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ABSTRACT 

Investigation on the Impact of Surface and Ground water use on Soil Salinity 

Development and Its Effect on plant productivity in the Central Rift Valley Region 

around Lake Ziway 

Danait Hadera 

Addis Ababa University, 2015 

Salinization affects many irrigated areas mainly due to the use of brackish water in arid 

and semi-arid areas. This study was conducted in north western part of Lake Ziway, 

Adami Tulu Jido Kombolcha Wereda in the Central Rift Valley region of Ethiopia. The 

aim of the study was to assess the impact of ground and surface water use on soluble salt 

rise in soil and its effect on plant yield and biomass. Soil and water samples were 

systematically collected from the study site. Soil samples were collected from the surface 

water irrigated fields and ground water irrigated fields for Laboratory analysis and glass 

house experiment. Ground and Surface water samples were also collected for glass house 

experiment. The ground water was found to be slightly saline having 0.98 ds/m Electrical 

Conductivity whereas surface water was found to be non-saline having 0.61 ds/m. The 

ground water irrigated soils from the study site had an Electrical Conductivity of 2.57 

ds/m while the surface water irrigated soils had an Electrical Conductivity of 1.2 ds/m. 

Glass house experiment was carried out to observe the impact of use of slightly saline 

ground water on soluble salt accumulation in soil and its effect on plant growth and 

biomass. The soils were subjected to Laboratory analysis once the glass house 



 
 
 
 

 
                                                                            

experiment was completed to investigate the impact of ground water use leading to 

soluble salt rise in the soil. Results showed that the ground water treated soils were found 

to have less Electrical Conductivity of 1.27 ds/m than that of the surface water treated 

soils 1.37 ds/m. The ground water irrigated soils were not significantly different from the 

surface water irrigated soils in Electrical Conductivity level. There was no significant 

variation between surface and ground water irrigated plants in plant growth parameters (P 

< 0.05). However, the yield was found to be affected by the salinity level as measured by 

electrical conductivity but no correlation was observed in the root biomass. Water salinity 

also had no significant effect on plant fruit yield, shoot and root biomass. In conclusion, 

the ground water was found to be slightly saline from the ten electrical conductivity 

measurements taken and soil analysis results before experiment have shown a moderately 

low salinity level from the laboratory analysis. This could have resulted from irrigation 

water mismanagement. Therefore, there is a need to regulate irrigation water use in the 

study area. 
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                                                 CHAPTER ONE                

1. INTRODUCTION 

Salinity has plagued agriculture in arid and semiarid climates for thousands of years 

(Steppuhn, 2013). Whenever surface waters or near-surface ground waters encounter 

drainage impediments in soils, subsoils, or near-surface geologic materials, possibilities 

exist for increases in salt concentration within soil solutions, especially if the water 

contain dissolved salts. Salinity causes unfavorable environment and hydrological 

situation that restrict normal crop production (Rasel et al., 2013). Soil Salinity is one of 

the most brutal severe environmental factors limiting the productivity of crop plants 

(Hasanuzzaman et al., 2013). Excess salt in the soil solution may adversely affect plant 

growth either through osmotic inhibition of water uptake by roots or specific ion effects 

(Turhan et al., 2009). Salt affected soils are categorized into three main groups namely 

saline, sodic, and saline-sodic. Soil salinity and sodicity levels are dynamic; they change 

with the amount and quality of infiltrated water, evapotranspiration, and rainfall (Oster et 

al., 2001). 

Excess salt in the soil solution may adversely affect plant growth either through osmotic 

inhibition of water uptake by roots or specific ion effects. Salinity impacts plants in two 

main ways: osmotic stress and ion toxicity (Munns, 2005). The declining availability of 

fresh water has become a worldwide problem, which endorses the development of 

alternative, secondary quality water resources for agricultural use (Rahil et al., 2013). 

Salinization affects many irrigated areas mainly due to the use of brackish water. 

Salinization is especially high where groundwater is used for irrigation with the problem 



 
 
 
 

 
                                                                            

being coupled by conversion from natural deep rooted trees and shrubs to commercial 

shallow-rooted crops that cause the water table to rise and bring more salts with it to the 

upper layers (chemura et al., 2014). Soil salt accumulation constitutes a major problem in 

agricultural production worldwide (Lobell et al., 2007).  

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

and alkalinity. The total land area affected by salinity and sodicity in Ethiopia is 

estimated at about 11 thousand ha and soils have been reported to occur for the most part 

of the rift valley zone (Seid and Genanaw, 2013). The naturally salt affected areas are 

normally found in the arid and semi-arid lowlands and in Rift valley and other areas that 

are characterized by higher evapotranspiration rates in relation to precipitation (Meron 

Nigussie, 2007). Water quality studies revealed that the groundwater and surface water 

resources of the region are characterized by high salinity that determines their use for 

irrigation (Tewodros Rango Godebo, 2011). According to Haile Gashaw, (1999), based 

on sodium adsorption ratio, percent sodium and electrical conductivity the quality 

classification of water for irrigation can be concluded that most of the ground water in the 

western part of the area are unsuitable for irrigation. In Lake Ziway basin salt incrustation 

is observed where irrigation is practiced by pumping water from the lake (Paulos Dubale, 

2001). For gravity-type irrigation development, most traditional household schemes use 

motor pumps for lifting water at head, and most irrigation water users along the river 

banks and lakeshores are compelled to use and maintain costly water pumps (Edossa 

Etissa, 2014).   



 
 
 
 

 
                                                                            

The study focused and evaluated the salt content of soils irrigated by surface and ground 

water in the Rift Valley, north western part of Lake Ziway and observe their effect on 

plant productivity.  

1.1. Statement of the problem 

Smallholder irrigated vegetable production in the Central Rift Valley region of Ethiopia 

is instrumental in ensuring the year-round availability of fresh vegetables in the local 

market in the country. However, a number of problems constrain irrigated vegetable 

production in the region. Soil salinity and low moisture are potential environmental 

problems and production constraints particularly in the semiarid zone around Lake 

Ziway. Since other lakes are not used for irrigation because of the high salinity (Lake 

Abyata and Shala) and steep shores (Lake Langano), the lowland areas of Lake Ziway is 

the only place irrigated in the Rift valley. Irrigated agriculture, of which mainly 

smallholder farming, is one of the major water consumers.  

According to previous researches Haile Gashaw, (1999) and Tewodros Rang Godebo, 

(2011), the Sodium Adsorption Ratio, percent sodium and electrical conductivity were 

conducted for the quality classification of water for irrigation and most of the ground 

water in the western part of the area were found to be unsuitable for irrigation. Water 

from most boreholes (aquifers) around Lake Ziway shore are salty since farmers could 

easily observe that white crusts remain on the soil after irrigation in the side furrow, 

which caused the abandonment of crop lands. Although the salinity of the surface and 

ground water around Lake Ziway has been predicted, the actual effect on soil and 

comparison of the soils irrigated by the two different sources in addition to their effect on 



 
 
 
 

 
                                                                            

crop yield have not been further addressed. Therefore, this study has initiated for 

investigation on the actual impact of surface and ground water use for irrigation on soil 

salinity development and productivity of plant in the Central Rift Valley region around 

Lake Ziway. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 

 
                                                                            

1.2. OBJECTIVES OF THE STUDY 

1.2.1. General Objective 

The general objective of the study is to examine the soil salinity problem in the Rift 

Valley Region and the effect on crop production as well as to bring forward the future 

risks related to the current use of ground water irrigation in the area  

 1.2.2. Specific Objectives 

-To assess the level of salinity of surface and ground water used for irrigation around 

Lake  

   Ziway 

-To investigate the impact of shallow ground water use for irrigation on soil salinity   

   development in the Lake Ziway area 

-To examine the effect of use of fresh water from the lake and slightly saline shallow  

   ground water on the growth and productivity of plants 

-To determine the future risks of the current use of ground water for irrigation in the area 

 

 

 

 



 
 
 
 

 
                                                                            

1.2.3. Research Questions 

The major Research Questions on this Study are; 

1. How saline is the ground and surface water used for irrigation in the rift valley region? 

2. What is the impact of shallow ground water use for irrigation on long term soil salinity  

    development in the Lake Ziway area? 

3. What is the effect of use of fresh water from the lake and slightly saline shallow  

     ground water on the growth and productivity of plants? 

4. What are the future risks of the current use of ground water for irrigation in the study    

     area? 

 

 

 

 

 

 

 

                                                    



 
 
 
 

 
                                                                            

                                                     CHAPTER TWO 

2. Review of Literature 

2.1 Sources of salinity 

Salts in soil and irrigation water may be either naturally present as products of geo-

chemical weathering of rocks and parent materials, derived directly from sea water by 

flooding, spray, or intrusion into groundwater resources and caused by irrigation 

mismanagement, particularly when internal soil drainage is impeded (Silva and Uchida, 

2000). The concentration of salts fluctuates with season and rainfall and salt 

accumulation in soil layers is a common feature in sodic soils regions. This type of 

salinity is termed as transient salinity (Rengasamy, 2010). The problem of soil salinity is 

further increasing because of the use of poor quality water for irrigation and poor 

drainage (Viswanathan et al., 2005). Irrigation salinity is caused by the salts introduced 

by irrigation water, which are stored within the root zone because of insufficient 

leaching. The sources of soluble salts in soil water that we refer to as salinity are: 

irrigation water; weathering of soil minerals and organic material; airborne salts carried 

to ground in rain; ocean spray; and soluble fertilizers. 

When the soil water from the upper soil layers evaporates, salts accumulate in the upper 

layers and can cause damage to growing crops, Seepage and back- water flow to rivers 

from already salinized irrigation schemes, deposition of salts on soil surface from high 

water table level, due to inadequate drainage system and Injudicious use of saline water 

for irrigation or poor water management practices as stated by (Meron Nigussie, 2007). 



 
 
 
 

 
                                                                            

There are two types of soil salinity causes. These are primary salinity and secondary 

salinity;  

2.1.1 Primary salinity 

Primary salinity is caused by naturally occurring salt deposits mostly in arid and semiarid 

areas. Most of the saline sodic soils are developed due to natural geological, hydrological 

and pedological processes (McEwan et al., 2006). This natural storage of salt in soils and 

groundwater is referred to as primary salinity. Poor drainage is another factor that usually 

contributes to the salinization of soils as the most common cause and involves the 

presence of a high ground-water table or low permeability of the soil. The high ground-

water table is often related to topography. As it was stated by (Zebene Lakew, 2004), the 

sources of irrigation water may be from surface water or from ground water. Ground 

water is usually assumed to hold more soluble salts than surface water because of the 

interaction of ground water with country rock and the residence time of ground water in a 

given hydrogeological basin are high as compared to surface waters. 

