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CHARACTERIZATION AND CLASSIFICATION OF SALT AFFECTED 

SOILS OF AMBO-COBA AREA UNDER GOLINA WATERSHED IN 

RAYA KOBO VALLEY, AMHARA REGION, ETHIOPIA  
 

ABSTRACT 
It is known that all soils contain a certain amount of soluble salts and exchangeable sodium, 
magnesium, potassium, and calcium. However, when the concentration of either of them is 
excess, it will interfere with many soil processes including plant growth and the effects depend on 
the degree of concentration and type of plant. It is, therefore, with this understanding that a study 
was conducted with the objective to classify and characterize the salt affected soils of Ambo-coba 
in Golina watershed at Raya Kobo Valley, North Wollo Zone of Ethiopia. To conduct this 
activity, two profiles excavated, and one from irrigated and the other from one irrigated and 
those were excavated from the irrigated and non irrigated fields. Twenty soil samples were taken 
from the two soil profiles at 20 cm depth intervals in two meter profile depths. The samples were 
analyzed for some chemical properties such  as soil pH, soluble cations and anions, soluble salts 
(electrical conductivity, EC), and exchangeable cations (Ca, Mg, Na, K), total nitrogen, organic 
carbon, and available phosphorus, exchangeable sodium percentage, sodium absorption ratio 
and physical characteristics of the soil like soil color, texture, bulk density, and soil porosity. 
According to the results of the analysis, the soils of irrigated and non irrigated soil profiles had 
pH of 7.6 to 8.8 and 7.4 to 8.5, electrical conductivity of 1.3 to 14 ds/m and 3.1 to 9.7 ds/m, 
organic carbon of 0.3 to 1.2% and 0.4 to 1.5%, total nitrogen of 0.11 to 0.35% and 0.09 to 
0.27%, available phosphorus of 24 to 41.4 mg/kg and 25 to 46.5 mg/kg, and cation exchange 
capacity of 50.3 to 65.5 cmo l(+)/kg of soil and 48.7 to 57.2 cmol (+)/kg of soil, respectively. The 
distribution of exchangeable calcium showed inconsistency in the irrigated farmland soil profile. 
In general, considering the top layers of the soils of both sites (as they are responsible for 
agricultural purposes) taking in to account their EC, ESP, and pH values. The soils can be 
classified as saline and saline sodic soil for the irrigated and non irrigated farms respectively. 
 
Keywords: Irrigated soil profile, on irrigated soil profile, Soil properties, Characterization



 
 

 
 

1. INTRODUCTION 
 

Soil salinity and sodicity characterization are one of the most important strategies for soil 

resources assessment in semi-arid and arid areas where annual evapotranspiration is greater 

than precipitation. Soil characterization through their physical, chemical and biological 

properties can help to apply appropriate agricultural technologies and effective design for 

management strategies. Salinization has been identified as one of the major processes of land 

degradation and the greatest cause of declining productivity in many irrigated lands (Akram et 

al., 2010; FAO, 2009). Globally, about one third of agricultural lands are becoming saline and 

extend to more than 100 countries (Squires and Glenn, 2004) and estimated that, 400 million ha 

of the world’s land is affected by salinization and its cost is estimated conventionally to be 

about twelve billion US dollars a year and is expected to increase as soils are further affected 

due to irrigation water challenges (Bot et al., 2000). Furthermore, the salinized areas are 

increasing at a rate of 10% annually for various reasons, including low precipitation, high 

surface evaporation, weathering of rocks, irrigation with saline water and poor cultural 

practices and has been estimated that more than 50% of the arable land would be salinized by 

the year 2050 (Jamil et al., 2011). 

 

There are also important salt-affected areas in sub-humid and coastal zones.  Some of the most 

unfavorable properties of soils of arid and semi-arid areas include high salt content, poor 

structure, limited microbial activity, low percolation rates, low fertility,  and other 

characteristics, which restrict plant growth and human settlement.  In many areas of the world, 

the use of potentially arable land for agriculture,  forestry, and pasture is severely limited 

because of the salt content of the soils and/or the high ionic concentration of irrigation water. 

Since the capacity of soils to support plant growth, in  turn, is the product of the interactions of 

organic and inorganic materials and energy cycles  under specific environmental conditions,  

the practice of sustainable biomass production  is impossible without understanding these 

processes that can lead to adequate technical management. Soils affected by soluble salts or by 

their ions occupy huge areas in Africa: more than 650,000 Km2 according to the 

FAO/UNESCO (1967) map. The differences are due to the variability in definitions. Salt 

affected soils are especially prevalent in northern Africa, South Africa, and Botswana, and are 

common in East African courtiers.  
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The latest draft, (1975), the distribution of salt affected soils in Africa is shown, it is a 

schematized version of the original map, and its inclusion here is through the courtesy of 

G.Aubert. The original map distinguishes potentially salt-affected soils, alkalinity soils, and 

saline soils. 

 
The semi-arid and arid lowlands and valleys in Ethiopia have major problems of salinity and 

alkalinity. Tamirie (1994) has revealed that 44 million ha (36%) of the country’s total land 

areas) are potentially susceptible to salinity problems. Out of the 44 million ha, 33 million ha 

have dominant salinity problems, 8 million ha have combined salinity and alkalinity problems, 

and 3 million ha have dominantly alkalinity problems. 

 

Salinization and alkalization processes in Ethiopia have some specific and/or unique saline and 

saline sodic features.  According to Sissay (1985), salt-affected flatlands have increased from 6 

to 16% of the total land area of Ethiopia. It was reported that in Ethiopia there is over 11 

million hectares of unproductive naturally salt affected wastelands (Tadelle, 1993). The 

naturally salt affected areas are normally found in the arid and semiarid lowlands particularly in 

Rift valley and other areas that are characterized by higher evaporation rates in relation to 

precipitation (PGRC, 1996). 

 

All soils contain some salts but when soils contain excessive concentrations of either soluble 

salt that are not held on soil exchangeable sites or exchangeable sodium or both, they are called 

salt affected soils (Conway, 2001). Salt affected soils are generally categorized into three main 

groups; namely saline, sodic, and saline-sodic (Gonzalez et al., 2004). When soils contain 

excessive concentrations of water-soluble salts, they are called saline (Conway, 2001; Denise, 

2003). Sodic soils are low in soluble salts than saline soils but high in exchangeable sodium 

(Jim, 2002; Pam, 2002). On the other hand, saline-sodic soils contain both large amounts of 

water-soluble salts and exchangeable sodium (BPMC, 1996). 

 

Partial or complete loss of soil productivity attributed to addition of excess salts in the root 

zone of soils in the arid and semi-arid climates is a worldwide phenomenon. However, the most 

serious salinity and sodicity problems are being faced in the irrigated arid and semi-arid regions 

of the world and it is in these regions that irrigation is essential to increase agricultural 
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production to satisfy food requirements. Soil salinity is also a serious problem in areas where 

groundwater of high salt content is used for irrigation. 

The problems of salt affected soils are old in the study area; but their magnitude and intensity 

have been increasing fast due to the establishment of permanent- irrigated farms since there is a 

declining groundwater resource, the main sources for irrigation in the study area (Wendmkun, 

2014). At the watershed the white crystal layers covered the surface soil for a long period of 

time and farmlands have been providing reduced yields. Consequently, there is loss of 

economic benefits from productions of cereal crops- (maize, teff, and sorghum) and 

horticulture crops, fruits and vegetables (Cabbage, Carrot, Onion, Garlic etc…). 

 

Therefore, this study was conducted to characterize and classify the soils of Ambo-Coba area in 

the Golina watershed in relation to salinity and alkalinity.  

 

Specific objectives 

 

• To characterize the soils of irrigated and non- irrigated farmlands in terms of physical 

and chemical properties. 

• To classify the soils of the study site based on the criteria set for salt affected soils. 
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2. LITERATURE REVIEW 
 

2.1. Extent and Distribution of Salt Affected Soils  
 

In many areas of the world, salinity is one of the principal environmental causes of soil 

degradation, and consequently, a source of reduction in the biomass (Amal et al., 2014). The 

problem is mostly widespread in the arid and semi-arid regions where precipitation is 

insufficient to drain the soluble salts and most of the developing countries are located in these 

areas. The problem of salt affected soil is a case of global occurrence and it affects developing 

as well as developed countries. Nearly 20% of worlds cultivated area and nearly half of the 

worlds irrigated lands are affected by salinity (Mustafa et al., 2011). Salt-affected soils occur in 

more than 100 countries of the world with a variety of extents, nature, and properties. No 

climatic zone in the world is free from salinization, although the general perception is focused 

on arid and semi-arid regions. Sodium salts dominate in many saline soils of the world, but 

salts of other cations such as Ca and Mg are also found in specific locations (Rengasamy, 

2006).  

 

Soil quality varies spatially from field to larger regional scales, and is influenced by both lands 

use and soil management practices that has impact on the direction and degree of soil changes 

(Sun et al., 2003). Therefore, proper land use and management can be useful for improving soil 

characteristics, reducing soil degradation and in turn achieving the agricultural sustainability 

(Fayed and Rateb, 2013). The differences in fertilization, cropping system and farming 

practices are the main factors influencing soil quality at field scale (Liu et al., 2010). Excess of 

salts may accumulate in the surface horizons of soils mainly due to the following reasons: 

Secondary salinization associated with high salt content of irrigation water, release of 

immobilized salts precipitated in soils, atmospheric salt depositions, weathering of soil 

minerals and use of inorganic fertilizers (Bhadauria et al., 2010). Salinity is the first stage of 

alkalinity in soils (Singh and Mishra, 1995). 

 

Salt affected soils could also found in cold (permafrost), temperate, subtropical, and tropical 

belts where, evaporation exceeds precipitation either permanently or at least some time of the 

year.  Therefore, they are extremely widely spread throughout the world and occupy extensive 
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areas globally (Gupta and Abrol, 1990). Salinization may even threaten the national economy. 

This is particularly the problem of Argentina, Egypt, India, Iraq, Pakistan, Syria and Iran 

(Rhoades and Corwin, 1990). Salt affected soils are also becoming one of the main problems in 

Ethiopia (Mohamed and Tessema, 2013). Weiping et al. (2010) stated that in arid and semi-arid 

regions, salinity is a serious and chronic problem for agriculture. 

 

 2.2. Salt Affected Soil in Relation to Soil Fertility 
 

This problem has a harmful impact on soil fertility which in turns reduces the soil productivity 

(Farifteh et al., 2006). Salt affected soils can have major effect soil physical properties, especial 

on the structure of soils. Soil structure, or the arrangement of soil particles, is critical in 

affecting permeability and infiltration. If a soil has high quantities of Na+ and the ECe is low, 

soil permeability, hydraulic conductivity, and the infiltration rate are decreased due to swelling 

and dispersion of clays and slaking of aggregates (Ghafoor et al., 2008; Murtaza et al., 2009). 

Typically, soil infiltration rates are initially high, if the soil is dry, and then they decrease until 

a steady state is reached. Swelling causes the soil pores to become more narrow (Pearson, 

2004), and slaking reduces the number of micro and macro  pores through which water and 

solutes can flow, resulting in the plugging of pores by the dispersed clay. The swelling of clay 

has a pronounced effect on permeability and is affected by clay mineralogy, the kind of ions 

adsorbed on the clays, and the electrolyte concentration in solution (Pearson, 2004). Swelling is 

greatest for smectite clays that are Na+ saturated. As the electrolyte concentration decreases, 

clay swelling increases. Generally, soil physical properties such as bulk density, soil pore 

space, available water content, hydraulic conductivity, and soil water retention potential were 

affected also limiting root growth in the salt affected soils especial sodic soil. 

