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Abstract 

Soil salinity is a significant challenge to crop productivity, particularly in arid and semi-arid regions. Effective mitigation 

requires a thorough understanding of soil chemical composition and water quality before implementing sustainable irrigation 

projects. This study aimed to characterize, classify, and map soil salinity and sodicity in the small-scale Kedale irrigation area of 

Yabello district. A total of 42 composite soil samples were collected from irrigated farm plots at four depths (0-30 cm, 30-60 cm, 

60-90 cm, and 90-120 cm) and analyzed for soil texture, pH, electrical conductivity (EC), cation exchange capacity (CEC), 

exchangeable bases (Ca, Mg, Na, K), exchangeable sodium percentage (ESP), and sodium adsorption ratio (SAR). Soil salinity 

and sodicity were mapped using ArcGIS 10.8 with Kriging interpolation. Additionally, irrigation water samples were analyzed 

for ECe, pH, ESP, and SAR to assess water quality. The results showed that soil texture varied from sandy loam at shallow depths 

to sandy clay at deeper layers. The soil's average ESP, EC, and pH were 16.41%, 3.99 mmhos/cm, and 8.62, respectively, 

indicating that it is sodic according to FAO classification. Irrigation water analysis further revealed a slightly sodic nature. To 

ensure sustainable agricultural productivity in the Kedale irrigation scheme, immediate soil salinity management is 

recommended. Key interventions include gypsum application, organic amendments such as compost, the cultivation of 

salt-tolerant crops, the adoption of environmentally friendly irrigation practices, and farmer education on effective land and 

water management strategies. 
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1. Introduction 

Soil degradation presents a major challenge globally, es-

pecially in numerous developing nations where a large seg-

ment of the population relies on soil for their livelihoods [1]. 

Soil salinity is the second biggest contributor to land degra-

dation, after soil erosion, and it has been connected for 10,000 

years to the downfall of agricultural communities [2]. It may 

arise from the weathering of rocks and minerals or the ac-

cumulation of salts driven by irrigation in areas with inade-

quate drainage [3]. Globally, salt-affected soils are a problem 

that affects every continent in nearly all climates [4]. However, 

their distribution is generally more widespread in arid and 

semi-arid regions compared to humid areas. In various parts 
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of the world, the development of sodic soils and soil salinity, 

which contribute to land degradation, result from inadequate 

irrigated agriculture in arid and semi-arid regions. Degrada-

tion of a land attributed to soil salinity problem became major 

threats to small-scale agriculture in Africa. According to 

findings by Paul & Lade [5], salinity affects 1,899 million 

hectares of land in Africa. 

Therefore, researching arid lands and salt-affected soils has 

become a crucial subject for contemporary agricultural 

management, especially in impoverished countries like 

Ethiopia, where agriculture is fundamental to the economy 

and over 60% of the land is classified as arid or semi-arid [6]. 

Nine percent (9%) of the Ethiopian population lives in areas 

affected by salinity. The semi-arid and arid lowlands and 

valleys in Ethiopia face significant issues with salinity and 

alkalinity. Approximately 44 million hectares, or 36% of the 

country's total land, are potentially vulnerable to salinity is-

sues. Of this 44 million hectares, 33 million hectares pre-

dominantly experience salinity problems, 8 million hectares 

have a combination of salinity and alkalinity issues, and 3 

million hectares are primarily affected by alkalinity [7]. 

Salt-affected soils are typically found in irrigated areas, 

particularly in arid and semi-arid areas when annual rainfall is 

insufficient to fulfill plant evaporation requirements and salt 

leaching [8]. Additionally, it influences plant growth through 

the development of an osmotic pressure inside the plants, 

which causes the roots to take harder to absorb water [9]. This 

is attributed to the constantly changing climatic conditions, 

high rates of evapotranspiration, insufficient water for 

leaching, and poor quality of irrigation water [10]. According 

to many reports, the majority of Ethiopia's land affected by 

salinity and/or sodicity is located in the Rift Valley area [11, 

12]. Hence, it is anticipated that the adoption of intensive 

irrigation practices in this irrigation scheme may lead to a 

gradual buildup of salts and a decline in agricultural produc-

tion. Research has shown that ongoing irrigation practices can 

impact the potential for agricultural production due to salt 

accumulation in irrigated fields [13]. 

