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[bookmark: _Toc193192193]PREFACE
Agriculture has long been the backbone of Ethiopia, providing livelihoods to over 70% of the population, contributing to 35% of the GDP, and accounting for 80% of the country's export earnings. Despite its ancient roots, spanning over 3,000 years, Ethiopian agriculture remains predominantly traditional and reliant on rain-fed systems, with minimal modernization. The country's agricultural landscape is divided into highlands, where rain-fed farming predominates but faces severe land degradation, and lowlands, which encompass 56% of the land and hold significant potential for large-scale irrigation but are challenged by drainage and salinity issues.
Recognizing the limitations of traditional rain-fed agriculture, the Ethiopian government has prioritized expanding irrigation to address food security challenges. To support this effort, the Ministry of Agriculture (MoA) commissioned a project in 2020 to assess salinity problems in 105 small-scale irrigation schemes across five regions: Afar, Somali, Oromia, SNNPR, Sidama, and Amhara. 
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[bookmark: _Toc193192194]EXCUTIVE SUMMERY
Agriculture is the backbone of Ethiopia's economy, contributing to 47% of the  GDP, 85% of export earnings, and employing 80% of the rural population. Despite its economic importance, the sector largely depends on subsistence farming, limiting its productivity and resilience to climate variability. Recognizing these challenges, Ethiopia has prioritized the expansion of irrigation systems to enhance agricultural output, improve food security, and reduce reliance on rainfall. 
The total irrigation potential of Ethiopia is estimated to be between 5.1 to 7.9 million hectares. However, the actual irrigated area is only about 950,000 to 1.2 million ha, which shows that only a fraction of the potential has been utilized. However, irrigation has yet to make a meaningful impact on food security or youth employment due to infrastructure and management challenges. To address this, the government has launched initiatives focusing on small-scale irrigation schemes managed by smallholder farmers. The "National Smallholder Irrigation and Drainage Strategy" aims to revolutionize agriculture by ensuring reliable water access for smallholders, boosting productivity, enhancing resilience to climate change, and fostering sustainable growth. This vision underscores the critical role of irrigation in securing household food security and increasing incomes while driving national development.
In Ethiopia, about 44 million ha (36% of the total land area) is potentially susceptible to salinity problems of which 11 million ha have already been affected by different levels of salinity and mainly concentrated in lowland regions such as the Denakil Plain, Wabe Shebelle Basin, Rift Valley, and other areas. Over time, the proportion of salt-affected lands has increased from 6% to 16% (11 Mha), particularly in the Rift Valley, where higher evapotranspiration rates intensify salinization. Ethiopia is first in Africa and seventh in the globe in terms of the size of salt affected soils caused by both human activity and natural sources. Restoration of saline soils is costly and challenging due to limited data, inadequate research, and institutional gaps.
The National Smallholders Irrigation and Drainage Strategy aims to promote sustainable irrigation and drainage practices, focusing on smallholder farmers. The aim of this project was to generate baseline information on extent and spatial distribution of salt affected for selected SSI schemes in Ethiopia and provide problem-based mitigation measures. A key component involves assessing the extent of environmental damage caused by poor water management in irrigated lands and implementing alternative management systems. Efforts have included stakeholder awareness campaigns in pilot studies, and mapping of salt-affected areas in hotspot sites across regions such as Amhara, Oromia, Afar, Somali, and Ex-SNNP Region. 
A pilot project launched in March 2021 aimed at assessing salinity and sodicity levels in 100 smallholder irrigation schemes across regions including Oromia, Amhara, Afar, Somali, and Ex-SNNPR. Field surveys and soil sampling were conducted between January and May 2021. Initially, the plan was to assess 95 schemes , however, considering the magnitude of the problem, the importance of such studies and the dirth of information on salinity levels of SSI schemes in the regions, a total of 168 schemes were selected, of which 97 were fully characterized. The Oromia Agricultural Research Institute played a major role, exceeding its planned target by selecting 56 schemes and characterizing 32 of them. Similarly, the Amhara Agricultural Research Institute selected 30 schemes and characterized 26, while the Southern Agricultural Research Institute significantly expanded its scope by selecting 47 schemes and characterizing 14. The Somali Pastoral and Agro-Pastoral Research Institute closely aligned with its plan, selecting 20 schemes and characterizing 15. Likewise, the Afar Pastoral and Agro-Pastoral Research Institute achieved its planned target by selecting 15 schemes and characterizing 10. This collaborative effort underscores the extensive scope of the project and the commitment of the institutes to addressing irrigation challenges across Ethiopia. 
This study followed a stepwise assessment of salt affected soils and irrigation water sources for the selected schemes starting from desk review at the respective regions, reconnaissance survey for physical characterization of schemes for existence of the salinity problems, followed by detail soil and water sampling and laboratory analysis. Data generated from this study were used to characterize, classify and map soil and water salinity problems into categories; viz. non-saline, saline, saline-sodic, and sodic. The soil salinity problems were also classified and mapped for the individual schemes. Similarly, suitability of water sources for irrigation along with the individual schemes was evaluated using standard guidelines.
Results of the study are presented by regions:  
· In Afar Region, the irrigation schemes studied were 10 of which about 56% were non-saline and non-sodic, while 38% sodic, 6% saline-sodic and negligible percetage was saline. The salinity hazard of irrigation water used in eight irrigation schemes were found to be slight to moderate, where as, the irrigation water used in Wa'ama and Hida irrigation schemes was safe with no restriction for use in irrigation. The sodicity hazard of irrigation water used in nine irrigation schemes were found to be slight to moderate, whereas the irrigation water used in Gumeli irrigation scheme was safe.

· In Amhara Region, the irrigation schemes studied were 26 of which about 66% were non-saline and non-sodic, while 3% saline, 10% saline-sodic, and 21% sodic soils. The salinity hazards of irrigation water used in 19 irrigation schemes were found to be safe, whereas in 14 irrigation schemes, the water quality was slightly to moderate. The irrigation water used in Charie irrigation scheme was from spring and the quality was severe. The sodium hazard of the irrigation water used from 23 sources were slight to moderate and while the 10 sources were safe, whereas the irrigation water used from Dengora.

· In Oromia region, the irrigation schemes studied were 32 of which about 19% were non-saline and non-sodic, while 16% saline, 18% saline-sodic, and 47% sodic soils. The salinity hazard of irrigation water used for 13 irrgation schemes were found to be safe and 16 were slight to moderate while seven were sever. The sodium hazard of the irrigation water used from 19 sources was severe,whereas from five sources was slight to moderate and from 12 sources were safe.

· In Somali Region, the irrigation schemes studied were 15 of which about 33% were non-saline and non-sodic, while 44% saline, 19% saline-sodic, and 4% sodic soils. The salinity hazard of irrigation water used in all 15 schemes was found to be safe. The sodium hazard of irrigation water used from 13 sources was slightly to moderate, whereas irrigation water used at Arabi-1 and Arabi-2 were sever.

· In Southern regions, the irrigation schemes studied were 14 of which about 15% were non-saline and non-sodic, while 11% saline, 7% saline-sodic, and 67% sodic soils. The salinity hazard of irrigation water used from 15 point sources were severe, whereas 13 point sources were slight to moderate and from seven point sources were found to be safe.  The sodium hazard of irrigation water used from 27 point sources was safe, whereas irrigation water used from eight sources was slightly to moderate.
The study proposed remedial measures for soil and water salinity problems encountered in the 97 irrigation schemes from five regions, including Harari and Dire Dawa administration. The use of leaching management practices, salt tolerant crops, pre-planting leaching and improved irrigation water management practices were some of the suggested practices whilst crop cultivation on slightly to strongly saline soils. In very strongly to extremely saline soils, reclamation with heavy leaching program was suggested. The use of chemical amendment including gypsum with leaching management practices was suggested practices, whilst crop cultivation and adding organic matter in slight to moderately sodic soils has been suggested to improve the soil permeability. In strongly to very strongly sodic soils, reclamation/ rehabilitation program with appropriate and economical use of chemical amendments and organic matter to improve permeability has been suggested. In saline-sodic soils, the use of chemical amendments including gypsum was suggested before undertaking leaching practices.


1. [bookmark: _Toc193192195][bookmark: _Toc124588380]INTRODUCTION
Agriculture is the backbone of the Ethiopian economy, contributing approximately to 47% of the GDP, 85% of export earnings, and providing employment to 80% of the rural population (Welteji, 2018). Despite its significant role in the national economy, the sector predominantly relies on subsistence farming. To address this challenge and enhance agricultural productivity, expanding irrigation systems has become a critical priority. Such expansion is essential for sustainably intensifying agricultural output and improving food security (Schmitter et al., 2018).
The total irrigation potential of Ethiopia is estimated to be between 5.1 to 7.9 million hectares (Awulachew et al., 2010; FAO, 2016; MoA, 2020). However, the actual irrigated area is only about 950,000 to 1.2 million ha, which shows that only a fraction of the potential has been utilized (MoA, 2020; World Bank, 2021). However, realizing this potential requires addressing critical challenges, including the development of infrastructure, efficient water resource management and the implementation of sustainable irrigation practices. The government of Ethiopia is aggressively expanding irrigation development initiatives with particular emphasis on small-scale irrigation schemes that are managed by smallholder farmers. The vision statement of the “National Smallholder Irrigation and Drainage Strategy” is “Transforming agricultural production from its dependence on rain-fed practices by creating a vibrant irrigation sector in which smallholder farmers/agro-pastoralists have access to at least one option of water source to increase production and productivity as well as enhance resilience to climate change and thereby sustain growth, ensure household food security and incomes.”
Meanwhile, salinity, sodicity and water logging are becoming serious problems due to poor irrigation water management practices and lack of proper implementation of drainage practices and continuous use of land for irrigation (Gebremeskel et al., 2018). Of the total land mass, about 11 million hectares (M ha) of land is affected by salinity and sodicity related problems. Of this, 8 M ha suffer from combined salinity and sodicity problems, while 3 M ha are predominantly affected by sodicity (Asad et al., 2019; Tessema et al.,2023). As cited by Sileshi (2016), Ethiopia is first in Africa and seventh in the globe in terms of the size of salt affected soils caused by both human activity and natural sources. 


Restoration of salt-affected lands into productive lands and protection of newly developed areas from the spread of salt expantion through improved irrigation and crop management practices is paramount importance. 
The National Smallholders Irrigation and Drainage Strategy aims to promote effective and sustainable use and maintenance of irrigation and drainage technologies. Accordingly, one of the foreseen sub-deliverables is to identify the extent of environmental damage in irrigated agricultural land due to poor water management practices, promote and enforce the design and implementation of efficient and cost-effective drainage systems. Efforts so far have included raising awareness among stakeholders about the impact of poor water management, and conducting pilot level assessment of environmental, economic and social consequences. Key outcomes include mapping the extent of salt affected soils in regions like Tigray, Amhara, Oromia, and Afar regions. Similarly, the impacts of soil and irrigation water salinity, poor irrigation practices and farming systems in salt affected areas of selected hotspot sites of Amhara (Kewet), Oromia (Zeway Dugda) and Afar (Amibara and Dubti) regions were identified (Asad et al., 2016). However, these pilot project activities were not fully aligned with the national smallholder irrigation development program. Rather they focused on spot area rehabilitation and management of salt-affected soils to improve agricultural productivity, with minimal emphasis on integrating irrigation and drainage technologies.
Therefore, this project was designed by the Smallholder Irrigation Development Lead Executive Office of MoA entitled as “Assessment of Soil and Water Salinity in Selected Small-Scale Irrigation schemes of Ethiopia” with the aim of generating baseline information on extent and spatial distribution of salt affected areas in selected SSI schemes in Ethiopia and provide problem-based mitigation measures.
The project was launched during the inception workshop held at Bishoftu, in March 2021 and agreed to be implemented between the then Ethiopian Agricultural Research Council Secretariat (EARCS) and MoA.
 
[bookmark: _Toc193192196]1.1. Objectives
General Objective
The general objective of this project was to generate baseline information on extent and spatial distribution of salt affected soils in selected SSI schemes of Ethiopia.
Specific Objectives
The project had the following specific objectives:
· To assess the extent of soil salinity and sodicity problems.
· To assess salinity and sodicity hazareds of irrigation water.
· To map the spatial distribution of salinity and sodicity problems. 
· To recommend general management options.
· To capacitate researchers and development practitioners 

Major Activities:
i. Conduct desk reviews and consultations to select SSI schemes for assessment 
ii. Perform field assessments and reconnaissance surveys
iii. Analyze and map salt-affected soils using field and lab data
iv. Build the capacity of researchers and practitioners

[bookmark: _Toc193192197]1.2. Scope of the Study 
This project was implemented in five regions where salinization problems with small scale irrigation schemes (SSIS) were anticipated. The number of SSISs assessed in each region were Oromia (32), Amhara (26), Ex-SNNPR (14), Somali (15) and Afar (10). Field reconnaissance survey and sample collection for soil and water source were done from January to May 2021. These salinity problems assessment was entirely done for lowlands, where SSIS were developed for the smallholder farmers. The study also consists of assessment of the problems and proposed possible solutions that can be managed by the smallholder farmers. 
2. [bookmark: _Toc193192198] GENERAL METHODOLOGY 
[image: ]This study followed a structured methodology to assess soil salinity and water quality problems in selected SSIS and to propose appropriate management interventions as shown in Fig. 2-1. The first step involved a desk review, reconnaissance survey, detail survey, characterization and mapping of 97 SSI schemes.
[bookmark: _Toc193793087]Figure 2‑1 Schematic representation of the general methodology for the study
Following this, 97 SSI schemes were selected and characterized based on predefined criteria. Detailed surveys were then undertaken, and soil and water samples collected from the selected sites. The samples were analyzed for key parameters, including Electrical Conductivity of the soil (ECe), Irrigation Water Quality (ECiw), Sodium Adsorption Ratio (SAR), Exchangeable Sodium Percentage (ESP), and pH levels. The results of the analysis were used to characterize, classify and map salinity problems into three categories viz.  Saline, Saline-Sodic, and Sodic.  
2.1. [bookmark: _Toc193192199]Selection of Small-Scale Irrigation Schemes  
 Selection of the SSI schemes for the study was conducted in collaboration with Bureaus of Agriculture (BoA) of each Region. The SSI schemes Data bases of the respective regions were used to identify and select the schemes. Initially a total of 168 schemes were selected based on their location in the lowlands of Afar, Amhara, Oromia, Somalia and South regions.  Considering the time and available resources, the number of schemes was reduced to 97. In all cases, the selection of SSI schemes was done by the respective regions. The SSI schemes selected for the assessment are listed in (Table 2-1).  
[bookmark: _Toc193793043]Table 2‑1 Schemes planned, selected and studied across the Regions 
	No.
	Institute
	Schemes
Planned
	Schemes
selected for
preliminary
characterization
	No. of schemes
characterized and
amended for
further studies

	1
	Afar Pastoral and Agro pastoral Research Institute (APARI)
	10
	15
	10

	2
	Amhara Agricultural Research Institute
	25
	30
	26

	3
	Oromia Agricultural Research Institute
	30
	56
	32

	4
	Somali Pastoral Agro pastoral Research Institute (SoPARI)
	15
	20
	15

	5
	Southern Agricultural Research Institute
	15
	47
	14

	
	Total 
	95
	168
	97



2.2. [bookmark: _Toc193192200]Characterization of selected SSI Schemes
Detailed protocols were developed to collect important field data for the reconnaissance surveys including the criteria indicated in Table 2-2. The surveys were conducted in collaboration with the various stakeholders. Based on the results of the surveys, 168 schemes in the project target areas were selected out of which 97 were assessed.  
GPS, Auger, Hoe, Spade, Knife, Hammer, Canvas to mix composite samples, Plastic sample bags, Plastic bottle, Sensitive balance, graduated cylinder or glass tube, Nylon bag, Ruler and meter were used during the reconnaissance surveys.  
[bookmark: _Toc125362142]The preliminary investigation involved the characterization and description of schemes using various   parameters such as family size of the beneficiary households, the average size of irrigated landholdings, and the topography, including slope and digital elevation models (DEM). Additional details included the length of the cropping pattern, growing period, the estimated command area, and the production system. The number of irrigation users or beneficiaries, the source of irrigation water (e.g., river, lake, spring, or groundwater), and water distribution and management system, type of irrigation system (modern or traditional) were also documented. Furthermore, the irrigation water application methods such as surface, drip, and sprinkler were examined, along with the major soil types within the targeted schemes. This process also included observing salt-affected schemes in the field and prioritizing salt-affected hotspot areas. 

