
Four profiles opened from non-cultivated (profile 1), two irrigated cultivated (profile 2 & 3) 
and none irrigated cultivated lands (profile 4) for laboratory analysis. The results revealed 
relatively variation in morphological and physicochemical properties of soils. The soils 
are clay to sandy in texture with bulk density values ranging from 1.12 to 1.32gcm-3 and 
the clay contents significantly affected both by land use type and profile depth. The basic 
infiltration rates and saturated hydraulic conductivities of the soils were moderately slow. 
The soils were moderately alkaline to alkaline in reaction (pH 7.89 to 8.54), the mean soil 
electrical conductivity of saturated pest (ECe) were greater than 4dSm-1 and significantly 
affected by land use type and profile depth. The exchangeable cations determined had 
clear distinctions on the distribution of adsorbed cations; adsorbed Na+ was higher on the 
exchange site of the irrigated soils than the non-irrigated soils. Medium to very high cation 
exchange capacity (34.26 to 38.92cmol (+) kg-1) was recorded. Exchangeable cations (Na, 
K, Ca, Mg), Exchangeable sodium percentage (ESP), sodium adsorption Ratio (SAR) and 
Cation Exchangeable Capacity (CEC) were significantly (P<0.05) affected by land use 
types and profile depth. In line with this, two irrigation water sources were analyzed, the 
result revealed that both water sources contained medium to very high dissolved salts. On 
the other hand, the residual sodium carbonate (RSC) of Errer River (1.25 to 2.50meqL-1) 
and ground waters (>2.50meqL-1) were marginal and unsafe for irrigation, respectively. It 
could therefore be generalized that, beside to natural conditions, irrigation water could be 
the main source for the occurrence of saline sodic soils in the irrigated lands of the area. 
Hence, introduction of locally available organic and inorganic reclaiming materials may 
improve the productivity of the saline sodic soils of the study area for the resource poor 
farmers.
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irrigation development system could overcome major challenges of 
low agricultural productivity resulted due to irrigation.15

Similar to the other arid and semi-arid regions of Ethiopia, severe 
soil salinity/sodicity problem has been reported recently in the 
Babile District, eastern Ethiopia.8 However, the degree, extent and 
causes of the problem had not been yet examined. Basic information 
on the distribution, extent and causes of soil salinity/sodicity in the 
Babile low lands could assist policy makers, researchers, extension 
workers and farmers as baseline information to improve the fertility 
and productivity of the soils of the area as well as elsewhere in 
the country with similar agro ecology. This study was conducted, 
therefore, to determine the physicochemical characteristics, extent of 
salinity/sodicity of soils and irrigation water quality in Babile, eastern 
Ethiopia. 

Materials and methods
General description of the study area

The study area, Baile District, is located at about 30 and 90km, 
respectively, from Harar and Jijiga towns in the Oromia Regional 
State, Eastern Ethiopia (Figure 1). The District lies between 080 21’ 
and 090 11’ N latitude and 420 15’-420 55’E longitude with an altitude 
range of 900-2000 meters above sea level (masl). According to the 

Ethiopian agro climatic zonation,15 the study area falls in the lowland 
region. The ten years (2002-2012) climatic data of Bisidimo area 
indicated an average annual rainfall of 650mm which is characterized 
by bimodal rainfall pattern. The annual mean maximum and minimum 
temperatures for the same period were 30.9 and 23.50C, respectively. 

According to FAO,16 classification, the major soil types found 
in the District are Regosols and Arenosols, Leptisols, Luvisols 
and its association, and Fluvisols and its association. The soils are 
dominantly sandy loam; however, some pocket areas of the District 
are dominated by clay and clay loam textures. The major crops grown 
by farmers include maize (Zea mays L.), sorghum (Sorghum bicolor), 
groundnut (Arachis hypogae) and haricot beans. Sorghum, maize 
and haricot bean are cultivated for food consumption; whereas, 
groundnuts and chat are grown as cash crops. Crop production is 
based on rain fed agriculture and harvested usually once in a year. 
However, farmers in Bisidimo area practiced irrigation agriculture 
using the Errer River and ground water sources. Agricultural 
production in the District is constrained by small land holdings, high 
price of inputs and inadequate credit service along with shortage 
of rain/water and salinity/sodicity development in the soil. The 
livestock raised includes cattle, camel, goats and donkeys. The major 
vegetation groups found in the study area includes woodland, acacia, 
bush and shrub.

Figure 1 Map of Babile District and location of the study area (Bisidimo area).

Soil sampling and sample preparation 

In order to have general information about the land forms, land 
uses, topography and vegetation cover, a preliminary survey and 
field observation was carried out during the year 2011 using the 
topographic map (1:50,000). Accordingly, four representative study 
sites representing different cultivation histories (non cultivated or 
grazing land, non-irrigated maize farm and two irrigated maize farms) 

were selected. On each land use, one fresh profile was opened and the 
soil profiles were described at the field. All important morphological 
and physical properties were recorded at the field. Field observation, 
profile excavation, description and horizon differentiation were carried 
out according to the FAO guidelines for soil profile description.17 Soil 
samples were collected on generic horizon basis for characterization 
of selected physicochemical properties. 
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Laboratory analysis

The soil samples were air dried ground and passed through 2mm 
sieve for analysis. Soil particle size distribution was analyzed by the 
Bouyoucos hydrometer method as described by Day.18 Bulk density 
(Bd) was determined from undisturbed (core) soil samples collected 
using core samplers, weighed at field moisture content and then dried 
in an oven at 1050C. Particle density (Pd)=2.65gcm-3 which is the 
value of most mineral soils was taken for total porosity calculation. 
Total porosity of the soils was estimated as follows

                    
( )Total porosity % 1 1 00 

Bd

pd
= −
 
 
 

The moisture content at filed capacity (FC) and permanent wilting 
point (PWP) was measured at soil water potential of -1/3 and -15 bars, 
respectively, using the pressure plate apparatus; whereas available 
water holding capacity (AWHC) was determined by finding the 
difference between moisture percent at FC and PWP.14 Soil organic 
carbon (SOC) was determined by wet oxidation method.19 Total 
nitrogen (N) in the samples was determined by the modified Kjeldahl 
method,20 and determination of available phosphorous (Av.P) was 
carried out by the Olsen method using sodium bicarbonate (0.5M 
NaHCO3) as extraction solution.21

Soil reaction (pH) and electrical conductivity of the saturated 
paste extract (ECe) were measured in 1:1 soils: water suspension 
using pH meter and conductivity meter, respectively. Exchangeable 
bases were extracted with 1.0 molar (M) ammonium acetate solution 
at pH 8.2. Sodium and K contents in the extract were determined by 
flame photometry while Ca and Mg contents were obtained by atomic 
absorption spectrophotometry (AAS) from the same extract. Similarly, 
soluble Na and K ions were determined by flame photometry, while Mg 
and Ca ions were determined by atomic absorption spectrometry. Cation 
exchange capacity (CEC) was estimated from the sum of exchangeable 
cations. Sodium adsorption ratio (SAR) was computed from the data 
of chemical analysis. Exchangeable sodium percentage (ESP) was 
calculated by using the equation below:

( )( ) ( )( )( )( )    / 100ESP Na cmol kg Cof soil oEC c f soilmol kg= + + Χ

Sodium adsorption ratio (SAR) of the soil solution was calculated 
from the concentration of soluble cations (Na+, Ca2+ and Mg+2) as 
follows: 

   
( )( ) ( )( )( )/ / / 2  of soiSAR Na cmol g lk Ca Mg= + +

Carbonate (CO3
2-) and bicarbonate (HCO3

-) concentrations 
were determined from the saturated soil paste extract by simple 
acidimetric titration using phenolphthalein indicator for CO3

2- 
(pH>8.5), and methyl orange for HCO3

- (pH<6.0). The extract with 
a mixture of these indicators was titrated by standard 0.01N H2SO4 
to phenolphthalein and methyl orange end points for CO3

- and HCO3
- 

contents, respectively.22 Chloride ion (Cl-) were determined by 
titrating the aliquot used for carbonate and bicarbonate determinations 
using silver nitrate to potassium chromate end point as described by 
Hesse.22 Nitrate (NO3

-) content of the soils was analyzed as per the 
method outlined by Okalebo et al.23 but the concentration was nil 
throughout all profiles. In addition, sulphate ions in soil samples 
were determined gravimetrically by precipitating as barium sulphate 
(BaSO4) as described by FAO.24 Soil classification was based on the 
World Reference Base Soil Classification System.25

Water sampling and analysis methodologies

Irrigation water samples from three ground water sources and 
Errer River were collected once in January 2012 for chemical 
analysis. The collection and handling of the irrigation water samples 
was done in accordance with the procedures outlined by the U.S. Soil 
Salinity Laboratory Staff.26 The pH and EC of the irrigation water 
was determined using pH and EC meters, respectively. Soluble cations 
(Na+, K+, Mg2+ and Ca2+), and anions (Cl-, CO3

2-, HCO3
-, SO4

2- and 
NO3

-) in the irrigation water samples were determined following the 
procedures as described for respective determination of the saturated 
soil paste extracts. Sodium adsorption ratio (SAR) of the irrigation 
water was calculated using this equation:- 

 
( )( ) ( )( )( )/ / / 2  of soiSAR Na cmol g lk Ca Mg= + +

Similarly, residual sodium carbonate (RSC) content of the 
irrigation water samples was calculated as RSC=(CO3

2-+HCO3
-)–

(Ca2++Mg2+), where concentrations of all constituents are given in 
melliequivalent (meqL-1). All analysis of the soil and irrigation water 
was made in triplicate samples. Therefore, data of chemical properties 
thereof presented in the result and discussion are average of three 
repeated analyses results.

Field infiltration measurement

A double ring infiltrometer with inner and outer rings of 20 and 
30cm diameter, respectively, was used to determine steady infiltration 
rate at a constant head. A steel pointer was positioned at the center of 
the inner cylinder with 3cm height above the soil surface. The inner 
cylinder was then filled with water equivalent to a 4cm water head 
initially. The time taken to drop the water level in the inner cylinder 
to the pointer was recorded. Thereafter, a measured volume of water 
was filled successively and the time taken to infiltrate this amount 
was recorded. When the amount of water entered into the soil did 
not change with time for three consecutive measurements taken at 
5-minute intervals, steady state flow was assumed and steady state 
infiltration rate was calculated based on the last three measurements. 

A Guelph permeameter was also used to measure the cumulative 
water flux under surface ponding conditions. The Guelph permeameter 
tests lasted at about 30-50minutes. One measurement was taken on 
each land use. The Ksat was calculated and then estimated according 
to Reynolds et al.27 

          ( )( )/ 2 2 2 2 2 /K CQ H a C H Gsat π π π α= + +

 
where Q is steady water flux [L3 T-1], H is the ponding depth [L] 
(5cm), a is the well radius [L] (3cm), αG=12m-1, C is the constant 
characterizing soil structure [L-1] and it is dimensionless constant 
calculated according to the following equation:-

           
( ) ( )( ) 0.754

/ / 2.074 0.0093 /C H a H a= +  
Data analysis

General Linear Model (GLM) procedure,28 version 9.2 was 
employed to analyze the correlation among soil parameters and water 
samples.

Results and discussion 
Characterization of soils and irrigation water quality

Soil morphological properties: Soil sampling sites and field 
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description of morphological features of the soil profiles presented in 
(Table 1) exhibited variation in soil depth, particle size distribution, 
structure and color. The variation could be due to the difference in 
parent material or land use change.29 The moist colors of the surface 
and sub surface horizons of profile 1 generally varied from brown 
(10YR 5/4 to dark brown (10YR 4/3) (Table 1). However, the dry 
colors of the soils throughout the lower layers were dark grayish 
brown (10YR 4/4). Similarly, the moist and dry colors of the surface 
and sub subsurface layers of profile 2 varied between brown (10YR 
2/1 and very dark brown (10YR 3/1) color. In line with profile 1 and 2, 
the moist and dry colors of the surface and sub surface layers of profile 
3 varied between brown (10YR 3/1) and very dark brown (10YR 3/1) 
colors. On the other hand, the profile studied representing by profile 
4 showed the moist and dry hues of 7.5YR throughout its horizons. 
Accordingly, the colors of this profile varied between light brown 
(7.5YR 3/2) and dark brown (7.5YR 3/1) at the respective moisture 
levels (Table 1). In conclusion, the moist and dry colors of the soil in 
all profiles almost varied between brown and very dark brown which 
could be due to the imperfectly drainage conditions of the soils and/or 
declining effect of organic matter in the area. However, the soil color 
may be affected by integrated outcome of various factors like organic 
matter and soil redox environments.30

On the other hand, the structure of the soils in the area showed 
slight variations from surface to subsurface horizons reflecting that 
there was a slight variability in the development of soil structures 
(Table 1). Accordingly, the structures of the soil in profile 1 are weak, 
fine to medium angular blocky in the 1st layer and strong sub angular 
blocky in the 2nd layer. The subsurface horizons changed from 
moderate sub-angular blocky to strong angular blocky structure in the 
middle and lower horizons (Table 1). Similar findings were reported 
by Mohammed et al.31 in the soil of Jillo catchment, West Hararghe, 
according to him strong angular and sub-angular blocky structures 
might possibly reflect the low contents of soil OC, the existence 
of high clay content and probably the presence of expandable clay 
minerals such as montmorillonite.

On the other hand, the soil consistence of profile 2 was slightly 
friable (moist), slightly sticky and slightly plastic (wet) at the surface 
layer (0-20cm) and changed to very hard friable (moist), sticky and 
plastic (wet) at the 20-35cm and to very hard, firm (moist), sticky 
and plastic at the 35-95cm and very hard, friable, firm, sticky and 

plastic at the extreme bottom subsoil layer (95-150+cm). The horizon 
boundaries in profile 2 were clear and smooth in the 1st layer, gradual 
and smooth in the 2nd layer while, clear and wavy boundaries observed 
in the 3rd and 4th layers. 