 

In soil chemical properties, especial nutritional disorders that is, decreased or increased 

solubility and availabilities of essential nutrients caused by the presence of excessive 

accumulations of specific ions and/or salts such as Na+, HCO3-, CO32-, SiO3
2-, or NaCl and 

Na2SO4 (Fallovo et al., 2009). In salty soils, toxicity is due to the uptake of too many specific 

ions, often Na+ and/or CI-, sometimes Mg2+ or others. High levels of exchangeable sodium and 

accompanying high pHe of sodic soils affect the transformations and availability of several 

essential plant nutrients (Chinnusamy et al., 2005). Al-Busaidi (2014) reported, on elemental 
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nitrogen losses from soil concluded that losses were likely to be highest under alternate aerobic 

and anaerobic conditions, a situation exactly met within sodic soils. Besides the generally 

known toxic effect of boron there is a need to understand better the behavior of Fe, Mn, Zn, Cu, 

etc., in relation to soil salinity particularly with a view to establishing limiting values so far 

only developed for normal soils (Carson et al., 2009). Generally, optimum crop production in 

salt affected soils calls for special fertilizer management practices compared to soils unaffected 

by salinity and sodicity. 

 

2.3. Classifications of Salt Affected Soils 
 

Salt affected soils are categorized into three main groups; namely saline, sodic, and saline-sodic 

(Gonzalez et al., 2004). When soils contain excessive concentrations of water-soluble salts, 

they are called saline (Conway, 2001; Denise, 2003). Sodic soils are low in soluble salts than 

saline soils but high in exchangeable sodium (Jim, 2002; Pam, 2002). On the other hand, 

saline-sodic soils contain both large amounts of water-soluble salts and exchangeable sodium 

(BPMC, 1996). 

 

2.3.1. Saline soils 
 

Saline soils contain excessive concentrations of soluble carbonate, chloride and sulfate salts 

that cause EC levels to exceed 4milimhos/cm. Although relatively insoluble salts such as Ca 

and Mg carbonates do not cause high EC levels, they are often present in saline soils and may 

result in the formation of a white crust on the soil surface (Brady and Weil, 2002). Therefore, 

they are considered as a non-sodic soil containing sufficient quantities of soluble salts to 

adversely affect the growth of most crop plants. Salt accumulation in soils affects plant 

development mainly at germination and seedling stage (FAO, 1988). The chemical 

characteristics of soils classed as saline are mainly determined by the kinds and amounts of 

salts present. The amount of soluble salts present controls the osmotic pressure of the soil 

solution (USSLS, 1954). Saline soils contain a high amount of soluble salts, primarily Ca2+, 

Mg2+, Na+, K+, chlorides and sulphates of Ca2+, Mg2+ and Na+ (Allotey et al., 2008; 

McCauley et al., 2005). 
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2.3.2. Sodic soils 
 

In contrast to saline soils, sodic soils have a relatively low EC, but a high amount of Na+ 

occupying exchange sites, often resulting in the soil having a pH at or above 8. Instead of 

flocculating, Na+ causes soil colloids to disperse, or spread out if sufficient amounts of 

flocculating cations (i.e., Ca2+ and Mg2+) are not present to counteract the Na+. Dispersed 

colloids clog soil pores, effectively reducing the soil’s ability to transport water and air. The 

result is soil with low water permeability and slow infiltration that causes ponding and then 

crusting when dry. Sodic soils are also prone to extreme swelling and shrinking during periods 

of drying and wetting, further breaking down soil structure. The subsoil of a sodic soil is 

usually very compact, moist and sticky, and may be composed of soil columns with rounded 

caps. Other symptoms of sodic soils include less plant available water, poor tilth and sometimes 

a black crust on the surface formed from dispersed organic matter (Ann, Mc-C. and Clain, J. 

2005). 

 

2.3.3. Saline-sodic soils 
 

Saline-sodic soils are soils that have chemical characteristics of both saline soils (EC greater 

than 4mmhos/cm and pH less than 8.5) and sodic soils (ESP greater than 15). Therefore, plant 

growth in saline-sodic soils is affected by both excess salts and excess Na+. Physical 

characteristics of saline-sodic soils are intermediate between saline and sodic soils; flocculating 

salts help moderate the dispersing action of Na+ and structure is not as poor as in sodic soils. 

The pH of saline-sodic soils is generally less than 8.5; however, this can increase with the 

leaching of soluble salts unless concentrations of Ca2+ and Mg2+ are high in the soil or irrigation 

water (Brady and Weil, 2002). 
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Table 1:- Classification of salt affected soils based on their chemical properties 

Salt affected soil 

type 

Electrical conductivity of 
saturation extracts (ECe) 
at 25 oC (mmhos/cm) 

Saturation (%) of cation 
exchange capacity with 
Na (ESP) 

Reaction  
(pH 
value) 

SAR 

Saline > 4 < 15 <8.5 <13 

Saline sodic > 4 > 15 <8.5 >13 

Sodic (Alkali) < 4 > 15 8.5-10 >13 

Non-saline non-

sodic 

< 4 < 15 About 

neutral 

<13 

US Salinity Laboratory Staff (1954) 

 

2.4. Selected Soil Physico-Chemical Properties  

2.4.1. Soil Physical Properties  

2.4.1.1. Soil texture  

 

Texture refers to the relative proportions of particles of various sizes such as sand, silt, and clay 

in the soil and described in a given textural triangle. The percentages of sand, silt, and clay in a 

soil could be determined in a soil laboratory by two standard methods - hydrometer method and 

pipette method (Blake, 1965). Both methods depend on the fact that at any given depth in a 

settling suspension the concentration of the particles varies with time, as the coarser fractions 

settle at a faster rate than the finer. Soil texture is an intrinsic attribute of the soil and the one 

most often used to characterize its physical makeup (Hilell, 2004). Soil texture can have a 

profound effect on many other properties and is considered among the most important physical 

properties. Since weathering is a relatively slow process, the texture remains fairly constant and 

is not altered by management practices (McCauley et al., 2005).  

 

Soil texture affects the infiltration and retention of water, soil aeration, absorption of nutrients, 

microbial activities, tillage and irrigation practices (Gupta, 2004). It is also an indicator of some 

other related soil features such as types of parent material, homogeneity, and heterogeneity 

within the profile, migration of clay and intensity of weathering of soil material or age of soil 

(Lilienfein et al., 2000). To estimate the content of various sizes of soil particles, the soil 

sample has to be brought into a dispersed state by removing the various types of binding forces 
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(FAO, 2008). As a rule, coarse-textured soils have low-moisture retention and high 

permeability, whereas fine-textured soils have high-moisture retention and generally have 

lower permeability. However, owing to a high degree of aggregation of the particles, there are 

notable examples of fine-textured soils that are moderately permeable (USSLS, 1954). 

 

2.4.1.2. Bulk and particle densities, and total porosity  
 

Bulk density is the oven dry weight of soil per unit volume and expressed in g cm-3 (Hazelton 

and Murphy, 2007) and indicates the compactness of the soil (Debela et al., 2011). White 

(2006) stated that values of bulk density ranges from < 1 g cm-3 for soils high in OM, 1.0 to 

1.4 g cm-3 for well- aggregated loamy soils and 1.2 to 1.8 g cm-3 for sands and compacted 

horizons in clay soils. Bulk density normally decreases as mineral soils become finer in texture. 

Bulk densities of soil profiles are inversely related to the amount of pore space and soil organic 

matter (SOM) (Brady and Weil, 2002; Gupta, 2004). Bulk density is highly labile. It is affected 

by the structure of the soil, that is, its looseness or degree of compaction, as well as by its 

swelling and shrinkage characteristics (Hillel, 2004). The bulk density of a soil increases with 

profile depth, due to changes in organic matter content, porosity and compaction (Ahmed, 

2002; Pravin et al., 2013).  

 

Soil particle density is the average density of the soil particles not including fluid or pore space 

and expressed in g cm-3. For many mineral soils, the particle density ranges from 2.60 to 2.75 

g cm-3 (Hillel, 1980). The presence of iron oxides and various heavy minerals increases the 

average value of particle density, whereas the presence of organic matter lowers it (Hillel, 

2004). Ahmed (2002) also reported that surface soil layers possessed lower particle density 

values than the sub-soil horizons. According to Muhammad et al. ( 2002), particles density 

decreases with increase salt level values of negative but, highly significant correlation 

coefficients of ESP and total dissolved salt times ESP with particles density are same in 

different soil texture. Direct measurements of particle density can be made with pycnometer 

bottles (USSLS, 1954). The particle density of many soils averages around 2.65 g cm-3 (Brady 

and Weil, 2008). Okubay et al. (2015) revealed that, particle density values of layers of soil 

profile increased consistently with depth. This is probably attributed to the rapid decline in 

SOM with increasing soil depth.  
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Soil porosity is the part of the soil volume, which is not occupied by solid particle, but filled 

with water and air. Its value generally ranges from 30% in compacted subsoil to more than 60% 

in well-aggregated, high SOM surface soils (Brady and Weil, 2002). Soil texture and structure 

influence porosity by determining the size and number of pores. Coarse-textured soils have 

many macro pores because of the loose arrangement of larger particles with one another while, 

fine-textured soils are more tightly arranged and have more  micro and macro pores. Fine-

textured soils have both macro and micro and macro pores, they generally have greater total 

porosity, or the sum of all pores, than coarse-textured soils (McCauley et al., 2005). The 

porosity of soil may be obtained directly from the average calculated values of bulk and 

particle densities of the soil particles. Long-term cultivation tends to lower total porosity 

because of a decrease in SOM and large peds (Brady and Weil, 2002).  

 

Surface crusting and compaction decrease porosity and inhibit water entry into the soil, 

possibly increasing surface runoff and erosion. Calcareous and salt-affected soils can also alter 

porosity. In general, increasing SOM levels, reducing the extent of soil disturbance, and 

minimizing compaction and erosion will increase soil porosity and improve structure 

(McCauley et al., 2005). To the growing plant, pore sizes are of more important than total pore 

space (Sharma, 2002). Sands with a total pore space of less than 40% and clay soils with less 

than 50% are liable to restrict root growth due to excessive strength (Landon, 1991). Total 

porosity decreasing with an increase in depth is apparently due to the increasing of bulk density 

with depth (Zeleke and Kibebew, 2009) and ranges to affect soil properties and root growth 

depends on texture.  

 

2.4.2. Soil Chemical Properties  

2.4.2.1. Soil reaction (pHe) and electrical conductivity (ECe)  

 

The pH is a measure of soil acidity or alkalinity that gives an indication of the activity of the 

hydrogen ion (H+) and hydroxyl ion (OH–) in a water solution. Both these ions have a high 

chemical activity. Their chemical activity is lowest when the solution or soil is close to a 

neutral pH of 7.0. The pH characterizes the chemical environment of the soil and may be used 

as a guide to the suitability of soils for various pasture and crop species (Hazelton and Murphy, 

2007). Soil pH is the first parameter to be considered in soil fertility evaluation (Herrera, 2005). 



11 
 

 
 

The soil pH affects the availability of various nutrients, toxic elements and chemical species to 

plant roots. The pH is, therefore, a very good guide to some expected nutrient deficiencies and 

toxic effects (Brady and Weil, 2002). Soil pH is an indicator of the chemical processes that 

occur in the soil, and is a guide to likely deficiencies and/or toxicities and also provides 

guidelines for interpreting soil pH values for environmental evaluation (Hazelton and Murphy, 

2007).  