[bookmark: _Toc193793044]Table 2‑2 Visual Characterization of salt affected soils
	Problem
	Symptoms

	Saline
	White crust on soil surface. Water-stressed plants. Leaf tip burn.

	Sodic
	Poor drainage. Black powdery residue on soil surface. black oily soil

	Saline-Sodic
	Grey-colored soil. Plants showing water stress.

	Source: Waskom et al., 2010. 


2.3. [bookmark: _Toc193192201]Soil sample collection 
Grid-based surface soil samples were collected (0–30 cm depth) to assess surface soil salinity across all selected irrigation schemes in the five regions. Composite soil samples were prepared for each sampling point. For investigating vertical salt distribution, a fresh soil profile was opened in each selected site. One to three sampling pits were opened for each selected scheme. Soil samples were collected from each opened profile at 30 cm intervals, from the surface down to a depth of 120 cm, to characterize the salinity status and dynamics along the soil profile. The pits for sub-surface soil samples were opened in the field by considering the heterogeneity and the size of the irrigation schemes of the field. 
The collected soil samples were bagged, properly labeled, and transported to the analytical laboratory for detailed physical and chemical property analysis. All the sampling points for both surface soil and soil pit sampling were navigated and georeferenced using a GPS. 
2.4. [bookmark: _Toc193192202]Soil sample preparation 
After sample collection, the soil was delivered to the laboratory with appropriate labeling. The first step in the preparation process was drying, which was carried out by air-drying the samples at room temperature in a well-ventilated area for 24–48 hours while avoiding direct sunlight and heat sources. Next, grinding and sieving were performed by crushing large clumps and removing debris such as stones and roots. The dried soil was then passed through a 2 mm sieve to achieve uniformity. Finally, homogenization was conducted by thoroughly mixing the sieved soil to ensure a representative sample for analysis.
2.5. [bookmark: _Toc193192203]Water sample collection  
For each selected irrigation scheme, water samples were taken from all possible irrigation water sources (ground water, springs, rivers, lakes and run-off). The water samples were collected at the scheme's head points and each of the water sampling coordinate points was geo-referenced. Generally, the collection and handling of irrigation water samples were done in accordance with the procedure outlined by Richards, (1954).
2.6. [bookmark: _Toc193192204]Classification of salt affected soils
The soil salinity problems were classified into the different salt affected soil classes based on the criteria established by Richards (1954) as given in Table 2-3.







[bookmark: _Toc193793045]Table 2‑3 Classification of salt affected soils
	Salt affected soils type
	Electrical conductivity of saturation extracts (ECe) at 25 oC (mmhos/cm)
	Exchangeable sodium percentage (ESP)
	Soil pH
	Description

	Saline
	>  4
	< 15
	<8.5
	Non-sodic soils containing sufcient soluble salts to interfere with growth of most crops.

	Saline-sodic
	>  4
	> 15
	<8.5
	Salt with sufficnet exchangeable sodium to interfere with growth of most plants and containing appricable contits of soluble salts.

	Sodic
	<  4
	> 15
	>8.5
	Soils with sufficient exchangeable sodium to interfere with growth of most plants. But without appreciable quantities of soluble salts.


Source: Richards (1954)
2.7. [bookmark: _Toc193192205]Suitability of water sources for irrigation 
Suitability of water sources for irrigation was evaluated using the FAO Irrigation and Drainage paper No. 29 as indicated in Table 2-4. This sequence may be preceded with the development of a new soil map or digitalization of maps where necessary (Khitrov et al., 2009; Mandal et al., 2011).
[bookmark: _Toc193793046]Table 2‑4 Guidelines for interpretation of water quality for irrigation
	Potential Irrigation Problem
	Units
	Degree of Restriction on Use

	
	
	None
	Slight to Moderate
	Severe

	Salinity (affects crop water availability)

	
	ECw
	dS/m
	< 0.7
	0.7 – 3.0
	> 3.0

	
	(or)
	
	
	
	

	
	TDS
	mg/l
	< 450
	450 – 2000
	> 2000

	Infiltration (affects infiltration rate of water into the soil. Evaluate using ECw and SAR together)

	SAR
	= 0 – 3
	And ECw
	=
	
	> 0.7
	0.7 – 0.2
	< 0.2

	
	= 3 – 6
	
	=
	
	> 1.2
	1.2 – 0.3
	< 0.3

	
	= 6 – 12
	
	=
	
	> 1.9
	1.9 – 0.5
	< 0.5

	
	= 12 – 20
	
	=
	
	> 2.9
	2.9 – 1.3
	< 1.3

	
	= 20 – 40
	
	=
	
	> 5.0
	5.0 – 2.9
	< 2.9


Sources: Ayers and Westcot, (1994)
2.8. [bookmark: _Toc193192206]Mapping of salt affected soils 
The spatial distribution of salt-affected soils in the study area was analyzed by integrating laboratory results into an ArcGIS environment, using their corresponding latitude and longitude coordinates managed in Microsoft Excel. From laboratory point data, the un-sampled surface was predicted and mapped using kriging interpolation technique of ArcGIS (Azmera et al, 2024). Standard spatial mapping of salt affected soil using ArcGIS following the interpolation techniques including Ordinary Kriging and Inverse Distance Weight (IDW) were used to estimate the soil characteristics or salinity classifications at unvisited sites. The map of the preliminary layers of the salt-affected soil indicator, including pH, EC, and ESP, and the predicted final salt-affected soil distribution map was generated.
2.9. [bookmark: _Toc193192207]Soil analysis and data collection 
Following standard test procedures, soil samples were analysed for selected physic-chemical properties. Soil pH and ECe were measured using a digital pH-meter and EC-meter from saturated past extract. Exchangeable bases (Ca2+, Mg2+, K+ and Na+) of the soils were extracted by excess ammonium acetate (1M NH4OAc at pH 7) solution. Exchangeable Ca2+ and Mg2+ in the extracts were determined by atomic adsorption spectrophotometer while exchangeable K+ and Na+ in the extracts were measured by flame photometer (Okalebo et al., 2002). CEC (cmol (+)/kg) of the soils was determined from the ammonium acetate saturated samples through distillation and measurement of ammonium using the modified Kjeldahl procedure as described by Okalebo et al. (2002). Finally, ESP was computed as the percentage of exchangeable Na to the CEC of the soil using Eg. (1).
                                                    (1)
                                    		                     
where, concentrations are in cmol (+)/kg of soil. 

2.10. [bookmark: _Toc193192208]Water analysis and data collection  
The collected water samples were subjected to the analysis of pH, ECw and dissolved cations (Ca, Mg, Na and K) contents in the laboratory. The ECw and pH of the water samples were measured in the laboratory within 24 hours using conductivity meter and a digital pH meter, respectively (Richards, 1954). Ca and Mg ions were measured using atomic absorption spectrophotometer, whilst Na and K was analysed using flame photometer. Furthermore, Sodium adsorption ratio (SAR) was computed from the measured parameters and the SAR value was calculated using Eq. (2) with its concentrations expressed in meq/l.  
                      	                                                             (2)
where, Na+, Ca2+, and Mg2+ are ionic concentration of sodium, calcium and magnesium, respectively in meq/l.
 


3. [bookmark: _Toc193192209][bookmark: _Toc124588397]RESULTS AND DISCUSSION
The results of the assessments conducted in each of the regions are given separately as reported by the respective reginal research institutions. The results include findings from the reconnaissance surveys, characterization of the assessed schemes in terms of salinity, sodicity, and their combined effects, classification of salt-affected soils, and evaluation of both irrigation water quality and the suitability of irrigation water sources. Specific conclusions and recommended management options have been provided for each scheme in its respective region, and general conclusions and recommended management options are also indicated.
Variations in surface soil salinity were observed across the assessed SSI schemes in the lowlands of Ethiopia. Among the regions, Somali (44%) exhibited the most severe salinity problems were as Oromia (16%), and Ex-SNNPR (11%) slightly affected with salinity. Saline-sodic soil issues were most pronounced in Somali (19%) and Oromia (18%), whereas Amhara (10%), Ex-SNNPR (7%) and Afar (6%) regions were affected slightly with saline-sodic soils. Sodicity was notably high in Ex-SNNPR (67%), Oromia (47%), Afar (38%) and Amhara (21%), whereas Somali (4%) region exhibited minimal sodicity level (Table 3.1). 
Water quality assessment in the five regions indicates that in Oromia (16%), Amhara (14%), Afar (8%) and Ex-SNNPR (3%) were affected with slightly to moderately salinity hazard. And Oromia (7%), Ex-SNNPR (2%) and Amhara (1%) were affected with severely salinity hazard. The water quality in Amhara (23%), Afar (9%), Oromia (5%), Somali (2%) and Ex-SNNPR (2%) were affected with slightly to moderately sodicity hazard. And Oromia (19%), Somali (13%), Amhara (1%) and Ex-SNNPR (1%) were severely affected with sodicity hazard (Table 3.2).
[bookmark: _Toc193793047]Table 3‑1 Schemes studied and percent salt affected soils across the regions.
	No.
	Region
	Schemes
studied
	Non saline - non sodic
(%)
	Saline
(%)
	Saline-sodic
(%)
	Sodic
(%)


	1
	Afar NRS
	10
	56
	-
	6
	38

	2
	Amhara NRS
	26
	66
	3
	10
	21

	3
	Oromia NRS
	32
	19
	16
	18
	47

	4
	Somali NRS
	15
	33
	44
	19
	4

	5
	Ex-SNNPR 
	14
	15
	11
	7
	67

	
	Total schemes
	97
	
	
	
	



[bookmark: _Toc193793048]Table 3‑2  Quality of irrigation water sources across the regions.
	S. No.
	Region
	Salinity Hazard
	Sodicity Hazard

	
	
	Safe
	Slight to moderate
	Severe
	Safe
	Slight to moderate
	Severe

	
	
	No. Water sources

	1
	Afar
	2
	8
	-
	1
	9
	-

	2
	Amhara
	19
	14
	1
	10
	23
	1

	3
	Oromia
	13
	16
	7
	12
	5
	19

	4
	Somali
	15
	-
	-
	-
	2
	13

	5
	Ex-SNNPR 
	1
	3
	2
	5
	2
	1





3.1. [bookmark: _Toc193192210]The State of Salinity Problems in Small Scale Irrigation Schemes and Possible Mitigation Measures: the Case of Afar Region
Zenabu Akele and Mohamed Abdulletif

3.1.1. [bookmark: _Toc193192211]Characterization of selected irrigation schemes 
During the desk review, the analysis focused on Small-Scale Irrigation Schemes (SSIs) established in the last decade, which are currently grappling with significant salinity issues. Consultations were carried out and data for the assessment were sourced from various regional institutions, including the Bureau of Livestock, Agricultural and Natural Resource Development (BoLANRD) and woreda (district) offices, Water, Irrigation, and Energy Bureau, Sustainable Smallholder Irrigation Development Program (SSIDP) and Semera University.
To foster collaboration and prevent research duplication, a workshop was held at Afar Pastoral and Agro-Pastoral Research Institute (APARI) in Semera, in partnership with Semera University. This platform facilitated knowledge sharing and stakeholder alignment. Semera University presented ongoing  research on salt-affected soils in the Lower Awash Valley and other Woredas of the Afar Region, highlighting the classification and impact of saline, saline-sodic, and sodic soils on agriculture and livelihoods. Extreme salinity affects about 15% of the region’s soils, exacerbating food insecurity and economic instability for local farmers. As noted from Daba et al. (2020) report and others, these challenges stem from poor irrigation practices, inadequate drainage, and the arid climate conditions in the region. The mismanagement of large-scale irrigation schemes, particularly in the Awash River Basin, has further accelerated land degradation and reduced agricultural productivity. The findings from Semera University closely aligned with this assessment’s objectives, which also examined SSIs affected by salinity. To ensure complementarity and avoid redundancy, this report focuses on irrigation schemes not covered by Semera University’s research, expanding the understanding of salinity challenges and informing sustainable soil and water management strategies. 
Reconnaissance survey was conducted by a core team of 10 members, including staff from nearby Research Centers. The survey was carried out in collaboration with local Woreda and Kebele administrations, agricultural offices, development agents, and community leaders.
[image: ]
[bookmark: _Toc193793088]Figure 3‑1 Selected irrigation schemes
The assessment was carried out in ten SSIs across six Woredas in the Afar Region: as indicated in Fig. 3-1, Udoyita, Mego (Afambo), Meheri, Hinellie (Asayita), Asboda, Debel (Dubti), Wa’ama, Gumeli (Chifra), Sununta (Ewa), and Hida (Awra) were selected based on pre-established criteria.
The selected SSI schemes were shown in Table 3-3. The elevation varies from 346 m.a.s.l in Afambo at Mego scheme to 1019 m.a.s.l in Chifra at Wa’ama scheme (Fig. 3-2). In all SSIDs except at Sununta scheme which uses ground water, the source of irrigation water was the Awash River. Ecologically, the study area is classified between arid and semi-arid. Maize is the most dominant crop cultivated; however, other crops such as sorghum, mung bean, sesame, cotton, onion, tomato, pepper, watermelon, mango, banana, papaya and lowland irrigated wheat are becoming popular.
According to the perceptions of the agro-pastoralists in the area, flood irrigation and water logging were the major causes for the soil salt problems that lead to stunted growth; leaf burns and water stress and yield reduction (Fig. 3-2). The irrigation scheme at Meheri, Hinellie, Mego, Udoyita Sununta, and Wa’ama have symptoms of soil crust, poor drainage, black powdery residue on the soil surface and black oily soil as a result of long-time flood irrigation. Abandoned irrigated areas can be seen near the river with black oily symptoms (Fig. 3-2). As a result, some schemes were abandoned, while others struggle to produce crops with stunted growth, poor drainage and yield loss. The Asboda, Debel, Meheri, Udoyta, Mego, Wa'ama, and Sununta irrigation schemes have severe salt accumulation while Hinellie scheme did not show any symptoms.










[bookmark: _Toc193793089]Figure 3‑2 Pictures of salt affected soils for selected irrigation schemes.
[bookmark: _Toc193793049]Table 3‑3 Preliminary assessment of salt-affected soils for SSI Schemes
	S. N
	Scheme
	Longitude (UTM)
	Latitude (UTM)
	Altitude (m)
	Source of water
	Planned command area (ha)
	Actual irrigable area (ha)
	Household using scheme (No)
	Year of starting irrigation (E.C)

	1
	Asboda
	727115
	1303203
	364
	River
	50
	50
	100
	2001

	2
	Debel
	728760
	1304863
	369
	River
	26
	26
	26
	2003

	3
	Meheri
	768441
	1275468
	352
	River
	46.6
	46.6
	35
	1993

	4
	Hinellie
	773686
	1281758
	350
	River
	29.85
	29.85
	22
	1997

	5
	Udoyita
	729839
	1274676
	346
	River
	32
	32
	15
	1998

	6
	Mego
	784835
	1273032
	345
	River
	37
	37
	18
	1996

	7
	Gumeli
	608702
	1286531
	927
	River
	200
	26.3
	24
	2007

	8
	Wa’ama
	615938
	1264089
	1019
	River
	35
	16.43
	13
	2004

	9
	Sununta
	631574
	1305689
	813
	Ground water
	230
	43.1
	34
	2009

	10
	Hida
	605736
	1318967
	955
	River
	200
	62.2
	130
	2005



3.1.2. [bookmark: _Toc193192212][bookmark: _Toc129358343]Mapping and analysis of surface saline and sodic soils
Saline Soils
In Afar region, of the total irrigated area of about 370 ha, 76% were found to be none saline soils and the remaining 24% were affected by different levels of saline soils. The different percentage levels affected with saline soils were slightly saline (13%), moderately saline (5%), strongly saline (2%) and very strongly saline (4%) soils. The excessive salts hinder crop growth, not only by toxity but by reducing water availability. Moreover, nutrient uptake may also become unavailable. Hence, fields can only be reclaimed through leaching out salts from the plant root zone and sebsiquently planting salt tolerant crops and use of leaching water as part of irrigation water management practice; can also reduce salt levels in the soils.
[bookmark: _Toc193793050]The schemes in Asboda, Hinellie, Gumeli, Sunnuta and Hida were not affected by saline soils and hence suitable for cultivation of economically important crops. However, regular monitoring is required to maintain the soil salinity status. The schemes at Debel (7.8%) and Meheri (14%) were affected with slightly saline soils. In these schemes, regular monitoring of salinity status and proper irrigation practices are required to maintain and improve the level of saline soil through leaching activity. The irrigation schemes at Wa’ama were affected with moderately (80%) to strongly (16%) saline soil, at Mego affected slightly (55%) and very strongly (35%) saline soil and Udoyita scheme affected with slightly (56%) to very strongly (4%) saline soil (Table 3-4 and Fig. 3-3). 
Table 3‑4 Percent area coverage of surface saline soils in selected irrigation schemes
	S. No
	Scheme
	EC (dS/m)