Research on salt-affected agricultural soils in the Southern 

Ethiopia Rift Valley remains sparse, indicating a significant 

knowledge gap. The lack of comprehensive assessments of 

irrigation water quality and soil salinity makes difficult to 

develop intervention scenarios and successful restoration 

plans. This lack of information has left communities without 

adequate understanding of soil salinity/sodicity status, the 

causes of waterlogging, and optimal management practices 

for irrigated farmland. Addressing these gaps is essential, as 

successful reclamation efforts can enhance agricultural 

productivity, improve food security, reduce water consump-

tion, and promote soil health, potentially leading to a 50% 

increase in crop yields and a reduction in pest and disease 

prevalence. Therefore, the present investigation will be 

planned to study the extent of salinity status of Kedale irriga-

tion farm and to map its spatial distribution through a 

geo-statistical and geo-spatial approach. 

Objectives: 

To characterize, classify and map small scale kedale irri-

gation area of Yabello district. 

2. Materials and Methods 

2.1. Description of the Study Area 

The study was conducted in the Kedale Irrigation Scheme 

of Yabello District, Borana Zone of Oromia Regional State, 

and Southern Ethiopia. It is located at 570 km south of Addis 

Ababa, and both the Ganale-Dawa and Rift-Valley River 

basins cross through it. Its altitude varies from 1000 to 1800 

meters above sea level (masl) at the latitude and longitudes of 

4°52'48.19''-4°53 5́9.9´́ N and 38°15'45.1''-38°17 2́0.8´́ E, 

respectively [14]. Yabello District has bimodal rainfall, with 

the main rainy season locally known as Ganna (60%) is oc-

curring during March to May and the short rainy season lo-

cally called Hagaya (30%) occurring from October to No-

vember. The mean annual rainfall in the Yabello district 

ranges from 400 mm to 900 mm with high altitudinal varia-

bility. The climatic data of Yabello metrological station in-

dicated that the mean annual maximum and minimum tem-

perature are 28.5oC and 12.3oC, respectively [15]. 

2.2. Soil and Farming Practices 

The soil types in the study area include Chromic Cambisol, 

Eutric Cambisol, Chromic Luvisols, Epileptic Leptosol, and 

Pellic Vertisol, which are classified into five main textural 

classes: clayloam, sandyclayloam, loamysand, clay, and loam 

[16]. Chromic Luvisols were found to be the dominant soil 

type, which accounts for 79.4% of the total study area [17]. 

The major crops grown in the study area are maize (Zea mays), 

tef (Eragrostis tef), and haricot bean (Phaseolus vulgaris) 

[18]. Farmers generally cultivate crops using rainfed agri-

culture as a crop-livestock mixed farming system, and irriga-

tion has also become a vital component of agricultural pro-

duction activities. 

2.3. Soil Sampling 

Based on the topographic and soil variability of the 

schemes, the study area was classified into different mapping 

units. In this study, the mapping unit opened was five (four 

pits were from irrigated farms and one was from rain fed) 

based on the criteria set for agricultural salt-affected soil 

studies by Wogi et al [19]. As a control, soil samples from 

rain-fed farmland were also gathered using a similar meth-

odology. Every sampling point was georeferenced. Soil sam-

ples were taken for this study. down to a depth of 120 cm, 

which was divided into four sampling depths: 0-30 cm, 31-60 

cm, 61-90 cm, and 91-120 cm. This depth is the most com-

monly used for soil salinity assessment [20]. Accordingly, 42 

soil samples in all were collected and submitted to the soil 
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analytical lab of the Yabello Pastoral and Dryland Agriculture Research Center. 

 
Figure 1. Map of the Study Area. 