2.1.2 Secondary salinity 

Secondary salt affected soils are those that have been salinized by human caused factors, 

mainly as a consequence of improper methods of irrigation. Water-logging is caused by 

the rise in the water-table below the irrigated land, caused due to adoption of intensive 

and over-irrigation of the cropped land. The water-logging ultimately leads to salinity, the 

result of which is, the reduced crop yield. For this reason, salinity and water-logging are 

treated as a twin problem (Garg et al., 2006). In addition, when the drainage of the soil 



 
 
 
 

 
                                                                            

may not be adequate for irrigation, the ground-water table may rise from a considerable 

depth to a few feet of the soil surface in a few years due to irrigation. Under such 

conditions, ground water, as well as irrigation water, contributes to the salinization of the 

soil as it was explained by (Meron Nigussie, 2007). Deforestation, overgrazing, or 

intensive cropping, fertilizer and amendments applied to soils are another secondary 

salinity causes. 

2.2 Types of salt affected soils 

Based on their chemical properties and ease of reclamation, salt affected soils are 

classified into three groups, namely; saline, sodic and saline- sodic according to the 

United States Salinity Laboratory classification. Basically, three criteria are used: the 

electrical conductivity of the saturated soil paste EC in ds/m at 250 C, the pH of the soil 

and the percentage of exchangeable sodium (MoA, 2011). Worldwide, salt-affected soils 

are most abundant in arid regions, and in irrigated lands, the formation of salt-affected 

soils is the most important process of chemical soil degradation. The amount of salts in 

the root zone or the salt concentration in the soil solution determines whether the soil is 

normal or salt-affected (Silva and Uchida, 2000). 

      2.2.1 Saline soils 

Saline soils are soils where soluble salts present in the soil solution in greater quantity 

that is enough to interfere with the growth and productivity of most crop plants. Saline 

soil contains an excess of soluble salts, especially sodium chloride (Rasel et al., 2013). 

Saline soils are often recognized by the presence of white crusts of salts on the soil 



 
 
 
 

 
                                                                            

surface during dry weather formed through the loss of water of crystallization and 

irregular plant growth. They are characterized by an EC > 4dS/m, ESP < 15 and a pH 

reading < 8.5 and SAR < 13 (Ondrasek, et al., 2011).  The soluble-sodium contents 

exceed those of calcium plus magnesium somewhat, but the SARs are not high (Richards, 

1954).  

When these soils are leached of excess soluble salts, however, their SAR decreases 

simultaneously with EC, and does not pose any permeability problem. Thus these soils 

behave like typical saline soils. Hence, neither of these systems correctly classifies these 

soils, taking into account their pH, EC, SAR or ESP, and the nature of soluble salts 

(Chhabra, 2006). These soils are geographically associated with arid, semi-arid, sub-

humid and humid areas as well (Rasel et al., 2013). 

     2.2.2 Saline-Sodic soils 

As the name indicates that saline sodic soils have the problem of both salinity and 

sodicity, saline sodic soils possess the appearance and properties of both saline and sodic 

soils as well characterized by hard sub soils and more or less impermeable to water 

(MOA, 2011). Saline-sodic soils contain both large amounts of water-soluble salts and 

exchangeable sodium. In saline sodic soils the dispersing effect of the exchangeable Na 

may counter balance by the coagulating effect of the soluble salts present in excessive 

concentrations in the soil. 

        

 



 
 
 
 

 
                                                                            

2.2.3 Sodic soils 

Sodic soils contain excessive quantities of exchangeable sodium in their exchange 

complex as to interfere with the growth and production of most crop plants. Sodicity 

refers to presence of a high proportion of sodium ions relative to other cations. Sodic 

soils have a low concentration of soluble salts, but a high exchangeable Na+ percentage 

(ESP). They are classed as sodic when the ESP is ≥ 15 as stated by (Munns, 2005). These 

soils are characterized by an ESP > 15, and EC< 4ds/m and a pH reading > 8.5. Sodic 

soils are typically poorly structured, characterized by the presence of dispersed colloidal 

clays and organic matter in the top soil (MOA, 2011). In addition to deterioration of soil 

physical properties, the presence of Na can exert toxic effects on plants. Sodic soils have 

an exchangeable sodium percentage of greater than 15 based on the American definition 

(USDA, 1954) or greater than 6 based on the Australian definition.  

Table 1. Classification of salt-affected soils used by the Natural Resources 

Conservation Service (NRCS) 

Soil classification EC (ds/m) SAR ESP 

None <4 <13 <15 

Saline >4 <13 <15 

Saline-sodic >4 >13 >15 

Sodic <4 >13 >15 



 
 
 
 

 
                                                                            

Source: Horneck et al. (2007) 

2.3 Tests to quantify and qualify soil salinity 

There are several tests to quantify or qualify soil salinity. The methods that are 

commonly used as indices of salinity or sodicity in soils include electrical conductivity 

(EC), Sodium Adsorption Ratio (SAR) and Exchangeable Sodium Percentage (ESP).  

2.3.1 Electrical conductivity   

Inorganic salts are electrolytes that, in aqueous solutions, are capable of conducting an 

electric current. The higher the salt concentration is the higher the electrical conductivity. 

Such measurements are made by specially designed conductivity meters and sensors, and 

they can be taken either in water or directly in the soil. EC is the electrical conductivity of 

the saturated paste extract, and reflects the concentration of salts in saturated soil (Munns, 

2005). Because electrical conductance varies with temperature, measurements must be 

corrected for the prevailing temperature and reported at the standard room temperature of 

25°C (Silva and Uchida, 2000). EC also describes the amount of electrical current 

conducted by extracting the solution (water containing ions) from a saturated soil sample 

at a fixed temperature. The higher the moisture content, the easier it will be to obtain the 

extract. The greater the concentration of ions or soluble salts in the saturation extract, the 

more electricity the solution will conduct, the greater the EC reading, and the greater the 

toxicity to plants. This test does not distinguish between one type of salt and another; it 

simply provides an overall measure of water-soluble salts (Seid and Genanaw, 2013).  

 



 
 
 
 

 
                                                                            

2.3.2 The exchangeable sodium percentage  

Exchangeable Sodium Percentage is a measure of soil sodicity (Rengasamy et al., 2010). 

It provides a measure of the amount of exchangeable Na relative to the total cation 

exchange capacity of the soil expressed as a percentage. As the ESP goes up, more 

exchangeable Na is available, and the greater the potential to be toxic to plants and soil. 

Its unit is percent. The ESP is used to determine gypsum requirement for treatment of 

sodium-affected soils (Horneck et al., 2007). The ESP is used as classification criteria 

(MoA, 2011) and calculated as: 

ESP = Na/CEC × 100 

Where: ESP = exchangeable sodium percentage, CEC = cation exchange capacity=+ Mg 

+ Na + K + Al + H, concentrations of all constituents are expressed in meq/100 g soil. 

Table 2.  Saline soil classes based on EC measurement 

Class of soil salinity EC (ds/m) 

Low < 2 

Moderately Low 2-4 

Moderate 4-8 

Moderately high >8 

Source: Rengasamy et al. (2010) 



 
 
 
 

 
                                                                            

2.3.3 The Sodium Adsorption Ratio  

Sodium Adsorption Ratio is a measure of soil solution or water sodicity (Rengasamy et 

al., 2010). SAR measures the proportion of sodium (Na+) to calcium (Ca2+) and 

magnesium (Mg2+) and can be used for assessing quality of the water used for irrigation 

and the status of the soils that receive the irrigation water (Chemura et al., 2014). The 

SAR1:5 are calculated using the Richards equation (Richards, 1954). It measures of 

relative concentrations of sodium, magnesium, and calcium calculated from cation 

concentrations in a saturated paste extract. 

𝑆𝐴𝑅 =
𝑁𝑎

√𝐶𝑎 + 𝑀𝑔/2
 

Table3. Interpretation table for the dispersion test 

Dispersion Sodicity Class Approximate ESP 

None Non-Sodic <6 

Low Low Sodic 6-10 

Medium Moderately Sodic 10-15 

High Highly Sodic >15 

Source:  Rengasamy et al, (2010) 



 
 
 
 

 
                                                                            

2.4. Water qualities for irrigation  

The main cause of salinization and sodification is the use of poor quality irrigation water 

and continued use of this water leads inexorably to increasing salinization and 

sodification problems and ultimately results in increased cost of production and crop 

failures (Chemura et al., 2014). Salinization is especially serious where groundwater is 

used for irrigation with the problem being coupled by conversion from natural deep 

rooted trees and shrubs to commercial shallow-rooted crops that cause the water table to 

rise and bring more salts with it to the upper layers. Irrigation water quality and quantity 

have direct and indirect impact on soil characteristics that are physical, biological and 

chemical especially in arid and semi-arid regions that unfortunately depend on irrigation.  

Table 4. Guidelines for water quality for irrigation 

Water sources EC ds/m 

Non-saline water < 0.7 

Slightly saline 0.7-3.0 

Medium saline 3.0-6.0 

Highly saline >6.0 

Very saline >14.0 

Brine >42 

Source: FAO, (1985) 



 
 
 
 

 
                                                                            

Irrigation waters whether derived from springs, diverted from streams, or pumped from 

wells, contain appreciable quantities of chemical substances in solution that may reduce 

crop yield and deteriorate soil fertility. The build-up of salinity in the root zone increases 

the osmotic pressure of the soil solution and causes a reduction in both the rate of water 

absorption by the plants and the soil water availability (Rasel et al., 2013). The factors 

which contribute significantly to the development of saline soils include, tidal flooding 

during wet season, direct inundation by saline or brackish water and upward or lateral 

movement of saline ground water during dry season. Irrigation salinity is caused by the 

salts introduced by irrigation water, which are stored within the root zone because of 

insufficient leaching (Rengasamy, 2006). 

As Zebene Lakew, (2004) stated, depending on the type of irrigation water used, varied 

amounts of salts are imported to irrigation fields. Moreover, excess irrigation water 

infiltrates down to the ground and makes the ground water table to rise. At this time 

soluble salts that are deposited and stored deeper in the profile are mobilized to near 

surface by a rising water table. The soluble salts then reach the surface of the soil through 

capillary action. 

2.5. Soil Salinity Problems 

Salt affected and waterlogged soils are a serious threat to the sustainability of irrigated 

agriculture (Saqib et al., 2004). Soluble salts are salts in the soil which readily dissolve 

and become concentrated in the soil surrounding the root zone to cause salt affected soils. 