	
	
	0-0.75
	0.75-2
	2-4
	4-8
	8-15
	>15

	
	
	Non-Saline
	Slightly Saline
	Moderately Saline
	Strongly Saline
	V. Strongly Saline
	Extremely Saline

	1
	Asboda
	Area (ha)
	50.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	100.00
	0.00
	0.00
	0.00
	0.00
	0.00

	2
	Debel
	Area (ha)
	22.67
	1.92
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	91.86
	7.78
	0.00
	0.00
	0,00
	0.00

	3
	Meheri
	Area (ha)
	40.08
	6.29
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	86.01
	13.50
	0.00
	0.00
	0.00
	0.00

	4
	Hinellie
	Area (ha)
	29.85
	0.00
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	100.00
	0.00
	0.00
	0.00
	0.00
	0.00

	5
	Udoyita
	Area (ha)
	0.97
	17.82
	6.17
	5.55
	1.26.00
	0.00

	
	
	Area (%)
	3.03
	55.69
	19.28
	17.34
	3.94
	0.00

	6
	Mego
	Area (ha)
	4.35
	20.39
	0.00
	0.00
	12.98
	0.00

	
	
	Area (%)
	11.76
	55.11
	0.00
	0.00
	35.08
	0.00

	7
	Gumeli
	Area (ha)
	26.30
	0.00
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	100.00
	0.00
	0.00
	0.00
	0.00
	0.00

	8
	Wa’ama
	Area (ha)
	0.62
	0.00
	13.14
	2.60
	0.00
	0.00

	
	
	Area (%)
	3.77
	0.00
	79.98
	15.82
	0.00
	0.00

	9
	Sununta
	Area (ha)
	43.1
	0.00
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	100
	0.00
	0.00
	0.00
	0.00
	0.00

	10
	Hida
	Area (ha)
	62.2
	0.00
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	100
	0.00
	0.00
	0.00
	0.00
	0.00
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[bookmark: _Toc193793090]Figure 3‑3 Mapping of surface Saline soils for selected irrigation schemes
The scheme at Wa’ama affected with strongly (16%) saline soils and yields of many crops are restricted and hence require growing salt tolerant crops with leaching application during regular irrigation application time. The irrigation schemes in Mego (35%) and Udoyita (4%) require heavy leaching program before growing salt tolerant crops. Subsequently, leaching will continue upon growing salt tolerant crops from cereals and forage crops to further improve the saline soil levels. Salts in such condition, mostly efficiently leached out from the crop root zone under higher frequency irrigation (Shorter irrigation interval). Keeping soil moisture levels higher between irrigation events effectively dilutes salt accumulation in the root zone and hence salinity level declines. In slight to moderately affected irrigation schemes, the use of efficient irrigation system, proper irrigation scheduling, correct stream size application, salt tolerant crops and the use of regular leaching of salts with good quality of water are needed for improving and maintaining saline soil levels. In all case, the leached salts need to stay away from germinating seeds and well below root zone of the crop. During irrigation application, distribution uniformity (DU) is very essential. Without very high DU, salts will build up in areas where the germinating seeds and plant roots zone exist and will experience difficulty in attaining better growth and crop yield performance.
Sodic Soils 
In Afar region, of the total irrigated area, 25% were found to be none sodic soils and the remaining 75% were affected by different levels of sodic soils. The region was affected with different levels of sodic soils include slightly sodic (7%), moderately sodic (22%), strongly sodic (43%) and extremely sodic (2%) soils. The effect of high sodium has a noticeable deleterious effects on soil structure and hence, requires incorporating soil ammendments 
The irrigation schemes in Gumeli and Hida were not affected by sodic soils. However, these schemes require regular monitoring and use of organic matter will help to maintain the soil productivity. The irrigation schemes in Asboda, Meheri and Wa’ama were affected slightly (7.0%, 14% and 11%) to strongly (79%, 30% and 26%) sodic soils, respectively. And irrigation schemes in Hinellie was affected with slightly (42%), and strongly (46%) sodic soils, Debel and Sunnuta were affected with moderately (9% and 10%) to extremely (6% and 1%) sodic soils, and Udoyita and Mego were affected with slightly (1% and 15%) to extremely (20% and 1%) sodic soils respectively (Table 3-5 and Fig. 3-4). 
[bookmark: _Toc193793051]Table 3‑5. Percent area coverage of surface sodic soils in selected irrigation schemes s.
	S. No
	Scheme

	ESP (%)

	
	
	0-6
	6-10
	10-15
	15-25
	>25

	
	
	Non-Sodic
	Slightly Sodic
	Moderately Sodic
	Strongly Sodic
	Very Strongly Sodic

	1
	Asboda
	Area (ha)
	0.00
	0.35
	10.04
	39.53
	0.00

	
	
	Area (%)
	0.00
	0.70
	20.08
	79.06
	0.00

	2
	Debel
	Area (ha)
	0.00
	0.00
	2.23
	20.92
	1.44

	
	
	Area (%)
	0.00
	0.00
	9.04
	84.76
	5.83

	3
	Meheri
	Area (ha)
	0.34
	6.29
	25.82
	13.92
	0.00

	
	
	Area (%)
	0.73
	13.50
	55.41
	29.87
	0.00

	4
	Hinellie
	Area (ha)
	3.21
	12.64
	0.00
	13.84
	0.00

	
	
	Area (%)
	10.75
	42.35
	0.00
	46.37
	0.00

	5
	Udoyita
	Area (ha)
	0.00
	0.18
	11.39
	13.81
	6.39

	
	
	Area (%)
	0.00
	0.56
	35.59
	43.16
	19.97

	6
	Mego
	Area (ha)
	0.00
	5.57
	11.14
	20.99
	0.02

	
	
	Area (%)
	0.00
	15.05
	30.11
	56.73
	0.05

	7
	Gumeli
	Area (ha)
	26.3
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	100.00
	0.00
	0.00
	0.00
	0.00

	8
	Wa’ama
	Area (ha)
	0.00
	1.75
	10.36
	4.25
	0.00

	
	
	Area (%)
	0.00
	10.65
	63.06
	25.87
	0.00

	9
	Sununta
	Area (ha)
	0.52
	0.00
	9.71
	32.01
	0.54

	
	
	Area (%)
	1.21
	0.00
	22.53
	74.27
	1.25

	10
	Hida
	Area (ha)
	62.20
	0.00
	0.00
	0.00
	0.00

	
	
	Area (%)
	100.00
	0.00
	0.00
	0.00
	0.00
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[bookmark: _Toc193793091]Figure 3‑4 Mapping of surface sodic soils for selected irrigation schemes
The farm lands affected with slightly and moderately sodic soils did not exceed the critical value of ESP and are suitable for most tolerant crops. Under such level of sodic soils require the use of amendments. The amendments that can be used include gypsum, lime, calcium chloride, magnesium chloride, sulfur and sulfuric acid materials and organic amendments. The most common and economical ammendments used on sodic soils is gypsum, which can be applied dry or with irrigation water. For sodic soils with low EC, saline water may be appropriate for the initial stage of reclamation to provide additional Ca2+ to promote flocculation, and thus increase permeability (Troch et al, 1999). 
The farm lands affected with strongly and extremely sodic soils exceed the critical value of ESP affecting soil infiltration, permeability and soil aeration, interfering with growth of most plants. The major concern in extremely sodic soils is the eventual deterioration of soil structure resulting in decreased water infiltration and permeability. This soil requires undertaking reclamation measures with the help of chemical amendments to help facilitate the displacement of the sodium ions and help restore the infiltration capacity of the soil.  Growing salt tolerant crops and the use of chemical amendments, together with irrigation water in excess for leaching are the alternate management practices to improve the soil sodicity level. Irrigation water with very low salinity level can aggravate sodium problem because it allows maximum swelling, dispersions of soil minerals and organic matter affecting water infiltration and permeability. Higher ESP levels could be tolerated in course-textured than fine textured soils. The fine textured soils containing swelling clay are considered indeed impervious, because of having naturally very low infiltration rate and permeability of the soil property. Deep tillage combined with sub-soiling improves the soil structure as it loosens impervious strata in clay soils. Tilahun Hordofa (1991) studied on drainage of heavy clay soil and improved the soil permeability of the soil through restructuring the soil structure at optimal soil moisture level.
3.1.3. [bookmark: _Toc193192213]Classification of salt affected soils
All schemes have an appreciable amount of exchangeable sodium ions than soluble ions except Gumeli and Hida irrigation schemes. In the region, of the total irrigated area of about 370ha, 56% were found to be none saline-none-sodic soils, while the remaining were affected by saline (0.2%), saline-sodic (5.8%) and sodic (38%) soils. As compared to other schemes, Udoyita and Mego irrigation schemes have saline-sodic (25% and 28%) and sodic (40% and 28%) soil classes, respectively. But Wa’ama scheme was the only one which has all classes of salt affected soils viz. namely saline (4%), saline-sodic (17%) and sodic (18%). Out of the total irrigated land of Hinellie (6%), Meheri (37%), Debel (91%), Sununta (77%) and Asboda (79%) schemes were affected with only sodic soils (Table 3-6 and Fig. 3-3 and 4).
[bookmark: _Toc193793052][bookmark: _Toc124671622]Table 3‑6 Salt affected soil classes in selected irrigation schemes
	S. No.
	Scheme Name
	Classification of salt affected soils
	Total

	
	
	ECe < 4 dS/m and ESP < 15
	ECe > 4 dS/m and ESP < 15
	ECe > 4 dS/m and ESP > 15
	ECe < 4 dS/m and ESP > 15
	

	
	
	None-saline and non-sodic
	Saline
	Saline sodic
	Sodic
	

	1
	Asboda
	Area (ha)
	10.39
	0
	0
	39.61
	50

	
	
	Area (%)
	20.78
	0
	0
	79.22
	100

	2
	Debel
	Area (ha)
	2.45
	0
	0
	24.01
	26.46

	
	
	Area (%)
	9.3
	0
	0
	90.7
	100

	3
	Meheri
	Area (ha)
	29.49
	0
	0
	17.01
	46.5

	
	
	Area (%)
	63.4
	0
	0
	36.6
	100

	4
	Hinellie
	Area (ha)
	28.13
	0
	0
	1.64
	29.77

	
	
	Area (%)
	94.5
	0
	0
	5.5
	100

	5
	Udoyita
	Area (ha)
	11.45
	0
	7.86
	12.68
	32

	
	
	Area (%)
	35.8
	0
	24.6
	39.6
	100

	6
	Mego
	Area (ha)
	16.71
	0
	10.65
	10.36
	37.72

	
	
	Area (%)
	44.3
	0
	28.2
	27.5
	100

	7
	Gumeli
	Area (ha)
	26.3
	0
	0
	0
	26.3

	
	
	Area (%)
	100
	0
	0
	0
	100

	8
	Wa’ama
	Area (ha)
	9.87
	0.73
	2.85
	2.98
	16.43

	
	
	Area (%)
	60.07
	4.41
	17.35
	18.16
	100

	9
	Sunuta
	Area (ha)
	10.08
	0
	0
	32.87
	42.95

	
	
	Area (%)
	23.5
	0
	0
	76.5
	100

	10
	Hida
	Area (ha)
	62.2
	0
	0
	0
	62.2

	
	
	Area (%)
	100
	0
	0
	0
	100


[bookmark: _Toc193192214][bookmark: _Toc124671623]Management and reclamation of saline and sodic soils have been discussion in section 3.1.2. Reclamation and management of saline sodic soils require first addressing the excess Na+ problem and then excessive salt problem. This is done through dissolving the amendments in irrigation water or spreading over the land. Therefore, the amendment should be applied to replace Na+, and then excessive water applied to leach the Na+ and the other soluble salts. Establishing salt tolerant crops shortly after reclamation increase the effectiveness of reclamation efforts.
3.1.4. Irrigation Water Quality
There are two types of salt problems in irrigation water that are very different in their constituent, those associated with the total salinity, designated as salinity hazard and those associated with sodium, designated as sodium hazard. Irrigation water sources used in the different schemes were 9 from river and one from ground water.   
Salinity Hazard
Rivers are main sources of water for all irrigation schemes, except Sununta irrigation scheme that uses water from the groundwater.  As shown in Table 3-7, the salinity hazard of Awash River was in the range between 0.57 and 0.88 dS/m and while the salinity hazard of groundwater was 0.75 dS/m. According to Ayers and Westcot (1994), the salinity hazard of irrigation water from the Awash River was slight to moderate, while the irrigation water quality used in Wa’ama and Hida irrigation schemes had no salinity hazard problem. And Sununta groundwater was slight to moderate salinity hazard. (Table 3-7).
[bookmark: _Toc193793053]Table 3‑7 Salinity hazard of irrigation water for selected irrigation schemes 
	No
	Schemes Name
	Water Source
	ECw (dS/m)
	Degree of restriction 
for use

	1
	Asboda
	River
	0.84
	Slight to moderate

	2
	Debel
	River
	0.84
	Slight to moderate

	3
	Meheri
	River
	0.86
	Slight to moderate

	4
	Hinellie
	River
	0.88
	Slight to moderate

	5
	Udoyita
	River
	0.86
	Slight to moderate

	6
	Mego
	River
	0.86
	Slight to moderate

	7
	Gumeli
	River
	0.71
	Slight to moderate

	8
	Wa’ama
	River
	0.62
	None

	9
	Sunuta
	Ground water
	0.75
	Slight to moderate

	10
	Hida
	River
	0.57
	None


The salinity hazard of irrigation water less than 0.75 dS/m is safe for use in growing nearly all crops. For the salinity hazard listed in the slight to moderate range, maximum yield potential could be possible for most salt tolerant crops, but care must be taken to achieve the required leaching fraction (LF) in order to maintain soil salinity within the tolerance of the crop. As the salinity hazard increases within the slight to moderate range, production of the more sensitive crops may be restricted, especially when grown on the heavier, more clayey soil types. Hence, a portion of the added salt must be leached out from the root zone before the concentration of salts affects crop yield. 
Sodicity Hazard
The assessment of Awash River water quality resulted in slight to moderate sodicity hazard, except for Gumeli irrigation scheme. To mainatain and improve the sodicity hazard of irrigation water, amendments need to be incorporated in the soil or mixed with the water. The irrigation water used in Gumali irrigation scheme indicates that there is no restriction for use in irrigation. The irrigation water for Sununta irrigation scheme was from groundwater and the degree of restriction was with slight to moderate sodicity hazard (Table 3-8). In order to maintain and improve the sodicity hazard of the irrigation water the use of chemical amendments and/ or organic matter is required, 
[bookmark: _Toc193793054]Table 3‑8. Sodicity hazard of irrigation water for selected irrigation schemes.
	No.
	Scheme name
	Water source
	SAR
	ECw (dS/m)
	Degree of Restriction on Use 

	1
	Asboda
	River
	6.92
	0.84
	Slight to Moderate

	2
	Debel
	River
	7.78
	0.84
	Slight to Moderate

	3
	Meheri
	River
	6.48
	0.86
	Slight to Moderate

	4
	Hinellie
	River
	6.27
	0.88
	Slight to Moderate

	5
	Udoyita
	River
	6.34
	0.86
	Slight to Moderate

	6
	Mego
	River
	6.71
	0.86
	Slight to Moderate

	7
	Gumeli
	River
	1.79
	0.71
	None

	8
	Wa’ama
	River
	1.38
	0.62
	Slight to Moderate

	9
	Sunuta
	Ground water
	4.49
	0.75
	Slight to Moderate

	10
	Hida
	River
	2.59
	0.57
	Slight to Moderate


The water quality with SAR less than 3% and ECe greater than and equal to 0.75 dS/m indicate a favourable condition for soil wth sufficient calcium and magnesium, which is the case for Gumeli irrigation scheme. Nevertheles, regular monitoring is required to maintain the quality of irrigation water. The ECe-SAR interaction is based on a higher concentration of Ca2+ and Mg2+ being able to counteract the dispersive nature of Na+. Infiltration rate are severely reduced when the ECe is very low, even though SAR may not be excessively high. On the other hand, there may be less of a reduction in infiltration rate when sodicity is coupled with high salinity. 
[bookmark: _Toc193192215]Soil management options
3.1.5. 
Based on the results indicated in sections 3.1.2 to 3.1.3 analysis and classification possible mitigation measures are given in Table 3-9. 
[bookmark: _Toc193793055]Table 3‑9. Soil management options for salt affected irrigation schemes 
	Irrigation Schemes
	Soil salt classes 
	Soil management options

	Debel, Meheri, Udoyita, Mego, and Wa’ama
	Slightly to strongly saline soils
	· Leaching management practices for most sensitive crops.
· Cultivation of salt-tolerant crops.