2.4. Soil Analysis 

The soil samples collected were air-dried, ground to pass 

through a 2 mm sieve, and stored in clean sample bags for 

analysis [21]. Following standard testing procedures, the sam-

ples were analyzed for various chemical properties, including 

the electrical conductivity (EC) of the soil solution (using a 

1:2.5 soil-to-water ratio), soil pH, cation exchange capacity 

(CEC), and exchangeable bases (Calcium, Magnesium, So-

dium, and Potassium). The soil pH was measured with a pH 

meter using a 1:2.5 ratio of distilled water to soil solution, while 

the EC was determined using saturated paste extracts. The 

cation exchange capacity (CEC) of the soils was determined 

using an extracted excess ammonium acetate solution. Sodium 

(Na) and potassium (K) levels were quantified through flame 

photometry. Soluble calcium and magnesium were measured 

via titration with ethylenediaminetetraacetate (versenate), as 

outlined by Zhang et al [22]. Finally, the exchangeable sodium 

percentage (ESP) was calculated as the ratio of exchangeable 

sodium to the cation exchange capacity (CEC) of the soil, ex-

pressed as a percentage, using the following formula: 

ESP (%) =
Exchangeable sodium (Na+)

𝐶𝐸𝐶
∗ 100  

2.5. Characterization of Salt Affected Soils 

The following criteria, set by the US Department of Agri-

culture [23], were used to classify the soils into the various 

salt-affected soil classes: 

Table 1. Guideline for classification of salt-affected soils. 

Classification 
EC of saturation extracts (ECe) 

at 25°C (mmhos/cm) 

Exchangeable Na percentage 

(ESP) 
pH (H2O) Soil physical condition 

Saline >4 <15 <8.5 Normal 

Sodic (alkali) <4 >15 >8.5 Very poor 

Saline sodic >4 >15 >8.5 Normal 
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Classification 
EC of saturation extracts (ECe) 

at 25°C (mmhos/cm) 

Exchangeable Na percentage 

(ESP) 
pH (H2O) Soil physical condition 

Non-saline non-sodic <4 <15 ≈7.0 Normal 

Source: FAO, 2020. 

Table 2. Criteria for determining the level of salinity and sodicity in soil. 

Salinity (ECe in dS/m) Sodicity (ESP in%) 

Intensity FAO (2008) Intensity FAO (2008) 

Non saline 0.75 Non-sodic 6 

Slightly saline 0.75-2 Slightly sodic 6-10 

Moderately saline 2-4 Moderately sodic 10-15 

Strongly saline 4-8 Strongly sodic 15-25 

Very Strongly saline 8-15 Extremely sodic >25 

Source: FAO, 2020. 

2.6. Soil Salinity Mapping 

ArcGIS 10.8 was used to map the salinity/sodicity of the 

soil using electrical conductivity and the proportion of ex-

changeable sodium. The electrical conductivity and ex-

changeable sodium percentage values at unsampled locations 

were estimated using the Kriging model [24], while the other 

soil quality metrics were spatially mapped using Inverse 

Distance Weight (IDW) [25]. 

2.7. Water Sampling and Analysis 

Water samples were collected from various points along the 

schemes' high, middle, and lower irrigation canals. Polyeth-

ylene (plastic) bottles were used to collect the water sample. 

The samples were transported to the laboratory and analyzed 

for their chemical composition. In general, irrigation water 

sample collection and processing followed the guidelines 

provided by the US Department of Agriculture [23]. The pH, 

EC, and dissolved cations (Ca, Mg, Na, and K) of the water 

samples that were collected were analyzed. Using a conduc-

tivity meter and a digital pH meter, the water samples' EC and 

pH were measured in a lab within a day. Exchangeable Na and 

K were examined using a flame photometer, whereas soluble 

Ca and Mg were determined using EDTA titration. The 

General guidelines used for classification of salinity/sodicity 

hazard of irrigation water was based upon EC and Sodium 

Adsorption Ratio (SAR) in me/100g soil. 

SAR =
Na+

√
(Ca2++Mg2+)

2

  

Table 3. General guidelines for salinity class of irrigation water USSL staff (1994). 