The development of salt affected soils and the problems associated with them are most 

pronounced in arid and semi-arid regions, which are resulted, due to high evaporation 



 
 
 
 

 
                                                                            

effect and inadequate annual rainfall that does not facilitate the natural leaching of salts 

from the active root- zone soils down to soil depths not reachable by crop roots (MoA, 

2011).  

In Ethiopia, with the development and expansion of irrigated agriculture, however, man’s 

activities are greatly contributing to the buildup and spread of salinity problems as 

(Meron Nigussie, 2007) explained in her review. The fresh water Lake (Ziway) which 

falls within the main rift valley area has been targeted in particular for substantial 

irrigation development by the government since the 1970’s, by taking water directly from 

Lake Ziway and its two feeder rivers Katar and Meki. This lake is suitable for irrigation. 

However, around the riverbank in Ziway horticultural state farm, one is able to see the 

Solonchack with white salt incrustation on surface. The arid like climate in the irrigated 

area allow limited leaching by favoring concentration and accumulation of soluble salts 

in the soil. 

A salinity problem exists if salt accumulates in the crop root zone to a concentration that 

causes a loss in yield. Yield reductions occur when the salts accumulate in the root zone 

to such an extent that the crop is no longer able to extract sufficient water from the salty 

soil solution, resulting in a water stress for a significant period of time as (Steppun, 2013) 

explained. Poor water management practices such as excess application of irrigation 

water contribute to recharge of ground water and lack of adequate drainage facilities have 

greatly contributed to the conversion of large productive lands in to an unproductive 

waste land in a short period of time. Rising ground water leads to water logging of the 

root zone area and ultimately to salinization. Salinization processes continue to affect 



 
 
 
 

 
                                                                            

production and productivity since drainage facilities are absent and water management 

practices remain inefficient and quite wasteful. 

High salinity in the Ethiopian ground waters is apparent in some parts of the Rift because 

of the influence of saline geothermal waters. In the southern parts of the Rift, sodium and 

bicarbonate (high alkalinity) are the dominant dissolved constituents. High concentrations 

of dissolved salts in the ground waters from the sedimentary formations are also 

common, as a result of reaction of the often-abundant evaporite minerals. Observed 

increased salinity in many ground waters from sediments in the south, southeast and 

northeastern parts of the country arises from the dissolution of evaporite minerals (the 

products of evaporation) in certain horizons of the sediments as it was discussed by 

(Meron Nigussie, 2007). 

2.6. Salinity effects on crops 

High salinity affects plants in two main ways: high concentrations of salts in the soil 

disturb the capacity of roots to extract water, and high concentrations of salts within the 

plant itself can be toxic, resulting in an inhibition of many physiological and biochemical 

processes such as nutrient uptake and assimilation (Munns, 2002). The primary purpose 

of measuring the EC of irrigation water (ECw) is to find out if it is likely to increase the 

average root zone salinity that is the electrical conductivity of the soils to levels that will 

affect plant growth.  

 

 



 
 
 
 

 
                                                                            

Table 5. Soil Salinity Classes and Crop Growth 

Soil Salinity Class Conductivity of the 

Saturation Extract 

(ds/m) 

Effect on crop plants 

Non saline 0-2 salinity effects negligible 

Slightly Saline 2-4 yields of sensitive crops may be 

restricted 

Moderately Saline 4-8 yields of many crops are restricted 

Strongly Saline 8-16 only tolerant crops yield 

satisfactorily 

Very Strongly 

Saline 

>16 Only a few very tolerant crops yield 

satisfactorily 

Source; Abrol et al. (1998) 

The amount of salt which accumulates in a soil depends on the soils’ texture and its effect 

is mediated by the crops’ salt tolerance (Rengasamy et al., 2010). High salinity causes 

detrimental effects to crops by reduction of the accessible water by reducing the osmotic 

potential of the soil solution (Asfaw Gebretsadik, 2010). Therefore, Salinity restricts the 

availability of water to plants by lowering the total water potential in the soil. 

 



 
 
 
 

 
                                                                            

2.6.1 Effects of Salinity on Plant growth, yield and Biomass Productivity 

The growth and development of plants was discussed by (Zebene Lakew, 2004), that it 

would be affected by damaging levels of salts. Salts and other solutes lower the osmotic 

component of the water potential and thus water tends to move into solutions of high 

solute concentration and becomes harder for plants to remove from the soil as the 

concentration of solutes rises. 

The effect of salinity on Plant biomass Pepper plants was experimented by Hussein et al. 

(2012), that Saline irrigation water, even at 4.69 dS/m significantly decreased growth and 

biomass production of pepper plants. Corresponding to (Khayyat et al., 2009), high NaCl 

concentration in nutrient solution strongly influenced the vegetative parameters, fruit 

yield, and ionic content of ‘Selva’ strawberry.  

As Katerji et al. (2002) stated, the dry matter of leaves and stems of tomato plants 

developed regularly from transplantation till harvest and was affected by salinity, but not 

by soil texture. It was denoted that the effect of salinity on the fresh weight yield, on the 

number of fruit per plant and on the average fruit weight was highly significant than the 

effect of soil texture in accordance of the experiment. 

According to Mitchell and Shennan, (1991), the results of an experiment confirmed that 

water deficit and salinity are important factors determining the quality of processing 

tomato fruit primarily because they affect fruit water accumulation. They also suggested 

that Irrigation cutoffs that provide optimal yields and fruit quality will need to be 

determined for specific production conditions. In addition the study performed by 



 
 
 
 

 
                                                                            

(Alarcon et al., 1994), showed that tomato plants normal fruited and cherry tomato 

cultivars decreased in shoot to root dry-weight ratio and fruit yields in response to 

salinity. 

2.7. Methods of overcoming salinity problems 

Salts that contribute to a salinity problem are water soluble and readily transported by 

water. A portion of the salts that accumulate from prior irrigations can be leached below 

the rooting depth if more irrigation water infiltrates the soil than is used by the crop 

during the crop season. Leaching is the key to controlling a water quality-related salinity 

problem. Over a period of time, salt removal by leaching must equal or exceed the salt 

additions from the applied water to prevent salt building up to a damaging concentration. 

Although the amount of leaching required is dependent upon the irrigation water quality 

and the salinity tolerance of the crop grown (Ayers and Westcot, 1985). 

The procedure of the reclamation and management of salt affected soils depends upon the 

type of the problem under consideration, its causes and other factors influencing its 

management and reclamation activities (MoA, 2011). Soils will become salty if salts are 

allowed to accumulate. Proper irrigation management and adequate drainage are not only 

important measures for the improvement of salty soils, they are also essential for the 

prevention of salinization. These suggested control options are discussed in more details 

as Leaching, Drainage, applying soil amendments, selection of tolerant crops to salinity 

and cultural practices. 

                                            



 
 
 
 

 
                                                                            

                                                  CHAPTER THREE 

3. Materials and Methods 

    3.1 Study area description 

Lake Ziway is located in the rift floor with an altitude of 1636 m.a.s.l, catchment area of 

7380 km2, a maximum depth of 9 m, a minimum depth of 2.5 and a volume of 1466 mcm 

(Vallet-Coulomb et al., 2001 and Tenalem Ayenew, 2001). It is one of the freshwater Rift 

Valley lakes of Ethiopia.  

 

 

Figure 1. Location map of Lake Ziway catchment 



 
 
 
 

 
                                                                            

Lake Ziway is located 160 km south of Addis Ababa, on the border between the Regions 

of Oromia and of the Southern Nations, Nationalities, and Peoples; the woredas holding 

the lake's shoreline are Adami Tullu and Jido Kombolcha, Dugda Bora, and Ziway 

Dugda. The town of Ziway lies on the lake's western shore. The lake is fed primarily by 

two rivers, the Meki from the west and the Katar from the east, and is drained by the 

Bulbala river which empties into Lake Abijatta.  

The study area is situated in East Shewa Zone of Oromia Region, Adami Tulu Jido 

Kombolcha Wereda. The area is characterized by shallow to relatively deep groundwater 

with thick aquifer and relatively good permeability. The study was conducted in Edo 

Gojola kebele that use both ground and surface water for irrigation as a representative of 

the five surface and ground water irrigated kebeles. Edo Gojola is located northwest of 

Lake Ziway.  

Soil type 

The areas around Lake Ziway are composed of volcanic rocks, with alkaline lavas, ashes 

and ignimbrites, mainly of Tertiary and younger age. The sediments covering the 

volcanic rocks in the area are, generally mixed deposits of sandstone, limestone and silts, 

with frequent occurrences of evaporite minerals (Meron Nigussie, 2007). In Ziway, area 

gentle levees are formed of sandy clay loams. As Zebene Lakew (2004) stated, the major 

soil types in the Rift Valley clearly show the influence of soil parent material and extent 

of weathering. The main parent materials in the rift valley system are basalt, ignimbrite, 

acidic lava, Volcanic ash and pumice, and riverine and lacustrine alluvium. The central 

belt of weakly developed soils has formed from lacustrine sediments, river alluvium and 



 
 
 
 

 
                                                                            

pumice. These weakly developed soils are highly permeable and likely to generate little 

surface runoff. 

 

 

Figure 2.  Generalized soil map of Lake Ziway catchment  

Generally, there are four soil types in the area (Alemu Dribssa, 2006): 

Type I: covers predominantly the rift floor and western escarpment on flat to undulating 

plains with some hills formed on pyroclastic deposits. Generally, the soils are dark 

grayish free draining friable silty loom to sandy loam with moderate structure and good 

moisture storing properties.  



 
 
 
 

 
                                                                            

Type II: is found on steep faulted undulating and rolling low plateau escarpments of the 

rift zone. The soil is well drained, moderately deep to deep dark gray or brown, friable 

silty loam to sandy loam with moderate structure and good moisture storing properties. 

Type III: is well drained deep reddish brown to red friable clays to clay loams with strong 

structure. This soil type is found on flat to undulating plateau of western margin and 

dominantly in eastern plain.      

Type IV: is very thin and shallow soil covering the eastern margin of the study area. The 

soil is well drained and limited moisture storing property, stony and has no diagnostic 

horizon (Rigosols/Lithosols according to FAO /UNESCO soil classification)  

Regional and Local Geology 

The geological and tectonic processes operated by the internal forces in rift system 

generally govern the geology and geomorphology of the study area. According to 

(Zebene Lakew, 2004), the region as a whole is affected by extensional tectonics often 

associated with widespread magmatism and the rift is a consequence of the initial mantle 

upwelling, the crustal doming and volcanicity. The rift system has also been intimately 

associated with widespread volcanism (Tenalem Ayenew, 1998). 