The soil consistence of profile 3 was hard, very friable, slightly 
sticky and slightly plastic at the surface (0-15cm) changed to slightly 
hard, friable, sticky and plastic at the interval between 15-55cm depth 
while the lower two depths (<55cm) were very hard, friable, sticky 
and plastic. The surface (0-15cm) and sub surface (15-55cm) horizons 
in this profile had gradual and smooth boundary, however, gradual 
and wavy boundary characterized the remaining lower bottom layers. 
The root distribution of profile 3 was many fine in the surface layer 
(0-15cm) to common fine at the 2nd and 3rd (15-55 and 55-90cm) layers 
and none at the extreme bottom layer (90-150+cm) (Table 1). 

The soil consistence of surface (0-35cm) layer of profile 4 was 
hard, friable and slightly sticky and slightly plastic changed to hard, 
friable, sticky and plastic in the 35-90cm layer, very hard, very friable 
and sticky and plastic at the 90-130cm layer and very hard, firm, sticky 
and plastic in the bottom (130-160+cm) layer. The root distribution 
was characterized by many medium and coarse at 0-35cm to few 
fine at 35-90cm, few very fine at 90-130cm and none at the bottom 
layer (130-160+cm) (Table 1). Soils in profiles 1,2 and 3 exhibited 
intersecting and shining slickenside and wide closely-spaced cracks. 
The cracks observed in the dry season were closed in the wet season, 
showing the existence of soil contraction and expansion, respectively. 
The presence of varying gradient of cracks and slickenside indicated 
that the soils of the study area had variable degrees of vertic properties 
and revealed the existence of appreciable amount of expandable clay 
mineralogy.32

In all profiles, the presence of more pores in the surface layers 
than in the subsurface layers indicated more roots and higher number 
of soil organisms in the former soil layers than in the latter (Table 1). 
The distribution of roots also varied from abundant fine to very fine 
and common medium at the surface layer to very fine and very few 
at the subsoil horizons. The abundance and size of roots and the size 
of pore spaces (macro pores) decreased down the profile depths. No 
effervescence was observed in all the profile depths with the addition 
of dilute (10%) HCl, indicated the absence or very low content of 
calcium carbonate. 

Table 1 Field descriptions of selected soil morphological properties of Bisidimo area

Profile Depth (cm) Boundary1  Color   Structure2 Consistency3   Roots   Special features

0-30 GS 10YR 4/3   1fmgr     frstp Many fine Vertical cracks, fine pores 

30-65 GS 10YR 4/3 4  sbk     hfistpl Many  fine Vertical cracks, many fine pores

1 65-100 CS 2.5YR 3/1 3  mgr     hfrstp Few fine Vertical cracks, many fine pores

100-130 CS 5YR 5/4 2  fmsbk     slhfrslstslp None Common coarse pores

130-150+ CS 2.5YR 3/1 3  csabk     slhfrslstslp None Common coarse pores

0-30 CS 10YR 4/3 1fmgr slfrslstslp Many fine Hard surface crust, vertical cracks, fine pores

2 30-55 GS 10YR 3/1 2msbk vhfrstp Common fine Intersecting and shining slickenside and wide cracks

55-95 CW 10YR 4/6 3cssbk vhfistp Few fine Intersecting and shining slickenside and wide cracks

95-150+ CW 10YR 3/1 3csabk vhfrfistp None Intersecting and shining slickenside and wide cracks

0-35 CS 10YR 3/1 1fmsbk hfrslstslp Many fine Wide closely-spaced cracks

3 35-70 GS 10YR 5/4 2msbk hfrstp Common fine Intersecting and shining slickenside and wide  cracks

70-90 GW 10YR 6/2 3cssbk vhfrstp Common fine Intersecting and shining slickenside and wide cracks

90-150+ 10YR 3/1 3cssbk vhfrstpl Few fine Intersecting, shining slickenside and wide cracks

0-15 CS 7.5YR 5/4 3csgr hfrslstslp Many medium Narrow vertical cracks, fine pores 
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Profile Depth (cm) Boundary1  Color   Structure2 Consistency3   Roots   Special features

4 15-60 GS 7.5YR 5/4 3msbk hfr stp Few fine Vertical cracks, many fine pores

60-130 DS 7.5YR 4/1 2msbk vhfrstp Few fine Few medium and coarse pores

 130-150+ DS 7.5YR 3/1 2msbk vhfistkp None  

1GS, Gradual and smooth; CS, Clear and smooth; CW, Clear and wavy; DS, diffused and smooth;

2Structure: 1, weak; 2, moderate; 3, strong; f, fine; m, medium; gr, granular; abk, angular block; sbk, subangular blocky;

3st, sticky; p, plastic; h, hard; fi, firm; cs, coarse; v, very; sl, slightly; fr, friable

Soil physical properties

Particle size distribution: The sand fraction of profile 4 is 
significantly (p<0.05) higher while, silt and clay contents are lower 
than the other profile soils (profile 1,2 and 3). In addition, the 
sand and clay fractions decreased and increased consistently with 
depth, respectively. On the other hand, the sand and clay fractions, 
respectively, decreased and increased with in profile depths of profile 
1, 2, and 3. However, the relationship between the silt contents and 
soil profile depths in all sites were not consistent (Table 2). The 
ANOVA analysis presented in (Table 8) show that the soil textures 
were significantly (P<0.05) affected by both land use and profile 
depths whereas their interaction effect was not statistically significant. 

Generally, there is a consistent trend of increasing clay contents and 
decreasing sand contents from the surface to the subsurface horizons 
for all profiles indicating that there was a translocation of clay down 

the profile and subsequent accumulation in the sub layers (Table 2). 
Similar findings were also reported by IUSS Working Group,25 who 
noted that the textural differentiation within depth of soils might be 
caused by an illuvial accumulation of clay, selective surface erosion 
of clay, upward movement of coarser particles due to swelling and 
shrinking and a combination of two or more of these processes. 

The relatively higher clay fraction in profile 1, 2 and 3 might 
be attributed to the fact that the area is located at the valley bottom 
position where further movement of runoff water ceases allowing its 
suspended clay particles to settle as time passes. Similar findings were 
reported by Abayneh,33 in the soil of Raya valley who stated that the 
floods and the flood streams drop most of the coarser soil particles on 
the alluvial plains while mainly the fine suspended clay particles reach 
the valley bottoms. Generally the relative similarity of texture among 
these sites might be due to similarities in land surface configuration 
(Table 9).

Table 2 Selected physical properties of soils systems of Bisidimo

Profile Depth (cm)
Particle size (%)    

Textural class Bd gcm-3 Total Porosity (%)
  Water content (v/v)