No. Salinity class EC (mmhos/cm) Sodicity class SAR value 

1 Low saline 0.1- 0.25 Low Sodicity <10 

2 Medium saline 0.25-0.75 Medium Sodicity 10 to 18 

3 High saline 0.75 - 2.25 High Sodicity 18 to 26 

4 Very high saline >2.25 Very high Sodicity >26 

Source: FAO, 2020. 
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3. Results and Discussions 

3.1. Soil Physical Characteristic: Textural 

Classes 

This result showed that for 0-30cm, Kedale Irrigation Site’s 

Soil texture was Sandy Loam and sandy clay loam for 

30-60cm it was sandy clay, for 60-90cm it was sandy clay 

loam for 90-120cm it was sandy clay (Table 4). The soil 

texture shows a general trend from sandy loam at shallower 

depths to sandy clay at greater depths, suggesting a need for 

balanced irrigation and nutrient management practices to 

optimize crop growth. The study also showed that there is 

some difference in the texture of the studied pits. Soil textural 

differences could be used to study soil formation processes 

because they can reveal information about the parent material 

as well as the rate of soil formation and nutrient supply. The 

textures of clayey and sandy soils differ; sand formed more 

slowly because of its smaller surface area and weathering 

process. Because of their greater surface area and ability to 

connect with minerals that are more readily absorbed by 

plants, clayey soils are able to contain more nutrients than 

other types of soil. The study of soil texture on these irriga-

tional farms indicates a variation in clay and silt percentages 

with depth, which may affect crop management strategies. 

The variation in silt percentage is significantly higher, indi-

cating more variability in silt across different depths than sand 

or clay. The significant variation in clay and silt across the 

different depths points to unique conditions that may be lev-

eraged or need to be managed differently based on specific 

farming practices. 

Table 4. Soil textural analysis at different depth of Kedale irrigation land. 

No Depth %sand %clay %silt Soil Textural class 

1 0-30 61.45 18.77b 19.78a Sandy Loam 

2 30-60 57.92 32.65a 9.43b Sandy clay Loam 

3 60-90 52.26 39.34a 8.39b Sandy clay 

4 90-120 56.65 31.63a 11.72b Sandy clay loam 

 
CV 11.73 21.17 43.25 

 

 
LSD ns 8.93 7.35 

 

 

P- Value 0.24 0.0022 0.02 

 
 

3.2. Soil Chemical Characteristics 

3.2.1. Soil Reaction (pH) 

Soil pH is therefore an ideal means of determining the level 

of acidity or alkalinity that is present in the soil as well as the 

chemical impact that might be occurring on the chemical 

constitution of the earth, its influence on plant growth and 

health. The study area's soil pH values varied from 7.97 to 

9.75, with a mean of 8.62 and a CV of 4.28. The low CV of 

4.28% (Table 5) confirmed that the pH values of the soil were 

consistent across the entire study area. The soils in the irriga-

tion scheme fall into the neutral to a moderately alkaline 

category according to Jones et al [26] classification of soil 

alkalinity, which emphasizes the importance of soil pH in 

relation to appropriate crop watering techniques and the 

maximum realization of yields per unit area because different 

crops have varying tolerance levels to various soil types, 

whether they are acidic or alkaline. 

Sodic soils have a high pH (usually between 8.0 and 10) and 

a high exchangeable sodium percentage (>15%), according to a 

FAO [27] study on soil salinity guidelines. These soils have 

several negative consequences on plant development. Sodium 

ions are known to be toxic to plants and they affect the nutrition 

and metabolism of the plants. Sodic soils have a high pH which 

is normally detrimental to most plant species. High pH limits 

macronutrient nutrient access such as calcium, magnesium and 

phosphorus as well as micronutrient inadequate availability 

[28]. These accumulated in plants as sodium, molybdenum, and 

boron can lead to direct poisonousness, detrimental physical 

modification of the plant architecture, and stunted growth and 

kill even more delicate plants. 
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3.2.2. Soil Electrical Conductivity (EC) 

 
Figure 2. Slope Class of Kedale Irrigation Farm. 