As Zebene Lakew (2004) mentioned, the Ziway-Shala Basin is divided into three 

geomorphologic units: The high plateau on either side of the rift; the transitional 

escarpments; and the low-lying rift floor. Ziway cultivated land in the study area, is 

characterized by plain topography and categorized under the low-lying geomorphologic 



 
 
 
 

 
                                                                            

unit. This unit is very close to the eastern escarpment where the eastern escarpment has a 

well-expressed geomorphology. 

Climate 

The climate of the area around Lake Ziway has arid characteristics for most of the year 

and monthly average rainfall never exceeds evaporation. The mean annual rainfall is 760 

mm (MoWR, 2006). The mean daily temperature at Ziway is 19.3°C. The highest 

temperatures occur between March and June prior to the start of the main rains, though 

seasonal variation in daily temperature is relatively slight. The mean annual temperature 

of the area is within the range of 16-250C (MoWR, 2006). Five years of Meteorological 

data was found from the Meteorological and Climatology Directorate from the year 2010-

2014. The highest mean rainfall was in July-August. 

 

Figure 3. Climate Diagram of Ziway area 
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Topography and drainage 

The study area is bounded in the east by Chilalo (4056 m.a.s.l), Galama (4153 a.s.l)  

Kakka(4167m a.s.l), Mountains and from the west by Garaghe Mountains( 3609 a.s.l 

).Generally, Lake Ziway basin is divided in to three physiographic areas: the high 

plateaux on either side of the rift, the transitional escarpment and the rift floor. There is a 

topographic difference of about 2600 m between the rift floor and mountains (Alemu 

Dribssa, 2006). 

Lake Ziway is fed principally by Meki and Katar rivers; from its western and eastern 

sides respectively. Most parts of plateau area are perennial sources of these rivers while 

the tributaries in the escarpments and rift floor are almost intermittent sources. In 

addition, the highland is characterized by higher drainage density than the escarpment 

due differences in rock permeability, climate and slope.  

 



 
 
 
 

 
                                                                            

Figure 4. Topography of the catchment derived from digital elevation model 

Vegetation and Land use 

The study site in Adami Tulu Jido Kombolcha wereda is about 66,285 ha of land. 3,000 

ha. of land is used for irrigation. The total household population in the wereda is 26,190. 

The total area of the Edo Gojola kebele is 2,652 ha. The total population in the kebele is 

3,139. The potential land for irrigation in the kebele is 600 ha but the total area irrigated 

currently is only 300 ha. From the total 300 ha of irrigated land, 140 ha are irrigated with 

ground water while 160 ha are irrigated with surface water. eight ha from each of the 

irrigated field that is a total of 16 ha were selected for soil sample collection.     

The different topographic, climatic, and edaphic conditions determine the ground 

ecological groups in the catchment, each of which is characterized by particular 

associations of vegetation (Alemu Dribssa, 2006). 

3.2 Methods 

            3.2.1 Site Selection 

A Reconnaissance survey was conducted in Ziway, Adami Tulu Jido kombolcha Wereda 

from October 28-November 21, 2014 to select the study site where ground water and 

surface water is used for irrigation. There were two field trips to Ziway Town of Adami 

Tulu Jido Kombolcha Wereda which is 160 km south of Addis Ababa. The first was a 

reconnaissance survey to select one kebele that uses irrigation in Adami Tulu Jido 

Kombolcha Woreda in collaboration with the main stakeholders, that is the Adami Tulu 

Jido Kombolcha Wereda Agricultural office, Irrigation Development Agency, and plant 



 
 
 
 

 
                                                                            

Health clinic on October 28, 2015, individually a discussion was conducted with wereda 

Agricultural natural resource and extension experts and Ziway plant Health clinic pest 

control expert to identify the number of kebeles that grow vegetables using ground and 

surface water irrigation. It was established that thirteen kebeles out of 47 kebeles use 

ground and surface water irrigation. From the available information and expert opinion of 

the thirteen kebeles five were further short listed. These kebeles were Edo Gojola, Elka 

chelemo, Abinger mama, Bochesa and Abeyi deneba.  Edo Gojola kebele was selected 

for the study site. The newly created irrigation development agency was contacted, but 

the agency was not able to provide information on the subject. 

 On October 29, 2015, the Agricultural development agent in Edo Gojola Farmers 

Training Center and the chairperson of the kebele administration were approached on the 

subject. Information about the subject was solicited from each individual that will serve 

as a precurssor for the next detailed activities to be conducted in this Kebele. 

The second field trip to Edo Gojola Kebele was made from November 19-21, 2015 to 

conduct detailed activity to bring soil samples from ground and surface irrigated farmer’s 

fields and samples of ground and surface water. Then water and soil samples were 

brought to Addis Ababa University Glass house to conduct the experiment. The 

Development Agent helped as inter locator, facilitator and working along with the other 

two hired supporters to carry the work on obtaining soil samples and water samples.  

3.2.2. Soil sample Collection 

Soil samples were collected systematically from ground and surface water irrigated sites 

using auger, plastic bags, quadrat, meter and rope. Two sampling sites were chosen that is 



 
 
 
 

 
                                                                            

about 16 ha of irrigated fields that are 8ha irrigated with ground water and 8ha irrigated 

with surface water. 5 kg of composited 20 soil samples, 0.5 kg of three composite soils 

from a single sample point were collected from each sites and labeled as soil type SL1-

SL10 from surface water irrigated fields while GL1-GL10 from ground water irrigated 

fields.  Where; S-surface water, G-ground water, L-lab. The collected soil samples were 

used for soil chemical analysis in the Water Works Design and Supervision Enterprise 

and the level of salinity and the type of ions involved were determined. 

Ten composite soil Samples from surface water irrigated fields were taken from two 

crisscrossed diagonals. The diagonal length for that of surface water irrigated area was 

calculated by Pythagorean theory where within a single diagonal 5 samples were taken at 

equal interval. Garmin GPSMAP 62 model was use to read the geographic coordinates of 

the sampling points and form figure 3 below. A total of 24 pots were prepared each 

containing 5 kg to be used in the Addis Ababa University Glass house for an 

experimental studies.   

For the experimental studies, a total of 12 samples, 5 kg from each sample point and 6 

soil samples within a single diagonal were taken. Soil samples were collected from 

surface irrigated area and were labeled as soil type SP1-SP6 in a single diagonal while 

SP7-SP12 in the other diagonal were taken from surface water irrigated fields while GP1-

GP6 in a single diagonal and GP7-GP12 in another diagonal from ground water irrigated 

fields. Where; S-surface water, G-ground water and P- pot. These collected soil samples 

were properly labeled and brought for an experiment in the green house of Addis Ababa 



 
 
 
 

 
                                                                            

University to observe the impact on productivity and growth of tomato plants as an 

experimental plant. 

 

  Figure 5. Map of Adami Tulu Jido Kombolcha Wereda consisting the fourty seven kebeles 

  Source: Ziway Agricultural Development Office 

Edo Gojola 
Kebele 



 
 
 
 

 
                                                                            

 

  Figure 6. Location of the study area, Edo Gojola Kebele, where soil and water collection  

                   took Place       



 
 
 
 

 
                                                                            

 

 Figure 7. Location of soil samples taken for Laboratory analysis from surface and  

                 ground water irrigated 16 ha fields    

     3.2.3. Laboratory analysis of soil samples 

For each soil sample, the following soil parameters  namely pH, EC, CEC, exchangeable 

bases (Na, Ca, Mg and K), soluble cations (Na+, Ca2+, Mg+ and K+), soluble anions 

(CO3
2-, HCO3

-, Cl-, SO4
2-), Organic C, were examined in the water works design and 

supervision enterprise.  



 
 
 
 

 
                                                                            

    

Figure 8. The appearance of soil and plant on the ground water irrigated field in the study  

                 area 

pH and electrical conductivity were determined from a soil saturated paste extract (Van 

Reeuwijk, 1992) using Hannna pH meter of model HI 9023 and conductivity meter of 

model Lf 90, respectively. The apparatus used for preparation of the extracts were: filter 



 
 
 
 

 
                                                                            

funnel, Buchner funnel with small suction/receiving flask, vacuum pump, plastic beaker, 

spatula and extraction ramp. According to the standard procedure (Van Reeuwijk, 1992), 

500 ml plastic beaker was used to prepare the soil paste for each sample and after 

complete mixing of the fine earth with distilled water it was left over night. Two beakers 

with 50 ml water were included as blanks. On the next day, after checking the samples to 

qualify the criteria set for proper paste, they were transferred to the Buchner funnel. 

Hardened, low-speed filter papers were used for filtering. Then suction was applied by 

vacuum pump and the filtrate was collected from each Buchner funnel. The filtrates were 

then taken for the measurement of pH, EC, and the concentration of soluble ions. 

Determination of the concentration of each anion and cation was made from saturated 

paste extract following the procedures for soil analysis prepared by (Van Reeuwijk, 

1992). Total soluble cations and total soluble anions were calculated by summing the 

total cations and anions respectively. 

For organic carbon determination the (Walkley-Black, 1934) procedure was followed. 

This method involves a wet digestion of the organic matter with a mixture of potassium 

dichromate and sulfuric acid at about 1250C. The residual dichromate was titrated against 

ferrous sulphate.    

Exchangeable bases and cation exchange capacity (CEC) of the soils were determined by 

the 1 M ammonium acetate (pH 7) method according to the percolation tube procedure 

(Van Reeuwijk, 1992).   



 
 
 
 

 
                                                                            

Soluble Ca2+ was determined by titration of 40 g of soil sample in a 200 ml of distilled 

water using potassium cyanide and ethylene diamine triacetate (EDTA) that is a calcium 

pattern reader reagent and Mg+ was calculated by subtracting the calcium amount to the 

total hardness which is found using the erythrome black tea reagent. Soluble Na+ and K+ 

by Flame Photometer 410 model.  Derived calculation for SAR and ESP estimates were 

made using appropriate formula (Seid and Genanaw, 2013); 

SAR =
Na

√Ca + Mg /2
 

                                                       ESP = Na/CEC × 100 

     3.2.4. Glasshouse experiment 

CRD (Completely Randomized Design) were used for the experimental design. At the 

first stage of the experiment 24 pots were used that is twelve pots for onions and twelve 

pots for tomatoes Cal J variety but unfortunately the onions Bomb red variety failed to 

germinate due to seed viability problem and the experiment continued with twelve pots 

where tomatoes germinated in the glasshouse of Addis Ababa University. Sixty tomato 

seeds, 5 seeds per pot were sown. From twelve pots, six were filled with samples from 

surface water irrigated field while the other six were filled with samples from ground 

water irrigated field where individual pots were filled with 5kg of soil. In the design, 

there are four treatments and three replicates, one watered by ground water, one treated 

by surface water and 2 watered by tap water. From the total 4 treatments, 2 are for 

surface and ground water treated soils while the rest of the 2 treatments are used as a 

control factor watered by tap water from Addis Ababa University. These treatments were 



 
 
 
 

 
                                                                            

G1-G3, S1-S3, and the control treatments were TWG1-TWG3, TWS1-TWS3, Where; 

(G-Groundwater irrigated soil, S-Surface water irrigated soil, TW- tap water and the 

serial numbers 1,2,3 represent the number of replications). The plants were watered every 

day for a month and every other day after a month. 