 

This soil property (pHe) can be referred to as a “master variable” because it regulates almost all 

biological and chemical reactions in soils (Brady and Weil, 2002). Soil pH indicates the state of 

weathering of a given soil and in slightly weathered soil the surface soil pH is neutral to 

slightly alkaline (Buol et al., 2003). Soil reaction is one of the most outstanding physiological 

characteristics of the soil solution because availabile nutrients and both soil micro-organisms 

and higher plants respond so markedly to their chemical environment (Miller and Kissel, 2010). 

Most plants and soil organisms prefer pH range between 6.0 and 7.5 (Hazelton and Murphy, 

2007). The pH of the soil is moderately acidic with values ranging between 6.0 and 6.62 and 

this value indicates that there is no toxicity of aluminum and manganese. The values of pH 

increased with soil depth because less H+ ions are released from decreased OM decomposition, 

which is caused by decreased OM content with depth (Herrera, 2005).  

 

The electrical conductivity of the saturation paste extract (ECe) measurement identifies soils, 

which are saline and/or potentially saline (Okalebo et al., 2002). The accumulation of soluble 

salts (cations like Na+, Ca2+, Mg2+ and K+ and anions Cl-, SO42-, CO32- and HCO3-) which 

can be weathered from minerals and accumulate in the soil solution in areas where the 

precipitation is too low to provide leaching convert to salt affected soils and the process leading 

to accumulation of salts (Rengasamy, 2010). The salt content of the soil can be estimated from 

an ECe measurement on a saturated soil paste extract or a more dilute suspension of soil in 

water. In general the higher the moisture content, the easier it will be to obtain the extract, but 

the less representative the extracted solution will be of the solution to which plant roots are 

exposed in the soil (USSLS, 1954).  

 

Soil ECe correlates with soil properties that affect crop productivity, including soil texture, 

cation exchange capacity (CEC), drainage conditions, SOM level, and subsoil characteristics 

(Robert et al., 2009). Samuel (2006) reported that ECe values below or above unity can affect 
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the growth of most agricultural crops. Indeed, Allotey et al. (2008) also revealed with the 

intention of high concentrations of soluble salts are detrimental to plant growth. The same 

author concluded so as to increasing trends in ECe with increasing depths were observed in the 

A-horizons of two soil profiles and decrement with increasing depths in one profile was 

observed. The C-horizon, on the other hand, showed increasing trends in ECe with increasing 

depths of two soil profiles, but irregular trend in one soil profile was observed. 

 

 2.4.2.2. Cation exchange capacity and Percentage base saturation  
 

Cation exchange capacity (CEC) is the sum of positive charges of the adsorbed cations that a 

soil can adsorb at a specific pHe. Conversely, the CEC is equivalent to the sum of the negative 

charges of the cation exchange sites and expressed as (cmol(+)kg -1) of soil. The CEC of a soil 

is equal to the CEC of both the mineral and organic fractions (Foth, 1990). CEC is the capacity 

of the soil to hold and exchange cations. It provides a buffering effect to changes in pH, 

available nutrients, calcium levels, and soil structural changes. As such it is a major controlling 

agent of stability of soil structure, nutrient availability for plant growth, soil pH, and the soil’s 

reaction to fertilizers and other ameliorant (Hazelton and Murphy, 2007).  

 

The major source of CEC in the mineral fraction comes from the clay (Foth, 1990). According 

to Brady and Weil (2002), CEC depends on the nature and amount of colloidal particles. A low 

CEC means the soil has a low resistance to changes in soil chemistry that are caused by land 

use (Hazelton and Murphy, 2007). Cation exchange capacity is the dominant factor in 

measuring soil fertility which affects the exchange of ions on the clay surface (Taye and Yifru, 

2010). Furthermore, CEC of the soils were generally higher in the surface than in subsurface 

horizons which could be due to the strong association between organic carbon and CEC 

(Ashenafi et al., 2010).  

 

Percent base saturation (PBS) is the proportion of basic cations (Ca2+, Mg2+, K+ and Na+) on 

CEC (Brady and Weil, 2002). The degree of PBS of normal uncultivated soils is higher for arid 

than for humid region soils. On the other hand, in arid regions, the PBS of soils that have 

formed limestone or basic igneous rocks is greater than that of sandstones or acidic igneous 

rocks (Havlin et al., 2010). The PBS of soils also indicates the degree of leaching and 

evaporation of exchangeable bases from surface, sub-surface and in arid area higher PBS 
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because of higher evaporation than leaching. Therefore, this characteristic is extensively used 

in soil classification, soil fertility appraisal, and mineral nutrition studies (Awdenegest et al., 

2013). According to Abay and Sheleme (2012), PBS was greater than 50% by ammonium 

acetate at pH 7.0 throughout the profile. 

2.4.2.3. Exchangeable bases and exchangeable sodium percentage  
 

When a sample of soil is placed in a solution of salt, such as ammonium acetate, the 

ammonium ions are absorbed by the soil and an equivalent amount of cations is displaced from 

the soil into the solution. This reaction is termed as cation exchange and the cations displaced 

from the soil are referred to as exchangeable cation (USSLS, 1954). Exchangeable bases 

include Ca, Mg, Na and/or K (Gabrijel et al., 2011). Soils under continuous cultivation, 

application of inorganic N fertilizers, high Al and low pH are characterized by low contents of 

basic exchangeable cations containing minerals and Ca, Mg and K deficiencies due to 

excessive leaching of basic cations (Saikh et al., 1998). However, soils of virgin and/or grazing 

lands and areas under fallow and Vertisols retain more basic cations, which are mainly 

dominated by exchangeable Ca and Mg and contributed higher PBS (Mesfin, 1998; Eylachew, 

2001).  

 

Exchangeable sodium percentage (ESP) is the amount of adsorbed Na on the soil exchange 

complex expressed in percent of the CEC in meq per 100 g of soil (USSLS, 1954). In mineral 

soils, the clay fraction is largely responsible for cation exchange properties (Tamirat, 1992). 

The possible reason for the highest concentration of the sum of exchangeable bases at the lower 

elevation soils could be leaching, drainage and run off from uplands. Exchangeable cations of 

the soils increased with increasing soil depth. The increment was attributed to the leaching of 

exchangeable cations (Abay and Sheleme, 2012).  

 

2.5. Characterization of Salt Affected Soils 
 

Soil characteristics differ in vertical and horizontal in the direction of river deposits. Al-Falahi 

and Qureshi (2012) collected soil samples from depths of 0-15, 15-30, 30-60 and 60-90 from 

reclaimed, non-reclaimed and semi-reclaimed areas along the Tigris River Area. For this 

reason, the occurrence of saline soil layers is irregular.  According to Meron (2007), the extent 
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of salinity and sodicity at the southwestern shore of Lake Ziway was categorized based on four main 

parameters of salt affected soils such as EC (electrical conductivity), pH, ESP (exchangeable sodium 

percentage), SAR (sodium adsorption ratio) because these values are used in the guidelines for 

classification of salt affected soil (Gonzalez et al., 2004; Qadir and Schubert, 2002). From the 

parameters, the three values namely EC, ESP, SAR show the total soluble salts and the sodium 

salts in the exchangeable sites of the soil (BPMC, 1996; Jim, 2002 and Michael; Paul, 2002). 

The other parameter, which is soil pH, does not directly measure saltiness. Since soluble salts 

affect soil pH and vice versa, it is often included in evaluations and discussions of soil saltiness 

(Akhter et al., 2003; Joe, 2002). According to Ann and Clain, (2005) the pH value of saline-

sodic soil are seldom higher than 8.5 due to high exchangeable Sodium and carbonate (CO32-) 

ions. When an exchangeable sodium or carbonate ion reacts with water, they produce 

hydroxide ions (OH-) via the following reactions: 

Na-Clay + H2O--------- H-Clay +H-Clay + Na+ +OH- 

CO3
2- +H2O----------HCO3

- + OH- 

 

2.6. Sources of Soluble Salts in the Soil 
 

Soluble salts in the soil may originate during the process of soil formation. These salts remain 

in the soil due to lack of sufficient rainfall to remove them or due to poor internal drainage so 

that they cannot be removed. Poor internal drainage may be due to layers of restricted drainage 

or to high water table so there is nowhere for the water to go. The main sources of salinity are 

shallow ground water, natural saline seeps irrigation waters, marine origin and fertilization 

(Wade W. McCall, 1980). 

 

Soluble salts may accumulate in the soil from the use of irrigation water high in salts. The 

brackish water used in some areas is a major source of salts. If the water has more than 90 

grains of salt (1500 ppm), the water is too high for safe use. In many areas where water with 

less than 90 grains is used, salts accumulate because of sufficient water is added. When the soil 

is allowed to dry, the salts accumulate in the soil as the water evaporates from the surface, or is 

taken up by the plants, leaving the salts behind (Wade W. McCall, 1980). 

 

 Excess salinity may also occur when too much fertilizer containing nitrogen and potassium 

salts is added to the soil. Salinity from this source is generally a temporary situation, the excess 
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salts being removed due to uptake by plants or leaching by rainfall or irrigation. The use of 

animal manures containing soluble salts is another major source of salinity. Salinity from this 

source is usually temporary also (Wade W. McCall, 1980). 

 

The soluble salts that occur in soils consist mostly of various proportions of the cations sodium, 

calcium, and magnesium, and the anions chloride and sulfate. Constituents that ordinarily occur 

only in minor amounts are the cation potassium and the anions bicarbonate, carbonates, and 

nitrate. The original and, to some extent, the direct source of all the salt constituents are the 

primary minerals found in soils and in the exposed rocks of the earth’s crust. 

 

The soluble salts that occur in soils consist mostly of various proportions of the cations Na, Ca, 

and Mg, and the anions Cl- and So42-. Constituents that occur only in minor amounts are the 

cation K and the anions HCO3- and CO32- (USSLS, 1954). During the process of chemical 

weathering, which involves hydrolysis, hydration, solution, oxidation, and carbonation; these 

constituents are gradually released and made soluble. Bicarbonate ions form as a result of the 

solution of carbon dioxide in water. The carbon dioxide may be of atmospheric or biological 

origin. Water containing carbon dioxide is a particularly active chemical weathering agent that 

releases appreciable quantities of the cation constituents as the bicarbonates. Carbonate and 

bicarbonate ions are interrelated, the relative amounts of each present being a function of the 

pH value of the solution. Appreciable amounts of carbonate ions can be present only at pH 

values of 9.5 or higher.  

 

2.7. Impact of Salt Affected Soil 
 

2.7.1. Osmotic effect of salt 

 

Water is absorbed into plants because of a gradient that exists between the soil solution and the 

cell sap of the interior root cells. High concentration of neutral salts in the soil solution tends to 

narrow the gap between the soils (external) and plant cell (internal) water potentials (BPMC, 

1996). This means that salts increase the energy with which water is held in the soil. Then the 

soil water potential becomes more negative, making water movement to the root cells more 
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difficult. If the soil solution potential becomes negative enough, water may actually migrate out 

of the plant cells and into soil solution (Joe, 2002). There may be ample available soil moisture 

for plant growth; it is just that the plant cannot extract it because of the strong negative 

potential. The effect is essentially the same as drought. The plant cannot get enough water to 

maintain proper growth, or it takes so much plant energy extracting the water that growth 

suffers. The situation is exacerbated under water stress conditions or drought, particularly on 

fine-textured soils where it takes more pull for the plant to remove water at a given soil 

moisture level (Conway, 2001; Gonzalez et al., 2004). 