A saturated extract from soil paste (ECe) is used in the meas-

urements to determine the total amount of soluble salts. The 

saturated extract technique is the recommended approach since it 

considers the texture of the soil. The electrical conductivity (EC) 

is generally moderately saline, which ranges between 3.25 μS/m 

in the sub soil (90-120 cm) and 5.11 μS/m in the first soil depth 

(0-30 cm) with a mean of 3.99 μS/m. Furthermore, a declining 

trend in the EC value was observed at the soil depth sampling 

locations (Figure 2). The research report by W. Al-Jassem et al 

[29], which clearly stated that soil electrical conductivity de-

creases with soil depth, significantly agrees with this finding. 

This is mostly because of the sodic soil properties that can lower 

soil water infiltration and the poor leaching of saline soil to the 

subsurface, which resulted in salinity building up on the plough 

layer. But this scenario is impractical, particularly when the 

problem of soil salinity is caused by concentrated or saline 

groundwater recharge. In this case, as the depth of the soil in-

creases, soil salinity in general and EC values in particular in-

crease. In consistent with this finding Kasahun et al [30] noted 

that inadequate water infiltration can result in waterlogging, poor 

drainage, and increased EC on the surface and subsurface soil. 

Therefore, EC values at the Kedale irrigation water are in the 

range of moderately saline to strongly saline and have the po-

tential to restrict plant growth and crop yield. 

3.2.3. Cation Exchange Capacity (CEC) 

Table 4 shows that the CEC of the soils varied from 15.88 to 

33.62 cmolc·kg−1. The CEC of the soils in the irrigation scheme 

fall into the medium to high category based on rating of Ha-

zelton, and Murphy [31]. This classification indicates that the 

soil has a moderate capacity to hold cations, which can affect 

nutrient availability for plants. The soils with a high CEC are 

more fertile and have the capacity to store more cations. In line 

with this findings Bonanomi [32] stated that, the soils in the 

study area have a moderately high CEC, indicating that they are 

fertile and able to sustain a wide range of plant development. 

The CEC of the soil is influenced by the type of soil, the 

amount of clay and organic matter in the soil, and the pH of the 

soil [33]. Clay particles have a greater CEC than sand-based 

soils because they can bind more cations and have a greater 

surface area. In agreement with these results, Wogi et al [19] 

state that CEC is increased above the high value (25-35 cmolc 

kg−1) for both surface depth (0-30 cm) and subsurface depth 

(30-60 cm) of saline soils, suggesting that restoration might 

make the soils productive. Hence, more weatherable primary 

minerals may be present in the soils of the Kedale Irrigation 

area, acting as a reservoir of plant nutrients, which explains the 

unusually high CEC rating. Therefore, if other conditions are 

appropriate, these soils are considered productive [34]. 
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Table 5. Soil salinity status at Kedale irrigation schemes. 

Depth pH EC (dS/m) CEC (cmol (+)/kg) Exch. Na Exch. Ca Exch. Mg Exch. K ESP class 

Surface 7.88c 4.56a 28.89ab 4.23ab 2.86ab 3.78 1.56ab 14.64 saline 

0-30 7.97c 5.11a 28.86ab 4.04ab 3.92a 6.84 1.87a 13.99 saline 

30-60 8.63bc 3.62a 33.62a 6.35a 3.58a 6.79 1.50ab 19.00 sodic 

60-90 8.87ab 3.42b 22.19bc 4.75ab 2.42b 7.73 1.34b 18.63 sodic 

90-120 9.75a 3.25b 15.88c 3.25b 2.34b 7.94 1.22b 15.77 sodic 

Mean 8.62 3.99 25.89 4.52 3.02 6.62 1.50 16.41 sodic 

CV 4.28 20.81 23.95 28.85 19.23 15.54 22.03 30.76  

LSD 0.48 1.19 8.76 1.93 0.81 ns 0.45 ns  

P- Value 0.01 0.01 0.07 0.03 0.002 0.30 0.04 0.78  

 

3.3. Characterization of Soil Salinity Status at 

Kedale Irrigation Scheme 

Table 5 demonstrates that the levels of cation exchange ca-

pacity (CEC) and exchangeable sodium percentage (ESP) varied 

significantly at (p < 0.05) across the different sampling depths. 