Five seeds were placed in each pot.  There were four treatments with three replications in 

the glass house. Pots were given 2.5 lt. every other day that is 51 days of watering in 108 

days of growing period and 3.5g of urea was applied on each pot. 

3.2.4.1 Water collection for glasshouse experiment 

Water collection was done from both lake water and ground water. About 255 lt. of water 

was collected by 11 Jeri cans thoroughly washed with hot water to avoid any 

contamination. The water collected was then brought up to the green house from Ziway 

to Addis Ababa University. Six Jeri cans were used to bring 127.5 lt. of water from 

ground while the other 127.5 lt. were collected in five Jeri cans from surface water for 

use in the experiment.  

Different Materials were used in the experiment. For measurements EC-meter Wagtech 

Model SlN: 1254087, 11 Jeri cans for water carrying, 4 sacks to carry soil samples, 

plastic bags, rope, auger to dig soil sample at required depths, watering can, and 24 pots  

were used. 

3.2.4.2 Measurement of EC for surface, ground and tap water 

EC meter was used to measure and compare the electrical conductivity of water from 

ground and surface water from Ziway and tap water from Addis Ababa. Three 



 
 
 
 

 
                                                                            

measurements were taken using EC meter Wagtech Model SlN: 1254087 from surface, 

ground and tap water sources. Ten measurements were taken from each water sources 

that is an over all of thirty measurements were taken. The average measurement readings 

were taken from the ten readings recorded for each water sources. 

3.2.5. Recordings of plant growth parameters 

Plants height and number of leaves were recorded every week in Addis Ababa 

University. Tomato Cal J seeds were sown on December 2, 2014. After two weeks the 

seeds germinated. The plants grew and the experiment continued for fourteen weeks.  

3.2.6. Fruit yield and plant dry biomass measurement 

Matured fresh tomato fruits were harvested on 18th March and the total yield and shoot 

and root biomass were determined after 108 days of growing period. The leaves, stems, 

and roots of plants were separated and oven-dried at 70o C for 7 days based on Segura et 

al. (2009) after which the dry biomasses were measured. Twenty eight Tomato plants 

were measured for the fresh and dry weight biomass. Their weight was determined in g 

using an electronic balance.  

3.3 Data Analysis 

The experiment was in completely randomized design with three replicates maintained 

for each treatment. Data were analyzed by one-way ANOVA. Least significant difference 

(LSD; at P level of 0.05) values were calculated for comparisons of treatment means. 

Analysis of variance (ANOVA) was performed by statistical package for social sciences 

(SPSS) software version 20.0. to know the presence of significant difference between 



 
 
 
 

 
                                                                            

surface and ground water irrigated soils on tomato height, number of leaves and biomass 

yield and productivity. In addition, height and number of leaves between plants sown on 

soils with different salt content and different water treatments where significant 

difference were found by using the least significant difference (LSD) test and comparing 

among the means. 

The EC of the three water sources were tested using paired sample t-test to compare their 

mean difference. The Pearson Correlation (2-tailed) test was used to describe the strength 

and direction of a linear relationship between two variables that is the ground and surface 

water irrigated soil as well as ground and surface water impact on fruit yield and dry 

biomass. Linear Regression Model was also used to know how well a certain independent 

variable predicts a dependent variable. 

                                                     

 

 

 

 

 

 

 



 
 
 
 

 
                                                                            

                                          CHAPTER FOUR 

4. Results and Discussion  

 4.1 State of salinity of water used for irrigation around Lake Ziway  

       4.1.1 State of Shallow Ground water salinity used for irrigation 

The ground water salinity status according to this study is relatively higher than that of 

the tap water and the surface water used in the experiment. Ten EC measurements were 

conducted from each sources of water that is Ground, Surface and Tap water. The mean 

EC measurement of the ground water was found to be 1ds/m as it is evident from table 6. 

Silva and Uchida, (2000), have observed that the value of the Ground water salinity is in 

the range of intermediate salinity which affects crops. Similarly, Ayers and Westcot, 

(1985), have reported that the value of the EC of the ground water is in the degree of 

restriction on use that is from slight to moderate.  

It was also concluded by Haile Gashaw, (1999) that based on Sodium Adsorption Ratio 

(SAR), percent sodium and electrical conductivity the quality classification of water for 

irrigation of the ground water in the western part of the Lake Ziway area was unsuitable 

for irrigation.  Based on this study as well the ground water was found to be slightly 

saline. 

In Pakistan, it was reported by Khan et al. (2014) that Soil salinity has increased with an 

increase in water salinity and the actual results showed that EC of the ground water has 

significantly affected the soil properties. The ground water EC in Lasbela region in 

Pakistan was found in the range of 1ds/m to 3.5 ds/m that is from slightly saline to 



 
 
 
 

 
                                                                            

severely saline whereas in Iraq the ground water quality varied from 8-12 dS/m. In the 

southern Iraq, groundwater salinity is extremely high (> 30 dS/m). The presence of salts 

in the subsoil is partly due to high salinity of the groundwater (Qureshi et al., 2013).  

Table 6. EC measurements of ten water samples from ground, surface and tap 

water   

Where; GWec-Ground water EC, TWec -Tap water EC and SWec- surface water EC 

 

         4.1.2 State of surface water salinity used for irrigation 

It is evident from Table 7 that the EC of the surface water is highly significant from that 

of the ground and tap Water. The EC of the surface water was found to be 0.6 ds/m which 

is classified as non-saline, having less value than that of the ground water and higher than 

that of the tap water. Similarly Ayers and Westcot, (1985) have indicated in the 

guidelines for interpretation of water quality for irrigation, surface water EC 

measurement is classified as non-saline because the value is below 0.7 ds/m and is 

 N Minimum 

(ds/m) 

Maximum 

(ds/m) 

Mean 

(ds/m) 

GWec 10 0.80 1.5 0.9800 

TWec 10 0.20 0.40 0.3000 

SWec 10 0.50 0.70 0.6100 



 
 
 
 

 
                                                                            

suitable for irrigation purposes. The same result was found in Ghana as well stated by 

Anim et al. (2011), the surface water samples were found to be suitable for irrigation 

purposes. The EC of the samples taken from surface water in Ghana were found to be 

214.00 μs/cm to 369.00 μs/cm that is from 0.2 ds/m to 0.4 ds/m which is non-saline. In 

the case of Iraq (Qureshi et al., 2015), Historical data on the water salinity of Tigris 

Rivers at Baghdad city shows that its salinity has increased from 0.63 ds/m in 1960 to 

1.15 ds/m by 2011.  

         4.1.3 Comparison of salinity level of the surface, ground and tap water sources 

There is higher significant variation among the three water sources which are surface, 

ground and tap water as it can be seen in table 7 below. The highest EC was recorded by 

the ground water source different from the other two sources (Figure 9). Although, the 

ground water in this study is slightly saline but can hinder the growth of sensitive plants.  

As stated by Qureshi et al, (2015), the ground water salinity in Iraq is also significantly 

different from that of the surface water and the presence of salts in the subsoil was 

reported that it is partly due to high salinity of the groundwater. Similar result was also 

found in Zimbabwe Mutema Irrigation Scheme that indicated the groundwater had high 

concentrations of EC 17.3 ds/m compared to the surface irrigation water source which 

had an EC not passing the threshold requirements for cropping (Chemura et al., 2013). 

The considerably higher soil pH, EC, SAR and ESP in irrigated blocks was directly 

linked to the use of groundwater for irrigation to the problems of salinity in the scheme. 

Therefore in this study as well, though the EC value is not the same with the other 



 
 
 
 

 
                                                                            

countries mentioned but when comparing the surface water with the ground water 

salinity, the ground water source had greater salinity level. 

 

Figure 9. The EC of the surface, ground and tap water sources 

 Where: GWec- Ground water EC, SWec- Surface water EC and TWec- Tap water EC 

Table 7. Paired Sample t-test of the ground, surface and tap water used in the 

experiment 

 Mean t df sig (2. tailed) 

Pair1 GWec-TWec 0.68 10.002 9 0.000 

pair2 GWec-SWec 0.37 5.286 9 0.001 

pair3  SWec-TWec 0.31 11.196 9 0.000 

The value is significantly different at P<0.05 
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4.2. State of Surface and ground water irrigated soil salinity 

                    4.2.1 State of Surface water irrigated soil salinity 

The mean EC of the surface water irrigated soils in the study resulted to be 1.2 ds/m 

which is less than 4 ds/m, pH value of 8.3 and an ESP of 11 which is less than 15 in 

(Table 8). The result as stated by Abrol et al, (1988), classifies the surface water irrigated 

soils from non-saline to moderately sodic (Rengasamy et al., 2010).   

Silva and Uchida, (2000) have observed that the salinity standards of the laboratory result 

shows that EC of the surface water irrigated soil has little or no effect on plants. Although 

this test does not distinguish between one type of salt and another; it simply provides an 

overall measure of water-soluble salts. 

Soil pH is a good indicator of intensity of acidity or alkalinity of the soil (Seid and 

Genanaw, 2013). The pH in surface water irrigated soils is 8.3 that is strongly alkaline. 

.According to Rengasamy, (2010), if the SAR or the ESP > 6 and the EC < 4 ds/m then 

the soil is classified as Sodic which corresponds with the surface water irrigated soils. 

ESP values above 10% are of concern. Excessive sodium levels can occur naturally or 

can result from irrigation with high-sodium water (Horneck et al., 2011). The ESP of the 

surface water irrigated soils is above 10% and this showed high levels of sodium which 

are detrimental to soil structure, soil permeability, and plant growth. 

The soil tensile strength, a physical measure of the ability of the soils to endure applied 

forces without being disrupted, is associated with SAR among other factors. The SAR of 

the surface water irrigated soils were found to be <13 while the ESP was <15. Therefore, 



 
 
 
 

 
                                                                            

the salinity of the surface water irrigated soil is non-saline since the EC measure is in the 

range of 0-2 ds/m. Meron Nigussie, (2007) have observed that all of the soils in the study 

around Lake Ziway were saline-sodic. Even though the problem of salt content in the 

area was in the same category, the absolute concentration of salt was different between 

soil types. 