	Udoyita and Wa’ama
	Strogly saline soils
	· Leaching management practices
· Cultivation of salt-tolerant crops

	Udoyita and Mego,
	Very strongly saline soils
	· Cultivation of highly salt tolerant crops and reclamation through heavy leaching management programme.

	Asboda, Debel, Meheri, Hinellie, Udoyita, Mego, Wa’ama, Sununta
	Slightly to moderate sodic soils
	· Cultivation most tolerant crops and application of chemical amendments, organic matter and use of saline water.

	Asboda, Debel, Meheri, Hinellie, Udoyita, Mego, Wa’ama, Sununta
	Strongly to very strongly sodic soils
	· Reclamation of sodic soils with gypsum application and use of saline water.
· Deep ploughing and sub-soiling to break compact layers and improve infiltration.


[bookmark: _Toc193192216]3.1.6. Water management options 
Based on the results indicated in sections 3.1.4 analysis and classification possible mitigation measures are given in Table 3.10.
[bookmark: _Toc193793056]Table 3‑10. Water management options based on the severity level of irrigation water quality
	Irrigation schemes
	Water quality challenges
	Water management options

	Asboda, Debel, Meheri, Hinellie, Udoyita, Mego, Sununta and Gumeli
	Slight to moderate salinity hazard.
(0.71–0.88 dS/m)
	· Apply leaching practice in every irrigation events as necessary.
· Cultivation of salt tolerant crops.
· Maintain periodic water quality monitoring.

	Asboda, Debel, Meheri, Hinellie, Udoyita, Mego, Wa’ama, Sununta and Hida
	Slight to moderate sodicity hazard.

	· Apply chemical amendments and/or organic matter to improve permeability.
· Maintain periodic water quality monitoring to manage salt risks.

	
	
	

	
	
	


[bookmark: _Toc193192217]
3.1.7. Conclusion and Recommendation 
Conclusions
Irrigated lands found in the lower Awash Valley have more sodicity problems than salinity ones. Due to seepage loss, some irrigation lands near the river show saline-sodic problems along the depth. In Wa’ama scheme the cause for soil salinity was low quality of water source. In general, the selected scheme of the Afar region was categorized as 55.92 % non-saline and non-sodic, 0.20 % saline, 38.12 % sodic and 5.77 % saline-sodic soils. 
Recommendation 
· Assess, conduct regular monitor of depth to ground water table and quality
· For efficient irrigation water management, proper land leveling/ smopthening should be carried out
· Identify field application efficiency for proper irrigation scheduling and irrigation application (Frequency, rate and duration of application based on crop, soil and water)
· Assess and apply leaching requirement based on crop, soil physical and chemical characteristics, and water qulity.
· Provide training to farmers, DA, extension agents and others associated agricultural activities  
· Adequate surface drainage system and special salt control management practices should be undertaken to rehabilitate and operationalized for lower Awash River and Sununta ground water.
· Undertake reclamation measures for salt affected soils and leaching of salt affected soils of Udoyita, Mego, Asboda, Debel, Meheri, Hinellie and Sununta schemes.
· Promote the use of salt-tolerant and improved crop varieties that are adapted to local conditions to ensure sustainable production under salinity and sodicity constraints.
· Strengthen farmer awareness and capacity through training on improved water and soil salinity management techniques, focusing on practical and locally adaptable technologies.
· Regular monitoring of soil and water quality (salinity, sodicity, EC, SAR) to guide management interventions and track improvements.
· Encourage integrated water resource management, including conjunctive use of surface and groundwater, and exploring managed aquifer recharge options.
· Advocate for supportive policies and investment mobilization for drainage infrastructure development, water quality management, and soil rehabilitation.
















3.2. [bookmark: _Toc193192218][bookmark: _Toc124588404]The State of Salinity Problems in Small Scale Irrigation Schemes and Possible Mitigation Measures: The Case of Amhara Region
Sisay Dessale, Edimealem Getu, Aemro Wale, Tsegaye Getachew, Tigabu Fenta, Melaku Hunie, Messay Abera

[bookmark: _Toc193192219]3.2.1. Characterization of selected irrigation schemes
The assessment was conducted in the five Zones of Amhara region namely Waghimra, Central Gonder, North Wollo, South Wollo, and North Shewa and 12 Woreda’s consisting of 26 irrigation schemes. The descriptions of the schemes are given in (Table 3-11 and Fig. 3-5).  Consultations with reginal BoA, Research Institutes and centers, and other relevant stakeholders were conducted to identify the hot spots of salt-affected areas in the zones. These zones were selected due to the significant presence of soil salinity, which can adversely impact agricultural productivity and sustainability. 
[image: ]
[bookmark: _Toc193793092][bookmark: _Toc124671624]Figure 3‑5 Selected irrigation schemes

[bookmark: _Toc193793057]Table 3‑11 Description of selected SSI schemes 
	S.no
	Zone
	District
	Scheme name
	Longitude
	Latitude
	Altitude

	1
	North Shewa
	Alemketema
	Wonchit (Meyih)
	498320
	1121258
	1304

	2
	North Shewa
	Alemketema
	Jema (Geren)
	500375
	1099282
	1334

	3
	North Shewa
	Ensaro
	Belbelit
	494041
	1093604
	1337

	4
	North Shewa
	Ankober
	Melka-Jebdu
	589082
	1058587
	1447

	5
	North Shewa
	Kewot
	Charie
	597254
	1104960
	1283

	6
	North Shewa
	Kewot
	Sewer
	597035
	1114300
	1244

	7
	North Shewa
	Kewot
	Mereye
	601622
	1105673
	1231

	8
	North Shewa
	Kewot
	Wanza
	594361
	1101307
	1368

	9
	North Shewa
	Kewot
	Maremiya
	598603
	1106982
	1257

	10
	Waghimra
	Abergelle
	Bahir
	496067
	1430749
	1218

	11
	Waghimra
	Ziqualla
	Tsitsika
	478465
	1412252
	1463

	12
	Waghimra
	Sehala
	Tekeze
	459626
	1415878
	1146

	13
	North Wollo
	Kobo
	Kemele
	574502
	1334682
	1377

	14
	North Wollo
	Kobo
	Tewelde
	575432
	1334474
	1368

	15
	North Wollo
	Kobo
	Gulmit
	577568
	1334334
	1364

	16
	North Wollo
	Kobo
	Hormat-Abuarie
	574462
	1335871
	1395

	17
	North Wollo
	Kobo
	Arategna
	576285
	1333995
	1365

	18
	North Wollo
	Kobo
	Golina-Bergumelie
	576473
	1332901
	1370

	19
	North Wollo
	Kobo
	Koba
	578178
	1332652
	1386

	20
	North Wollo
	Kobo
	Ambo
	577212
	1331226
	1360

	21
	South Wollo
	Kalu
	Upper-Tuloabajibo
	583653
	1205638
	1472

	22
	South Wollo
	Kalu
	Middle-Tuloabajibo
	585310
	1204592
	1467

	23
	South Wollo
	Kalu
	Lower-Tuloabajibo
	585712
	1204274
	1453

	24
	Central Gonder
	East Belesa
	Dengora
	395598
	1371014
	1845

	25
	Central Gonder
	West Belesa
	Swak
	367856
	1381946
	1792

	26
	Central Gonder
	Dembia
	Seraba
	312250
	1356500
	1790


[bookmark: _Toc121794795][bookmark: _Toc121895236][bookmark: _Toc124588408]
The reconnaissance survey revealed that major crops varied across zones. In Wag-Himra, key crops included onion, tomato, pepper, sweet potato, sorghum, teff, and fruits like papaya, mango, and sugarcane. Central Gondar primarily cultivates onion, garlic, chickpeas, tomato, pepper, mung bean, maize, and teff. North and South Wollo grew maize, onion, tomato, pepper, watermelon, and teff, while North Shewa had a diverse range including teff, maize, sorghum, vegetables, fruits, and tobacco.
Irrigation systems across the zones were mainly furrow and wild flooding. Farmers in Wag-Himra, North Shewa, and North and South Wollo associated flood irrigation with soil salinity and sodicity, leading to stunted growth, leaf burns, water stress, and reduced yields. In contrast, Central Gondar farmers lacked awareness of waterlogging and salinity issues. Poor drainage led to white crusts, black oily soil, and water stress in several schemes, with North Shewa farmers ranking salinity and waterlogging as severe problems.
Pictures from Charie Scheme
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Figure 3‑6. Pictures of salt affected soils from selected irrigation schemes.
Older irrigation schemes exhibited signs of soil degradation, including white crusts, leaf tip burn, and black powdery residues. Soil texture varied from clay to sandy loam and silty clay, with dominant colors being black, reddish, and gray (Fig. 3-6).
3.2.2. [bookmark: _Toc193192220]Mapping and analysis of surface saline and sodic soils
Saline Soils
In Amhara region, analysis results indicated that surface soil salinity (0–30 cm depth) varied widely, ranging from 0.16 to 50.5 dS/m. Form the total irrigated area of 2108 ha, 63% were found to be none saline soils, while the remaining were affected with slightly saline (15%), moderately saline (8%), strongly saline (7%), very strongly saline (4%) and extremely saline (4%). Irrigation schemes mainly Jema (Geren), Belbelit, Melka-Jebdu, Mereye, Wanza, Maremiya, Tsitsika, Dengora, Swak and Seraba had ECe values below 0.75 dS/m while irrigation schemes including Wonchit (91.2%), Charie (19.3%), Sewer (84%), Bahir (97.5), Tekeze (99.2%), Kemele (2.9), Tewelde (12.8% ), Gulmit (76.2%), Hormat-Abuarie (8%), Arategna (1.5% ), Ambo (5.9% and Upper-Tuloabajibo (0.5%) were also had share of the farm land as non-saline soils (Table 3-12 and Fig. 3-7).
Irrigation schemes including Wonchit (Meyih), Bahir. Tekeze, Gulmit, Hormat-Abuarie and Ambo were characterized as slightely to moderately saline soils indicating a potential risk of secondary salinization over time unless irrigation management is improved. However, Charie and Kemele irrigation schemes were affected with slightly to extremely saline soils, requiring leaching water in every irrigation event for slightly to strongly saline soils, and for very strongly to extremely saline soils require reclamation with excess good quality water before cropping season. Lower-Tuloabajibo irrigation scheme was affected with slightely and strongly saline soils while Tewelde and Middle-Tuloabajibo irrigation scheme were affected with slightely to strongly saline soils. Upper-Tuloabajibo irrigation scheme was affected with slightely to strongly and extremely saline classes. Golina-Bergumelie irrigation scheme was affected with Strongly to extremely saline soils while Koba and Arategna irrigation schems were affected with slightly to very strongly saline soils, all of which requiring leaching management practices (Table 3-12 and Fig. 3-7).

Golina-Bergumelie irrigation scheme was affected with slightly and strongly to extremely saline soils while Koba and Arategna irrigation schemes were affected with slightly to very strongly saline soils, all of which requiring leaching management practices and in the case of very strongly and extremely saline soils, either salt tolerant crops be grown and leaching should be carried out at every irrigation during the crop growth peroid or reclamation with continuous or intermittent leaching has to be undertaken before the cultivation of crops commence (Table 3-12 and Fig. 3-7).
The occurrence of low precipitation and high evapotranspiration in the semi-arid areas of North Shewa, North, and South Wollo areas resulted in an extreme soil salinity level. In these areas, the groundwater comes to the surface during the wet season, and it drops in the dry season, while the soil salinity remains on the soil surface. Based on visual observation, those schemes had compacted soil with white and shiny black surfaces that contributed to poor permeability and hindered the leaching of dissolved salt and posed waterlogging. This finding agrees with Murtaza et al., 2006; Rengasamy, 2006; Ghafoor et al., 2008, re-affirming that poor drainage practice coupled with high evaporation results in a substantial buildup of salts at the surface. In addition, poor on-farm drainage practices, especially in the North Shewa, South and North Wollo irrigation schemes were another factor that usually contributes to soil salinization. This leads to the rise of the groundwater Table and that can bring salts to the upper layers of the soil profile (Kijne et al., 1998; Fentaw, 2007). 


	
[bookmark: _Toc193793058][bookmark: _Toc124671626]Table 3‑12 Percent area coverage of surface saline soils in selected irrigation schemes
	S.
No
	Schemes
	Total Area
(ha)
	ECe (dS/m)

	
	
	
	< 0.75
	0.75 - 2.0
	2 – 4
	4 – 8
	8 – 15
	>15

	
	
	
	Non-saline
	Slightly saline
	Moderately
	Strongly
	Very strongly
	Extremely

	
	
	
	Area coverage (%)

	1
	Wonchit (Meyih)
	31.5
	91.2
	8.8
	0.0
	0.0
	0.0
	0.0

	2
	Jema (Geren)
	73.9
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	3
	Belbelit
	96.7
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	4
	Melka-Jebdu
	48
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	5
	Charie
	150.4
	19.3
	26.9
	24.1
	1.1
	7.6
	21

	6
	Sewer
	342.2
	84
	16
	0.0
	0.0
	0.0
	0.0

	7
	Mereye
	25.5
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	8
	Wanza
	13.3
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	9
	Maremiya
	50
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	10
	Bahir
	55.6
	97.5
	2.5
	0.0
	0.0
	0.0
	0.0

	11
	Tsitsika
	26.2
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	12
	Tekeze
	40.1
	99.2
	0.8
	0.0
	0.0
	0.0
	0.0

	13
	Kemele
	44.2
	2.9
	26.2
	12.7
	43
	11.3
	3.9

	14
	Tewelde
	109.7
	12.8
	74.5
	10.7
	2.1
	0.0
	0.0

	15
	Gulmit
	26.4
	76.2
	23.9
	0.0
	0.0
	0.0
	0.0

	16
	Hormat-Abuarie
	32.4
	8
	86.2
	5.8
	0.0
	0.0
	0.0

	17
	Arategna
	95.5
	1.5
	27.5
	33.4
	35.5
	2.1
	0.0

	18
	Golina-Bergumelie
	57.2
	0.0
	0.9
	0.0
	17.3
	76.5
	5.2

	19
	Koba
	64.7
	0.0
	0.4
	10.7
	53.9
	34.9
	0.0

	20
	Ambo
	25.4
	5.9
	55.9
	38.2
	0.0
	0.0
	0.0

	21
	Upper-Tuloabajibo
	84.5
	0.5
	5
	15.7
	33.7
	0.0
	45.1

	22
	Middle-Tuloabajibo
	60.4
	0.0
	15.1
	78.6
	6.3
	0.0
	0.0

	23
	Lower-Tuloabajibo
	47.2
	0.0
	63.1
	0.0
	36.9
	0.0
	0.0

	24
	Dengora
	48.4
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	25
	Swak
	121.4
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	26
	Seraba
	336.8
	100
	0.0
	0.0
	0.0
	0.0
	0.0

	Sum (ha)
	2107.6
	62.7
	14.8
	7.8
	7.2
	4.0
	3.5



 





. 