 

High salinity (high EC) causes plant cell dehydration, reduced plant growth and possibly death 

in less tolerant plants, while tolerant ones survive in a number of physiological ways (Joe, 

2002). All of which show similar visual symptoms. The first visual symptoms appear the same 

as those of moisture stress from dry conditions. Plants may be stunted, leaves may cup, and 

overall plant health and color are affected. The symptoms progress to brown and brittle leaf 

tips, leaf margins, the overall leaf and, finally, the entire plant (Denise, 2003).These symptoms 

may occur within a few days of planting young seedlings or after several weeks. With older 

plants, water deficit may present as a rapid dying off or browning of leaves at the top of the 

plant (BGS, 2001). 

 

2.7.2. Nutrition and ion toxicity of salt 
 

Many salts are plant nutrients, high salt levels in the soil can upset the nutrient balance in the 

plant or interfere with the uptake of some nutrients (Conway, 2001). For example, high sodium 

concentrations may cause deficiencies of other elements, such as potassium and calcium, and 

high levels of sulfate and chloride the rate of nitrate absorption (BPMC, 1996). In sodic soils, 

higher pH generally occurs, which also can affect nutrient availability. Soils with pH above 7 

can have fewer nutrients availability (Denise, 2003). The nutritional deficiencies and toxicities 

of plants can be characterized by necrosis (tip burning or marginal scorch browning and die of 

leaves), Chlorosis (turning yellow in color), and abscission (premature dropping) (BPMC, 

1996). 
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2.7.3. Structure and permeability problem of salts in the soil 
 

Certain ions negatively influence soil structure and permeability characteristics, thus retarding 

plant growth (Joe, 2002). Sodic and saline–sodic soils show structural problems created by 

certain physical processes (slaking, swelling and dispersion of clay) and specific conditions 

(surface crusting and hard setting). Such problems may affect water and air movement, plant-

available water holding capacity, root penetration, seedling emergence, runoff and erosion, as 

well as tillage and sowing operations in sodic and saline-sodic soils. If a sodic clay layer occurs 

near the surface of sodic soils it often acts as a barrier to roots. Hence, most roots are restricted 

to the topsoil above the clay, because movement of water, nutrients is restricted (Fitzpatrick et 

al., 2003; Pam, 2002). 

 

2.8. Reclamation and Management of Salt Affected Soils 
 

Before severely salt-affected soils can be cropped, they usually must be reclaimed by applying 

water to leach excess salts out of the soil. If soils are sodic, soil amendments such as gypsum or 

sulfur may be needed. Land may become saline or sodic during the course of cropping, 

requiring periodic leaching, or the application of soil amendments, or both. Furrow irrigation 

salinizes the ridges between the furrows, but basin- or flood-irrigated crops in the rotation 

promote leaching of salts accumulated during a previous period of furrow-irrigation. The need 

for periodic reclamation may thus influence the cropping pattern for irrigated lands. For 

leaching to be effective, soils must have adequate internal drainage, since leaching salts into a 

shallow water table may only result in a rapid resalination of the root zone. Artificial drainage 

by tile drains or pumping may be needed to lower the water table (United States Salinity 

Laboratory Staff, 1954). 

 

For saline soils with high enough salt levels to significantly damage plants and reduce growth, 

reclamation with excess water is recommended, provided there is enough good quality water 

available and adequate drainage. Reclamation should be done in the fall or spring, prior to 

planting. Water can be applied via sprinkling or flooding, and is more effective when the soil 

moisture content is unsaturated than saturated, to allow drainage rather than potential runoff 

(Balba, 1995). To maintain unsaturated conditions and ensure salts are being leached through 

the profile, water should be applied in a series of applications and allowed to drain after each 
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application. Thus, sprinkling or intermittent ponding is usually more effective than continuous 

pond. The quantity of water needed will depend upon initial and desired salt levels, water 

quality, application methods and soil texture (Lamond and Whitney, 1992). The depth of 

leaching water per unit depth of soil required to remove a certain percentage of ‘initial salts’ 

(salts in solution). In general, it requires about 1 foot of flood irrigation to remove 75 % of the 

solution of salts in 1 foot of soil (Chabra, 1996)..  

 

Sprinkling may reduce the amount of water needed to 8 to 10 inches for 1 foot depth. Finer 

soils will likely require more leaching water than coarser soils because of their increased ability 

to retain water. To be certain adequate leaching of salts is occurring, periodic soil testing 

should be done. Saline soils cannot be reclaimed with amendments, conditioners, fertilizers or 

manure. 

 

Reclaiming sodic and saline-sodic soils requires a different approach than saline soils and can 

be considerably more costly. Prior to leaching, excess Na+ needs to be replaced from the 

exchange site by another cation, namely Ca2+ or Mg2+. This is done by adding an amendment 

that either directly or indirectly releases exchangeable Ca2+ or Mg2+. Because Ca2+ and Mg2+ 

have a stronger charge than Na+, they will replace Na+ on exchange sites, causing Na+ to be 

released to the soil solution and be susceptible to removal by leaching. Amendments used to 

correct sodicity include gypsum (CaSO4·2H2O), lime (CaCO3), calcium chloride (CaCl2), 

magnesium chloride (MgCl2), sulfur and sulfuric acid materials, and organic amendments. The 

most common and economical amendment used on sodic soils is gypsum, which can be applied 

dry or with irrigation water. Gypsum is slow reacting, but will react in the soil for a long period 

of time. Fine gypsum (passing through a 60 mesh) should be used to maximize reactivity and 

effectiveness. 
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3. MATERIALS AND METHODS 
 

3.1. Description of the Study Area 

3.1.1. Location 
 

The study area is located in the North Wollo Administration Zone of Amhara National 

Regional State of Ethiopia (Fig. 1). It is located at 12ᵒ03.401҅ʹ̔̓̓̓to 12ᵒ03.268҅ʹN̔̓̓̓ latitude and 

39ᵒ42.096ʹ to 39ᵒ43.040ʹ E longitude. The plain area is known by flat topography up to 1500 m 

altitude and the mountain rises dramatically from 1500 m to greater than 3000 m (Wendmkun, 

2014). Topographically, the area is a flat plain and ranges between 1500 – 3000 m.a.s.l. The 

relatively uniform topography of the area provides a good slope for surface irrigation 

(Wendmkun, 2014). 

 

Location map of the study at Ambo-Coba area in Raya Kobo valley 

 
Figure 1:-Location map of the study area 
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3.1.2. Climate 
 

The area receives 683 mm average rainfall annually. About 20% of the rainfall is received in 

the months of February to March, which is considered as the short rainy season, and the 

remaining rain is received during the months of July and August, the main rainy season. The 

early secession and uneven distribution of the rains shorten the effective rainy season and 

results in late dry spells and recurrent drought. The study area is found in the kola agro-

ecological zone. The mean annual maximum and minimum temperatures are 30.5 and 15.5οC, 

respectively (Fig 2.). In the area, the maximum reference evapotranspiration (ETO) is 6.29 

mm/day during May and June (Wendmkun, 2014).  

 

 
Figure 2:- Mean monthly rainfall and temperature of Kobo station for 1996-1013 (Wendmkun, 

2014). 

 

3.1.3. Drainage 
 

The major drainage system is associated with valley plains. The rivers in the valley originate 

from the western mountains. Golina, Hormat and Kelkelit rivers drain to the Raya Kobo valley. 

The valley classified in to two major sub-basins namely, Hormat- Golina and Kelikelit-Woylet 

sub-basins. The Hormat-Golina basin constitutes the drainage systems of Hormat and Golina. 
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However, during dry season, Woylet and Kelkeli lose their discharge in the plain before joining 

Golina that ultimately discharge through the Golina gorge to the Afar depression. There is high 

drainage density in the western highlands and low both in the valley floor and eastern 

highlands. All rivers and streams carry large volumes of sediments from the mountains in the 

rainy seasons and deposit on the valley plain (Wendmkun, 2014). 

 

3.1.4. Land use and land cover  
 

Land use is essential in the characterization of salt affected soils since it is a prominent factor 

influencing the accumulation of salinity. From field observation, the land uses are identified as 

agricultural area, forest and bare land. The first two are the dominant land uses (Wendmkun, 

2014). The land use and land cover of the concerned area (Watershed) are described below 

(Table 2). Hence, the vegetation cover of the watershed is around 1.4%. The area consists of 

five land use and land cover types. These are forest, agricultural area, water, forest and bare 

land. The woodland and agricultural areas are the dominant land cover class in the area 

(Abdella, 2011). 

 

Table 2:- Land use and land cover types and percentage coverage of the watershed area 

 

 

 

 

 

 

Source: Wendmkun (2014) 
 

3.1.5. Geology and soils 
 

The geology of north and central Ethiopia, which also includes the current study area, is 

dominated by tertiary volcanic strata underlie by Mesozoic sedimentary rocks. The dominant 

outcrops on the mountains are fissured basalts with silica varieties. The geological structure of 

the area is controlled by tectonic events that led to the development of the sift system. These 

S.N Land cover Coverage (%) 

1 Forest 27.8 

2 Bare land 10.4 

3 Agricultural area 60 

4 Forest 1.4 

5 water 0.6 

6 Total 100 
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events are characterized by tensional movements which gave rise to fissure volcanism followed 

by block-faulting and tilting to form the escarpment zone including marginal grabens. These 

marginal grabens are narrow elongated depressions bounded on both sides by normal faults 

facing each other (Wendmkun, 2014). Soils of the study area could be the alluvial soils, which 

is characterized by high silt and sandy content, medium exchangeable sodium percentage and 

medium pH in the surface soil. Poor soil structure and limited microbial activity are 

unfavorable properties that limit the fertility for the consequence of the loam and sandy loam 

content, high to extremely high ESP, high to very high pH.  The climatic conditions,  for  

example,  the poor distribution of the precipitation,  the high aridity index, and the high  

fluctuating  saline  groundwater are some characteristics of the study area (Wendmkun, 2014). 

 

3.1.6. Hydrological conditions 
 

The  Ambo-Coba Plain  is  a  basin  filled  up with  sediments  deposited  by  rivers.  

Therefore,  the  position  of  surface  waters  had  an important  impact  on  soil  formation.  

These  rivers, as  typical  lowland  rivers,  affected  a  vast  territory by  the  periodic  floods,  

creating  huge  marshlands. According to their origin, sediment deposited from the  rivers  

differ  much  and  the  base  materials  of soil  formation  reflect  these  differences.  

 

The ways of groundwater discharge from the aquifer system is mainly by discharge to streams. 

The main streams  that drains the western highlands gets its base flow from the volcanic aquifer 

and losses some amount when it reaches the valley floor (the alluvial deposits).  On  the  other  

hand,  the Kelikelit  stream  collects some  seepage  flows  from  the  western  highlands  and  

loses  into  the  alluvial sediments along the stream course. In addition to this the  shallow  

water  table  often  causes water-logging  on  the  lower  parts  of  the  fields. Surface  water  

ponding  appear  also  on  the low-lying,  low  permeability  plots  at  the  end  of winter,  after  

snow  melt  and/or  during  high precipitation  periods.   
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3.2. Sampling Site Selection, Soil Sampling and Sample Preparation 
 

3.2.1. Sampling site selection 

 

Sampling sites were selected in such a way that they are good representatives of the study area 

from both the irrigated and non irrigated farm land. Positions for excavating soil profiles were 

also identified after careful observation through traversing walk to the field for any possible 

variability based on surface soil color, drainage condition; land use system, slope and cropping 

history.  

