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Characterization and Classification of Soils and Water in Major Irrigated Lands of Lake 1 

Abaya Chamo basin  2 

 3 

Abstract 4 

 Large amount of irrigated land under Lake Abaya Chamo basin is becoming unproductive 5 

every year because of salinity and sodicity expansion; consequently farmers are leaving their 6 

land out of cultivation due to burning of crops. For sustainable land use and Agricultural 7 

water management, it is a very important to examine the chemical composition of soils water 8 

and status of their quality. Therefore, the study was aimed to evaluate the physico-chemical 9 

properties of soils and irrigation water of irrigated lands under Lake Abaya Chamo basin, 10 

located in South East rift valley of Ethiopia. The pH of the soil in the study area ranged from 11 

(7.24 to 9.04, 7.54 to 7.91), Electrical conductivity (0.388 to 19.22, 0.644 to 23.6) under Lake 12 

Abaya and Chamo, respectively. The results of irrigation water quality showed that the water 13 

class of lake Abaya Chamo basin  is under harzard status of salinity and sodicity and cannot 14 

be recommended for irrigation use. There is a potential danger of sodicity and salinity 15 

development in the intended lake basin. Thus, selection of salinity and sodicity resistant crop 16 

types, proper irrigation water application methods and other chemical mitigation measures 17 

should be designed for sustainability of soil and water productivity. 18 
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1. INTRODUCTION 37 

Soil salinity is one of the principal environmental causes of soil degradation and 38 

consequently, a source of reduction in biomass. It has been identified as a major process of 39 

land degradation and the greatest cause of declining productivity in many irrigated lands 40 

(Akram et al., 2013). Globally, about one third of agricultural lands are becoming saline and 41 

extend to more than one hundred countries of different climates (Akram et al. ,2010). As 42 

available water supplies decrease the reuse of saline drainage and the conjunctive use of fresh 43 

and marginal waters will become increasingly common in Ethiopia in near future. This leads 44 

to much reduced water availability and increased salinity at the tail end of the river systems, 45 

critically impacting these areas.  As such determining spatial and temporal trends in water 46 

quantity and quality is critical and the development of a framework for the monitoring and 47 

management of water quality, especially salt, at a basin scale is required. 48 

According to recent studies (National Taskforce report, 2018), there is uncertainty about the 49 

extent, severity and causes of soil salinity and sodicity in irrigated and dry land areas. 50 

Sources are not backed up by hard evidence (recent surveys) and are contradictory. These 51 

points underscore the need for a comprehensive assessment of the spatial distribution of soil 52 

salinity. Particularly there is a need to establish a better picture of the most affected or 53 

vulnerable areas and to promote practices that can be used to adapt agricultural production in 54 

areas susceptible to climate change. This will contribute to food security and reduce stress on 55 

ecosystems (Hodri, and P. Thomas 2011). Soil salinity in agricultural fields is increasing 56 

worldwide, mainly due to poor farm management practices and the increasing demand for 57 

intensification of agriculture for the short-term benefits of increased food production. This 58 

intensification ignores the long-term consequences on „other services‟ provided by the soil. It 59 

is, therefore, very important to understand the salinity hazard, both spatially and temporally at 60 

the regional and national farm levels (Mohammad et. al, 2018).  61 

The main sources and causes of salinity and sodicity are shallow ground water tables and 62 

evaporation of moisture from the surface or shallow depths within the profile, natural saline 63 

seeps, and use of saline or sodic irrigation waters, inefficient irrigation practices, and poor 64 



drainage. Despite the wide spread occurrence of salt affected soils in the target districts , we 65 

still do not have an accurate cadaster on water quality, salinity extent and severity distribution 66 

and exact geographical location as well as their sources, causes, properties and  management 67 

practices.  68 

Therefore, the main objective of the present investigation was to investigate chemical and 69 

physical properties of soil and water in the basin for the characterization of water and soil 70 

quality. Analysing of parameters like (P
H
, electrical conductivity (EC), Sodium absorption 71 

ratio (SAR), residual sodium carbonate and others was carried out. Based on the chemical 72 

and physical parameters of soil and water the classification of irrigation water and soil was 73 

carried out as saline, saline sodic and normal.  These research findings will be served as the 74 

inlet for the proper management and impact analysis of salt affected soils on crop 75 

productivity and soil resources sustainability. Moreover, it will support for modelling of 76 

salinity or sodicity impact and crop relative yield performance. 77 

 METHODS AND MATERIALS 78 

2.1. Description of the study area 79 

The study was conducted in two districts of recent Gamo Zone namely, Arba Minch Zuria 80 

and Mirab Abaya. These districts are the under the Lake Abaya and Chamo basin. Lake 81 