 


[bookmark: _Toc193793094]Figure 3‑7. Mapping of surface soil salinity for selected irrigation schemes 
[bookmark: _Toc121794800][bookmark: _Toc121895241]Sodic Soils 
The ESP values at a soil depth of 0-30 cm ranged from non-sodic to very strongly sodic. In the region, of the total irrigated area of 2108 ha, 41% were found to be none sodic soils and the remaining 59% were affected by different levels of sodic soils, of which 19% was affected with slightly, 8% moderately and 15 % strongly and 17% very strongly sodic soils The irrigation schemes with ESP values below 6%, which is categorized as non-sodic soils, include Wonchit, Belbelit, Melka-Jebdu, Dengora, Swak, and Seraba, while 20 irrigation schemes also had limited percentage of non-sodic soil (Table 3-13 and Fig. 3-8).
The irrigation schemes that exhibited slightly to very-strongly sodic characteristics include Charie, Sewer, Gulmit, Arategna, Ambo and Middle-Tuloabajibo while Tekeze irrigation scheme exhibited slightly to strongly sodic soils and Tewelde irrigation scheme characterized by slightly, strongly and very strongly sodic soils. Lower-Tuloabajibo irrigation scheme was characterized by moderately to very strongly sodic soils. Golina-bergumeli irrigation scheme was characterized by strongly and very strongly sodic soils and upper-Tuloabajibo irrigation scheme was characterized by slightly and very strongly sodic soils. Maremiya and Bahir irrigation scheme were characterized by slightly to moderately sodic soils, while Jema, Mereye, Wanze, Homat-Abuarie and Koba irrigation scheme was characterized by slightly sodic soil (Table 3-13 and Fig. 3-8).  
The percentages of abandoned irrigated schemes for Upper-Tuloabajibo, Golina-Bergumelie Charie and Ambo were 90.1%, 66,1%, 56.3%, and 36.6%, respectively, based on ESP values.  Increasing of ESP levels in these schemes were primely attributed to an inherited shallow groundwater table, high evaporation, and runoff concentration. Additionally, soil derived from saline parent materials was identified as a major factor contributing to raising sodicity levels. 
In the wet season, the groundwater table rises and subsequently falls in the dry season due to evaporation, leaving sodium ions on the surface of the soil. This phenomenon was particularly evident in North and South Wollo irrigation schemes; the runoff from surrounding mountainous areas remained stagnant for prolonged period. This leads to a rising groundwater table and increased ion accumulation. These findings align with previous research indicating that chemical weathering gradually releases the soil mineral constituents, contributing to sodicity (FAO, 1988; Omuto et al., 2020). Similarly, Rengasamy (2006) reported that capillary action causes salty groundwater to rise, promoting salt accumulation when the water evaporates. Recurrent flooding and/ or prolonged runoff over a long time acerated the soil salt accumulation (Krasilnikov et al., 2013).
Generally, secondary salinization was the main factor contributing to salt accumulation in the irrigation schemes, driven by poor drainage systems, ineffective water management, and low-quality irrigation water. Surface drainage practices were largely neglected, with North and South Wollo schemes particularly affected by both sodicity and waterlogging. While Central Gondar showed no sodicity issues, North Shewa and Wag-Himra had moderate problems, and nearly all North and South Wollo irrigation schemes were significantly impacted. Field observations revealed sodium-induced soil dispersion, leading to cemented surface layers, reduced infiltration, poor aeration, and restricted root growth crusting (El-Maaz etal., 2015). Increased exchangeable sodium also exacerbated runoff and erosion (Krasilnikov et al., 2013).
Table 3‑13 Percent area coverage and surface sodic soils in selected irrigation schemes
	S. No
	Scheme
	Area (ha)
	ESP (%)

	
	
	
	<6
	6 – 10
	10 – 15
	15 – 25
	>25

	
	
	
	Non-Sodic
	Slightly Sodic
	Moderately Sodic
	Strongly Sodic
	Very strongly sodic

	
	
	
	Area coverage (%)

	1
	Wonchit (Meyih)
	31.5
	100
	0.0
	0.0
	0.0
	0.0

	2
	Jema (Geren)
	73.9
	46.7
	53.3
	0.0
	0.0
	0.0

	3
	Belbelit
	96.7
	100
	0.0
	0.0
	0.0
	0.0

	4
	Melka-Jebdu
	48
	100
	0.0
	0.0
	0.0
	0.0

	5
	Charie
	150.4
	3
	10.5
	8.6
	21.6
	56.3

	6
	Sewer
	342.2
	7.5
	25.1
	11.6
	24.8
	31

	7
	Mereye
	25.5
	43.4
	56.7
	0.0
	0.0
	0.0

	8
	Wanza
	13.3
	4.2
	95.8
	0.0
	0.0
	0.0

	9
	Maremiya
	50
	2.4
	88.9
	8.6
	0.0
	0.0

	10
	Bahir
	55.6
	43.5
	47.9
	8.7
	0.0
	0.0

	11
	Tsitsika
	26.2
	55.2
	44.3
	0.5
	0.0
	0.0

	12
	Tekeze
	40.1
	10.1
	76.5
	13.3
	0.1
	0.0

	13
	Kemele
	44.2
	2.2
	5.4
	27.2
	54.3
	10.9

	14
	Tewelde
	109.7
	4.9
	17.7
	-
	62.6
	14.9

	15
	Gulmit
	26.4
	13.7
	25.9
	21.8
	24.8
	13.9

	16
	Hormat-Abuarie
	32.4
	92.7
	7.3
	0.0
	0.0
	0.0

	17
	Arategna
	95.5
	1.2
	14
	44
	38.7
	2.1

	18
	Golina-Bergumelie
	57.2
	0.0
	0.0
	0.0
	33.9
	66.1

	19
	Koba
	64.7
	14.2
	85.8
	0.0
	0.0
	0.0

	20
	Ambo
	25.4
	0.0
	2
	34.6
	26.9
	36.6

	21
	Upper-Tuloabajibo
	84.5
	1.9
	7.9
	0.0
	0.0
	90.1

	22
	Middle-Tuloabajibo
	60.4
	2.2
	28.5
	37.3
	30.6
	1.4

	23
	Lower-Tuloabajibo
	47.2
	3.4
	0.0
	19.4
	56
	21.2

	24
	Dengora
	48.4
	100
	0.0
	0.0
	0.0
	0.0

	25
	Swak
	121.4
	100
	0.0
	0.0
	0.0
	0.0

	26
	Seraba
	336.8
	100
	0.0
	0.0
	0.0
	0.0

	Sum
	2107.6
	40.7
	19.3
	7.9
	15.4
	16.7




























[bookmark: _Toc193793095]Figure 3‑8 Mapping of surface soil sodicity for selected irrigation schemes.
3.2.3. [bookmark: _Toc193192221]Classification of salt affected soils
In Amhara region, of the total irrigated area of about 2108 ha, 65% were found to be none saline-none-sodic soils, while the remaining were affected with saline (3.3%), saline-sodic (10.4%) and sodic (20.9%) soils. The irrigation schemes including Wonchit (Meyih), Jema (Green), Belbelit, Melka-Jebdu, Mereye, Wanza, Maremiya, Bahir, Tsitsika, Hormat-Abuarie, Dengora, Swak and Seraba were categorized as 100% non-saline non-sodic soils. However, in Charie (22.1%), Sewer (44.2%), Tekeze (99.9%), Tewelde (34.6%), Gulmit (61.4%), Arategna (47.9), Koba (11.1%), Ambo (36.5%), Upper-Tuloabajibo (5%), Middle-Tuloabajibo (65.8% and Lower-Tuloabajibo (22.8%) were also classified as non-saline non-sodic soils (Table 3-14). 
[bookmark: _Toc124671628]Table 3‑14 Salt affected soil classes in selected irrigation schemes
	S. No.
	Schemes
	Area (ha)
	Salt affected soil classes

	
	
	
	ECe<4 and ESP<15
	ECe>4 and ESP<15
	ECe>4 and ESP>15
	ECe<4 and ESP>15

	
	
	
	Non-saline and non-sodic
	Saline
	Saline-sodic
	Sodic

	
	
	
	Area coverage (%)

	1
	Wonchit (Meyih)
	31.5
	100
	0.0
	0.0
	0.0

	2
	Jema (Geren)
	73.9
	100
	0.0
	0.0
	0.0

	3
	Belbelit
	96.7
	100
	0.0
	0.0
	0.0

	4
	Melka-Jebdu
	48.0
	100
	0.0
	0.0
	0.0

	5
	Charie
	150.4
	22.1
	0.0
	29.7
	48.2

	6
	Sewer
	342.2
	44.2
	0.0
	0.0
	55.8

	7
	Mereye
	25.5
	100
	0.0
	0.0
	0.0

	8
	Wanza
	13.3
	100
	0.0
	0.0
	0.0

	9
	Maremiya
	50.0
	100
	0.0
	0.0
	0.0

	10
	Bahir
	55.6
	100
	0.0
	0.0
	0.0

	11
	Tsitsika
	26.2
	100
	0.0
	0.0
	0.0

	12
	Tekeze
	40.1
	99.9
	0.0
	0.0
	0.1

	13
	Kemele
	44.2
	34.6
	0.4
	57.9
	7.2

	14
	Tewelde
	109.7
	42.3
	0.0
	2.0
	55.7

	15
	Gulmit
	26.4
	61.4
	0.0
	0.0
	38.7

	16
	Hormat-Abuarie
	32.4
	100
	0.0
	0.0
	0.0

	17
	Arategna
	95.5
	47.9
	11.7
	20.1
	20.3

	18
	Golina-Bergumelie
	57.2
	0.0
	0.0
	96.7
	3.3

	19
	Koba
	64.7
	11.1
	88.9
	0.0
	0.0

	20
	Ambo
	25.4
	36.5
	0.0
	0.0
	63.5

	21
	Upper-Tuloabajibo
	84.5
	5.0
	0.0
	78.8
	16.2

	22
	Middle-Tuloabajibo
	60.4
	65.8
	2.2
	4.1
	27.9

	23
	Lower-Tuloabajibo
	47.2
	22.8
	0.0
	4.7
	72.6

	24
	Dengora
	48.4
	100
	0.0
	0.0
	0.0

	25
	Swak
	121.4
	100
	0.0
	0.0
	0.0

	26
	Seraba
	336.8
	100
	0.0
	0.0
	0.0

	Sum (ha)
	2107.6
	65.4
	3.3
	10.4
	20.9


[bookmark: _Toc121794802][bookmark: _Toc121895243]
Koba irrigation scheme has been affected with only saline (88.9%) soil class. Arategna irrigation schemes had 11.7%, 20.1% and 20.3% saline, saline-sodic and sodic soil classes, while in Middle-Tuloabajibo irrigation schemes had 2.2%, 4.1% and 27.9% saline, saline-sodic and sodic soil classes, respectively. The irrigation schemes including Charie (29.7 and 48.2%), Kemele (57.9% and 7.2%), Tewelde (2.0% and 55.7%), Golina-Bergumelie (96.7% and 3.3%), Upper-Tuloabajibo (78.8% and 16.2%) and Lower-Tuloabajibo (4.7% and 72.6%) were affected with saline-sodic and sodic soils. The irrigation schemes including Sewer (55.8%), Tekeze (0.1%), Gulmit (38.7%) and Ambo (63.5%) were affected with sodic soils.
The simultaneous effect of water logging and evaporation promotes high salt accumulation on the soil surface. The assessment is in line with reports of Murtaza et al., (2006); Rengasamy, (2006); Ghafoor et al., (2008). Moreover, Sisay et al., (2021) and reported that high evaporation and capillary action can accumulate salt on the surface layer and these being the case that in the semi-arid waterlogged areas of Raya Kobo Valley, the extent of ECe was much higher on the topsoil (0-30 cm) than the bottom layers. 
The North and South Wollo irrigation schemes showed a higher ESP values on the top layer (0-30 cm) that ranged between 20.1 and 94.4%. Exceptionally, in the case of Hormat-Abuarie and Koba irrigation schemes, the ESP values were relatively low and found within the range of 3.7 to 7.7%. This is not a common appearance of comparatively low ESP in waterlogged areas. In these schemes, there is a high ECe, while the ESP content was lower due to the antagonistic effects of dominant calcium and magnesium.
Salt characteristics of soil profile pits 
The electrical conductivity (ECe) of the soil profile pits in the 0-120 cm layer varied between 0.07 and 13.4 dS/m in the Upper-Tuloabajibo irrigation scheme. Almost all the North Shewa, Wag-himra, and Central Gonder irrigation sites possessed low to slightly saline behavior. Based on the Richards, (1954), general classification criteria, they fall in the non-saline category. However, the North and South Wollo irrigation schemes, the salinity level had been within the range of slight to strongly saline classes. 
The ECe concentrations of the sampling pits do not show much variability down the depth. However, the relatively high ECe was recorded from the topsoil (0-30 cm) layer and gradually decreased down the depth. The main reasons for the occurrences of relatively high ECe on the top layer can be associated with high evaporation. In the North and South Wollo irrigation schemes, the top-soil layer was swampy and waterlogged. The simultaneous effect of water logging and evaporation promotes high salt accumulation on the surface than in the bottom layers. The assessment result is in line with reports of Murtaza et al., (2006); Rengasamy, (2006); Ghafoor et al., (2008). Moreover, Sisay et al., (2021) and reported that high evaporation and capillary action can accumulate salt on the surface layer and these being the case that in the semi-arid waterlogged areas of Raya Kobo Valley, the extent of ECe was much higher on the topsoil (0-30 cm) than the bottom layers. 
The extent of ESP level in the soil profile pits from the four sampling layers (0–120 cm) varied between 94.4% in the Upper Tulaabajibo and 1.28% in the Melka-Jebdu irrigation schemes. Except for the Charie and Sewer irrigation schemes all irrigation sites studied in the Central Gondar, Wag-himra, and North Shewa irrigation schemes possessed low (<6%) to a slightly sodic character (6-10%).  
The North and South Wollo irrigation schemes showed a higher ESP values on the top layer (0-30 cm) that ranged between 20.1 and 94.4%. Exceptionally, in the case of Hormat-Abuarie and Koba irrigation schemes, the ESP values were relatively low and found within the range of 3.7 to 7.7%. This is not a common appearance of comparatively low ESP in waterlogged areas. In these schemes, there is a high ECe, while the ESP content was lower due to the antagonistic effects of dominant calcium and magnesium. 
In most of the sampling pits, the ESP value showed a decreasing tendency as the depth increases. The maximum ESP concentration was recorded on Upper-Tuloabajibo irrigation scheme, which ranged from 94.4% (0-30 cm) to 17.8% (90-120 cm). The simultaneous effects of waterlogging and evaporation, the exchangeable sodium was higher in the top layer than the bottom layers. The study conceded with Omuto et al., (2020) who stated that under water-logged conditions the concentration of ESP is much higher on the surface layer due to the potential effects of evaporation. 
Based on the Richards, (1954) classification criteria, except for the Hormat-Golina and Koba irrigation schemes, the North and South Wollo irrigation sites were classified as sodic soil, similarly Charie and Sewer schemes can be rated as sodic soil. The remaining irrigation schemes in North Shewa, Central Gonder, and Wag-himra Zones were categorized as non-saline and non-sodic soil.
[bookmark: _Toc193192222][bookmark: _Toc121794803][bookmark: _Toc121895244]3.2.4 Irrigation water quality 
There are two types of salt problems in irrigation water that are very different in their constituent, those associated with the total salinity, designated as salinity hazard and those associated with sodium, designated as sodium hazard. Irrigation water sources used in the different schemes were 23 from river, 7 from ground water, one from reservior and 3 were from spring. 
Salinity Hazard
The source of water for irrigation in all irrigation schemes were rivers, groundwater, spring and reservior.  As shown in Table 3-15, the salinity hazard of the rivers ranged between 0.17 in Dengora scheme to 2.62 dS/m in Mereye scheme. The spring water ranged between 0.44 dS/m in Belbelit scheme to 3.42 dS/m in Charie scheme and that of the groundwater ranged between 0.48 dS/m in Gulmit scheme to 2.35 dS/m in Sewer schemes. The irrigation water quality from the reservoir had 0.40 dS/m. 
According to Ayers and Westcot (1994), salinity hazard of the spring water from Belbelit scheme. River water in Melka-Jebdu, Charie, Sewer, Maremiya, Bahir, Tsitsika, Tekeze, Kemele,, Tewelde, Gulmit, Hormat-Abuarie, Arategna, Golina-Bergumelie, Koba, Dengora, Swak and Seraba schemes and Groundwater from Tewelde scheme were below 0.75 dS/m and the degree of restriction on use for irrigation was considered as none to affect soil productivity. The spring water in Sewer scheme, river water in Wonchit (Meyih), Jema, Mereye, Wanza, Koba, Ambo, Upper, Middle and Lower Tuloabajibo schemes and Groundwater in Charie. Sewer, Gulmit, Golina-Bergumelie, Upper, Middle and Lower Tuloabajibo schemes were found to be slight to moderate class requiring either blending with irrigation water or need leaching management practices to create favorable environment for plant growth and maintain soil productivity. The spring water in Charie irrigation scheme was found to be severe class requiring either to avoid instead of using for irrigation or to mix/ blend with suitable class of irrigation water before use.     
The major salinity hazards in the irrigation water come from groundwater (83.3%) and spring dilution (66.7%), particularly in Rift Valley (Shewarobit to Kobo Valley). Girma and Desta 2008 reported that in north Shewa, the application of saline spring waters without caution for irrigation has contributed to the development of saline soils in the study area. The findings agreed with Giday Adhanom, (2019), in which it was reported that the river in Shewarobit had medium (C2) (341.7 S/cm) and the spring had high (C3) (1452.9 S/cm) salinity hazards.
[bookmark: _Toc193793059]
Table 3‑15. Salinity hazard of irrigation water for selected irrigation schemes
	S. No.
	Scheme name
	Water source
	ECe (dS/m)
	Degree of Restriction on Use