 

Prior to the opening of soil profiles, general field observation was carried out to select 

representative sites for profile excavation. A free soil survey method (young, 1976), which 

follows randomly sampling technique was employed as a major survey method. Representative 

soil profiles (2m depth) were studied for assessing the status and distribution of soil salinity and 

alkalinity at 2 sites covering the study area. After site selection, the soil profiles were opened 

on each identified site. The sampling site selection was also considered as irrigated and non 

irrigated farms within the total area of 200ha. Two soil profiles were excavated after observing 

of the study area within the Raya Kobo valley.  

 

3.2.2. Soil sampling 
 

The profiles were excavated to a depth of 2 m with 1.5 m width and length. The whole profiles 

were divided in to soil layers of 20 cm depth each and accordingly, the 2 m deep profiles were 

divided in to 10 separate layers. Soil horizons may be several feet thick or as thin as a fraction 

of an inch. Sampling layers conducted due to 20cm depth interval causes the horizons merges 

with one another and may or may not show sharp boundaries and horizons in a soil profile are 

like the parts of a layer cake without the clear bonds of frosting between them. Then 

representative soil samples were collected from each depth for analyzing physical and chemical 

properties of the soil. The guidelines for soil description (FAO, 2006) were used for sampling 

and field description of soil. Undisturbed soil samples were taken for bulk density within the 

profile using core sampler starting from top to bottom layer. For both two soil profiles, 20 soil 

samples were collected at 20 cm interval within allocated points. 
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3.2.3. Soil sample preparation 
 

The disturbed soil samples collected from each layer of soil profiles were bagged and labeled 

properly. The samples were air dried to room temperature by spreading on polyethene sheet. 

The dried soil samples were ground to pass-through 2 mm and 0.5 mm sieve for OC and N 

determination. Finally, all samples were prepared and made ready for the determination of 

chemical and physical properties of the soil. 

 

3.3. Soil Analysis 
 

3.3.1. Analysis of soil physical properties 

 

The prepared soil samples were used for the determinations of particle size distribution, bulk 

density, particle density, and total porosity. Particle size distributions were analyzed by the 

Bouyoucos hydrometer method using sodium hexa-meta-phosphate as dispersing agent,s as 

described by Sahlemedhin and Taye (2000). Soil particle density was estimated by the 

pycnometer method (Blake, 1965) while bulk density was determined on undisturbed soil 

samples using the core method. Finally, total porosity was calculated from the values of bulk 

(ρb) and particle density (ρp) as:- 

 

Total porosity (%) = [1--ρb
ρp

] x100 

 

The color of soil was described at the field using the soil color chart (munsell. 2000). The 

irrigated and non irrigated soil colors were measured in the field for dried and wet soils.  

 

3.3.2. Analysis of soil chemical properties 
 

Soil reaction (pHe) and electrical conductivity (ECe) were determined from saturated paste 

extract following the methods described by FAO (1999). Soil pHe was measured 

potentiometrically using a digital pH-meter and ECe by digital conductivity meter according to 

the methods stated by FAO (1999) and USSLS (1954), respectively. The Walkley and Black 

(1934) digestion method was used to determine soil organic carbon content and percent soil 
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OM was obtained by multiplying percent soil organic carbon by a factor of 1.724. Total N was 

analyzed using the Kjeldahl digestion and distillation method as described by Jackson (1970). 

Determination of available P was carried out by the Olsen method using sodium bicarbonate as 

an extracting solution (Olsen, 1954).  

 

The exchangeable bases (Ca2+, Mg2+, K+, and Na+) in the soil were determined from the 

leachate of 1 molar ammonium acetate (NH4OAc) solution at pH 7.0. Exchangeable Ca2+ and 

Mg2+ in the extract were measured by atomic absorption spectrophotometer whilst K+ and Na+ 

were read using flame photometer from the same extract. Similarly, CEC was measured after 

leaching the ammonium acetate extracted soil samples with 10 % NaCl solution and 

determining the amount of ammonium ion in the percolate by the Kjeldahl procedure.  ESP was 

computed as the percentage of the exchangeable Na to the CEC of the soil. 

 

Derived parameters; PBS and ESP were computed following equation 

 

𝐸𝐸𝐸𝐸𝐸𝐸 =
Exchangaeble Sodium, cmole/kg

Cation Echange capacity cmole/kg 
∗ 100 

 

 

𝐸𝐸𝑃𝑃𝐸𝐸% =
Exchangeable bases ( Ca, Mg, K and Na) 

CEC 
∗ 100 

 

Basic soluble cations (Ca2+ + Mg2+) were determined by atomic absorption spectrophotometer 

and Na+ by flamephotometer, and expressed as mmolc 1:1 of extract (Melese and Gemechu, 

2010). Carbonate (CO32-) and bicarbonate (HCO3-) concentrations were determined from 

saturated paste extract by simple acidimetric titration using phenolphthalein as  to indicate the 

CO32- and the methylorange to HCO3- (Reeuwijk, 2000). Chloride (Cl-) was determined by 

titrating the aliquot used for CO32-and HCO3- determination using silver nitrate to potassium 

chromate, while SO42- was determined in the saturated paste extract by precipitating as barium 

sulphate (BaSO4) (Reeuwijk, 2000).  Sodium adsorption ratio value was determined as 

proportion of water soluble sodium to calcium plus magnesium in the soil as:  

SAR =
(Na+)

�Ca2+ + Mg2+

2
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Residual sodium carbonate (RSC) content of the soil sample was calculated from 

concentrations of Ca2+, Mg2+, HCO3- and CO32- ions as:- 

 

RSC= [(CO32-+ HCO3-) – (Ca2++ Mg2+)] 

 

= [CO32-/30+ HCO3-/61] - [Ca2+/20+ Mg2+/12] 

 

Electrical conductivity (ECe) was determined from saturated paste extract following the 

methods of (FAO 1999) and (USSLS 1954). 

 

3.10. Data Analysis  

 
The profile soils samples of the irrigated and non irrigable lands were subjected to statistical 

analysis using Excel (13.0) software for descriptive statistics and presented in the form of table, 

graph and chart. Furthermore, analysis results were interpreted by comparing with the salinity/ 

sodicity classes of soil classified to different classes of salt/sodicity affected soils  as per the 

criteria established by FAO (1988, 1999). 
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4. RESULTS AND DISCUSSION 
 

4.1. Soil Physical Characteristics 

4.1.1. Soil textural class 

 

The data shows that there were differences in textural classes among the salt affected soil class. 

The textural classes of the soil varies from silt loam, loam and sandy loam in irrigated farm and 

loam and sandy loam in non irrigated farm soil profiles (Table 3). The texture of the soil was 

loam, which indicates the presence of high sand percentage than the other soil particles. It is 

more of loam and as compared with silt and clay can let the salt react  in the soil mixture  and  

then  leaching  can  be  easier  (Ziad  et  al.,  2004). 

 

The physical characteristic of the different soil depth of irrigated and non irrigated soil profile 

is presented in Table 3. The analysis indicates that the clay content varies with depth irregularly 

with the highest amount found in 20-40 cm depth (layer 2) in irrigated soil profile. According 

to particle size distribution rating proposed by Hazelton and Murphy (2007), surface soil of the 

was characterized the clay content of the soil for the study area is low. A similar pattern was 

observed with the non irrigated soil clay content with depth. The maximum clay content on this 

profile is 16% which is obtained at layer 7(120-140cm depth). The increase in clay content with 

depth might indicate the presence of eluviation and illuviation processes or simply translocation 

within the layers, whereas the decrease could be explained by clay accumulation on the surface 

as result of erosion from the upper slopes over that accumulated in the subsurface layers by 

both translocations and in situ formation. In line with this finding Buol et al. (2003) indicated 

that the accumulation of clay in the lower layer could have been contributed by the in situ 

formation of secondary clays.  On the other hand, the sand content in the soil depth 80-100cm 

(layer 5) of the profile was found highest contents (76%) followed by 60-80 cm (layer 4) which 

contains 61% sand for the irrigated soil profile. 
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4.1.2. Soil color 
 

The soil color of non irrigate farm  varied from reddish gray (2.5YR5/1 dry) to dark reddish 

gray (2.5YR3/1 wet) for all soil depth in the profile. The irrigated farm  (color dry) varied from 

reddish gray (2.5YR5/1) to dark reddish gray (2.5YR3/1 wet) as well. Soil color is the same for 

non irrigate farm for all soil depth in the profile (Table 3).  

 

In irrigated farm  dry soil varied in color from reddish gray (2.5YR5/1) to dark reddish gray 

(2.5Y4/1) in wet condition for layer three and five in the profile (Table 3). While the non 

irrigated farm  soil varied from weak red in dry condition (2.5YR 4/2) to dusky red (2.5YR3/2), 

dark reddish gray (2.5YR 4/1) to reddish black (2.5YR2.5/1) and dark reddish gray (2.5YR3/1) 

to very dark reddish (2.5YR2.5/2) to the layer of four, five and nine respectively for the profile 

(Table 3).  These variations in soil colour appears to be the function of chemical and 

mineralogical composition as well as texture of soils and conditioned by moisture regime 

(Walia and Rao 1997).  

 

The observed variations in color of dried and wetted soil could be attributed  to  differences  

with  depth  clay,  organic  matter  content,  parent  material  and  drainage  conditions  that  

affect  the  redoximorphic  reactions in the soil.  In line with the findings of this study, Dengiz 

et al. (2012) also indicated that soil color could be related to organic matter and carbonate 

accumulation.  
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Table 3:-Selected physical properties of the soil profile of the study area. 

Dep

th 

 

Particle size 

distribution (%) 

Tex 

clas 

BD 

gm/c

m3 

TP 

 % 

Soil color 

Clay Silt Sand Dry 

soil 

Munsell 

soil color  

Wet 

soil 

Munsell soil 

color 

Irrigated soil profile 

1 8 52 40 SiL 1.14 51 RG 2.5YR 5/1 DRG 2.5YR3/1 

2 18 44 38 L 1.21 54 RG 2.5YR 5/1 DRG 2.5YR3/1 

3 11 41 48 L 1.28 48 RG 2.5YR 5/1 DRG 2.5YR4/1  

4 8 31 61 SaL 1.41 45 RG 2.5YR 5/1 DRG 2.5YR3/1 

5 7 17 76 SaL 1.30 51 RG 2.5YR 5/1 DRG 2.5YR4/1 

6 9 41 50 L 1.27 51 RG 2.5YR 5/1 DRG 2.5YR3/1 

7 8 51 41 SiL 1.42 46 RG 2.5YR 5/1 DRG 2.5YR3/1 

8 10 40 50 L 1.48 47 RG 2.5YR 5/1 DRG 2.5YR3/1 

9 10 40 50 L 1.38 49 RG 2.5YR 5/1 DRG 2.5YR3/1 

10 9 39 52 L 1.45 45 RG 2.5YR 5/1 DRG 2.5YR3/1 

Non irrigated soil profile 

1 13 47 40 L  1.31 49 RG 2.5YR5/1 DRG 2.5YR3/1 

2 13 49 38 L 1.41 44 RG 2.5YR 5/1 DRG 2.5YR3/1 

3 6 38 56 SaL 1.40 45 RG 2.5YR 5/1 DRG 2.5YR3/1 

4 11 45 44 L 1.44 43 WR 2.5YR 4/2 DR 2.5YR3/2 

5 12 48 40 L 1.39 44 DRG 2.5YR 4/1 RB 2.5YR2.5/1 

6 13 48 39 L 1.4 46 RG 2.5YR 5/1 DRG 2.5YR3/1 

7 16 43 41 L 1.39 46 RG 2.5YR 5/1 DRG 2.5YR3/1 

8 8 46 46 L 1.41 47 RG 2.5YR 5/1 DRG 2.5YR3/1 

9 12 42 46. L 1.41 45 DRG 2.5YR3/1 VDR 2.5YR2.5/2 

10 7 40 53 SaL 1.42 45 RG 2.5YR 5/1 DRG 2.5YR3/1 

Note: - Layers in soil profiles were (1-10) 1=0-20cm, 2=20=40cm, and 3=40-60cm, 4=60-