Horizon sand silt clay FC PWP AWHC

  0-30            Ap 37 25 38 CL 1.23 53.59 36.58 17.82 17.76

1 30-65           A1  35 24 41 CL 1.25 52.84 37.78 18.56 19.22

65-100         A2 32 26 42 CL 1.28 51.70 39.72 19.24 20.16

100-130       B  33 22 45 CL 1.31 50.57 41.25 20.32 20.93

130-150+ B2 31 23 46 CL 1.32 50.19 42.71 21.14 21.57

Mean 33.6 24 42.4 1.3 51.8 39.6 19.4 19.9

0-20 Ap 32 29 39 CL 1.20 54.72 39.12 22.03 16.11

2 20-30 Bt1 29 25 46 CL 1.23 53.59 40.23 22.78 18.45

35-90 Bt2 27 26 47 C 1.21 53.34 41.64 23.34 19.30

90-150+ Bt3 25 25 50 C 1.18 55.47 42.88 23.56 19.32

Mean 28.3 26.3 45.5 1.21 54.3 41.0 22.9 18.4

0-15 AP 31 34 35 CL 1.19 55.09 38.23 18.3 19.32

15.55 A1 26 36 37 CL 1.22 53.96 40.45 19.78 20.67

3 55.9 BSS1 22 28 50 C 1.25 52.83 41.52 20.21 21.31

90-150+ BSS2 20 27 53 C 1.20 54.72 42.42 20.65 21.77

Mean 24.8 31.3 43.8 1.2 52.9 40.7 22.0 20.8

0-35 Ap 48 18 34 SC 1.25 52.83 32.45 19.41 13.04

35.9 A1 40 22 38 SC 1.28 51.70 34.75 20.26 14.49

4 90-130 AB 36 28 36 SC 1.31 50.57 36.54 20.75 15.79

130-160+ B 34 26 40 SC 1.33 49.81 37.63 21.21 16.42

  Mean 39.5 23.5 37.0  1.30 51.2 35.3 20.42 15.0

C, Clay; CL, Clay loam; SC, sandy clay; Bd, bulk density; FC, field capacity, PWP, permanent wilting point; AWHC, available water holding capacity

Table Continues...
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Bulk density and total porosity

The minimum (1.19gcm-3) and maximum (1.25gcm-3) surface 
layer bulk densities were recorded under profile 3 and 4, respectively 
(Table 2). The bulk density of soils in profile 1 and 4 generally showed 
increasing trend from the surface to the subsurface horizons while, 
profile 2 and 3 soils showed decreasing trend. This is not in agreement 
with the fact that bulk density generally decreased with an increase 
in clay content which has relatively higher total pore space.34 The 
significant disparity in bulk density between sites could be ascribed 
to the significant difference in clay and soil OC contents of the sites 
(Table 2). This can be evidenced by the significant negative correlation 
of bulk density and soil OC of the area (Table 10).

The bulk densities of surface layers are generally lower than the 
subsurface layers was in agreement with the established fact that 
bulk density is lower at the surface due to relatively high organic 
matter content because of the decomposition of plant roots. However, 
Nega,35 and Hartemink,36 found an increasing trend of bulk density 
down the profile in shrinking and swelling dark clay soils. In line with 
this, Brady,37 also pointed out that bulk density is generally higher in 
lower profile layers which results from a lower content of soil organic 
matter, less aggregation and root penetration, and compaction caused 
by the weight of the overlying layers. 

As can be seen from (Table 2), the bulk density values of the 
surface soils were closer to the average bulk density (1.1-1.4gcm-3) 
of cultivated loam soils.34 Following the general relationship of soil 
bulk density to root growth, the root restricting bulk densities for clay 
is greater than 1.47gcm-3,38 and for clay loam greater than 1.75gcm-3.39 
Therefore, the bulk densities noted under all land uses may not limit 
root growth, air circulation and availability of less mobile essential 
plant nutrients. On other hand, the total porosity of the surface layer 
ranged from 53 to 55%. The values were within the range of total 
porosity (40 to 60%) of clay texture Michael and showed a decreasing 
trend with soil depth, however, it was maximum at the extreme bottom 
layers of profile 2 and 3. This could be related to the distribution of 
clay content and natural compaction of the subsurface soils by the 
load of surface soils.40

Soil water characteristics

The soil water characteristics presented in (Table 2) revealed that 
the lowest (32.45v/v) and the highest (42.88v/v) soil water content at 
field capacity (FC) were observed in the surface (0-30cm) and bottom 
layer (90-150+cm) of profile 4 and 2, respectively. While, the lowest 
(17.82v/v) and the highest (23.56v/v) soil water contents at PWP were 
recorded in the surface (0-30cm) layers of profile 1 and the sub surface 
(90-150+cm) layer of profile 2. The soil water contents at FC and PWP 
increased consistently with depth in all land uses which could be due 
to increased clay contents with profile depths. In line with the findings 
of this study, sub soil layers with high clay content in continuously 
cultivated farmers’ field in Bako and Bisidimo also had the highest 
water content at FC.8 Moreover, this is in agreement with the finding 
of Emerson,41 who concluded that increasing in clay content increases 
both FC and the PWP. 

As indicated in (Table 2), the available water holding capacity 
(AWHC) varied consistently within a profile and ranged from 13.04 to 
21.57. The increasing trend of clay contents with depth have probably 
contributed to the consistency in available water holding capacity with 
depth. The values of AWHC of profile 1, 2 and 3 were slightly higher 
than the other profiles; this could be due to the increased retention of 

moisture with increasing clay contents at FC and PWP. Since available 
water holding capacity is a calculated value it followed similar trend 
to that of water content at FC and PWP. As it is presented in ANOVA 
(Table 3), significant (P<0.05) variation of PWP in between the land 
use types was recorded while, in case of FC and AWHC significant 
variations were observed in the interaction effects of land use and 
depth. 

Table 3 Saturated hydraulic conductivity values of the soil measured using 
Gulf permeameter

Nearby 
profile

                     Coordinates                                    
            
Categorieslatitude Longitude   Ksat    

(cm hr-1 )

Profile 1 090 08' 761" 0420 15' 721" 0.16 Moderately slow

Profile 2 090 08' 789" 0420 15' 761" 0.11 Moderately slow

Profile 3 090 08' 859" 0420 15' 683" 0.13 Moderately slow

Profile 4 09008' 771"  0420 15' 533" 0.25 Moderately slow

Ksat, saturated hydraulic conductivity

Table 4 Soil organic carbon, total nitrogen and available phosphorous 

          Profiles Depth Soil OC (%) Total N (%) Ave. P(mg 
Kg-1)

0-30 0.54 0.35 3.74

1 30-60 0.44 0.17 3.41

6-100 1.05 0.14 2.40

100-130 0.4 0.12 2.30

130-150+ 0.26 0.10 2.26

                   Mean                                                             0.54 0.17 2.28

    0-20 0.25 0.13 9.81

2 20-35 0.19 0.12 9.32

35-90 0.15 0.11 7.99

90-155 0.13 0.09 6.62

                  Mean                                                           0.18 0.11 8.44

    0-15 0.45 0.28 8.08

3 15-55 0.35 0.18 528

55-90 0.16 0.11 5.23

90-155+ 0.14 0.11 3.08

                                Mean                                                       0.28 0.16 5.42

     0-15 0.45 0.28 8.09

4 15-45 0.48 0.22 8.40

45-90 0.24 0.15 6.40

90-150 0.25 0.12 6.32

                                Mean                                                       0.40 0.17 7.34

OC, Organic carbon; N, Nitrogen, Av.P, Available Phosphorous

Infiltration rates and saturated hydraulic conductivity

Infiltration rates of soils:

The soils of Bisidimo area showed slight variation basic 
infiltration and cumulative infiltration rates which could be due to 
slight differences in surface conditions such as surface cracks, clay 
content, surface crust and other factors.42 The steady state infiltration 
and cumulative infiltration rates ranged from 2.2 to 3.0cm hr-1 and 
22.6 to 29.7cm, respectively. As can be seen from (Figure 2), the 
soil in profile 4 show the highest infiltration rate at the beginning of 
the process and decreased steadily at different rates which could be 
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due to relatively higher sand and lower clay content relative to other 
profiles.29 The other reason could be due to soil with high sand content 
has higher initial and steady infiltration rates than clay loam soils due 
to the fact that it has relatively coarse texture and large porous spaces 
which promote fast infiltration.43 Moreover, the soils were saline 
and contained low exchangeable Na and clay content; which could 
not reduce the infiltratability of the soil due to swelling to minimize 
the porous space (Tables 2,5&6). Similarly, the soils in profiles 1, 2 
and 3 (which have relatively higher clay content than profile 4) also 
showed higher infiltration rates at the beginning of the process and a 
decreasing trend with time. The reason could be due to the fact that 
the initial soil moisture was low due to dry soils in winter (Bega) 
when the experiments were conducted. Similar reports were released 
by Lili et al.42 the lower the initial soil moisture content is, the higher 
the initial soil infiltration rate will be. 