	1
	Wonchit (Meyih)
	River
	0.76
	Slight to Moderate

	2
	Jema (Geren)
	River
	0.79
	Slight to Moderate

	3
	Belbelit
	Spring
	0.44
	None

	4
	Melka-Jebdu
	River
	0.56
	None

	5
	Charie
	River
	0.56
	None

	
	
	Spring
	3.42
	Severe

	
	
	Groundwater
	1.41
	Slight to Moderate

	6
	Sewer
	River
	0.44
	None

	
	
	Spring
	2.9
	Slight to Moderate

	
	
	Groundwater
	2.35
	Slight to Moderate

	7
	Mereye
	River
	2.62
	Slight to Moderate

	8
	Wanza
	River
	2.46
	Slight to Moderate

	9
	Maremiya
	River
	0.43
	None

	10
	Bahir
	River
	0.55
	None

	11
	Tsitsika
	River
	0.58
	None

	12
	Tekeze
	River
	0.23
	None

	13
	Kemele
	Golina river
	0.65
	None

	14
	Tewelde
	Golina river
	0.65
	None

	
	
	Tewelde well
	0.48
	None

	15
	Gulmit
	Golina river
	0.65
	None

	
	
	Tewelde well
	0.78
	Slight to Moderate

	16
	Hormat-Abuarie
	Golina river
	0.65
	None

	17
	Arategna
	Golina river
	0.65
	None

	18
	Golina-Bergumelie
	Golina river
	0.65
	None

	
	
	Getahun well
	0.76
	Slight to Moderate

	19
	Koba
	Golina river
	0.65
	None

	
	
	Kelkelie river
	0.78
	Slight to Moderate

	20
	Ambo
	Ambo river
	0.91
	Slight to Moderate

	
	
	Kelkelie river
	0.78
	Slight to Moderate

	21
	Upper, Middle, Lower Tuloabajibo
	Tuloabajibo river
	0.79
	Slight to Moderate

	
	
	Groundwater
	1.04
	Slight to Moderate

	22
	Dengora
	Tana river
	0.17
	None

	23
	Swak
	Reservoir
	0.4
	None

	24
	Seraba
	River
	0.45
	None


Sodicity Hazard
[bookmark: _Toc193793060]The SAR value of the irrigation water ranged from 0.03 to 42.95% and the ECe value of irrigation water ranged from 0.17 to 3.42 dS/m. The sodium hazard of the irrigation water used for 23 irrigation schemes were slight to moderate and require chemical amendments, while for 10 irrigation schemes, the irrigation water was safe for irrigation purpose. The irrigation water used from Tana River in Dengora irrigation scheme was severe and cannot be used without blending with high saline water (Table 3‑16).
The irrigation waters having high SAR values can lead to the buildup of high soil Na levels over time, which in turn can adversely affect soil infiltration rate and permeability, due to soil dispersion. Hence, excessive SAR levels can lead to soil crusting, poor seedling emergence, and poor aeration. 
[bookmark: _Toc193793061]Table 3‑16 Sodicity hazard of irrigation water for selected irrigation schemes
	No.
	Scheme name
	Water source
	SAR
	Ecw (dS/m)
	Degree of Restriction on Use

	1
	Wonchit (Meyih)
	River
	0.07
	0.76
	None

	2
	Jema (Geren)
	River
	0.08
	0.79
	None

	3
	Belbelit
	Spring
	0.1
	0.44
	Slight to Moderate

	4
	Melka-Jebdu
	River
	0.12
	0.56
	Slight to Moderate

	5
	Charie
	River
	0.12
	0.56
	Slight to Moderate

	
	
	Spring
	42.95
	3.42
	Slight to Moderate

	
	
	Groundwater
	8.28
	1.41
	Slight to Moderate

	6
	Sewer
	River
	0.09
	0.44
	Slight to Moderate

	
	
	Spring
	1.98
	2.9
	None

	
	
	Groundwater
	13.5
	2.35
	Slight to Moderate

	7
	Mereye
	River
	4.62
	2.62
	None

	8
	Wanza
	River
	2.26
	2.46
	None

	9
	Maremiya
	River
	4.16
	0.43
	Slight to Moderate

	10
	Bahir
	River
	0.12
	0.55
	Slight to Moderate

	11
	Tsitsika
	River
	0.08
	0.58
	Slight to Moderate

	12
	Tekeze
	River
	0.03
	0.23
	Slight to Moderate

	13
	Kemele
	Golina river
	2.09
	0.65
	Slight to Moderate

	14
	Tewelde
	Golina river
	2.09
	0.65
	Slight to Moderate

	
	
	Tewelde well
	3.62
	0.48
	Slight to Moderate

	15
	Gulmit
	Golina river
	2.09
	0 - 3
	Slight to Moderate

	
	
	Tewelde well
	3.62
	3 - 6
	Slight to Moderate

	16
	Hormat-Abuarie
	Golina river
	2.09
	0 - 3
	Slight to Moderate

	17
	Arategna
	Golina river
	2.09
	0 - 3
	Slight to Moderate

	18
	Golina-Bergumelie
	Golina river
	2.09
	0 - 3
	Slight to Moderate

	
	
	Getahun well
	1,00
	0 - 3
	None

	19
	Koba
	Golina river
	2.09
	0 - 3
	Slight to Moderate

	
	
	Kelkelie river
	2.09
	0 - 3
	None

	20
	Ambo
	Ambo river
	1.78
	0 - 3
	None

	
	
	Kelkelie river
	2.11
	0 - 3
	None

	21
	Upper, Middle, Lower Tuloabajibo
	Tuloabajibo river
	4.31
	3 - 6
	Slight to Moderate

	
	
	Groundwater
	2.35
	0 - 3
	None

	22
	Dengora
	Tana river
	0.49
	0 - 3
	Severe

	23
	Swak
	Reservoir
	1.29
	0 - 3
	Slight to Moderate

	24
	Seraba
	River
	0.83
	0 - 3
	Slight to Moderate


 
3.2.4. [bookmark: _Toc193192223]Soil management option 
Based on the results indicated in sections 3.2.2 to 3.2.3 analysis and classification possible mitigation measures are given in Table 3-17.
[bookmark: _Toc193793062]Table 3‑17. Salt affected soil management options
	Irrigation schemes
	Soil salt classes
	Soil management options

	Charie, Sewer, Tekeze, Kemele, Tewelde, Gulmit, Arategna, Golina-Bergumelie, Ambo, Upper-Tuloab,ajibo, Middle-Tuloabajibo, Lower-Tuloabajibo
	Sodic
(ECe < 4 dS/m, ESP > 15%)
	· Apply gypsum to replace sodium with calcium, improve drainage and infiltration rate, and incorporate organic matter to enhance soil structure.

	Charie, Kemele, Tewelde, Arategna, Golina-Bergumelie, Upper-Tuloabajibo, Middle-Tuloabajibo, Lower-Tuloabajibo 
	Saline-Sodic (ECe > 4 dS/m, ESP > 15%)
	· Apply gypsum and organic amendments, enhance drainage and leaching,
· Apply leaching water to remove both the exchangeable sodium and salt from the root zone
· Select salt-tolerant crops.

	Kemele, Arategna, Koba, Middle-Tuloabajibo 
	Saline
(ECe > 4 dS/m, ESP < 15%)
	· Leaching of salts using good-quality irrigation water 
· Grow salt-tolerant crops; apply organic matter to improve soil structure.

	All, except Golina-Bergumelie 
	Non-Saline and Non-Sodic
(ECe < 4 dS/m, ESP < 15%)
	· Maintain good soil structure; optimize irrigation scheduling, Apply organic amendments for long-term soil health.


[bookmark: _Toc193192224]
3.2.5. Water management options 
Based on the results indicated in sections 3.2.4 analysis and classification possible mitigation measures are given in table 3-18.
[bookmark: _Toc193793063]Table 3‑18  water management options 
	Irrigation schemes
	Water quality challenges
	Water management options

	Wonchit (Meyih), Jema (Geren), Charie (GW), Sewer (Spring & GW), Mereye, Wanza, Gulmit (GW), Golina-Bergumelie (GW), Koba, Ambo, Upper, Middle, Lower Tuloabajibo     
	Slight to moderate salinity hazard.
	· Add leaching practice in every irrigation events as necessary.
· Growing salt tolerant crops.
· Maintain periodic water quality assessment

	Charie
	Severe salinity hazard.
	· Belend with good quality irrigation water
· Use in sodic soil

	Belbelit, Melka-Jebdum Charie, Sewer (Ruver & GW), Maremiya, Bahir, Tsitsika, Tekeze, Kemel, Tewelde, Gulmit, Hormat-Abuarie, Arategna, Golina-Bergumelie (River), Koba (River), Upper, middle, lower- Tuloabajibo 
	Slight to moderate sodicity hazard.
	· Mix chemical ammendments with irrigation water
· Blend with saline irrigation water
· Incorporate organic matter in to soils


3.2.6. [bookmark: _Toc193192225][bookmark: _Toc121794804][bookmark: _Toc121895245]Conclusion and Recommendation
Conclusion 
In the selected 26 schemes with 2107.60 ha farmland from Amhara region, the non-saline soils occupy about 63% and 30% slight to strongly saline and about 8% occupy very strongly to extremely saline soils. Whereas the soil sodicity occupy about 41% with non-sodic, 27% slight to moderately sodic and 32% was strongly to very strongly sodic soils. Generally, the salt affected soils in Amhara region was considered as 65% non-saline and non-sodic, 21% sodic, 10% saline sodic and 3% was saline soils.
The salinity hazard of irrigation water used by 19 sources in Amahra region were safe for irrigation purposes, whilst from 14 sources, the water quality was slightly to moderate were. The irrigation water used in Charie irrigation scheme was from spring and was severe.
The sodium hazard of the irrigation water used from 23 water sources in Amhara regions were slightly to moderate, whilst the irrigation water from 10 water resources were safe for irrigation purpose. The irrigation water used from Tana River for Dengora irrigation scheme was severe.
Recommendation 
· Assess, conduct regular monitor of depth to ground water table and quality
· For efficient irrigation water management, proper land leveling/ smopthening should be carried out
· Identify field application efficiency for proper irrigation scheduling and irrigation application (Frequency, rate and duration of application based on crop, soil and water)
· Assess and apply leaching requirement based on crop, soil physical and chemical characteristics, and water qulity.
· Provide training to farmers, DA, extension agents and others associated agricultural activities  
· In farmlands with slight to strongly saline soil, yields of major crops will be affected and for cultivation of the most economically important crops, leach management practices is required to maintain a favorable salt balance in the root zone.
· In the farmlands with very strongly to extremely saline soils, only tolerant to very tolerant crops can be grown and leaching needs to be practiced while growing the salt tolerant crops. Based on the salt level, either heavy leaching practices such as intermittent or continuous leaching could be undertaken for creating favorable environment in growing economically important crops.
· In the farmlands with slightly to moderately sodic soils, the salinity level was suitable for the most tolerant crops and to improve soil permeability for most sensitive crops, chemical amendments including gypsum need to be practiced.
· In the farmlands with strongly to very strongly sodic soils, the sodicity level not suitable for most crops, particularly on heavy textured clay soils and hence requires reclamation program before cultivation of crops.
· In slight to moderate salinity hazard, the irrigation water may require additional leaching water in every irrigation event or occasionally at critical crop growth period to maintain land and crop productivity.
· If the salinity level of water exceeds crop salt tolerance level, leaching before sowing   should be carried out until the salinity of the soil and water are conducive for crops to grow
· Selection of crops tolerant crops to existing salt level and/or improved irrigation water management practices such as more frequent irrigation, residue management; change of surface irrigation system may be adopted to attain full crop yield potential
· The irrigation water used in Charie irrigation scheme require either blending with good quality irrigation water or the use of this water in sodic soil is suggested
· The sodium hazard of irrigation water used from 14 water sources require chemical amendments such as gypsum or blending with saline irrigation water quality and/ or the use of improved irrigation water management practices together with organic matter incorporation in the soil to improve the soil structure. 
· The irrigation water used from Tana River needs to be blended with high saline water to improve sodicity level.



3.3. [bookmark: _Toc193192226]The State of Salinity Problems in Small Scale Irrigation Schemes and Possible Mitigation Measures: The Case of Oromia and Harari Regions and Dire Dawa City Administration.
Zelalem Shelemow, Jemal Nur Hassen, Demesachew Tadele, Bayan Ahmed, Tesfaye Gragn, Ambase Abomsa, Getachaw Haile, Eshetu Ararso and Roba Elema

3.3.1. [bookmark: _Toc193192227][bookmark: _Toc124588413]Characterization of selected irrigation schemes  
The desk review was conducted from the previous study and available database. It has been discussed on the primary factors contributing to salinity buildup in the region were inadequate irrigation water management, including inefficient scheduling and practices (Shahid et al., 2010), and the lack of sufficient drainage systems. These issues are particularly prevalent in semi-arid and arid regions, where surface-soil salinity is a significant concern. This finding aligns with Qureshi et al. (2020), who reported a widespread occurrence of soil and water salinity and sodicity in the lowland irrigated areas of Ethiopia.
Hence, the desk review focused on identifying salt-affected small-scale irrigation (SSI) schemes through desk research and stakeholder consultations. It utilized previous studies and available databases while engaging experts at regional, zonal, woreda, and local levels. The study covered eight zones in Oromia (Arsi, West Arsi, East Shewa, East and West Hararghe, Guji, West Guji, and Borena), one district in Harari (Erer Dodota), and the Wahel Cluster in Dire Dawa City Administration. Research was supported by five centers under the Oromia Agricultural Research Institute.
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[bookmark: _Toc193793096]Figure 3‑9. Selected irrigation schemes.
In this study eight (8) Zones in Oromia (Arsi and West Arsi, East Shewa, East and West Hararghe, Guji and West Guji, Borena), one district from Harari (Erer Dodota) and Wahel Cluster in Dire Dawa City Administration were covered by five research centers of the Oromia Agricultural Research Institute. A total of 34 schemes (21 from stream diversion, 11 from ground water users and 1 spring development) were addressed (Table 3-19). These schemes are scattered in different geographic, topographic and agro-ecological conditions. Most of the schemes are found under dry ‘Kolla’ and dry ‘Woina Dega’ agro-ecology and scattered among Awash, Rift Valley Lakes, Genale-Dawa and Wabi Shebele River basins (Fig. 3-9). The topography and slopes of the schemes were characterized as mountainous, scattered volcanic cones and creators, almost flat to gentle slope and the schemes in between mountains.  
The dominant crops grown in the study areas are cereal (maize, wheat, and sorghum), pulses (haricot bean, green peas), stimulants (coffee, khat), vegetables (tomato, pepper, onion/baro, head cabbage, Ethiopian cabbage and lettuce), roots and tubers (potato, sweet potato, sugar beet, and beet root), fruits (mango, banana, zeyituna, papaya), etc.  Maize is usually cultivated at the near end of main season so as to reach supplementary irrigation. Wheat was introduced recently to be cultivated under irrigation as a strategic crop by the government for ensuring food security and export market (Table 3-19).
Based on hot spot indicators of salinity and sodicity, primely 34 schemes using different irrigation water sources (21 schemes from river water source, 11 groundwater and 1 spring water) that are distributed in Arsi (7), Guji (5), Borana (6), East shoa and west Arsi (9), East and West Hararge (5), Harari Region (1) and Dire Dawa City Administration (1) were selected (Table 3-19). 
[bookmark: _Toc193793064][bookmark: _Toc124671631]Table 3‑19. Selected irrigation schemes 
	Zone name
	Scheme
	Actual irrigable area (ha)
	Year of start irrigation
	Household using the scheme
	Major crops

	Guji and
West Guji
	Ababa 
	54
	1989
	96
	Maize, tomato, Head cabbage; sugar beet, Banana, local cabbage

	
	Bitata (GW)
	40
	2007
	160
	Maize, tomato, cabbage, onion, local cabbage.