Chamo and Abaya are two closely located lakes and only separated by small land surface as 82 

shown in Figure 1. 83 

1. Site selection, soil and water sampling and laboratory analysis  84 

1.1.1. Soil sampling and laboratory analysis   85 

Prior to the opening of soil profiles, personal field observation of the area within the basin 86 

was carried out to determine which specific areas should be selected as representative sites of 87 

the study area on the basis of land use, history of irrigation , vegetation covers and irrigation 88 

water application. The soil samples were collected from village of Wajifo, Yayke Alge , Fura 89 

and Omo lante of Mirab Abaya district under Abaya lake basin. Shele Mella and Eligo 90 

villages were selected for water and soil sample collection under Chamo lake basin and Sille 91 

river. These villages were selected as high spot areas under basin. The soil samples were 92 

collected by using purposive sampling procedures to represent soil of the study area. Soil 93 

sample was collected from two Profiles (0 to 30cm and 30 to 60cm). Soil samples from both 94 



profile was taken using Auger. From each sampling site soil samples were taken from two 95 

profiles; profile 1 and profile 2.  The soil profiles opened on each high spot were described 96 

for their morphological properties in the field and soil samples were collected depth wise 97 

from each profile for classification of their chemical and physical properties in laboratory.  98 

The collected soil samples was air-dried, ground and sieved through a 2 mm size sieve and 99 

through a 0.5 mm size sieve for parameter requiring. Particle size distribution was determined 100 

by Bouyoucos hydrometer method (Mulat et al, 2028). Soil pH value was measured by pH 101 

meter in ratio of soil to liquid (1:2.5). Electrical conductivity measurement was carried out 102 

using saturated paste extracts method. Other parameters were analysed procedures outlined 103 

by FAO (2002). 104 

1.1.2. Water sampling and Laboratory analysis 105 

A water sample was prepared from one representative point of each spot of the basin. The 106 

irrigation water samples from the lakes and irrigation scheme was collected in one season. 107 

Three samples of water was taken from three representative spots (one from lake Abaya, one 108 

from Chamo and one from Sille river) for the analysis of p
H
, EC, Ca

+2
,Mg

+2
.Na

+1
, RSC,  109 

HCO3
−
, CO3

2-

 and Cl-1   
110 

Sodium adsorption ratio (SAR) of the soil solution was calculated from the concentrations of 111 

soluble Na, Ca and Mg as follow: 112 

   SAR=                  Na
+
 113 

                      
√           .............................................................................. ............. (1) 114 

Residual sodium carbonate (RSC) was calculated using the following formula:            115 

 RSC= [HCO3
−
+CO3

2−] − [Ca
2+

+Mg
2+

]............................................................................. (2) 116 

Where concentrations of all constituents were in meq/l for equation 1 and 2. 117 

1.2. Salinity and Sodicity classes and Residual sodium carbonates (RSC) 118 

The salinity and sodicity classes of irrigation water were interpreted on basis of USSL Staff 119 

1954 manual. The Salinity classes were interpreted on basis of table 1, Sodicity classes on 120 

basis of table 2 and Residual sodium carbonate (RSC) on basis of table 3.  121 

1.3. Data analysis 122 



The data generated from laboratory was analysed by using descriptive statistics. All the data 123 

of water and soil samples were edited, coded and analysed using statistical package for social 124 

science (SPSS) software version 22.0. 125 

3. RESULTS AND DISCUSSIONS 126 

3.1.  Textural classes of soils in the study sites 127 

To characterizing the physicochemical properties of soils, the sampling site selection was 128 

performed on the premise of slope, cultivation year, and vegetation cover and irrigation water 129 

application system. Accordingly, for the target districts soil profiles which are representing 130 

the target study areas were selected and samples collected. Table 4 represents textural 131 

classes‟ soils across different horizon in numerous spot of target areas. 132 

The ends up in Table 4 and Table 5 show that just in case of Lake Abaya the clay content of 133 

most Pedon decreased with depth except some pedos of wajifo, Yayke and Algae sampling 134 

spots. Just in case of Lake Chamo the clay content of most Pedon decreased with depth 135 

except Eligo spot. The silt content across the layers wasn't consistent just in case both Lake 136 