On the other hand, the relatively lower infiltration rates of soils in 
profile 2 and 3 could be due to higher exchangeable Na (ESP>15%) 
and clay contents (Tables 2,5&6) since clay particles may swell or 
disperse as they become wet and thereby reduced the size of the pores. 
The SAR values of profile 2 and 3 were also higher which could 
induce soil dispersion and structural deterioration leading to lower 
infiltration rates (Table 5). The study indicated that, the steady state 
infiltration rates were greater than the basic infiltration rates for clay 
loam soils (0.5-1.0cmhr-1). However, Cuenca reported that infiltration 
rate varies greatly with soil structure and stability, even beyond the 
normal ranges. Thus, on the basis of basic infiltration rates established 
by Landon,44 the soils in all profiles can be grouped into moderate, 
indicating that the soils of the area are suitable for irrigation with 
proper management.

Table 5 Soluble chemical composition of soils of Bisidimo, Babile District

Profile Depth (cm) pH ECe  dSm-1 Na+ K+ Ca2+ Mg2+ SAR HCO3- CO3
2- Cl- SO4

2-

0-30 7.7 5.22 13.88 2.67 5.96 2.64 6.69 0.29 nil 11.2 9.8

1 30-65 7.71 4.35 12.65 1.85 4.94 2.33 6.62 0.37 10.3 9.34

65-100            7.88 3.42 11.78 1.31 4.84 1.75 6.49 0.48 10.06 9.22

100-130               7.98 3.89 10.69 1.28 4.35 1.45 6.28 0.49 9.27 8.54

130-150+            8.25 3.62 9.18 1.05 3.75 1.11 5.89 0.57 8.19 8.28

Mean           7.9 4.1 11.64 1.63 4.77 1.86 6.39 0.44 9.8 9.16

                                                     

2 0-20              8.47 4.46 25.45 1.09 5.72 1.48 13.41 0.86 nil   14.28 15.27

20-35              8.51 4.66 25.96 1.22 5.81 1.27 13.8 1.02 15.09 15.58

35-90              8.55 5.02 26.28 2.21 6.32 1.41 13.37 1.13 16.52 16.64

90-150+          8.57 5.88 27.32 2.24 6.54 1.16 13.92 1.4 17.35 17.34

Mean                              8.52 4.51 26.25 1.69 6.1 1.33 13.62 1.08 16.27 15.96

0- 15               8.35 4.68 29.29 1.26 5.04 1.16 16.64 1.35 nil      17.35 17.84

3 15- 55               8.48 4.72 29.82 1.35 6.38 1.35 15.17 1.42 16.79 18.35

55-  90          8.51 4.85 30.43 1.68 6.49 1.54 15.19 1.47 16.15 19.84

90-150+        8.54 5.48 31.79 1.98 7.76 1.98 14.41 1.53 15.45 20.73

Mean                       8.47 4.33 31.57 1.57 6.42 1.51 15.86 1.42 16.44 19.47

0-35              7.76 5.12 12.96 2.31 4.37 1.32 7.68 0.4 nil      9.78 9.42

4 35-90             7.86 4.98 11.54 2.23 4.15 1.24 7.03 0.37 9.48 8.8

90130 7.95 4.64 11.29 1.95 3.88 1.2 7.08 0.29 9.31 7.85

30-160+          8.23 3.86 10.19 1.51 3.28 1.15 6.85 0.25 8.82 7.75

 Mean                         7.89 4.65 11.75 2.24 4.31 1.25 7.05 0.33  9.34 8.92

ECe, electrical conductivity of saturated paste; SAR, sodium adsorption ratio

Table 6 Exchangeable cations and exchange properties  

Profile    Depth (cm)

          Exchangeable cations  

            (cmol (+) kg-1)
CEC 

(cmol(+)kg-1)
ESP (%)

Na          K          Ca Mg

0-30 5.56 1.64 24.9 6.16 38.22 14.55

1 30-65 4.85 1.36 23.5 6.12 35.87 13.52

65-100            4.21 1.26 22.6 5.46 33.79 12.54

100-130               3.83 1.17 22.3 5.43 32.75 11.70

130-150+            3.43 1.04 21.5 4.74 30.66 11.19

Mean           4.38 1.29 23 5.58 34.26 12.70
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Profile    Depth (cm)

          Exchangeable cations  

            (cmol (+) kg-1)
CEC 

(cmol(+)kg-1)
ESP (%)

Na          K          Ca Mg

2 0-20              8.67 1.35 26.2 6.28 42.52 20.39

20-35              7.84 1.24 25.5 5.84 40.46 19.38

35-90              7.01 1.12 24.1 4.84 37.09 18.9

90-150+          6.52 1.23 23.3 4.14 35.29 18.48

Mean                              7.51 1.24 24.8 5.28 38.84 19.29

0- 15               8.97 1.12 25.4 6.23 41.74.         21.49

3 15- 55               8.24 1.21 24.4 5.62 39.49 20.87

55-  90          7.84 1.32 23.7 5.22 38.10 20.58

90-150+        7.98 1.65 22.9 4.84 36.33 19.21

Mean                       8.01 1.33 24.1 5.48 38.92 20.54

0-35              5.23 1.62 24.4 6.48 37.77 13.85

4 35-90             4.54 1.32 23.9 5.86 35.63 11.74

90130 3.68 1.21 22.6 5.45 32.96 11.17

30-160+          2.84 1.14 21.9 5.32 31.16 9.110

 Mean                         4.07 1.32 23.2 5.78 34.38 11.71

CEC, Cation exchange capacity; ESP, Exchangeable sodium percentage

Figure 2 Cumulative infiltrations (cm) and Infiltration rates (cmha-1) of soils 
against time.

Saturated hydraulic conductivity (Ksat) of soils: 

The Ksat of the soils of the study area is presented in (Table 
3). Results show that while the Ksat values in the study area were 
relatively similar, values in profile 4 were slightly larger than the other 
sites which could be to the fact that it (profile 4) had relatively higher 
sand content compared to other site soils. As a result, when saturated, 
the coarse textured soils have high Ksat than the finer textured soils.45

The relatively lower Ksat values of profile 2 and 3 could be due 
to high exchangeable Na, SAR and clay content in these soils could 
induce soil dispersion and structural deterioration (Table 2&5). The 
finding was also supported by Heluf,13 who concluded that the most 
deleterious effect of high exchangeable Na and clay content in soils is 
the reduction in Ksat. Moreover, the similarity of Ksat values across 
the soils of profiles 1, 2 and 3 is expected, since the soils are relatively 
homogeneous with all surface layers being clay loam. Based on the 
basis of Ksat ratings established by Ghildyal and Tripathi,46 the soil in 
all profiles can be grouped into moderately slow permeability class.