80cm, 5=80-100cm, 6=100-120cm, 7=120-140cm, 8=140-160cm, 9=160-180cm, 10=180-

200cm   
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DR =Dusky Red, RB=Reddish Black, RG=Redish gray, DRG=Dark Reddish Gray, SiL=Silt 

Loam, L=loam, and SaL=Sandy Loam, WR=Weak Red, DRG=Dark Reddish Gray, 

VDR=Very Dusky Red 

 

4.1.3. Bulk density 
 

The bulk density values in both irrigated and non irrigated soil profile varied inconsistently 

with depth for non irrigated soil, whereas, it increased from 1.31 g cm-3 to 1.42 g cm-3  from 0-

20 cm to 180-200 cm profile depth (Table 3). The value increased from 1.14 g cm-3 at the 

surface (0-20cm) to 1.45 g cm-3 at the depth of 180-200 cm (Table 3).  The relatively lower 

bulk density values observed at the surface layer could be due to the relatively high organic 

matter contents which resulted in high total porosity (51%). The  bulk density values observed 

in this study were within the ranges expected in most mineral soils as indicated by Hillel (1980) 

and it was also reported that, soils dominated with sand fraction have relatively high bulk 

density values since total pore space in sand is less than that of silt or clay soils, online to this 

in the layers below the plow depth (0-20 cm) could be  due  to  the  decline  in  organic matter 

content  as  well  as  reduced root  penetration  and  compaction caused by the weight  of  the 

overlying soil materials. The higher bulk density under saline and sodic soil could be due to 

dispersions of flocculates’ (granules) by high exchangeable sodium percentage through wetting 

and formation of crusts up on drying. In addition to this, lower organic matter was recorded 

under saline-sodic soil which results for higher bulk density. The bulk density in soils, 

irrespective of landforms, increased with depth which might be due to finer particles in deeper 

layers caused by over head weight of the surface soils (Jewitt et al, 1979). The bulk density in 

soils, irrespective of landforms, increased with depth which might be due to finer particles in 

deeper layers caused by the overhead weight of the surface soils (Jewitt et al., 1979). 

 

4.1.4. Soil porosity 
 

The total porosity of the soil profile of irrigated farm was found to range from 45-54% (Table 

3). The maximum porosity value (54%) was for layer 2 (20-40cm depth) and the minimum 

porosity was observed for layer 4 and 10. The relatively lower values of total porosity observed 

at the bottom of irrigated farmland profile depth (45%) correspond to lower organic matter 
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content (0.7%) compared to the surface layer (2%) and the resultant higher  bulk density value 

(Table 3). This is in line with the finding of Pravin et al. (2013) who reported decrease in total 

porosity with soil depth as a result of increasing compaction, decreasing of rooting effect and 

organic matter content. The range of total porosity observed  in  the  soils  considered  in  this  

study  falls  within  the range of 45 to 54%  as reported by Abayneh (2001) for the soils of Raya 

Valley. 

 

Total porosity of non irrigated farm ranged from 43-49% and it showed some what inconsistent 

trend with depth. The total porosity of the surface layer was highest (49%) than subsurface. 

Pravin et al. (2013) reported a decrease in total porosity with soil depth as a result of increasing 

compaction, decreasing of rooting effect and organic matter content. 

 

4.2. Soil Chemical Characteristics 
 

4.2.1. Soil pH 
 

Soil pH of the irrigated farm land soil profile is at a higher level at all depths (7.6 to 8.8) and 

very high level (8.8) for soils of 160-180 cm layer (Table 4) as per as the pH rating range set by 

Frank (1990). Based on the rating of irrigated soil profile ranged as from moderately to strongly 

alkaline in reaction. Soil pH of the non irrigated land soil profile ranged from 7.4 to 8.5 (Table 

4). A high amount of sodium content could be the reason for high pH (greater than 8) and 

might causes soil crumbs to disperse or break apart. According to FAO soil salinity guideline 

report in 1988, Sodic soils contain high exchangeable sodium percentage (>15%) and also have 

a high pH value (mostly in the range of 8.0 to 10). The high pH leads to low micronutrient 

contents and decreases such as calcium, magnesium and phosphorus (Tesfai et al, 2002). Soil 

particles that are dispersed as a result of high sodium content are much smaller than well-

aggregated or clumped soil and cause the destruction of soil structure (Rhoades et al., 1992).   
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Table 4:-Selected chemical properties of the study area. 

Irrigated Soil Profile 

De

pth 

pH EC 

(ds/m) 

% 

OC 

  % 

TN 

Av P 

mg/k

g 

Ca 

cmol(

+)/kg 

Mg 

cmol(

+)/kg 

Na 

cmo

l(+)/

kg 

K 

cmol(+

)/kg  

CEC 

cmol(

+)/kg  

SAR  ESP 

% 

PBS

% 

1 8.2 14 1.2  0.32 41.7 19.1 16.3 7.1 11.8 52.2 1.7 13.6 98.2 

2 7.6 5.4 0.9  0.13 36.7 11 15.7 6.1 13.4 47.7 1.7 12.8 83.0 

3 8.3 5.5 0.8  0.19 24.1 14.2 14.9 7.1 3.3 37.5 2.0 18.3 98.4 

4 8.5 4.5 0.5  0.18 25.1 17.4 11.7 5.2 9.3 45.5 1.4 11.4 95.8 

5 8.3 4.1 0.9  0.18 37.8 18.3 9.3 8.2 4.5 46.3 2.2 17.7 87 

6 8.3 3.1 0.8  0.11 39.7 18.6 9.0 7.2 3.6 46 1.9 15.6 83.4 

7 7.7 2.5 0.6  0.35 27.1 13.4 8.8 7 3.1 46.6 2.1 15.0 69.3 

8 8.5 1.7 0.4  0.13 39 3.3 9.8 7.1 3.2 38.9 2.8 18.2 60.1 

9 8.8 1.3 0.3  0.16 26.8 9.4 11.6 7 2.9 34.4 2.2 20.3 89.8 

10 8.5 1.4 0.4  0.22 36.7 8.6 10.5 7.5 3.6 36.4 2.4 20.6 82.9 

Non irrigated Soil Profile 

1 8.5 4.3 1.0 0.27 32.7 11.5 13.3 7.3 8.6 47.6 2.07 15.3 85.5 

2 7.5 4.0 0.8 0.09 28.1 21.3 10.5 7.8 3.1 48.3 1.95 16.1 88.4 

3 8.3 9.7 1.5 0.22 35 15.6 12.5 5 2 47.6 1.33 10.5 73.7 

4 7.4 5.3 0.9 0.17 36.2 12 10.7 10.5 2.2 37.5 3.12 28 94.4 

5 8.4 5.0 0.5 0.15 38.9 13.4 7.6 8.8 4.1 34.7 2.7 25.3 97.6 

6 8.4 5.7 0.4 0.16 28.2 13.2 8.2 7.8 3.3 32.6 2.4 23.9 99.6 

7 7.8 4.3 0.7 0.18 25 13.1 11.2 7.3 3.6 43.8 2.1 16.6 80.3 

8 8.3 6.5 1.2 0.16 47 16.3 9.9 7.9 3.7 41.4 2.2 19.0 91.3 

9 8.4 5.3 1.1 0.12 46.5 18.4 13.7 11.6 4.2 52 3.0 22.3 92.1 

10 8.3 3.1 0.7 0.24 33.9 16.8 9 5.9 2.7 46.3 1.6 12.7 74 

Note:-Layers in soil profiles were (1-10) 1=0-20cm, 2=20-40cm, 3=40-60cm, 4=60-80cm, 

5=80-100cm, 6=100-120cm, 7=120-140cm, 8=140-160cm, 9=160-180cm, 10=180-200cm 
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4.2.2. Electrical conductivity 
 

Electrical conductivity (EC) of the soil profiles of irrigated and non irrigated farm ranged from 

1.3 ds/m at 160-180 cm depth to 14 ds/m at the surface layer and from 3.1 ds/m at 180-200 cm 

depth to 9.72 ds/m at 40-60 cm depth respectively (Table 4). 

 

The electrical conductivity of soil of the surface layer was found to be very high electrical 

conductivity (14 ds/m) which indicates strongly saline condition (Table 4). This very high EC 

in the top layer of the irrigated farm soil might probably be due to presence of shallow ground 

water and very high surface temperature conditions of the area that favours transport of 

dissolved salts to the surface which ultimately deposit at the surface when the water evaporates. 

Salts are brought to the surface through accelerated capillary rise from saline groundwater. Due 

to the absence of field drains and non-functioning of main drains in the irrigated farm soil 

profile, salinity is increasing and has gone even higher than the non-irrigated farm soil profile 

at the surface layer. Indeed, in the studied soil profiles, electrical conductivity (EC) of the soils 

was higher than 4 dS/m, indicating that there would be actual salinity hazard in the soils of the 

area (US Salinity Laboratory Staff, 1954). 

. 

The EC values presented in Table 4 suggested that the soils of the study area are affected by 

different levels of salinity. Some decreasing trend is observable in EC values of the irrigated 

farm soil with depth which might be due to movement of dissolved salt up in the profile with 

rises of water following high evaporation. However, this situation is not practical especially 

where concentrated or saline ground water recharges are the cause for soil salinity problem.  

 

The electrical conductivity showed that there is salinity problem of the non irrigated soil 

profiles as well (Table 4). Although not consistent, there is some increase in the values of 

electrical conductivity in the non irrigated soil profile with depth as opposed to the irrigated 

soil profiles. Due to slow leaching, salts keep on accumulating in the soil profile resulting in 

higher salinity in the non irrigated soil profile (Abbas, 2010). In general, the EC of the irrigated 

soil profile is less than the EC values of the non irrigated soil profile. The high to very high CEC 

values in the soils of the study area indicates the presence of more weatherable primary minerals as a 

plant nutrient reserve and thus such soils are considered to be soils capable of satisfactory production if 

other factors are favourable (Lelago et al., 2016). 
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4.2.3. Organic carbon 
  

The organic carbon content of irrigated soil profile decreased consistently with depth ranging 

from 1..2% at the surface (0-20 cm) to 0.5% at the depth of (60 -80 cm) categorized within the 

very low class  (Table 4) as per as the rating set by Frank (1990). Decreasing trends of organic 

carbon with depth in all layers were observed as found elsewhere in central alluvial region of 

u.P. (Tiwari et al. 1983). Besides this the organic carbon  contents of this profile also 

consistencely decrease as profile depth starting at the layer of 80-200 cm 0.9 % to 0.4  % 

categorized within  low to very low  (Table 4). According to the rating of soil organic carbon 

content established by Takalign et al, (1987) both irrigated and non irrigated soil profiles had 

very low organic carbon contents respectively. This could be due to the fact that the arid areas 

have a relatively very lower amount of organic carbon because of lower vegetation and is an 

indication of the absence of healthy soil biological conditions in the study area (Seid and 

Genanew, 2013). In addition, Yihenew (2002) revealed that most cultivated soils of Ethiopia 

are poor in their organic carbon content due to the low amount of organic materials applied to 

the soil and for complete removal of the biomass from the field. 