Abaya and Chamo. During this study, very cheap sand content (5.2%) recorded within the 137 

subsurface layers (30 to 60 cm depth) of pedon 1 of Omo land 0 to 30cm depth of Fura under 138 

Lake Abaya. The highest (55.2%) mean sand contents was recorded at surface layer (0 to 139 

30cm depth) of Yayke. Just in case of Lake Chamo rock bottom sand content (1.2%) was 140 

recorded in profile 2 of Eligo. The lower content of sand at the subsurface layers which can 141 

show the eluviation of clay and silt from the covering profile layers and accumulation within 142 

the below surface of layers and this result in line with the finding of (Mulat et al, 2018). The 143 

many variations in respective particle size distribution observed within the different soil 144 

layers indicate the presence of distinct lithological discontinuity within the profile (Mulat et 145 

al, 2018).  146 

Overall, results of the particle size analysis of this study shows that the bulk of the soils are 147 

heavily (clay) textured. These heavily properties of the soil may have an effect on movement 148 

of air and water within the soil (Brady and Weil, 2002). Such abrupt changes within the 149 

distributions of the sand and silt fractions with corresponding changes within the clay 150 

contents with profile depths indicate the occurrence of abrasion and sedimentation processes, 151 

leading to deposition of sediments differing in particles sizes and/or parent materials within 152 

the area. Similar findings were reported by Mulat et al. (2018) in connection to his study of 153 



the soils of Raya Valley, Ethiopia. Moreover, Heluf (1985) observed evidences for the 154 

presence of litho-logical discontinuities or variability in mineralogy indicating a difference 155 

from which the horizons are formed. 156 

 157 

3.2. Chemical properties of soil in the study sites 158 

3.2.1. Soil P
H

, RSC and Electric conductivity 159 

 The p
H
 values of surface soil horizons of the studied pedons varied from 7.24 to 9.02, which 160 

can be described as slightly saline and moderately as suggested by Park et al. (2011) in the 161 

spots of Lake Abaya (Table 6). As the mean values of parameters show (Table 7), the p
H
 162 

values ranged from 7.54 (in Shelle mella at 0 to 30cm) to 7.91 (in Eligo at 30 to 6ocm). 163 

Generally there is variability of P
H
 values in irrigated soils of both lakes.  The rise in pH was 164 

attributed to the highest concentration of HCO3
- 

and the subsequent results of Residual 165 

Sodium Carbonate and in line with the findings of Seid and Genanew (2013). 166 

Electric conductivity of soils in the study sites (Lake Abaya) ranges from non-saline (0.388 167 

ds/m at depth of 0 to 30 cm in Algea-1 to moderately saline (19.22 ds/m) in Algea-2 at depth 168 

of 0 to 3ocm (Table 6). EC of the second site (Lake Chamo) also ranges from non-saline to 169 

moderate saline (0.644 ds/m (on the surface soil to 0 to 31) to (23.6 ds/m in the surface soils 170 

of the lower layers 0 to 30 cm) (Table 7). 171 

 Indeed, in most of the studied profiles, electrical conductivity (EC) of the soils was higher 172 

than 4 ds/m, indicating that there would be actual salinity hazard in the soils of the study area 173 

(USA Soli salinity laboratory staff, 1954).    174 

The level of exchangeable sodium percentage of the profile opened at the most low-lying 175 

portion of the farm varied from 6.92 at depth of 30to 30 to 86.09 at depth of 30 to 60 cm in 176 

sampled sites of Lake Abaya. The level of ESP in spot of Lake Chamo ranged from 35.76 at 177 

depth of 0 to30cm to 61.68 at depth of 0 to 30cm. accordingly; the soils represented by these 178 

profiles were characterized by Sodicity hazards in both cases. These ESP values greater than 179 