At a depth of 30 to 60 cm, the highest ESP of 19% and at the 

depth 0-30cm the lowest ESP of 13.99% were measured. These 

analyses indicated that the soil within the Kedale irrigation 

scheme was classified as strongly sodic at depths ranging from 

30 to 120 cm, while it was categorized as moderately sodic at 

depths from 0 to 30 cm. The site's average soil pH, ESP, and EC 

were 8.62, 3.99 ds/m, and 16.41%, respectively, suggesting that 

the soil was classified as sodic. The FAO's system of sodic soil 

classification guidelines state that a soil is considered sodic if its 

pH is more than 8.5, its Exchangeable Sodium Percentage (ESP) 

is greater than 15, and its EC is less than 4 ds/m. Presence of high 

level of Na+ system in sodic soils; reduces levels of Ca2+ and 

Mg2+ and remain adsorbed onto clay particles hence leading to 

severe structural degradation [35, 36]. Similar studies have also 

shown that low yearly rainfall combined with high daily tem-

peratures increases water evaporation, which in turn increases 

the buildup of soluble salts in the lowlands [37]. 

Table 6. Relative risk of soil salinity and it’s area coverage. 

No EC (ds/m) Area (%) Risk Level 

0 0-2 27.6 Low 

1 2-4 51.0 Medium 

2 >4 21.4 High 

No EC (ds/m) Area (%) Risk Level 

Total 100  

3.4. Distribution of EC at Kedale Irrigation 

Scheme 

The geospatial analysis results (Figure 4) indicate that a 

significant portion of the total irrigated land is characterized 

by moderately and strongly alkaline conditions. Specifically, 

27.6% of the soil samples were classified as slightly alkaline, 

while 51% and 21.4% were categorized as moderately alka-

line and strongly alkaline, respectively. This suggests that the 

majority of the area (78.6%) is at a medium or low risk level; 

however, 21.4% of the area is classified as facing high salinity 

risk, which poses potential challenges for agricultural activi-

ties (Table 6). Consequently, it is essential to implement ef-

fective management strategies in regions with elevated salin-

ity levels to promote sustainable land use. 

The electrical conductivity (ECe) of the Timuga irrigation 

system in Southern Tigray ranged from 0.125 to 12.89 

mScm−1, with an average value of 0.76 mScm−1, according 

to Aredehey et al. [38]. Of the overall area, 24.7% is rated as 

having medium salinity risks, while the great majority of the 

scheme (75.3%) is classified as having low salinity risk haz-

ards. This conclusion is also consistent with the findings of 

Zewdu et al. [39], who found that the distribution was asso-

ciated with shallow groundwater and that salinity had an 

impact on the irrigated crops in the study areas. The reason for 

this is the long-term irrigation technique that uses shallow 

groundwater, which causes salts to build up on the middle 

catchment's surface and disperse throughout the root zone. 
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Figure 3. Map showing the Kedale Irrigation Scheme's EC level. 

3.5. Distribution of ESP at Kedale Irrigation 

Scheme 

Table 6 presents the exchangeable sodium percentage (ESP) 

levels in soil, detailing the corresponding area percentages and 

associated risk levels for each ESP range. Notably, 20.79% and 

66.71% of the area are classified as high and very high risk, 

respectively, due to elevated sodium levels, which can sig-

nificantly affect soil structure and agricultural productivity, 

including reduced crop yields and soil degradation, necessi-

tating careful management. Besides, the data reveals that a 

substantial majority (87.5%) of the area is at medium to very 

high risk due to sodium levels, with over two-thirds classified 

as very high risk. Therefore, the soils of the Kedale irrigation 

scheme were classified as severely sodic (Figure 5) according 

to the FAO [27] system of soil salinity classification. In order 

to ensure sustainable agricultural practices and preserve soil 

health, it is imperative that appropriate management measures 

be used to minimise excessive ESP levels. This finding is 

similar to that of Chekol and Mnalku's study [40], which 

discovered that the middle awash irrigated farm fields had 

sodic soils because of the high salt content in other parts of the 

region. In contrast to the other areas of the watershed, the 

center of the catchment has likely seen sodicity due irrigated 

for many years and inherent water logging issues. 
 