4.2.2 State of Ground water irrigated soil salinity 

The mean EC measurement of the ground water irrigated soils is 2.6 ds/m which have 

moderately low salinity, a pH of 8.4 strongly alkaline and an ESP equal to 15 which lies 

in the category of moderately Sodic (Table 8). As ESP increases, soil structure decreases; 

the infiltration rate of water into soil and the rate of water movement through soil may be 

reduced. High concentrations of sodium can be toxic to plants. Sodium hazard also 

increases as ESP increases. The ESP is used to determine gypsum requirement for 

treatment of sodium-affected soils (Horneck et al., 2007). Therefore, the salinity class of 

the ground water irrigated soils is in the range of moderately low since the value of the 

EC measurement is between 2-4 ds/m. In Iraq, north Baghdad soil salinity was found to 

be greater than 8 dS/m which is saline (Qureshi et al., 2015). Soil salinity increased with 

an increase in water salinity in Pakistan (Khan et al., 2014). 

4.2.3 Comparison of the surface and ground water irrigated soil salinity 

There is high significance of variance between surface and ground water irrigated soils 

on their EC measurement (Table 9). The rest of the salinity measure indices like SAR, 



 
 
 
 

 
                                                                            

ESP and pH of the surface and ground water irrigated soils value are not significantly 

different.  

The value of the soluble salts that is cations from the surface and ground water irrigated 

soils is shown in Table 10 below. The Na soluble cation of the ground water irrigated soil 

is significantly different from that of the surface water irrigated soil. The rest soluble 

cations were not significantly different from one another. 

Table 8. The Mean EC, SAR, ESP and pH values for soils from surface and ground     

                water irrigated fields 

Soil Salinity Parameters Surface water Irrigated 

soils 

Ground water irrigated 

soils 

EC (ds/m) 1.19 2.57 

SAR 1.44 2.26 

ESP (%) 10.94 14.78 

pH 8.26 8.35 

 

A widely used measure of the deleterious effects of high sodium level is the 

exchangeable sodium percentage. An ESP value of 15 is often regarded as the boundary 

between sodic and non-sodic soils, although, it has been realized that this is an arbitrary 

figure, since the properties of soils often exhibit no sharp change as the content of 



 
 
 
 

 
                                                                            

exchangeable Na increases. In some soils, exchangeable Na content of 2 to 3 cmol (+)/kg 

soil may be a more suitable criterion for distinguishing sodic samples. In general, soils 

with exchangeable Na > 1 cmol (+)/kg should be regarded as potentially Sodic (Seid and 

Genanaw, 2013). 

The cation exchange capacity (CEC) of the soils from ground water irrigated area is high 

which is 59.22 cmol (+)/kg soil, while that of the surface is also high that is 56.15 cmol 

(+)/kg soil and did not have a significant difference between them. 

Table 9. Paired sample t-test for the surface and ground water irrigated soils of 

their EC, SAR, ESP and pH 

 Mean df Sig. (2-tailed) 

pair1 SARs-SARg 0.82 9 0.253 

pair 2 ECs-ECg 1.38 9 0.003 

pair3  ESPs-ESPg 3.84 9 0.387 

pair4  pHs-pHg 0.09 9 0.580 

The value is significantly different at p < 0.05  

Where SARs- SAR for surface, SARg- SAR for ground, ECs- EC for surface, ECg-EC for 

ground, ESPs- ESP for surface, ESPg- ESP for ground, pHs- pH for surface and pHg-pH for 

ground   



 
 
 
 

 
                                                                            

The rest of the exchangeable bases were not also significantly different from one another 

except exchangeable potassium of the ground water irrigated soils was significantly 

different from that of the surface water irrigated soils (table 11). Therefore, both the 

exchangeable Na of the surface and ground water irrigated soils were found to be greater 

than 1 and shows that they are classified as sodic soils. The soils from ground water 

irrigated area had more soluble salts and sodium cation than the soils from the surface 

water irrigated area. 

The organic carbon was analyzed for surface and ground water irrigated soils and it was 

found that the carbon for surface water irrigated soils is 1.5% while that of the ground 

water was found to be less that is 1.1%. The soil of the area is under low organic carbon 

content (Zebene Lakew, 2004). This results showed higher organic carbon in the study 

area than this study that is from (2-4%). This could be due to carbon evolution, microbial 

mineralization, immobilization of carbon, microbial biodegradation, availability of 

microorganisms, substrates availability of sources of organic carbon in the soil cellulose 

and microbial enzymes for utilization of carbon sources. As it was stated by Horneck et 

al. (2011), as OM increases, so does the ability to adsorb and reduce effectiveness of 

many soil-applied herbicides and Soil OM could increase more than 2 percent in an area 

receiving large amounts of compost or other organic residue. Therefore, based up on this 

study organic carbon was found to be low.  

 

 



 
 
 
 

 
                                                                            

Table 10. Paired sample t-test for the soluble salts (cations) of soils from surface and 

ground water irrigated sites 

 Mean df Sig.(2-tailed) 

pair1 Nas-Nag 1.48 9 0.020 

pair2 Ks-Kg 0.046 9 0.191 

pair3 Mgs-Mgg 0.02 9 0.915 

pair4 Cas-Cag 0.09 9 0.684 

The value is significantly different at P < 0.05  

Where: where s-subscript means surface and g-subscript means ground  

4.3. Impact of surface and ground water use on soil salinity development 

         4.3.1 Impact of surface water use on soil salinity 

The mean EC of the surface water treated soils once the glass house experiment was 

terminated was 1.37 ds/m that have increased from 1.2 ds/m before experiment as listed 

in (table 12). Abrol et al. (1998) and Rengasamy et al. (2010) have evaluated that the EC 

measurement after experiment shows that the surface water irrigated soils is still in the 

class of non-saline and salinity effects on crops is negligible in this range. The SAR value 

assesses sodium hazard in soil or irrigation water.  

 



 
 
 
 

 
                                                                            

Table 11. Exchangeable bases and Cation exchange capacity of soils from ground 

and  surface irrigation  Sites 

 Mean df Sig (2-tailed) 

pair1 exNas-exNag 3.21 9 0.239 

Pair2 exCas-exCag 0.89 9 0.536 

pair3 exMgs-exMgg 0.86 9 0.26 

pair4 exKs-exKg 0.78 9 0.032 

pair5 CECs-CECg 3.07 9 0.335 

 

As the SAR increases, soil structure decreases; the infiltration rate of water into soil and 

the rate of water movement through soil may be reduced and high concentrations of 

sodium can be toxic to plants (Horneck et al., 2007). In case of the surface water irrigated 

soils, the SAR value has slightly increased from 1.4 to 2.8 but still is below 5 having less 

effect. 

In treatment three that is the tap water treated surface water irrigated soils exhibited the 

highest EC and SAR values. On the contrary the lowest average EC and SAR values were 

observed in tap water treated ground water irrigated soils that is treatment 2. It has been  

compared the difference between the ground and surface water treated soils brought from 



 
 
 
 

 
                                                                            

ground water and surface water irrigated fields respectively their EC value did not have 

significant difference. 

 

Figure 10. The EC of soils in the four treatments after experiment 

4.3.2 Impact of ground water use on soil salinity 

The ground water treated soils from ground water irrigated area after experiment had an 

EC value of 1.27 ds/m which has decreased when compared with the result before the 

experiment from ground water irrigated area having mean EC result of 2.57 ds/m. The 

EC measurement after experiment shows a decrease in value that it shifted the soil class 

from slightly saline to non-saline class that is in the range of 0-2 ds/m. The SAR has in 

the contrary increased slightly from 2.3 to 2.8 but still is below 5 having no significant 

effect. Therefore, the ground water and tap water treated soils brought from ground water 

irrigation site has decreased value of EC after the experiment while the surface and tap 

water treated soils brought from surface water irrigation site has increased EC value. This 
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result seems to be contrary to the reality on the ground and might have been caused by 

experimental errors. Hence, this needs to be checked in future studies. 

Table 12. The EC and SAR values of surface, ground and tap water treated soils 

after experiment 

                      Types of soils EC (ds/m) SAR 

Ground water treated soils from ground water irrigated area (T1) 1.27 2.8 

Tap water treated soils from ground water irrigated area (T2) 0.92 2.5 

Tap water treated soils from surface water irrigated area (T3) 1.43 2.9 

surface water treated soils from surface water irrigated area (T4) 1.37 2.8 

 

In this study the EC of the ground water irrigated soil was found to be greater than that of 

the ground water and higher measure of soluble salts were found in the soil. From the 

glasshouse experiment result, the ground water use did not affect the salinity level of the 

soil used in the experiment. This was proved by the low EC value recorded from the soil 

after experiment. 



 
 
 
 

 
                                                                            

Table 13. Impact of ground water salinity on soil salinity before experiment 

Linear Regression 

Model 

Unstandardized Coefficients 

 

t Sig. 

B Std. Error 

(Constant) 4.734 (α) 1.844 2.567 0.033 

GWec -2.208 (β) 1.848 -1.195 0.266 

 

Table 14. Impact of ground water salinity on soil salinity after experiment 

Model Unstandardized Coefficients t Sig. 

B Std. Error 

(Constant) 5.300 (α) 5.788 0.916 0.528 

(GWec) -4.650 (β) 6.668 -0.697 0.612 

 

As it is clearly indicated that the ground water irrigated soil EC, ECsoil= 4.734-

2.208(GWec) that is, ECsoil= 2.5 GWec (Table 13). The ground water treated soils 

brought from ground water irrigated EC is in the range from 0.7 to 1.5 ds/m which is 

relatively lower than the EC of the Ground water Though the soil samples were derived 

from only three pots used in the experiment, still their EC value is found to be less that is 

in the range from o.7-1.6 ds/m than the EC of the soil samples tested before the 

experiment that ranged from 1.4 to 5.2ds/m (figure 12). 



 
 
 
 

 
                                                                            

 

Figure 11. The Ground water irrigated soil EC and ground water EC 

Where; GWec- Ground water EC and Gsoilec- Ground water irrigated soil EC 

 

Figure 12. The Ground water treated soil EC after experiment with that of the soils  

                 from ground water irrigated sites before experiment 

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10

E
C

 i
n

 (
d

s/
m

)

soil and water samples

Gsoilec

Gwec

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10

E
C

 i
n

 (
d

s/
m

)

number of soil samples

EC after

EC before



 
 
 
 

 
                                                                            

4.4. Impact of Ground water use on plant growth and productivity 

       4.4.1 Impact of Ground water irrigated soil on plant growth 

The responses of plants to high Salinity may be expected to vary with different growth 

stages (Afshari et al., 2011). It is indicated that the effects of different Salinity levels of 

the surface, ground and tap water treatments on tomato plants based on ANOVA analysis 

(Table 15). Although the salinity of the soils in the experiment cannot be considered as 

high since their EC is less than 4 ds/m but there is a slight difference among the surface, 

ground and tap water treated soils brought from surface and ground water irrigated sites.  