Chemical properties of soils of bisidimo, babile district

Soil organic carbon, total nitrogen and available phosphorus: The 
soil OC contents ranged from 0.25 to 0.54% in the surface horizon and 
0.13 to 1.05% in the subsurface horizons could be categorized under 
low to medium level.47 The values decreased inconsistently with 
increasing depth in profile 1 and 4 but decreased consistently in profile 
2 and 3. The relatively higher soil OC content in the surface horizons 
could be ascribed to the presence of biomass for decomposition. On 
the other hand, the regular decrease of soil OC with depth could be 
due to decreasing root biomass with depth. The difference could be 
attributed to the rapid decomposition and mineralization of organic 
matter under cultivation practices.48,49 

In line with the above clarification, the depletion of soil OC was 
relatively higher in cultivated lands (profile 2, 3 and 4) than the 
uncultivated land (profile 1). The reason could be due to the fact that 
cultivated lands are related to soil management practices that return 
little to no soil OC sources to the soil. In addition, a combination of 
lower OC inputs because of less biomass return on harvested land, 
increased aeration and removal of crop residue, the rapid turnover 
in the organic substrates derived from crop residue whenever added 
partly causes the reduction of soil OC in cultivated soils.50

The generally low soil OC contents in the present soils could be 
related to the complete removal of crop residues for different purposes 
and/or could be attributed to the warmer climate, which enhances 
rapid rate of mineralization,40,51 and it is an indication of the absence 
of healthy soil biological conditions in the study area. Generally, the 
mean soil OC content of the different land uses in the study area were 
low. As per the rating of nutrients suggested by Tekalign,47 the soil 
OC can be categorized as low and was significantly and positively 
correlated with total N (P<0.001, r=0.434), clay content and CEC 
values of the soil. Similarly, the total nitrogen (N) content of the 
profiles showed almost the same trend with soil OC contents. Total 
N contents ranged between 0.09 and 0.35% which is the range of low 
according to.47,52 The soil in uncultivated land (profile 1) had relatively 

Table Continues...
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maximum mean total N (0.25%) while; cultivated lands had lower 
contents of total N (Table 4). The relatively lower TN contents in 
cultivated land uses (profiles 2, 3 and 4) might be due to the removal 
of the upper part of crop residues or lower addition of nitrogen 
containing inputs. 

On the other hand, the minimum (3.74mgkg-1) and maximum 
(9.81mg kg-1) available phosphorous content of the surface soils 
were recorded in profile 1 and 2, respectively. The relatively higher 
Av.P observed in the cultivated lands (profiles 2, 3 and 4) than the 
non-cultivated land (profile 1) may be due to the different amount of 
external input applied on cultivated lands by farmers. As per the rating 
of nutrients suggested by Olsen et al,21 the concentration of available 
phosphorous was medium under all soil management systems except 
the uncultivated land (profile 1) which is low in Av.P content. 

Available phosphorous contents decreased consistently under 
all management systems from the surface to subsurface horizons 
(Table 4). The decrease with depth is attributed to the increment 
of clay content with depth and could be clay type which can cause 
fixation of P. This is in agreement with the findings of Tekalign 
et al.53 and Asmare et al.54 who reported that topsoil available P is 
usually greater than subsoil due to sorption of the added phosphorus, 
greater biological activity and accumulation of organic material on the 
surface. Generally, as it is presented in (Table 1), soil OC, total N and 
available P were observed to be affected significantly by depth and 
land use types (P≤0.05) whereas their interaction did not show any 
significant difference on these soil properties.

Soluble chemical compositions of the soils of bisidimo, 
babile district

Soil pH and electrical conductivity of saturated paste extract 
(ECe): The soil pH in profile 1 was slightly alkaline (pH: 7.70) in the 
surface and increased slightly with depth to moderately alkaline (pH: 
8.25) in the extreme bottom layer. On the other hand, soils of profile 
2 and 3 were alkaline (pH>8.35) throughout the entire depths of their 
respective layers and increased almost consistently with depth; this 
could be due to the dominance of Na+ among the cations and the 
presence of sufficient amounts of HCO3 ions among the anions. These 
results confirmed that the concentrations of exchangeable bases and 
HCO3 ions are apparently the sources of slight variability of pH in the 
soils of the study areas.5 Similarly, the pH of the surface soil opened 
at profile 4 was slightly alkaline (pH: 7.76) and increased almost 
consistently but slightly with depth to moderately alkaline (pH: 8.23) 
at the lower layer. 

Generally, the mean pH of the soils ranged from 7.89 to 8.52 
(Table 5) indicating that the soils are moderately alkaline in reaction.55 
considering the optimum pH for many plant species to be 5.5 to 6.8,56 
the pH of the soils in the study area could be considered as unsuitable 
for most crop production. The ANOVA analysis presented in (Table 
10) show that the soil pH values had significant (p<0.05) and positive 
correlation with SAR, ESP, CEC and clay contents. 

In line with the pH value, the ECe of profile 1 and 4 deceased 
inconsistently with depth from 5.22 to 3.62dSm-1 and from 5.12dS m-1 
to 3.86dS m-1, respectively (Table 5). The inconsistent distribution of 
soluble salts within the profile could be due to the upward (capillary) 
movement of salts in saline ground water was more dominant than 
downward (leaching) movement of salts with rain waters.8 Unlike 
profile 1 and 4, the ECe of profiles 2 and 3 increased consistently 
but gradually with depth from 4.46 to 5.88dS m-1 and from 4.68 to 
5.48dS m-1, respectively (Table 5). The higher extent of salinity (ECe) 

at the underlying horizons than in the surface layers of these soil 
profiles revealed that the downward movement (leaching) of salt was 
dominant over that of the upward (capillary) movement of salt in areas 
having ground water containing higher dissolved salts. Similar results 
were observed by Heluf,5 in Melka-Sedi Amibara, Fasika.7 in Alage 
and Gizaw,8 in Bisidimo in which relatively higher concentrations of 
soluble cations and anions, ECe and SAR at lower soil profile depths 
compared with their respective concentrations at and near the surface 
soil layers. This could be attributed to the dominance of downward 
leaching/ removal of soluble salts over surface accumulation of salts 
by upward movement of saline ground water. Generally, the mean 
ECe of all the profiles were greater than the salinity limit (EC>4dSm-1) 
set by U.S. Salinity Laboratory Staff,26 and Scianna et al.57 to qualify 
for the saline soil class. The increasing concentration of soluble salts 
almost in all profiles revealed that the soils in Bisidimo area are being 
converted into a more saline phase calling for proper management in 
irrigating and drainage practices. 