Table 7. Relative risk of soil sodicity and its area coverage. 

No ESP (%) Area (%) Risk Level 

0 10-15 12.50 Medium 

1 15-25 20.79 High 

2 >25 66.71 Very High 

Total 100.00  

http://www.sciencepg.com/journal/ijnrem


International Journal of Natural Resource Ecology and Management http://www.sciencepg.com/journal/ijnrem 

 

76 

 
Figure 4. Map indicating the level of ESP at Kedale Irrigation scheme. 

3.6. Status of Irrigation Water Quality at Kedale 

Irrigation Schemes 

3.6.1. Sodium Absorption Ratio (SAR) 

Based on established irrigation water quality standards and 

salinity control techniques, the sodium hazard associated with 

the Kedale River pond serving as the primary irrigation water 

source for the district was classified as low. The results of the 

irrigation water analysis indicate that the water utilized in the 

Kedale irrigation schemes is slightly sodic, suggesting that 

while it may not pose immediate risks, careful monitoring is 

essential. It is important to note that a SAR value exceeding 

nine (>9) is considered severely restrictive for irrigation due 

to the associated risks of sodium hazard. According to the 

guidelines established by researchers such as Biswas [40] 

FAO [41] and Wescott and Ayers [42] this threshold serves as 

an early warning indicator for potential sodic soil formation in 

the region. 

Table 8. The EC and SAR of water for irrigation. 

Description pH EC (ds/m) Salinity class SAR Sodicity Hazards (FAO, 2008) 

Upper 7.82 0.11 Low saline 5.0 Low sodicity 

Middle 7.74 0.21 >> 6.5 >> 

Lower 7.63 0.15 >> 4.8 >> 

Mean 7.73 0.16  5.43  

 

 

3.6.2. pH and EC of the Water 

The acidity or alkalinity of the soil is measured by its pH, 

which is an essential characteristic since it affects how nu-

trients (cations and anions) are supplied to plants, how toxic 

substances behave chemically, and how microbes behave. 

The analysis of the Kedale River pond reveals a pH of 7.73, 

categorizing it as slightly saline and approaching neutrality. 

This finding is crucial for understanding the pond's ecological 

dynamics and its suitability for various biological activities. 

The pH level suggests that the pond may have a balanced 

environment conducive to the growth of diverse aquatic plants 
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and microorganisms, which are vital for maintaining the 

health of the ecosystem (see Table 8 for reference). Electrical 

conductivity (EC) is another important parameter that reflects 

the concentration of dissolved salts in water, which can affect 

both plant growth and water quality. It is necessary to use a 

temperature adjustment of 2.3% to adjust the EC results from 

the analysis at room temperature to 25°C. Consequently, the 

lab result demonstrated that the water's EC is categorised as 

low (0.16 EC (dS/m) according to several researchers' classi-

fications [40-42], providing a framework for understanding 

the salt levels and their consequences for the ecological health 

of the pond and the sustainability of agriculture. 

3.7. Source of Soil Salinity Problem at Irrigation 

Schemes 

Natural processes include chemical or physical weathering, 

transfer from source material, geological deposits, increasing 

salt-affected groundwater, and weathering of soil minerals 

chemically are the main causes of primary salinization [35]. 

On the other hand, secondary salinization at the Kedale irri-

gation scheme is primarily driven by low and erratic rainfall, 

high temperatures, and low humidity, which significantly 

affect soil salinity. Insufficient rainfall limits natural leaching, 

leading to salt accumulation in the root zone, disrupting os-

motic balance and nutrient uptake, causing crop stress, and 

reducing agricultural productivity. Additionally, high tem-

peratures and low humidity elevate evaporation rates, con-

centrating salts in the soil and exacerbating salinity [27]. 