15 show that there is sodium toxicity problem. This indicates that the soils of most profiles 180 

are potentially sodic (especially soils under irrigated areas of Yayke and Wajifo). These 181 

results agree with the findings of Horneck et al. (2007) who summarized that soils with >15 182 

ESP have a high sodicity risk due to the effects of Na on soil structure and toxic to crops. 183 



3.3. Irrigation Water Quality 184 

Irrigation water quality was analyzed for determination of SAR, p
H
, EC and other important 185 

parameters of the irrigation water. An average SAR value of Lake Abaya was found to be 186 

30.357 (Table 9). Thus, the irrigation water quality in Lake Abaya was classified as 187 

hazardous in regards of Sodicity and Salinity, thus the water is unsuitable for irrigation use. 188 

With regards to Lake Chamo there Average SAR value is 33.04 and the irrigation water is in 189 

class of high salinity and very high sodicity problem, the results indicate that the water is 190 

unsuitable for irrigation purpose (Table 8).  The result of Sille river showed that the average 191 

SAR value is 29.05 (Table 9) and therefore the salinity status is medium and water is suitable 192 

(safe) for irrigation purpose.  193 

The p
H
, EC and SAR values clearly indicated that the irrigation water with salt content 194 

classified as hazardous in both Lake Abaya and Chamo. These findings in line with findings 195 

of Abejehu (1993) and Alamirew (2000) for the Awash River water at the Matahara Sugar 196 

State Far with in the Middle Awash Valley Ethiopia reported by Mulat et al. (2018).  197 

The bicarbonate and carbonate ions were the dominant in the irrigation water of lake Chamo 198 

and Abaya and which contributed for formation of hazardous RSC. An increment of RSC has 199 

direct contribution on formation of salinity and influencing crop production by increasing 200 

osmotic pressure in the root zone. 201 

4. CONCLUSION AND RECOMMENDATIONS 202 

 Efficient management of soil salinity requires better understanding on the extent and 203 

distribution of salts. This work focused on the recognition of the problem, by characterizing 204 

the physicochemical properties of the soils and irrigation water for intended irrigation scheme 205 

with reference to standard suitability class. The results revealed that most of the soil physical 206 

properties showed variability in their total distribution within the depths of the soil profiles in 207 

irrigated lands of both lakes Abaya and Chamo.  208 

Based on quantitative results (chemical and physical compositions), soils under Lake Abaya 209 

is in ranges of non-Saline non- sodic (Normal) to saline-sodic. From sampled soils across 210 

profile and spots (17.5% saline sodic, 47.05% non-saline non-sodic and 35.29% of samples 211 

are Sodic in their chemical compositions. Under irrigated lands of Lake Chamo and Sille 212 



river there is also variability of soil compositions across the profiles and sampling spots, this 213 

lead to quality variable. The soil status under irrigated lands of Lake Chamo ranged from 214 

sodic (in Eligo) to saline sodic (in Shelle mella). 215 

Based on water quality analysis of P
H
, SAR, EC and RSC the result revealed that water 216 

quality of lake Abaya is hazardous(highly saline class(C3) and very high sodicity class (S4). 217 

The results revealed that water is not suitable for irrigation purpose and it needs reclamations 218 

for sustainable soil and land management. According to the result of Lake Chamo the quality 219 

of water is classified as high salinity hazard (C3) and very sodicity hazard (S4) while the 220 

status of Sille river indicated that water is medium (S1) in salinity hazard. Based on salinity 221 

and sodicity hazard classification of USBR staff 1954  the water  of lake Abaya and Chamo 222 

lake considered as unsuitable for irrigation purpose while Sille river is safe(suitable for 223 

irrigation).  224 

The current study underscores the need for the scientific reclamation program of salt affected 225 

soils and waters for increasing the biological productivity of these problematic soils and 226 

water. In line with this, a due emphasis be given for frequent monitoring of irrigation waters, 227 

selection of suitable salt resistant varieties of crops, removing of excess salts by leaching, 228 

adopting judicious means of irrigation and fertilizer application together with the addition of 229 

organic manures and fallowing lands with the raclaimative grasses; for sustainable and 230 

productive utilization of land and water resources under irrigated lands lake Abaya and 231 

Chamo. 232 
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Figure 3

The soil chemical properties under Lake Abaya and Chamo



Figure 4

Chemical properties of water under Lake Abaya Chamo basin
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