Soluble cations and anions in the soils of Bisidimo, 
Babile district

The data in (Table 5) shows that soluble Na+ and Ca2+ are the 
dominant cations, whereas Cl- and SO4

2- are the dominant anions in 
all profiles. In agreement with the values of ECe, the decrease in these 
values with soil depth is apparent as the concentrations of all soluble 
cations and anions gradually decreased with depth almost linearly in 
profiles 1 and 4 (Table 5). Heluf,5,8 also observed a relatively higher 
salt accumulation in the surface layers of some soils of the Melka-Sedi 
Amibara plain and Bisidimo area than at lower depths of the profile. 
They also described the situation as attributed to the dominance of 
capillary movement of salty ground water over leaching or removal of 
soluble salts to the lower horizons. Compared to profile 2 and 3, the 
concentrations of soluble cations and anions in profile 1 and 4 were 
generally low throughout the profiles and the lowest concentrations of 
the respective ions were recorded in the bottom layers. 

Similarly, soluble Na+ was the dominant cation followed by soluble 
Ca2+, whereas soluble Mg2+ and K+ were present in relatively lower 
concentrations in profiles 2 and 3 (Table 5). On the other hand, Cl- and 
SO4

2- were dominant anions throughout the soil layers of these profiles. 
The concentrations of soluble Na+, Ca2+, Cl- and SO4

2- increased 
linearly from the surface to the extreme bottom layer of profile 2 and 
3. Higher extent of soluble salts at the underlying horizons than the 
surface layers revealed that the down ward movements (leaching) of 
the salts were dominant over that of the upward (capillary) movement 
of salt.5,8 The relatively, higher concentrations of soluble Na+ and Ca2+ 

among the cations, SO4
2- and Cl- among the anions present throughout 

the The sodium adsorption ratio (SAR) of the soil solutions ranged 
from 5.89 to 6.69 in profile 1, 13.41 to 13.92 in profile 2, 14.41 to 
16.64 in profile 3 and 6.85 to 7.68 in profile 4 (Table 5). As per the 
ratings set by U.S .Salinity Laboratory Staff,26 the SAR of the saturated 
paste extracts of the soils in profile 1 and 4 were medium but these 
values were higher for profile 2 and 3 throughout the horizons which 
may induce soil dispersion and structural deterioration leading to 
infiltration problems. According to the criteria set by the U.S. Salinity 
Laboratory Staff,26 with regards to soluble salt content, regardless of 
their pH and ESP values, the soils of Bisidimo area represented by 
profile 1 and 4 are classified as saline soils whereas, soils in profile 2 
and 3 are classified as saline sodic. 

Exchangeable cations and exchange properties

The CEC of the soils of Bisidimo ranged from medium to very high 
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as per the rating established by Hazelton and Murphy,58 and decreased 
almost consistently from the surface to the subsurface horizons. The 
trends of the distribution showed similarity with the distribution of 
exchangeable Ca and Mg, since factors that affect these soil attributes 
also affect the CEC. The high CEC values (≥30cmol(+) kg-1) in all 
profiles indicated the presence of more weather able primary minerals 
as a plant nutrient reserve and thus such soils are considered to be 
capable of satisfactory production if other factors are favorable.12 
Since CEC of soil is determined by the relative amounts and type of 
humus and clay content, it was closely and positively correlated with 
OC, TN and clay contents. 

Some similarities observed in the distribution of exchangeable 
cations within the profiles of the different soil management systems. 
Accordingly, the abundance of the basic exchangeable cations 
showed consistent trends with increasing depths and were in the 
order of Ca>Mg>Na>K in profile 1 and 4, while the order reversed to 
Ca>Na>Mg>K in profile 2 and 3 (Table 6). The higher concentration 
of exchangeable Na next to exchangeable Ca in the latter two profiles 
could be due to continuous use of the irrigation water for crop 
production. The concentrations of exchangeable cations (Ca2+, Mg2+ 
and Na+) decreased linearly with increasing soil depth throughout all 
profiles. Exchangeable Ca2+ was found to predominate the exchange 
complex of the soil particles and its distribution was almost stable 
varying between 21.45 and 26.22cmol(+) kg-1, however, accompanied 
by low concentration of soluble Ca2+ (Table 5&6). The comparatively 
higher exchangeable Ca content of these profiles supports the findings 
of Gizaw,8 in the same area that Ca2+ is progressing in these soils. 

The dominance of the exchangeable Ca in occupying the exchange 
sites of the soils could be confirmed by the fact that CEC had a 
significant and positive relationship with exchangeable Ca (r=0.960, 
P≤0.001) and exchangeable Mg (r=0.960, P≤0.001). Despite, Barber 
indicated that the critical level of exchangeable K for optimum crop 
production is 0.38cmol(+) kg-1, exchangeable K in the area varied 
between 1.04 and 1.65cmol(+) kg-1) but far lower than the other 
exchangeable cations. Soils in profile 2 and 3 contained higher 
exchangeable Na than soils in profile 1 and 4 compared to the critical 
level that brings deterioration of soil structure and Na toxicity.25 The 
threshold level of exchangeable Na varied depending on the cation 
exchange capacity, clay content, clay mineralogy, and the type of crop 
grown.51 Accordingly, the critical level is usually expressed in terms 
of ESP where on the average, an ESP of 15% is considered critical for 
most crops under most soil physical and mineralogical conditions.26 

The mean ESP of soils demonstrated in (Table 6) varied from 11.19 
to 21.34% and showed a declining trend with increasing soil depth 
following the same trend as distribution of exchangeable Na. The fact 
that the ESP and the concentrations of exchangeable cations are high 
at the surface horizons might be attributed to the capillary rise of the 

ground water during the dry season and its evapotranspiration loss 
leaving the salts contained in it on the surface horizon continually. 
Thus, soils near profile 2 and 3 had very high ESP (>15%) value to be 
classified as sodic/saline sodic, while soils under profile 1 and 4 had 
lower ESP (<15%) values to qualify for saline soil classification.59–72

Chemical composition of irrigation water of bisidimo 

The chemical compositions of ground water taken from different 
locations were relatively close to each other (Table 7). The pH values of 
the ground water samples were relatively similar and ranged between 
8.17 and 8.26 while, the mean pH value for Error River water was 
8.18. The high pH values could be due to either the relatively higher 
value of HCO3

- or the gaining of base forming ion or loss of neutral 
ions into the soil.26 Similarly, the EC values of the ground waters 
ranged from 0.57 to 0.61dS m-1, which was higher than the EC values 
of Error River (Table 7). Accordingly, the ground water samples met 
the total dissolved salt contents to be classified as having high salinity 
hazard based on the limits set by the U.S. Salinity Laboratory Staff.26 
On the other hand, the EC of the Errer River water was found to be 
0.35dS m-1 and was relatively lower than that of the ground waters. 
Based on the widely used diagram for classification of irrigation 
waters by the U.S. Salinity Laboratory Staff,26 the irrigation water 
source of Errer River can be classified under medium salinity hazard 
class; which implied that this water sample contained considerable 
concentration of dissolved salts which can gradually develop salt on 
soils upon continuous use for irrigation. 