	
	Gidabo
	400
	2010
	200
	

	
	Warabele I (GW)
	200
	2003
	800
	Tomato, Head cabbage; onion, Hot pepper and local cabbage

	
	Warabele II (GW)
	200
	2003
	800
	“

	Sub- total
	894
	
	
	

	Arsi
	Kambaru Ijara 
	210
	2002
	265
	Onion, pepper, maize, tomato
cabbage, wheat

	
	Mada gudina
	157
	2002
	325
	“

	
	Shaled
	75
	-
	277
	Onion, tomato pepper, cabbage, wheat 

	
	Gologota
	900
	1998
	893
	“

	
	Bosha I
	100
	1989
	263
	“

	
	Watero dino
	400
	1998
	377
	“

	
	Abdi boru
	125
	2002
	240
	Onion, tomato
Cabbage, maize, wheat 

	Sub- total
	1,967
	
	
	

	Borana

	Qadalle
	289
	2007
	275
	Maize, tomato, cabbage. mango, papaya and wheat

	
	Gowa
	85
	1988
	75
	Tomato; Cabbage; Mango; Papaya; Onion; Banana; Lemon; Zayituna and Green Pepper

	
	Saboqo (GW)
	145
	2008
	575
	fodder production

	
	Sabbaa 
	105
	1996
	175
	Tomato, cabbage; mango, and papaya wheat

	
	Bule koloba
	189
	1998
	875
	Tomato, cabbage; mango, papaya and wheat

	
	Arganne
	75
	2009
	200
	

	Sub- total
	888
	
	
	

	East Hararge

	 Haro-adi (GW)  
	352.6
	-
	745
	Potato, head cabbage, Ethiopian cabbage, lettuce, small pod, hot pepper, carrot, beat root, green onions (baro), khat

	
	Tuji-gabisa (GW)  
	1141.5
	-
	3591
	“

	
	Dhoma
	292
	542
	1993
	Potato, Maize, Khat, Onion,  
Cabbage, and sweet potato 

	West Hararge

	Kase hija
	389
	1993
	542
	Khat, coffee, tomato, pepper, maize

	
	Hargeti
	500
	1998
	370
	Khat, coffee, tomato, pepper, maize, banana,
sweet potato,   
wheat

	Dire Dawa 
	Dujuma
	120
	2002
	130
	Maize, Khat, tomato, onion and coffee

	Harari Region
	Erer dodota
	50
	-
	70
	Sugar cane, Khat, mango 
tomato, onion, coffee and  
maize

	Sub- total
	2,845.1
	
	
	

	West Arsi
	Yeka lelisa
	159
	1992
	210
	Tomato, head cabbage and wheat

	
East Shewa

	Lucha Denbe l(GW)
	12
	2013
	16
	Onion, tomato, wheat, maize and head cabbage

	
	Dodo-wadara (GW)
	3
	2001
	12
	maize, onion and tomato

	
	Gola 
	185.25
	1972
	600
	Maize, pepper, cabbage and beet root

	
	Galcha 
	85
	1980
	172
	maize, onion and tomato

	
	Dire Sade 
	105
	1985
	140
	

	Sub- total 
	549.25
	
	
	

	Total
	7,143.35
	
	
	



[bookmark: _Toc193192228][bookmark: _Toc124588415]
3.3.2. [bookmark: _Toc193192229][bookmark: _Toc124192094][bookmark: _Toc124192620][bookmark: _Toc124280737][bookmark: _Toc124192099][bookmark: _Toc124192625][bookmark: _Toc124280742]Mapping and analysis of surface saline and sodic soils
Saline Soil
In Oromia region, analysis results on surface soil salnity (0–30 cm depth) from  4759 ha of farm land indicated that 19% were found to be none saline soils, while the remaining were affected by slightly saline (38%), moderately saline (29%), strongly saline (6%) and very strongly (8%) saline soils. Irrigation schemes including Saboqo GW (98.1%), Saba (100%), Blue koboba (98%), Jirarsa (12.5%), Arganne (96.3%), Qadalle (0.3%), Dire-sadi (2.4%), Malima, Wodera and Mikael (0.2%), Bosha 1 (61.4%), Sheled (16.2%), Ababa (70%), Bitata (0.5%), WBL I (0.9%), Gidabo (0.3%) and WBL II (62.1%) had the farm land with non-saline soils (Table 3-20 and Fig. 3-10). These schemes require to monitore the soil salinity level at regular interval to maintain the soil productivity.
Irrigation schemes including Saboqo GW (1.9%), Blue koboba (2%), Jirarsa (25%), Arganne (3.7%), Qadalle (6.5%), Erere (4.0%), Dhoma (42.1%) Hargeti (34.8%) Dujuma (100%), Yek-lelisa (100%), Gola (100%), Gelcha (37.3%), Dire-sadi (97.6%), Malima, Wodera and Mikael (19%), Lucha Dembel (31.8%), Bosha 1 (38.6%), Sheled (83.8%), Wataro Dino (5.8%), Golgota (1.6%), K.J. (94.5%), M GUD (22.3%), Abdi Bori (18.5%), Ababa (19%),  Bitata (99.5%), WBL I (99.1%), Gidabo (82.7%) and WBL II (37.9%) were found to be slightly silane soils. In these schemes regular leaching practices need to be included in every irrigation events, to maintain the soil productivity and to create favorable salt level for salt sensitive crops.  The irrigation schemes in Keseja (100%), Dhoma (57.9%), Hargeti (65.2%), Malima, Wodera and Mikael (80.8%), KJ (5.5%), Ababa (11%) and Gidabo (17%) were affected with moderately saline soils. In these schemes, growing salt tolerant crops along with regular leaching practices are needed during irrigation application events. Jirarsa (50% and 12.5%, Eerere (64% and 32%), Gelcha (51% and11.7%), Golgota (87.1% and 11.3%), M GUD (66.2% and 11.5%) Abdi Bori (70.5% and 11%), irrigation schemes were affected with moderately to strongly saline soils, respectively. The irrigation schemes in Qadalle (43.4%, 28.8% and 21.8%), and Wataro Dina (77.4%, 13.9% and 2.9%) were affected with moderately to very strogly saline soils, respectively. The irrigation schemes in Haro Adi (6.2% and 93.8%) and Tuji Gabisa (56 and 44%) were affected with strongly to very strongly saline soils. And Mekdela (100%) irrigation scheme was affected with very strongly saline soil (Table 3-20 and fig. 3-10). In these schemes, yields of many crops are restricted. Growing salt tolerant crops and regular leaching practice during irrigation application is needed. However, for very strongly salines soils, heavy leaching program as reclamation may be needed during crop off season, to maintain favourable salt level for sensitive crop. 
[bookmark: _Toc193793065]Table 3‑20. Percent area coverage of surface saline soils in selected irrigation schemes.
	No
	Scheme
	Total Area (ha)
	ECe (dS/m)

	
	
	
	<0.75
	0.75 – 2
	2 – 4
	4 – 8
	8 – 15
	>15

	
	
	
	Non-Saline
	Slightly Saline
	Moderately Saline
	Strongly Saline
	Very Strongly Saline
	Extremely Saline

	
	
	
	Percent area coverage (%)-

	1
	Saboqo GW
	30.7
	98.1
	1.9
	0.0
	0.0
	0.0
	0.0

	2
	Saba
	51.8
	100.0
	0.0
	0.0
	0.0
	0.0
	0.0

	3
	Bule-koloba
	29.0
	98.0
	2.0
	0.0
	0.0
	0.0
	0.0

	4
	Jirarsa
	4.7
	12.5
	25.0
	50.0
	12.5
	0.0
	0.0

	5
	Arganne
	31.7
	96.3
	3.7
	0.0
	0.0
	0.0
	0.0

	6
	Qadalle
	437.3
	0.3
	6.5
	43.4
	28.4
	21.8
	0.0

	7
	Erere
	90.2
	0.0
	4.0
	64.0
	32.0
	0.0
	0.0

	8
	Keseja
	310.0
	0.0
	0.0
	100.0
	0.0
	0.0
	0.0

	9
	Dhoma
	91.9
	0.0
	42.1
	57.9
	0.0
	0.0
	0.0

	10
	Hargeti
	424.8
	0.0
	34.8
	65.2
	0.0
	0.0
	0.0

	11
	Dujuma
	62.8
	0.0
	100.0
	0.0
	0.0
	0.0
	0.0

	12
	Haro Adi
	195.5
	0.0
	0.0
	0.0
	6.2
	93.8
	0.0

	13
	Tuji Gabisa
	29.6
	0.0
	0.0
	0.0
	56.0
	44.0
	0.0

	14
	Yek-lelisa
	32.8
	0.0
	100.0
	0.0
	0.0
	0.0
	0.0

	15
	Gola
	15.3
	0.0
	100.0
	0.0
	0.0
	0.0
	0.0

	16
	Gelcha
	35.0
	0.0
	37.3
	51.0
	11.7
	0.0
	0.0

	17
	Dire-sadi
	97.4
	2.4
	97.6
	0.0
	0.0
	0.0
	0.0

	18
	Malima, Wodera and Mikael
	510.3
	0.2
	19.0
	80.8
	0.0
	0.0
	0.0

	19
	Mekdela
	51.0
	0.0
	0.0
	0.0
	0.0
	100.0
	0.0

	20
	Lucha Dembel
	34.7
	0.0
	31.8
	68.2
	0.0
	0.0
	0.0

	21
	Bosha 1
	141.1
	61.4
	38.6
	0.0
	0.0
	0.0
	0.0

	22
	Sheled
	77.3
	16.2
	83.8
	0.0
	0.0
	0.0
	0.0

	23
	Wataro Dino
	421.7
	0.0
	5.8
	77.4
	13.9
	2.9
	0.0

	24
	Golgota
	622.5
	0.0
	1.6
	87.1
	11.3
	0.0
	0.0

	25
	K.J.
	184.9
	0.0
	94.5
	5.5
	0.0
	0.0
	0.0

	26
	M GUD
	278.6
	0.0
	22.3
	66.2
	11.5
	0.0
	0.0

	27
	Abdi Bori
	292.9
	0.0
	18.5
	70.5
	11.0
	0.0
	0.0

	28
	Ababa
	41.2
	70.0
	19.0
	11.0
	0.0
	0.0
	0.0

	29
	Bitata
	32.2
	0.5
	99.5
	0.0
	0.0
	0.0
	0.0

	30
	WBL I
	39.9
	0.9
	99.1
	0.0
	0.0
	0.0
	0.0

	31
	Gidabo
	50.0
	0.3
	82.7
	17.0
	0.0
	0.0
	0.0

	32
	WBL II
	10.0
	62.1
	37.9
	0.0
	0.0
	0.0
	0.0

	Sum
	4758.8
	19.4
	37.8
	28.6
	6.1
	8.2
	0.0
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[bookmark: _Toc193793097]Figure 3‑10. Mapping of surface saline soils for selected irrigation schemes
The main causes for salinity build up in those schemes were mainly due to poor irrigation water management (improper scheduling and practices (Shahid et al., 2010) and absence of adequate drainage systems, particularly in semi-arid and arid ecology are causes of surface soil salinity. This finding is in agreement with Qureshi et al. (2020) and reported a widespread occurrence of soil and water salinity and sodicity in the lowland irrigated areas of Ethiopia.
Sodic Soils 
[bookmark: _Toc124671632]The laboratory results of soil sodicity (ESP) of surface soil samples have shown that 33% were none sodic soils and the remaining 67% were affected by different levels of sodic soils. In the region, of the total irrigated area of about 4760 ha, 17.9% were found to be slightly sodic, 21.1 % moderately sodic, 14.6% strongly sodic and  13.5% very strongly sodic soils (Table 3-21 and Fig. 3-11)  ).
Non-sodic soils were observed in irrigation schemes of Saboqo GW (98.1%), Saba (89.9), Bule-koloba (98%), Arganne (100%), Qadalle (73%), Keseja (22.6%), Dhoma (100%), Hargeti (100%), Dujuma (88.5%),Tuji Gabisa (4%), Gola (35%), Dire-sadi (99.2%), Golgota (3.9%), M GUD (48.2%), Abdi Bori (2.7%), Ababa (87.8), Bitata (2.7%) and WBL I (1.7%). These irrigation schemes are suitable for cultivation of any crop and require regular monitoring before becoming a problem. Slightly sodic soils were observed in irrigation schemes of Saboqo GW (1.9% ), Saba (10.1%), Bule-koloba (2%), Dujuma (11.5%), Gola(65%) and Dire-sadi (0.8%). The irrigation schemes at Golgota (8.7%,87.4%, ) and M GUD (45.3%, 6.5%) were slightly to moderately, respectively. These irrigation schemes are suitable for most tolerant crops, and require organic matter to further improve and maintain the sodicity levels (Table 3-21 and Fig. 3-11) ). 
The irrigation schemes in Dire-sadi (62.5%, 25%, 12.5%), Qadalle (16.1%, 8.7%, 2.2%), Erere (4.0%, 64%, 32%), Haro Adi (43.8%,22.2%, 34%),  Tuji Gabisa (52%, 16%, 28%), Sheled (62.2%, 21.6%, 16.2%), Wataro Dino (1.9%, 84.6%, 13.5%) and Abdi Bori (28.1%, 67.8%, 1.4%) were affected with slightly to strongly sodic soils, respectively. The irrigation sschemes affected with strongly sodic soils are not suitable for most sensitive crops. Tolerant crops need to be grown and the use of chemical amendments and organic matter are needed to improve soil infiltration rate and permeability. Keseja (15.2%, 33.9%, 21.4%, 7%), Bitata (39.2%, 38.7%, 18.3%, 1.1%),WBL I (25.1%, 62.8%, 9.5%, 0.9%),Gidabo (65.7%, 31.5%, 2.1%, 0.7%) and WBL II (3.4%, 12.1%, 60.3%, 24.1%) slightly to very strongly sodic, respectively (Table 3-21 and Fig. 3-11)  ). 
The irrigation schemes at K.J. (2.2%, 97.8%) were affected with moderately to strongly sodic soils, respectively. And Yek-lelisa (4.8%, 26.2%, 69%) and LuchaDembel (2.3%, 11.4%, 86.3%) irrigation schemes were affected with moderately to very strongly sodic soils, respectively, And also, Gelcha (45.1%, 54.9%), Wodera and Mikael (0.5%, 99.5%) and Mekdela (12.3%, 87.7%)  were affected with strongly to very strongly sodic soils, respectively. The irrigation sschemes affected with very strongly sodic soils may not be suitable for growing highly tolerant crops, particularly on heavy clay soils and hence requires chemical amendments to undertake a reclamation program before undertaking crop cultivation.
[bookmark: _Toc193793066][bookmark: _Toc124671635]These large portions of soil sodicity classes need urgent management interventions such as the use of chemicals ammendments including lime, sulphur and gypsum application with leaching and surface management practices including mulching and manuring, etc. Samples collected from Dhoma, Hargeti, Dujuma, Soboqo, Saba, Bule-kolobo, Argane, Qadale, Ababa irrigation schemes showed non-sodic soil class, whereas highly sodic surface soil were observed at Haro adi, Gelcha, Bitata, Warabele-I, Gidaboo, Shelede, Wataro-dino, Kambaro-jara and Abdi-boru as depicted in Table 3-21 and Fig. 3-11).