 

On the other hand, the non irrigated soil organic carbon increased inconsistently with depth 

ranging from 1.0 % at the surface (0-20 cm) to 1.5 % at the third layer (40-60 cm) and it is 

categorized within a very low class (Table 3) as per the rating set by Frank (1990). In addition 

to this from the depth of (60-160 cm), the organic carbon content showed some increased 

inconsistently (Table 4). And it decreases starting from profile depth of (140-160cm) to (160-

200 cm) through 1.2 to 0.7 % respectively. 

 

In salt-affected degraded areas, SOC (soil organic carbon) levels are likely to be affected by 

declining vegetation health and hence, decreasing biomass inputs and concomitant lower levels 

of organic matter accumulation. Moreover, potential SOC losses can be higher from dispersed 

aggregates due to Sodicity (Vanessa et al., 2006). 

 

4.2.4. Total nitrogen 
 

The total nitrogen content determined in all profiles based on the critical limit description of 

Landon (1984) and generally is in the range of low to medium (0.01-0.3%) and tends to 



35 
 

 
 

decrease with profile depth. Nitrogen is the most limiting plant nutrient in most of the 

Ethiopian cultivated soils. As related this total nitrogen content of the irrigated farm soil profile 

to this study is ranged from 0.11 to 0.35% (Table 4) and its content are low to very high as per 

the rating set by Frank (1990). The results showed inconsistent trends as depth increases, in 

most of the cases. In the non irrigated farm soil profiles, it ranged from 0.12 to 0.27 % (Table 

4) and it is less than the irrigated farm and can be ranged from low to medium as per the rating 

set by Frank (1990). The total nitrogen also inconsistently decreased as depth increased. 

According to Tadese (1991), the total nitrogen content of both the studied profile was low to 

very high. The presence of low to very high total nitrogen in irrigated and non irrigated farm 

soil profiles could be as a result of variation in the amount of organic matter content of the soil. 

Ali et al. (2010) reported that intensive and continuous cultivation aggravated organic matter 

oxidation and subsequently causes losses of nitrogen from the soil system. 

 

4.2.5. Available phosphorus 
 

The available phosphorus contents of irrigated soil profile showed a consistent decreasing trend 

from soil surface 0-120 cm to 60 -80 cm depth (41.7-24.1 mg/kg)  (Table 4). So the available P 

content of the soils decreased down the profile. Higher available P values in the surface layers 

as compared to subsurface layers could be attributed to the difference in OM content and 

application of P containing fertilizers. Takalign et al., (1987) also showed a decreasing trend of 

available P with soil depth. In the upper layer (0-20 cm), available phosphorus is usually 

greater than that in the sub-soil due to its gradual desorption, greater biological activity, higher 

addition and accumulation of organic matter in the surface soil than sub-soils. The decrease in 

available P with the profile depths is in agreement with the findings of Ali et al (2010) and 

Hailu (2014) who reported higher amount of Av. P contents of the soil in the surface depths. 

Seyoum et al (2000) also indicated decreases in available phosphorus content with increase in 

depth due to its fixation by clay and calcium in the sub-surface soil which was found to 

increase with depth. 

 

The non irrigated farm soil profile available phosphorus is greater at layer 0-20 cm (32.7 

mg/kg) as compared to layer 20-40 cm (28.1 mg/kg) (Table 4). Available phosphorus rises in 

some cases of non irrigated farm soil profile and it is followed by some inconsistencies with 

depth.  
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4.2.6. Cation exchange capacity 
 

According to the findings of this study, the irrigated farmland soil profile had very high CEC 

values which ranged from 34.4 cmol(+)/kg of soil at 180-200 cm to 52.2 cmol(+)/kg soil at the 

surface. The non irrigated farm land soil profile was also very high in CEC which ranges from 

32.6 cmol(+)/kg soil to 52 cmol(+)/kg soil (Table 4). According to Landon (1991), CEC values 

are rated < 5 as very low, 5 - 15 as low; 15 - 25 as medium, 25 - 40 as high and > 40 as very 

high.  

 

4.2.7. Exchangeable bases 
 

The highest exchangeable Ca value was recorded for the surface soil of irrigated soil profile 

19.1 cmol(+)/kg of soil (Table 4) and it was described as high according to the rating set by 

Frank (1990) and  and the lowest value was recorded for 3.3 cmol(+)/kg of soil at 140-160 cm 

layer (Table 4). On the other hand, exchangeable Ca increased irregularly with depth in some 

layers which could be attributed to the leaching of the cation down the soil layer. This result is 

in agreement with the finding of Ashenafi et al (2010) who reported increment of cations with 

depth due to leaching. 

 

High value of Ca at the surface layer of the irrigated farm lands might be due to the presence of 

high exchangeable Ca contents on the soil exchange complex. The distribution of exchangeable 

calcium showed inconsistency decreases in the irrigated soil profiles and values are rated as 

most layers are high. According to rating set by FAO (2006b)  the concentration of 

exchangeable Ca observed in the surface depths are categorized as high and medium level in 

the subsurface depths for irrigated and non irrigated farm land soil profiles. 

 

The exchangeable Mg content was very high (FAO, 2006b) for both irrigated and non irrigated 

soil profiles for all depths and the amounts of Mg were greater than 8 cmol kg-1 (Table 4).  

Both exchangeable cations did not show any consistent trend with depth. The exchangeable Na 

in both the irrigated and non irrigated soil profiles ranged from 5 to 11.6 cmol(+)/kg is very 

high as it was greater than 2 cmolc kg-1 as per as the rating set by Frank (1990) (Table 4). The 

exchangeable K content in the irrigated farm land soil profile ranged from 2.9 to 13.4 cmol kg-1 

(Table 4).Whereas none irrigated soil profile exchangeable K content ranged from 2 to 8.6 
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cmolc kg-1  and for both soil profiles the rates ranged as very high level as per as the rating set 

by Frank (1990). 

 

4.2.8. Exchangeable sodium percentage, sodium adsorption ratio and percentage base 

saturation 

 

The exchangeable sodium percentage (ESP) measures the amount of exchangeable Na relative 

to the total cation exchange capacity of soil. The exchangeable sodium percentage (ESP) of the 

soils is high (11.4%) to very high (20.6%) for irrigated and high (10.5%) to extremely high 

(28%) for non irrigated farm land soil profile depths as per the rating set by Frank (1990).  

 

The SAR value of the irrigated and non irrigated soil profiles were less than 13 that indicates 

the concentration of sodium in the soil solution was lower than the concentration of calcium 

and magnesium, this value is thresholds to define sodic soils (Table 4). This result is strongly 

agreed with the study by (FAO, 1988) that indicated sodic and salinity is a common problem in 

arid and semi-arid areas due to the fact that as water evaporates from the soil surface the salts 

remain in the soil and accumulates over time. In 1954, Richards proposed this ratio as an 

indicator of adsorption of sodium by soil and soil structure damage. Higher proportion of Na+ 

related to Ca2+ and Mg2+ affects the suitability of soil for crops. This ratio is used to calculate 

the degree to which cations dissolved in irrigation water and ground water tends to enter into 

cation exchange sites in soil. The main problem with high sodium concentrations, as mentioned 

before, is its effect on soil permeability. Sodium also contributes directly to total salinity of 

soil.  

 

The PBS of the soil profiles in the study area also showed considerable variability within and 

among the soil profiles. Accordingly, it ranged from 60.1 % to 98.4 % and from 73.7 % to 

99.6% sub surface layer in irrigated and non irrigated soil profiles of the sub surface layer and 

(surface layer and surface layer) respectively.  Generally, PBS of the soil profiles of the study 

area did not reveal any consistent trend with soil depth (Table 4). However, high amount of 

PBS was recorded at the subsurface layer (40-60 cm) and (120-140cm) than the surface layer 

(0-20 cm) in both of the soil profiles. This might be due to leaching of bases from the overlying 

layers and subsequent accumulation in the subsurface layers.  
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According to the rating set by Frank 1999 (2007), both sites of the soil profiles were within the 

range of moderate to very high with respect to PBS (Appendix Table 4). The value of PBS recorded 

throughout the profile was greater than 50 percent. This result was also in harmony with Abay and 

Sheleme (2012) who reported the value of PBS was greater than 50% by ammonium acetate 

throughout the soil profile.  

 

4.2.9. Soluble cations and anions 
 

The soil soluble ions considered in the study were: cations (Ca2+, Mg 2+, Na+ and K+) and 

anions (CO32-, HCO3-). In the irrigated farm land soil profile, among cations, Ca2+ was the 

most dominant cation at the surfaces with a value of 338 meq/l followed by Mg2+, Na+, K+ with 

233.58 meq/l, 17.54 meq/l, 5.06 meq/l K+ ( Table 5). Generally, the average contents of Ca2+ 

followed by Mg 2+ > Na+> K+ in this order were dominant soluble cations were dominant 

among the anions of the irrigated and non irrigated farm land. 
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Table 5:- Soil soluble cations and anions property of soil profiles of the study 

Irrigated   Soil  Profile 

Soluble cations and anions (meq/L) 

Depth Na+ K+ Ca2+ Mg2+ HCO3
2- CO3- RSC 

1 17.54 5.06 338 233.58 152 Trace -33.9 

2 6.33 2.85 62.3 62.75 159 Trace -5.7 

3 9.93 0.51 101.1 87 158 Trace -9.7 

4 8.22 0.53 69.9 65.08 190 Trace -5.8 

5 7.39 3.56 78.3 64.83 173 Trace -6.5 

6 8.59 0.46 82.5 77.08 169 Trace -7.8 

7 6.85 0.29 31.8 70.83 199 Trace -4.2 

8 4.97 0.19 42 31.67 199 Trace -1.5 

9 4.91 0.21 39.3 19.67 171 Trace -0.8 

10 6.3 0.17 45.2 17.67  58 Trace -2.9 

Mean 8.1 1.4 89 73 162.8 Trace -7.88 

Non Irrigated  Soil Profile 

1 5.98 0.96 37     63.67    175 Trace -4.3 

2 11.26 0.42 31.7     20.5    188 Trace -0.2 

3 14.61 0.27 118.4     98.9    188 Trace -11.1 

4 9.07 0.38 81.6     66.75    151 Trace -7.2 

5 13.17 0.46 63.8      57.7    168 Trace -5.2 

6 15.17 0.46 74.8      67    173 Trace -6.5 

7 12.54 0.51 64.9     60.9   165 Trace -5.6 

8 11.21 0.5 86.5     69.6   187 Trace -7.1 

9 15.59 0.6 79     66.75   190 Trace -6.4 

10 11.89 0.55 45.2     52.4   185 Trace -3.6 

Mean 12.05 0.51 68.1 62.4 177 Trace -5.72 

Note: - Layers in soil profile were (1-10) 1=0-20cm, 2=20-40cm, 3=40-60cm, 4=60-80cm, 

5=80-100cm, 6=100-120cm, 7=120-140cm, 8=140-160cm, 9=160-180cm, 10=180-200cm. 

 

Based on Table 5, the Ca2+ content varies with depth inconsistency in the irrigated soil profile 

with the lowest values of the bottom of the profile. The Mg2+, Na+, and K+ contents also 
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showed inconsistent variation with depth (Table 5). In non irrigated farm land soil profile, 

among cations, Ca2+ has the highest value at the depth of 40-60 cm with 118.4 followed by 86.5 

meq/L at 140-160 cm and some inconsistent changes were observed with depths (Table 5). The 

Na+ and Mg2+ contents also showed variation with depth.  In general only K+ has decreased 

with increasing depth of irrigable and non irrigable farm land soil of the study areas, 

consistently.  