Based on the SAR vales, both water sources (the ground water 
and Errer River water) classified under the same class; low Na hazard 
class, regardless of their salinity hazard. Irrigation water with low Na 
hazard (SAR 0-10) can be used for irrigation on almost all soils with 
little danger of development of harmful levels of exchangeable Na 
content.26 In general, with respect to most water quality parameters, 
both irrigation water sources in the study area contained medium 
to very high concentration of dissolved salts sufficient enough to 
gradually develop salt in soils upon continuous use for irrigation 
(Table 7). In line with the present study, Gizaw,8 observed high to 
very high and medium to high dissolved salts in the ground and Errer 
River water samples, respectively, in the same study area. 

On the other hand, both water sources contained various amounts 
of residual sodium carbonate (RSC) levels. Accordingly, the RSC 
contents of the Errer River was 1.78meq L-1 while, the ground waters in 
profile 1, 2 and 3 contained 2.88, 3.31 and 3.13meq L-1 RSC contents, 
respectively (Table 7). Thus, the RSC contents of Errer River was 
within the range of 1.25 to 2.50meq L-1 which is the range considered 
to be marginal to be used for irrigation purpose, however, the RSC 
contents of all the ground water sources were greater than 2.50meq L-1 
to be classified as unsafe for irrigation purposes (Table 7) according 
to the classification limits set by the U.S. Salinity Laboratory Staff.26

Table 7 Chemical composition of water sample (mean values) of Bisidimo

                                                   Characterization         Soluble cations (meqL-)                 Soluble anions (meqL-1)                    

Sample      EC (dS m-1) pH Na+ K+ Ca2+ Mg2+ SAR HCO3
- CO3

2- Cl- SO4
2- RSC

Errer River water 0.35 8.25 2.13 0.45 0.58 0.45 2.96 1.86 0.95 0.68 1.43 1.78

Ground water Profile 1 0.58 8.28 2.92 0.31 1.25 0.68 3.36 3.57 1.21 1.24 1.32 2.88

Profile 2 0.57 8.3 3.53 0.60 1.06 0.35 2.99 3.41 1.31 1.11 1.78 3.31

Profile 3 0.61 8.32 4.24 0.63 1.69 0.82 3.52 4.43 1.21 1.25 1.33 3.13

Mean  0.53 8.30 3.56 0.51 1.33 0.620 3.29 3.80 1.24 1.20 1.48 3.11

 SAR, sodium adsorption ration; RSC, residual sodium carbonate; EC, electrical conductivity
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Table 8 Mean square estimates of selected soil physicochemical properties

Soil 
properties

Land use Depth Depth* Land use
CV (%) RMSE R-square

MS F -Value P -value MS F -value P -value MS F -value P -value

sand 132.50* 13.75 <0.001 3.88 ns 0.4 0.8059 22.71ns 1.79 0.11 11.5 3.11 0.65

clay 260.16* 28.3 <0.001 88.95* 9.67 <0.001 31.48 ns 3.42 0.004 7.63 3.03 0.83

BD 33.46* 340.47 <0.001 16.10* 163.63 <0.001 2.01* 20.46 <0.001 2.7 0.03 0.59

FC 66.02* 0.19 <0.001 18.30 ns 0.19 0.9416 0.49 ns 0.01 1 29.71 9.8 0.07

PWP 37.54* 25.07 <0.001 7.06 ns 4.72 0.004 1.10 ns 0.73 0.678 5.91 1.22 0.75

AWHC 39.16 0.42 0.7405 2.70 ns 0.03 0.998 1.60 ns 0.02 1 78.9 9.67 0.04

pH 1.78*     53.78 <0.001 0.05 ns 1.52 0.22 0.04ns 1.07 0.41 2.23 0.18 0.86

ECe 5.69* 2476.97 <0.001 0.76* 330.99 <0.001 0.52* 226.83 <0.001 1.34 0.05 0.99

Na 5.01* 7591.63 <0.001 122.18* 33.88 <0.001 2.75* 18.55 <0.001 1.98 0.39 0.99

K 1.12* 682.34 <0.001 0.41* 248.17 <0.001 0.85* 518.43 <0.001 2.28 0.04 0.99

Ca 10.46* 349.46 <0.001 1.33* 44.34 <0.001 1.73* 57.91 <0.001 3.25 0.17 0.98

Mg 1.23 ns 7.13 0.008 0.58* 3.37 <0.001 0.58* 3.38 <0.001 26.84 0.42 0.64

SAR 260.84* 7598.64 <0.001 1.16* 33.89 <0.001 0.64* 18.59 <0.001 1.98 0.19 0.99

HCO3- 3.17* 530.93 <0.001 0.05* 5.86 <0.001 0.04* 1.39 <0.001 10.01 0.08 0.98

Cl- 167.01* 894 <0.001 19.13* 4.78 <0.001 0.76* 4.06 <0.001 3.42 0.43 0.99

SO22- 310.79* 2216.44 <0.001 3.29* 23.45 <0.001 2.74* 19.52 <0.001 2.88 0.38 0.99

MS, Mean square; CV, Coefficient of variation of treatments; *, significant at P≤0.001; ns, Non-significant at P<0.05; BD, Bulk density; FC, Field capacity; PWP, 
Permanent wilting point; AWHC, Available water holding capacity; SAR, Sodium adsorption ratio; RMSE, Root mean square error

Table 9 Mean square estimates for OC, TN, exchangeable cations (Na, K, Ca and Mg)

Mean squares

Parameters Treatment (47)  Error (47) F value Significant CV (%)

OC 0.24 ns 0.23 0.0001 10.45 45.22

TN 0.01 ns 0.00 2.47 0.073 34.57

Av.N 82.32* 1.56 52.84 <0.001 21.47

Exchangeable cations

Na 59.51* 0.58 101.93 <0.0001 12.52

K 0.01 ns 0.03 0.16 0.9231 13.08

Ca 4.00 ns 1.19 3.35 0.0267 4.55

Mg 0.43 ns 0.29 1.48 0.2322 9.67

CEC 74.55* 5.27 14.16 <0.001 6.22

ESP 283.46* 1.68 168.59 <0.001 7.99

Numbers in parentheses, degrees of freedom; CV, coefficient of variation of treatment; *significant at P≤0.001; CEC, cation exchange capacity; ESP, exchangeable 
sodium percentage
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Conclusion
The soil morphological and physicochemical properties showed 

variations with land use types and soil depths indicated their 
variation in productive potential and management requirements for 
specific agricultural use. The particle size distributions of the soils 
are dominated by clay loam fractions. The infiltration rates and 
saturated hydraulic conductivity (Ksat) of the soils in all profiles 
were moderately slow. Exchangeable Ca was highly dominant 
throughout the exchange site of all profiles. With regard to the content 
of exchangeable Na, ESP, pH, ECe and SAR values, soils in profile 
2 and 3 were classified as saline sodic while, soils in profile 1 and 4 
were classified as saline. 

The irrigation water sources contained from medium to high 
salinity hazard class and ranged from marginal to unsafe for irrigation. 
In general, the irrigation water sources contained medium to very high 
concentration of dissolved salts sufficient enough to accumulate salt 
upon continuous use for irrigation. Based on the findings of the study, 
it could be concluded that irrigation water could be the source for the 
development of saline sodic soils in the irrigated lands. Therefore, the 
resource poor farmers and stakeholders should implement low input 
management strategy to alleviate the problem of salinity/sodicity 
problems using cost effective and locally available amendments 
and selecting cultivars tolerant to salinity/sodicity levels either in 
combination or separately. 
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