Furthermore, many soils in the region are alkaline, char-

acterized by a pH greater than 7, which can worsen salinity 

issues, especially when irrigation practices fail to manage salt 

levels effectively. High pH can lead to the precipitation of 

certain nutrients, reducing their availability to plants while 

promoting the accumulation of sodium and other salts. 

Moreover, traditional irrigation techniques on Kedale irriga-

tion farms often fail to manage water application effectively, 

leading to waterlogging and salt accumulation. Inefficient 

methods result in uneven water distribution, promoting lo-

calized salinity issues as waterlogged areas cause capillary 

rise, bringing salts to the surface [27]. Similarly, extended 

usage of Awash River irrigation water in June causes prob-

lems for crops that are vulnerable to salt [44]. Limited access 

to resources, technology, and knowledge for effective irriga-

tion and land management practices can hinder farmers' abil-

ity to address salinity problems. 

4. Conclusions 

Soil salinity poses a significant environmental threat that 

hinders crop productivity, especially in arid and semi-arid 

regions. To address this issue effectively, it is crucial to un-

derstand the soil's chemical composition and the overall con-

dition of water before implementing any sustainable irrigation 

projects. The findings regarding soil texture indicate a general 

trend from sandy loam at shallower depths to sandy clay at 

greater depths. This variation underscores the necessity for 

balanced irrigation and nutrient management practices to 

optimize crop growth. The average ESP, EC and soil pH of 

the site were 16.41%, 3.99 mmhoms/cm and 8.62, respec-

tively. The result showed soil pH>8.5, EC<4, and ESP>15 

were observed on the land irrigated using diversion water in 

the schemes indicating that the soil was classified as sodic soil. 

Sodium concentration (Na+) and EC level was found to be 

declining with the sampling depth from 0-120cm which re-

vealed that sodium accumulation was higher near the soil 

surface. This is mainly because of high evaporative demands 

in the area that stresses the concentration of sodium at the 

surface. 

The geospatial analysis results indicate that 27.6% of the soil 

samples were classified as slightly alkaline, while 51% and 

21.4% were categorized as moderately alkaline and strongly 

alkaline, respectively. On the other hand, the data reveals that a 

substantial majority (87.5%) of the area is at medium to very 

high risk due to sodium levels, with over two-thirds classified 

as very high risk, which poses potential challenges for agri-

cultural activities. Based on established irrigation water quality 

standards and salinity control techniques, SAR and ECe of the 

Kedale river pond serving as the primary irrigation water 

source for the district was classified as low. The interplay of 

climate conditions, soil characteristics, and irrigation practices 

creates a complex landscape of challenges related to soil salin-

ity in the Kedale Irrigation Schemes. Understanding these 

factors is critical for developing effective management strate-

gies that promote sustainable agricultural practices and enhance 

soil health in the study Area. 

5. Recommendations 

To mitigate salinity and sodicity problems in the Kedale 

Irrigation Schemes, several recommendations and interven-

tions should be being implemented: 

1) Adjusting irrigation timing based on weather conditions 

can help manage water distribution more effectively. 

2) Incorporating organic materials like compost can im-

prove soil structure and enhance its capacity to retain 

moisture without accumulating salts. 

3) Applying gypsum can help displace sodium ions in al-

kaline soils, improving soil structure and reducing sa-

linity. 

4) Introducing salt-tolerant crop varieties can help maintain 

agricultural productivity in saline conditions. 

5) Providing education on effective irrigation practices, 

soil management, and the impacts of salinity can em-

power farmers to adopt better techniques. 
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CEC Cation Exchange Capacity 

CV Coefficient of Variation 

EC Electrical Conductivity 

EDTA Ethylene Diamine Tetra Acetic Acid 

ESP Exchangeable Sodium Percentage 

FAO Food and Agricultural Organization 

GIS Geographic Information System 

K Potassium 

LSD Least Significant Difference 

Mg Magnesium 

Na Sodium 

pH Potential of Hydrogen 

SAR Sodium Adsorption Ratio 

US United State 
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