 

As HCO3-levels increased at second and third layer of irrigated soil profile then decreased and 

again showed an increase lower in the soil profile. The same kind of variation was observed in 

the non irrigated soil profile. In all the profiles the content of CO3-   was found to be trace in all 

layers of the soils. The trace values of RSC were due to non-presence of CO32- in irrigated and 

non irrigated soil profile soil samples. However, the irrigation water was suitable for irrigating 

from RSC point of view (Dhembare, 2012). The dominance of the sum of Ca2+ and Mg2+ over 

the sum of CO32- and HCO3- was reflected in the trace values of RSC in this specific 

irrigation water of the study area. Ca2+ and Mg2+ levels are depleted due to less solubility in 

HCO3-enriched environments and Na+ becomes the predominant cation in solution. Exchange 

of Na+ by Ca2+ or Mg2+ on clay surfaces may also contribute to more Na+ in solution (van 

voast, 2003). 

 

4.3. The Salinity/ Sodicity Classes of Soils of the Study Area 
 

As it is evident from Table 4, the first five layers of the irrigated  soil profile has an EC value  

greater than 4 and a pH value less than 8.5 except layer 4 . Looking at the ESP value of these 

layers, it is the 3rd and 5th layer which have ESP value greater than 15%. On the other hand 

layer 6-10 of the irrigated soil profile showed an EC values less than 4 and an ESP value 

greater than 15% and a pH value greater than 8.5 except for layer 6 and 7. Considering the non 

irrigated farm soil, the EC is greater than 4 for all layers except last layer. The pH is less than 

8.5 except the top layer and the ESP is greater than 15% in most of the cases except layers 3 

and 10. In general this findings, it can be said that the top part of the soil is saline for the 

irrigated farm land and saline sodic for the non irrigated farm land. 
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From the standpoint of the criteria set by the USSLS (1954), with regards to ECe, pHe, ESP 

and SAR, irrigated and non irrigated soil profile were classified as saline- sodic and sodic soil 

having average value of 4.4 dS m-1,8.3, 16.4 % and 2.1of ECe, pHe, ESP and SAR, 

respectively (Table  6). 

 

Table 6:- The salinity/sodicity classes of soils of the study  

Irrigated soil profile 

Depth 

(layer) 

pH EC 

(ds/m) 

SAR  ESP % Salinity classes 

1 8.2 14 1.7 13.6 Saline 

2 7.6 5.4 1.7 12.8 Saline 

3 8.3 5.5 2.0 18.3 Sodic-sodic 

4 8.5 4.5 1.4 11.4 Sodic-sodic 

5 8.3 4.1 2.2 17.7 Saline-sodic 

6 8.3 3.1 1.9 15.6 Saline  

7 7.7 2.5 2.1 15.0 Saline-sodic  

8 8.5 1.7 2.8 18.2 Sodic  

9 8.8 1.3 2.2 20.3 Sodic  

10 8.5 1.4 2.4 20.6 Sodic  

Mean 8.3 4.4 2.1 16.4 Saline-sodic 

Non irrigated soil profile 

1 8.5 4.3 2.07 15.3 Saline-sodic 

2 7.5 4.0 1.95 16.1 Saline-sodic 

3 8.3 9.7 1.33 10.5 Saline 

4 7.4 5.3 3.12 28 Saline-sodic 

5 8.4 5.0 2.7 25.3 Saline-sodic 

6 8.4 5.7 2.4 23.9 Saline-sodic 

7 7.8 4.3 2.1 16.6 Saline-sodic 

8 8.3 6.5 2.2 19.0 Saline-sodic 

9 8.4 5.3 3.0 22.3 Saline-sodic 

10 8.3 3.1 1.6 12.7 neutral 

Mean 8.1 5.3 2.2 19 Saline-sodic 
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Note: - Layers in soil profile were (1-10) 1=0-20cm, 2=20-40cm, 3=40-60cm, 4=60-80cm, 

5=80-100cm, 6=100-120cm, 7=120-140cm, 8=140-160cm, 9=160-180cm, 10=180-200cm. 
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5. SUMMARY AND CONCLUSIONS 
 

Characterization and classification of soils in salinity and sodicity classes is crucial for soil 

resource assessment and management in arid and semi-arid areas. This is because effect of salt 

affected soils is a widespread problem of the world including Ethiopia. In view of this, a study 

was conducted in Ambo-Coba areas of the Kobo wereda to characterize and classify the soils of 

the study area in relation to salinity and alkalinity.  

 

For the study, two soil profiles were opened (2mx1.5mx1.5m each) on irrigated and non 

irrigated farm. Soil samples were collected depth-wise and a total of 20 soil samples were 

collected from the irrigated and non irrigated soil profiles at 20cm intervals to characterize the 

salinity status of the soils of the study area on the bases of selected physicochemical properties. 

The results of the analysis revealed that the dominant soil colors were reddish gray in dry soil 

and dark reddish gray in moist soil for both irrigated and non irrigated soil profiles. The  soil  

textural  class  of  the  surface  of irrigated and non irrigated soil profiles (0-20 cm) of the 

profile was silt loam  and almost for eight profile depths it was loam, while  it  was  loam and 

sandy loam  for  the underlying bottom layer of the profile. The bulk density of the layers in the 

profile varied from 1.14 to 1.48 gm cm3-1 for irrigated soil profile and from 1.31 to 1.42 gm 

cm3-1for the non irrigated soil profile.  

 

The  pH  of  the  irrigated soil profiles increased inconsistently  with increasing  soil  depth  

from  8.2 at  the  surface of the profile (0-20 cm) to 8.8 at the lower layers of the profile (160-

180 cm) and the pH in the non irrigated soil profiles showed inconsistent variation  with 

increasing  soil  depth  from  8.5  at  the  surface of the profile (0-20 cm) to 8.3 at the bottom of 

the profile (180-200 cm). The total N contents of the top layer to bottom layer of the profile of 

irrigated soil profiles showed somewhat inconsistent variation with increasing soil depth from 

0-20 cm to180-200 cm. Whereas total N contents of the surface and bottom  profile for non 

irrigated soil profiles has also showed a similar variation with depth. The EC of the top layers 

of the irrigated farmland profile was found to be above the threshold value of saline soil which 

is 4ds/m and the same holds true for the non irrigated soil profile as well. 

. 

The organic carbon contents  from surface layer to bottom layer of the profile of irrigable farm 

land has shown some decreasing trend inconsistently with increasing soil depth. Whereas the 
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organic carbon contents of non irrigable farm land of top layer to bottom layer also showed 

decreasing inconsistent trend with increasing of soil depth. The available P content from 

surface to bottom of the profile of irrigated soil profile has varied inconsistently with increasing 

depth and it was very high in content in many of the cases. Whereas the available P contents of 

the profile of non irrigated soil profile was ranged also very high. 

 

The soil exchange complex of both soil profiles were predominantly occupied by divalent basic 

cations (exchangeable Ca followed by Mg). The CEC values of the soils in the study area as 

determined in the soil profiles were as high and very high. The CEC values of the irrigated soil 

profile decreased inconsistently with depth and rated as high and very high throughout its 

depth. The CEC value of the non irrigated soil profile also decreased inconsistently with 

increasing depth and was also rated as high and very high throughout its depth. The ESP values 

of both the irrigated and non irrigated soil profiles showed variations but in general it is less 

than 15% for the top soil of the irrigated farm land and greater than 15% for the top soil of the 

non irrigated soil profile. 

 

In general, considering the top layers of the soils of both sites (as they are responsible for 

agricultural purposes) taking in to account their EC, ESP, and pH values. The soils can be 

classified as saline and saline sodic soil for the irrigated and non irrigated farms respectively.  

 

This study presents important findings concerning soil physico-chemical characteristics, soil  

Salinity/sodicity status classes at Ambo-coba Area in Golina watershed in Raya valley, northern 

Ethiopia. From the analytical result of soil and field observation, the following recommendations 

can be forwarded. 

 

• Appropriate management and reclamation approaches are recommended for the soils of 

the area for future agricultural activity to minimize the hazards. These kinds of soils 

bring to the environment as well as to productivity of the farms. 

 

• Frequent monitoring of irrigation waters, selection of suitable verities and crops, for 

removing of excess salts by leaching, adopting careful means of irrigation and fertilizer 

application together with the addition of organic manures; for such sustainable and 

productive utilization of the land resources. 
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7. APPENDICES 
 

Appendix Table 1:-Rating of organic carbon, organic matter, total nitrogen, cation exchange 

capacity and available P. 

Rating OM% TN% (Kjeldahl method) CEC cmol (+) kg-1 Available P 

(ppm) 

Very high >6 >0.3 >40 >20 

High 4.2-6 0.225-0.3 26-40 15- 20 

Medium 2-4.2 0.125-0.225 13-25 10 - 15 

Low 1-2 0.05-0.125 6-12 5 - 10 

Very low <1 <0.05 <6 < 5 

Source: adopted from Metson (1961) for organic matter 

 

Appendix Table 2:-Rating for absolute amounts of exchange cations (cmol(+)/kg soil) 

Rating Ca Mg Na K 

Very high > 20 > 8 > 2 > 1.2 

High 10 - 20 3 - 8 0.7 - 2 0.6 - 1.2 

Medium 5 - 10 1.5 - 3 0.3 - 0.7 0.3 - 0.6 

Low 2- 5 0.5- 1.5 0.1- 0.3 0.1- 0.3 

Very low <2 <0.5 <0.1 <0.1 

Source: B. Frank 1990 (Adapted from agricultural compendium; FAO and Booker (MTS) 

 

Appendix Table 3:-Rating of soil electrical conductivity 

Rating EC critical level 

Strongly saline >15 

Moderately saline 8-15 

Slightly saline 4-8 

Slightly saline 2-4 

Salt free <2 

Source: B. Frank 1990 (Adapted from agricultural compendium; FAO and Booker (MTS) 
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Appendix Table 4:- Rating for Base saturation Percentage (BSP). 

Rating BSP 

very low <20 

low 21 - 40 

medium 41 - 60 

high 61-80 

Very high 81-100 

Source: B. Frank 1990 (Adapted from agricultural compendium; FAO and Booker (MTS) 

 

Appendix Table 5:-Exchangeable sodium percentage (ESP).  

Rating ESP (%) 

low <2 

medium 2 - 8 

high 8 - 15 

very high 15-27 

Extremely high >27 

Source: B. Frank 1990 (Adapted from agricultural compendium; FAO and Booker (MTS) 

 

Appendix Table 6:-pH rating (1:2.5 soils: water suspension). 

Rating pH 

very strongly acid < 4.5 

strongly acid 4.5 - 5.2 

moderately acid 5.3 - 5.9 

slightly acid 6.0 - 6.6 

neutral 6.7 - 7.3 

moderately alkaline 7.4 - 8.0 

strongly alkaline > 8.0 

Source: B. Frank 1990 (Adapted from agricultural compendium; FAO and Booker (MTS) 
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Appendix Table 7:-Classification of salt affected soils based on their chemical properties. 

Salt affected soil 

type 

 (ECe) 

(mmhos/cm) 

  (ESP) (%) (pH value) SAR Former name 

Saline >4 <15 <8.5 <13 White Alkali 

Saline sodic >4 >15 <8.5 >13 Either of the two 

Sodic (Alkali) <4 >15 8.5-10 >13 Black Alkali 

Non-saline non-

sodic 

<4 <15 About neutral <13 Normal Soils 

 US Salinity Laboratory Staff (1954) 
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