The number of leaves of the plants based on the tukey HSD test, highest significant 

difference has come across by the plants treated with surface and tap water. There is no 

significant difference between the surface and ground water treated plants as it can be 

comprehended (Table 15) similar with the height of the plants (Table 16). The plants 

treated with ground water and tap water did not have significant difference between them. 

In instance of the LSD test, slight difference was verified by tap water and ground water 

treated plants leaves. 

The height of the plants was analyzed by ANOVA using the Tukey (HSD) and LSD tests. 

The highest significant variance was exhibited between the tap water and surface water 

treated plants. There was no significant difference between the ground and the surface 

water treated plants besides the ground water and tap water treated plants. Table 17 

below directs that the growth response parameters of tomato plants that is height of plants 

recorded every week demonstrated that there has been a slight difference between groups. 



 
 
 
 

 
                                                                            

Table 15. Mean difference of number of leaves of tomato plants treated with 

surface, ground and tap water 

Dependent                            

Variable                     (i)T          (J)T 

Mean  

difference (i-j) 

std. 

Error 

sig. 

 Tukey      SW          TW 

                   HSD                         GW 

-11.231 

-.751 

3.721 

5.146 

0.008 

0.988 

                                    TW          SW 

                                                    GW 

11.231 

10.481 

3.721 

4.810 

0.008 

0.076 

No of                          GW          SW 

leaves                                          TW 

.751 

-10.481 

5.146 

4.810 

0.988 

0.076 

                   LSD        SW           TW 

                                                    GW 

-11.231 

-.751 

3.721 

5.146 

0.003 

0.884 

                                   TW           SW 

                                                    GW 

11.231 

10.481 

3.721 

4.810 

0.003 

0.030 

                                   GW           SW 

                                                     TW 

.751 

-10.481 

5.146 

4.810 

0.884 

0.030 

 

The groups represent the type of soil and water used in the experiments which are four. 

The plants which were in the group treated with tap water has performed well on the 

number of plants growth parameters which were highly significant from the surface and 

ground water treated plants. Therefore, in this study and in agreement with previous 



 
 
 
 

 
                                                                            

studies, Salinity reduced plant height, (Hassan et al., 1999; Sonneveld, 2000; Amico et 

al., 2003; Hajer et al., 2006). 

Table 16. Mean difference of height of tomato plants treated with surface, ground 

and tap water 

Dependent                            

Variable                     (i)T          (J)T 

Mean  

difference (i-j) 

std. 

Error 

sig. 

 Tukey      SW          TW 

                   HSD                         GW 

-5.726 

-1.362 

1.783 

2.451 

0.004 

0.844 

                                    TW          SW 

                                                    GW 

5.726 

4.364 

1.783 

2.288 

0.004 

0.138 

Height                        GW          SW 

of plants                                      TW 

1.362 

-4.364 

2.451 

2.288 

0.844 

0.138 

                   LSD        SW           TW 

                                                    GW 

-5.726 

-1.362 

1.783 

2.451 

0.001 

0.579 

                                   TW           SW 

                                                    GW 

5.726 

4.364 

1.783 

2.288 

0.001 

0.057 

                                   GW           SW 

                                                     TW 

1.362 

-4.364 

2.451 

2.288 

0.579 

0.057 

 

Antagonistically, there has been no difference between the means of the surface and 

ground water treated plants grown on soils brought from surface and ground water 

irrigated sites. This can be explained by the EC of the soils analyzed after the experiment 



 
 
 
 

 
                                                                            

that in ground and tap water treated soils there has been a decrement in their EC value 

while in surface water treated soils, establishments of soluble salts have been recognized 

that is their EC value has increased. In ground water treated soils there has been a 

decrease in their EC value from those tested before the experiment. Accordingly, it is 

rational if there has been no difference on the response of the surface and ground water 

treated plants since the soil EC was approximate as shown in (Table 12). 

Table 17. ANOVA result for the response of Tomato plants between soils from the 

surface and ground water irrigated sites 

 Sum of 

squares 

df Mean Square Sig. 

Between Groups 9591.942 2 4795.971 0.05 

 Number of leaf        Within Groups 276126.313 315 876.591  

Total 285718.255 317   

Between Groups 2328.582 2 1164.291 0.04 

Height of  plants      Within Groups 66399.554 323 205.571  

Total 68728.135 325   

 

The performance of the plants regarding number of leaves is that there was no difference 

between ground and surface water treated ones. The height of the plants had highest 



 
 
 
 

 
                                                                            

significance of variance between the tap and surface water treatment in a way that tap 

water treated plants were longer than surface water treated plants similar to tap water and 

ground water treated ones. Only a slight difference in height of the plants was observed 

between groups as listed in (Table 17).  

4.5 Impact of ground water irrigated soil on productivity 

4.5.1 Impact of Soil salinity on fruit yield 

The highest fruit yield was observed by tap water treated tomatoes (T2) on soils from 

ground water irrigated sites while the lowest yield was attained by tap water treated 

tomatoes (T3) on soils from surface water irrigated sites (Figure 16). This resulted due to 

the salinity difference of the soils conducted after experiment in a way that as soil salinity 

increased fruit yield decreased. 

 

Figure 13. Tomato plants in glass house 



 
 
 
 

 
                                                                            

 

Figure 14. Tomato plants grown on soils from ground water irrigation sites 

The correlation coefficient of soil EC and fruit yield was –0.832 in (Table 18). This value 

of r suggests a strong negative linear correlation since the value is negative and close to –

1. Since the value of r suggests a strong negative linear correlation, the data points should 

be clustered closely about a negatively sloping regression line as in (Figure 17). 

 

Figure 15. Tomato Plants grown on soils from surface water irrigated sites 
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Figure 16. Number of Fruits per Treatment 

 

Figure 17. Impact of Soil salinity on plant fruit yield 
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Table 18. Correlations of the soil salinity after experiment and fruit yield of plants 

 EC Mean Fruit 

EC                           Pearson Correlation 1 -0.832 (r) 

                               Sig. (2-tailed) 

                                   N 

 

4 

0.168 

4 

Mean Fruit              Pearson Correlation -0.832 1 

                                Sig. (2-tailed) 

                                   N 

0.168 

4 

 

4 

 

The EC of the soils after experiment were; T1 (1.27 ds/m), T2 (0.92 ds/m), T3 (1.43 

ds/m) and T4 (1.37 ds/m) where T1 was ground water treated, T4 was surface water 

treated whereas T2 and T3 were tap water treated in relation to their fruit yield is 

displayed in (Figure 15). 

Fruit yield = 53.902-15.856 (soil EC), Fruit yield = 38.046 (soil EC) in (Table 19). 

Corresponding to the linear regression line equation, it can be predicted that the mean 

fruit yield is affected by the soil EC in such a way that for every increase in EC of the soil 

the fruit yield decreases by 38.04 g representing 69% of the tomato plants. In agreement 

with this study, other studies also stated that salinity reduced fresh weight of vegetable 

crops such as tomatoes (Sonneveld, 2000; Amico et al., 2003, Hajer et al., 2006). Similar 



 
 
 
 

 
                                                                            

result was also found by (Mitchell and  Shanon, 1991), which confirms that salinity is an 

important factor determining the yield of tomato fruit primarily because it affects fruit 

water accumulation. 

Table 19. The impact of soil salinity after experiment on fruit yield of plants 

Linear 

Regression 

Model 

Unstandardized Coefficients t sig. 

B std. Error 

(Constant) 53.902 (α) 9.450 5.704 0.029 

EC -15.856(β) 7.482 -2.119 0.168 

 

4.5.2 Soil salinity and plant dry biomass 

4.5.2.1 Shoot biomass in relation to soil salinity  

The highest shoot dry weight was performed by the tap water treated soils brought from 

ground water irrigated site T2 as indicated in (Figure 18). The lowest shoot dry weight 

was that of the surface water treated T4 and ground water treated T1 plants which were 

approximate to each other and almost similar. T3 that is tap water treated soils from 



 
 
 
 

 
                                                                            

surface water irrigated sites shoot dry weight was found to be in between of the highest 

and lowest performance of treatments in the experiment. 

 

Figure 18. Variation in shoot dry weight in different treatments 

Table 20. Correlations of the soil salinity and shoot biomass of plants 

 

 EC DWshoot 

EC 
Pearson Correlation 
Sig. (2-tailed) 
N 

1 
4 

-0.851 (r) 
0.149 

4 

DWshoot 
Pearson Correlation 
Sig. (2-tailed) 

-0.851 1 
0.149  

N 4 4 
   
 



 
 
 
 

 
                                                                            

The correlation coefficient between soil salinity and shoot dry weight was –0.851 as it is 

listed in (Table 20). This value of r suggests a strong negative linear correlation since the 

value is negative and close to –1. Since the value of r suggests a strong negative linear 

correlation, the data points should be clustered closely about a negatively sloping 

regression line as in (Figure 19). Dry weight shoot = 12.635-5.018 (ECsoil) (Table 21). 

The Dry weight of the shoot will be decreased by 7.62 g for every increase in the EC of 

the soil representing 72% of the tomato plants. Therefore, in this study, the dry weight 

shoot of tomatoes decreased with increasing soil EC as also stated by Li, (2000), Katerji 

et al. (2002) and Hussein et al. (2012). 

 

Figure 19. Impact of soil salinity on plant shoot biomass 
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Table 21. The impact of soil salinity after experiment on shoot biomass of plants 

Linear Regression 
Model 

Unstandardized Coefficients t sig. 

B Std. Error 

(constant) 12.635 (α) 2.766 4.568 0.045 

EC -5.018 (β) 2.190 -2.292 0.149 

4.5.2.2 Root biomass in relation to soil salinity 

The highest dry weight roots of T1 and T3 were similar to one another that were T1 

(ground water treated) while T3 (tap water treated plants grown on surface water irrigated 

soils) as indicated in (Figure 20). The lowest dry weight of the root was recorded by T2 

(Tap water treated plants grown on ground water irrigated soils). 

 

Figure 20. Variations in root dry weight in different treatments 
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The correlation coefficient between the soil EC and root dry weight was 0.641 (Table 

22). This value of r suggests a positive linear correlation since the value is positive and 

close to +1.  

The root dry weight from (Table 23) shows, Dry weight root = 0.216+0.747 (EC soil), 

that is a positive relationship was exhibited between the Dry weight root and the soil EC 

but is insignificant. As the soil EC increases the Dry weight of the root also increased by 

0.96 g. Therefore, as the p value indicated in (Table 23), there is no significant difference 

among the root dry weight of plants in the four treatments. 

Table 22. Correlations of the soil salinity after experiment and the root biomass of 

plants 

 soil EC DW root 

EC soil                  Pearson   Correlation 

                    Sig. (2-tailed) 

                            N 

                    1 

 

                     4 

0.641 (r) 

0.359 

4 

DWroot         Pearson   Correlation 

                       Sig. (2-tailed) 

                              N 

                   0.641 

                   0.359 

                      4 

1 

 

4 

According to Singh et al. (2012), in spite of the negative effects of salt on roots, the root 

growth in tomato appears to be less affected whereas, shoot was affected drastically 

which agrees with the finding of this study. They also stated that increasing salt stress 

negatively affected growth and development of tomato and root/shoot dry weight ratio 

was higher. 



 
 
 
 

 
                                                                            

Table 23. The impact of soil salinity after experiment on root biomass of plants 

Linear 
Regression 
Model 

Unstandardized coefficients t sig. 

B std. Error 

(constant) 0.216 0.799 270 0.813 

EC of soil 0.747 0.633 1.180 0.359 

Dependent Variable: Dry weight of root 
 

4.6 Impact of ground water use on plant biomass productivity 

4.6.1 Impact of water salinity on fruit yield 

 

The highest fruit yield was observed by tap water treated tomatoes (T2) grown on soils 

from ground water irrigated sites while the lowest yield was attained by tap water treated 

tomatoes (T3) on soils from surface water irrigated sites. This resulted due to the salinity 

difference of the water used in the experiment in a way that as water salinity increased 

fruit yield decreased. 

The correlation coefficient between water EC and fruit yield was –0.426 (table 24). This 

value of r suggests no correlation since the value is close to 0. Since the value of r in the 

table above suggests negative linear correlation, the data points should be clustered far 

apart about a negatively sloping regression line (Figure 21). 

 

 

 



 
 
 
 

 
                                                                            

 

 

 

Figure 21. The impact of water salinity on fruit yield 
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Table 24. Correlations of water salinity and average fresh weight of fruits 

 
 ECwater Mfruit 

ECwater 
Pearson Correlation 1 -0.426 

Sig. (2-tailed)  0.574 
N 4 4 

Mfruit 
Pearson Correlation -0.426 1 

Sig. (2-tailed) 0.574  

N 4 4 



 
 
 
 

 
                                                                            

31.5g. Although this result only represents 18% of the plants as indicated in figure 21 

above and it cannot be concluded that for every slight difference of surface, tap and 

ground water sources there is a decrease in fruit yield. 

 
Table 25. The impact of water salinity on fruit yield 

 

Linear Regression 
Model 

Unstandardized coefficients t sig. 

B std. Error 

(constant) 37.258 (α) 5.292 7.041 0.020 

EC water -5.728 (β) 8.605 -666 0.574 

Dependent variable: average fruit fresh weight 
4.6.2 Impact of Water salinity on plant biomass 
 

4.6.2.1 Water salinity and shoot biomass 

 

The water salinity and shoot dry weight are signified in figure 22 below that when the 

water salinity increased there is a decrease in average shoot dry weight of tomato plants. 

The highest shoot biomass was exhibited by T2 while the lowest shoot biomass was 

recorded by T4 and T1. 
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Figure 22. Impact of water salinity on shoot biomass 

Table 26. Correlations of water salinity with shoot biomass 

 

 ECwater DWshoot 

ECwater 

Pearson Correlation 1 -0.688 

Sig. (2-tailed)  0.312 

N 4 4 

DWshoot 

Pearson Correlation -0.688 1 

Sig. (2-tailed) 0.312  

N 4 4 
As it can be considered from table 26 above the r value that is the correlation coefficient 

between the water EC and shoot dry biomass is close to -1, having a value of -0.688, 

suggesting that there is a strong negative linear correlation. Since the value of r in the 

above table suggests a negative linear correlation, the data points should be clustered 

closely about a negatively sloping regression line as in figure 22 above. 

Table 27. The impact of water salinity on shoot biomass 

Linear Regression 
Model 

Unstandardized coefficients t Sig. 

 

 B std. Error   

(Constant) 7.942 1.313  0.026 

EC water -2.862 2.136 -1.340 0.312 

Dependent variable: Dry weight of shoot 

The impact of water salinity on the shoot dry weight of tomato plants can be seen from 

table 27 above, DWshoot = 7.942-2.862 (EC water). It can be predicted that as the water 



 
 
 
 

 
                                                                            

salinity increases, the shoot dry weight of the plants would decrease by 5.08 g although 

this result represents only 47% of the plants as indicated in the figure 22 above, it cannot 

be concluded that the water salinity increase had such a decreasing impact on shoot dry 

weight and is insignificant. 

4.6.2.2 The impact of ground water use on root biomass 

Similar to the soil salinity, the dry weight root of tomato plants has also responded in 

such a way to water salinity as well.  As it can be contemplated from table 28 below, the r 

value that is the correlation coefficient between the water EC and root dry biomass is 

close to 0, having a value of 0.373. The value of r in (Table 27) suggests no strong 

negative or positive linear correlation between water salinity and root dry weight. 

Therefore, further regression equation could not be employed since there is no correlation 

between water salinity and root dry weight 

Table 28. Correlations of water salinity with shoot biomass of  plants 

 

 EC water DW root 

EC water 

Pearson Correlation 1 0.373 

Sig. (2-tailed)  0.627 

N 4 4 

Dw root 

Pearson Correlation 0.373 1 

Sig. (2-tailed) 0.627  

N 4 4 



 
 
 
 

 
                                                                            

 
In this study, it is confirmed that the soil salinity had significant effect on fruit yield and 

shoot dry weight of the plants that for every increase in soil salinity, there is a decrease in 

fruit yield and shoot biomass. Whereas, for every increase in soil salinity, the impact on 

root dry weight was insignificant. The impact of water salinity on fruit yield, shoot and 

root dry weight was insignificant and no positive or negative correlation was exhibited. 

                                                          

 

 

                                                    

 

 

 

 

 

 

 

 



 
 
 
 

 
                                                                            

                                                    CHAPTER FIVE 

5.1 Conclusion and Recommendations 

5.1.1. Conclusion 

This study has shown that the use of surface water for irrigation in the Rift Valley may 

not cause soil salinity development. Soil salinity may be a longer process resulting from 

mismanagement of irrigation water. However, the study have shown that the ground 

water around Lake Ziway is slightly saline and it may have immediate effect on soil 

salinity development in the Rift Valley. The experimental study however, did not show 

any significant increase in the salinity level of the soil when irrigated with ground water. 

This might have been from an experimental error or other factors. 

5.1.2. Recommendations 

 Surface water irrigation management should be properly managed to prevent soil 

salinity 

 Although the experimental results showed that ground water did not affect the soil 

salinity level, the soil analysis results before experiment have shown a moderately 

low salinity level. Therefore, there is a need to regulate irrigation water use in the 

study area. 

 State of ground water in the study area was found to be slightly saline and is not 

sustainable for use in the long term so it would be better to shift from ground 

water use to other alternatives of irrigation like rain water harvesting. 

 Growers in the study area should use surface water than ground water for 

irrigation. 



 
 
 
 

 
                                                                            

 The ground water use did not bring any change in soluble salt accumulation and 

this could be due to an experimental error or other factors and therefore, this has 

to be studied in the future. 

 Since salinity is dynamic throughout dry and wet seasons in the semi-arid study 

area, there is a need for a long-term studies to fully assess the feasibility of using 

slightly saline ground water.  
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Appendices 

Persons contacted at wereda Agricultural office, Development center and Kebele 

level 

Name Institution Position Telephone place 

1.Abraham 

Waleligne 

Adami Tulu Jido 

Kombolcha Wereda, 

Agricultural office 

Natural 

Resource 

expert 

0911305642 Ziway 

2. Juhar Gola “ Extention 

expert 

0913243103 Ziway 

3.Hussien 

Haluka 

Ziway plant Health Clinic Pest control 

expert 

0916831503 “ 

4. Dejene 

Belachew 

Edo Gojola Farmers 

Training Center 

Development 

Agent 

0921677427 Edo 

Gojola 

Kebele 

5.Abdi Abi Edo Gojola Farmers 

Training Center 

Development 

Agent 

0932262521 “ 

6.Kedir Adem Kebele Administration Kebele 

Chairman 

0916337681 “ 

7. Gemechu - Model Farmer 0920176941 “ 



 
 
 
 

 
                                                                            

Ashene 

8. Tamiru 

Gemechu 

- “ 0922737869 “ 

9.Abdu Nega - Follower 0913300975 “ 

10.Adulala 

Shanko 

- “ 0921479078 “ 

11. Shanko 

Fejo 

- “ 0910960008 “ 

12.Nura 

Gemeda 

- “ 0911964909 “ 

13. Philipos 

Ayeda 

- Investor 0916841590 “ 

14. Ashenafi 

Abebe 

- Investor 0911858499 Ziway 

15. Nura 

Welcha 

- follower 0910985752 Edo 

Gojola 

Kebele 

16. Kumbi 

Nura 

- “ 0920178893 “ 



 
 
 
 

 
                                                                            

17. Bati Jeba - Farmer 0910193604 “ 

 

Electrical Conductivity in µs/cm at 25 0C of water samples from surface and ground 

water 

No. Ground water Surface water 

1. 931 742 

2. 849 648 

3. 928 555 

4. 833 713 

5. 979 644 

6. 998 539 

7. 935 746 

8. 964 614 

9. 997 556 

10. 996 723 

 

 



 
 
 
 

 
                                                                            

Electrical Conductivity in ds/m of ground and surface irrigated ten soil samples 

Soil samples 

 

Surface water irrigated 

soils 

Ground water irrigated 

soils 

1. 1.92 2.62 

2. 0.71 3.14 

3. 1.65 5.18 

4. 0.84 2.63 

5. 0.89 2.39 

6. 1.31 1.34 

7. 1.34 2.82 

8. 0.71 1.52 

9. 1.14 2.77 

10. 1.5 1.44 

 

          

 

 



 
 
 
 

 
                                                                            

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 

 
                                                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 

 
                                                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 

 
                                                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 