Table 3‑21. Percent area coverage of surface sodic soils in selected irrigation schemes.
	S. No
	Scheme
	Total Area (ha)
	ESP%

	
	
	
	<6
	6 – 10
	10 – 15
	15 - 25
	>25

	
	
	
	Non-Sodic
	Slightly Sodic
	Moderately Sodic
	Strongly Sodic
	Very Strongly sodic

	
	
	Percent area (%)

	1
	Saboqo GW
	30.7
	98.1
	1.9
	0.0
	0.0
	0.0

	2
	Saba
	51.8
	89.9
	10.1
	0.0
	0.0
	0.0

	3
	Bule-koloba
	29.0
	98.0
	2.0
	0.0
	0.0
	0.0

	4
	Dire-sadi
	5.3
	0.0
	
	
	
	0.0

	5
	Arganne
	31.7
	100.0
	0.0
	0.0
	0.0
	0.0

	6
	Qadalle
	437.3
	73.0
	16.1
	8.7
	2.2
	0.0

	7
	Erere
	90.2
	0.0
	4.0
	64.0
	32.0
	0.0

	8
	Keseja
	310.0
	22.6
	15.2
	33.9
	21.4
	7.0

	9
	Dhoma
	91.9
	100.0
	0.0
	0.0
	0.0
	0.0

	10
	Hargeti
	424.8
	100.0
	0.0
	0.0
	0.0
	0.0

	11
	Dujuma
	62.8
	88.5
	11.5
	0.0
	0.0
	0.0

	12
	Haro Adi
	195.5
	0.0
	43.8
	22.2
	34.0
	0.0

	13
	Tuji Gabisa
	29.6
	4.0
	52.0
	16.0
	28.0
	0.0

	14
	Yek-lelisa
	32.8
	0.0
	0.0
	4.8
	26.2
	69.0

	15
	Gola
	15.3
	35.0
	65.0
	0.0
	0.0
	0.0

	16
	Gelcha
	35.0
	0.0
	0.0
	0.0
	45.1
	54.9

	17
	Dire-sadi
	97.4
	99.2
	0.8
	0.0
	0.0
	0.0

	18
	Malima, Wodera and Mikael
	510.3
	0.0
	0.0
	0.0
	0.5
	99.5

	19
	Mekdela
	51.0
	0.0
	0.0
	0.0
	12.3
	87.7

	20
	Lucha Dembel
	34.7
	0.0
	0.0
	2.3
	11.4
	86.3

	21
	Bosha 1
	141.1
	0.0
	0.0
	80.0
	20.0
	0.0

	22
	Sheled
	77.3
	0.0
	62.2
	21.6
	16.2
	0.0

	23
	Wataro Dino
	421.7
	0.0
	1.9
	84.6
	13.5
	0.0

	24
	Golgota
	622.5
	3.9
	8.7
	87.4
	0.0
	0.0

	25
	K.J.
	184.9
	0.0
	0.0
	2.2
	97.8
	0.0

	26
	M GUD
	278.6
	48.2
	45.3
	6.5
	0.0
	0.0

	27
	Abdi Bori
	292.9
	2.7
	28.1
	67.8
	1.4
	0.0

	28
	Ababa
	41.2
	87.8
	8.0
	3.0
	1.3
	0.0

	29
	Bitata
	32.2
	2.7
	39.2
	38.7
	18.3
	1.1

	30
	WBL I
	39.9
	1.7
	25.1
	62.8
	9.5
	0.9

	31
	Gidabo
	50.0
	0.0
	65.7
	31.5
	2.1
	0.7

	32
	WBL II
	10.0
	0.0
	3.4
	12.1
	60.3
	24.1

	
	Sum
	4759.4
	33.0
	17.9
	21.1
	14.6
	13.5















	







	 











	












	







	

















[bookmark: _Toc193793098]Figure 3‑11. Mapping of surface sodic soils for selected irrigation schemes


3.3.3. Classification of salt affected soils 
In the region, of the total irrigated area of about 4775 ha, 35.1% were found to be none saline-none-sodic soils, while the remaining were affected with saline (12.2%), saline-sodic (11.1%) and sodic (41.6%) soils. Table 3-22 shows area coverage of surface salt concentration and list of the salt affected schemes from respective Zones. All irrigation schemes have varied levels of non-saline and non-sodic soils ranging from 5.5% to 100%, except Haro Adi, Tuji Gabisa, Gelcha, Malima, wodera and Mikael, Mekdela, Lucha Dembel and K.J comprising only salt-affected soils. 
The irrigation schemes in Qadalle (41.2%), Haro Abdi (50%), Wataro Dino (75.8), Abdi Bori (75.8%), Gidabo (51.9%) and WBL I (60.7%) were affected with saline-sodic soils. These schemes require the use of ammendments followed by leaching management practices. The exchangeable Na+ problem should be addressed first, followed by the excessive salt problem. Therefore, the chemical amendment, mainly gypsum, should be applied to replace the exchangeable Na+, and then excessive water applied to leach out the Na+ and the excess soluble salts. Establishing salt tolerant crops shortly after reclamation and use of ammendments increase the effectiveness of reclamation efforts.
The irrigation schemes in Qadalle (41.2%), Dhoma (87.4%), Hargeti (87.4%), Haro Adi (50%), Tuji gabisa (100%) and Gidabo (25.9%) were affected with saline soils.  These soils require leaching management program, based on the level of salt which could be either pre-planting leaching, leaching during crop cultivation or as reclamation measure, continuous and intermittent leaching program for recovering the high level of saline soils.
The irrigation schemes in Saba (40.8%), Jirarsa (53.4%), Erere (63.3%), Keseia (63.3%), Yek-Lelisa (77.5%), Gelcha (100%), Dire-Sadi (63.3%), Malima, wodera and Mikael (100%), Mekdela (100%), Lucha Dembel (100%), Bosha 1 (63.3%), Sheled (63.3%), Wataro Dino (18.8%), Golgota (88.7%), Golgota (100%), K.J. (63.3%), M GUD (18.8), Abdi Bori (54%), Ababa (49%) and WBL II (30.6%) were affected with sodic soils. These soils require the use of ammendments to improve the soil permeability. Based on the severeity of exchangeable Na+, either chemical amendments including gypsum and organic matter could be used during growing crops, or reclamation program to improve the soil permeability has to be undertaken. 


[bookmark: _Toc193793067] Table 3‑22. Salt affected soil classes in selected irrigation schemes
	S. No
	Schemes Name
	Area
	Area (ha)
	Salt affected soil classes

	
	
	
	
	ECe < 4 dS/m and ESP <15
	ECe > 4 dS/m and ESP <15
	ECe > 4 dS/m and ESP >15
	ECe < 4 dS/m and ESP >15

	
	
	
	
	Non-Saline Non-Sodic
	Saline
	Saline Sodic
	Sodic

	
	
	
	
	Percent (%)

	1
	Saboqo GW
	Area (ha)
	30.7
	100
	0
	0
	0

	2
	Saba
	Area (ha)
	51.8
	59.2
	0
	0
	40.8

	3
	Bule-koloba
	Area (ha)
	29
	100
	0
	0
	0

	4
	Jirarsa
	Area (ha)
	4.6
	46.6
	0
	0
	53.4

	5
	Arganne
	Area (ha)
	31.7
	100
	0
	0
	0

	6
	Qadalle
	Area (ha)
	436.1
	17.6
	41.2
	41.2
	0

	7
	Erere
	Area (ha)
	90.2
	36.7
	0
	0
	63.3

	8
	Keseja
	Area (ha)
	310
	36.7
	0
	0
	63,3

	9
	Dhoma
	Area (ha)
	91.6
	12.6
	87.4
	0
	0

	10
	Hargeti
	Area (ha)
	424.8
	12.6
	87.4
	0
	0

	11
	Dujuma
	Area (ha)
	62.8
	100
	0
	0
	0

	12
	Haro Adi
	Area (ha)
	195.6
	0
	50
	50
	0

	13
	Tuji gabisa
	Area (ha)
	29.6
	0
	100
	0
	0

	14
	Yek-lelisa
	Area (ha)
	32.8
	22.5
	0
	0
	77.5

	15
	Gola
	Area (ha)
	15.3
	100
	0
	0
	0

	16
	Gelcha
	Area (ha)
	39.9
	0
	0
	0
	100

	17
	Dire-sadi
	Area (ha)
	97.4
	36.7
	0
	0
	63.3

	18
	Malima, wodera and Mikael
	Area (ha)
	510.3
	0
	0
	0
	100

	19
	Mekdela
	Area (ha)
	51
	0
	0
	0
	100

	20
	Lucha Dembel
	Area (ha)
	34.7
	0
	0
	0
	100

	21
	Bosha 1
	Area (ha)
	141.1
	36.7
	0
	0
	63.3

	22
	Sheled
	Area (ha)
	75.3
	36.7
	0
	0
	63.3

	23
	Wataro dino
	Area (ha)
	421.7
	5.5
	0
	75.8
	18.8

	24
	Golgota
	Area (ha)
	633.4
	12.7
	0
	0
	88.7

	25
	K.J.
	Area (ha)
	184.9
	0
	0
	0
	100

	26
	M GUD
	Area (ha)
	280.5
	36.7
	0
	0
	63.7

	27
	Abdi bori
	Area (ha)
	295
	5.5
	0
	75.8
	18.8

	28
	Ababa
	Area (ha)
	41
	81.2
	0
	0
	18.8

	29
	Bitata
	Area (ha)
	32.2
	46
	0
	0
	54

	30
	WBL_ I
	Area (ha)
	39.9
	51
	0
	0
	49

	31
	Gidabo
	Area (ha)
	50
	22.2
	25.9
	51.9
	0

	32
	WBL_ II
	Area (ha)
	10.1
	8.7
	0
	60.7
	30.6

	
	
	Sum
	4775
	35.1
	12.2
	11.1
	41.6




Salt characteristics of soil profile pits
Analysis of soil samples from the soil profile pits indicated that 53% were slightly to moderately saline and 31.30% were strongly to extremely saline. This result indicated that the salinity source might be from soil parent material, poor ground water used for irrigation as well as ground water capillarity rise. Those schemes that are highly affected by salinity are from Harari region (upper and middle part of Erer dodota scheme), East and West Hararghe Zones (Dhoma, Hargeti, Haro Adi and Tuji Gebisa ground water users), Borana Zone (Saboqo ground water users, Argane and Qadale), Guji and West Guji Zones (Ababa, Bitata, Worabale I and Gidabo), Arsi Zone (Wotaro Dino and Mada Guddina schemes) and East Shoa (Gelcha irrigation schemes).
There was increasing trend of soil salinity along the profile pits from surface to the bottom for some irrigation schemes such as Qadalle, Argeti tirtiro, at middle and lower of Dujuma, at lower of Haro-adi, at upper of Ababa, Bitata, Warabele I, Sheled, at the middle of Wotaro-dino and lower of Meda Gudina schemes. This may be due to poor irrigation practices in the absence of proper irrigation scheduling that might have caused water logging condition, and use of poor quality irrigation water and over and/ or under irrigation. On the other hand, a decreasing trend of soil salinity along the soil profile from surface downward was observed for Arganne, Dhoma, Dujuma, Gelcha, Lucha-dembel and Gidabo schemes. The result was due to rising salt laden groundwater close to the soil by capillary action. As the water is taken up by plants through transpiration or lost to the atmosphere by evaporation, soil water salinity increases because salts become more concentrated in the remaining soil water. Thus, evaporation from the soil surface and transpiration from plants between irrigation periods can further increase salinity.
[bookmark: _Toc193192230]3.3.4 Irrigation water quality
There are two types of salt problems in irrigation water that are very different in their constituent, those associated with the total salinity, designated as salinity hazard and those associated with sodium, designated as sodium hazard. Irrigation water sources used in the different schemes were 12 from river, 12 from ground water, 9 from flood diversion and 3 were from spring. 
Salinity Hazard
The irrigation schemes in Oromia and Harari Regions and Dire Dawa City Administration use various water sources. The results showed that Ababa and Gidabo river diversions in Guji zone of Oromia region; Groundwater sources from Erere dodota (Harari region); Tuj gabisa upper and Lower and Haro Adi upper and lower at East Hararge zone were categorized as severe salinity hazard indicating restrictive use for irrigation, since their respective ECw is greater than 3 dS/m. The water from these sources needs special attention if intended for irrigation. It must either be blended with fresh water or be used in sodic soils. Otherwise, the water is restrictive for irrigation purposes (Table 3-23).
[bookmark: _Toc193793068]Table 3‑23. Salinity hazard of irrigation water for selected irrigation schemes
	S.No
	Schemes Name
	Water Source
	Salinity Hazard

	
	
	
	ECw (dS/m)
	Degree of restriction for use

	1
	Ababa
	River diversion
	6.2
	Severe

	2
	Bitata
	GW
	2.9
	Slight to moderate

	3
	Gidabo
	River diversion
	8.7
	Severe

	4
	Warabele I
	Flood diversion
	2.6
	Slight to moderate

	5
	Warabele II
	Flood diversion
	2.9
	Slight to moderate 

	6
	Abdi Boru
	River diversion
	0.6
	None

	7
	Bosha
	Spring
	0.6
	None

	8
	Kebaro Ijara
	River diversion
	0.1
	None

	9
	Golgota
	River diversion
	0.2
	None

	10
	Mada Gudina
	River diversion
	0.6
	None

	11
	Shelad
	River diversion
	0.6
	None

	12
	Wotaro Dima
	River diversion
	0.7
	Slight to moderate

	13
	Erer dodota
	GW
	4.0
	Severe

	14
	Tuj gabisa  upper
	GW
	4.1
	Severe

	15
	Tuji Gebisa lower
	GW
	3.7
	Severe

	16
	Kase Hija
	Spring
	1.1
	Slight to moderate

	17
	Hargeti
	Flood diversion
	0.8
	Slight to moderate

	18
	Dhoma
	Spring
	1.1
	Slight to moderate

	19
	Dujuma
	Flood diversion
	1.8
	Slight to moderate

	20
	Haro adi Up
	GW
	8.4
	Severe

	21
	Haro Adi low
	GW
	5.4
	Severe

	22
	Bule Koloba
	Flood diversion
	1.6
	Slight to moderate

	23
	Saboqo
	GW
	1.7
	Slight to moderate

	24
	Argane
	Flood diversion
	0.4
	None

	25
	Qadalle
	Flood diversion
	1.1
	Slight to moderate

	26
	Jirarsa
	Flood diversion
	1.3
	Slight to moderate

	27
	Sabba
	Flood diversion
	0.6
	None

	28
	Gola
	River diversion
	0.6
	None

	29
	Wedera
	GW
	1.5
	Slight to moderate

	30
	Mekdela
	GW
	2.0
	Slight to moderate

	31
	Dire Sade
	River diversion
	0.6
	None

	32
	Lucha
	GW
	2.1
	Slight to moderate

	33
	Mikeli
	GW
	1.7
	Slight to moderate

	34
	Galcha
	River
	0.6
	None

	35
	Yeka lilisa
	River
	0.2
	None

	36
	Malima
	GW
	1.1
	Slight to moderate


The ground water quality used in irrigation schemes of Wedera, Mekdela, Saboqo, Lucha, Mikeli, Malima and Bitata; River water quality used in Wotaro Dima; flood diversion sources from Warabele I and II, Hargeti, Dujuma, Bule Koloba, Qadalle and Jirarsa; spring water sources from Kase Hija and Dhoma were slight to moderate salinity hazard, requiring proper water management practices that include leaching water on top of irrigation water requirement in every irrigation events or occasionally at critical crop growth period depending on crop tolerance levels. Moreover, to maintain and/ or improve the soil and quality of irrigation water sources, sufficient leaching should be carried out before sowing until the salinity of the soil and water are conducive for crops. Other management options include proper irrigation water management, applying water as per the crop demand and at the right time with proper methods (Table 3-23). 
The quality of water sources in the irrigation schemes of Abdi Boru, Bosha, Kebaro Ijara, Golgota, Mada Gudina, shelad, Argane, Sabba, Gola, Dire Sade, Galcha and Yeka lilisa were with ECw less than 0.7 dS/m which is safe for use in irrigation water management. However, regular monitoring is required before becoming a problem (Table 3-23).
Sodicity Hazard
The SAR value of the irrigation water ranged from 0.3 to 165.5% and the ECe value of irrigation water ranged from 0.1 to 8.7 dS/m. The result showed that about 33% of samples collected were categorized under none sodicity hazards. The sodium hazard of the irrigation water used for 5 irrigation schemes were slight to moderate and require amendments such as gypsum while for 12 irrigation schemes, the irrigation water was safe (none sodicity hazard) for irrigation purpose. The irrigation water used for 19 irrigation schemes was severe and cannot be used without blending with high saline water.  (Table 3‑24). 
The irrigation schemes in Erer Dodota, Tuji Gabisa upper, Saboqo, Galcha and Yeka lilisa have used the irrigation water with slight to moderate sodicity hazard. While the irrigation schemes in
Ababa, Bitata, Gidabo, Warabele I and II, Tuj Gibisa lower, Haro Adi Up and low, Bule Koloba, Jirarsa, Sabba and Malima have used the irrigation water with none sodicity hazard. The result also indicated that about 53% of samples collected were categorized severe sodicity hazard class The irrigation schemes in this category include Abdi Boru, Bosha, Kebaro Ijara, Golgota, Mada Gudina, Shelad, Wotaro Dima, Kase hija, Hargeti, Dhoma, Dujuma, Argane, Qadalle, Gola, Wedera, Mekdela, Dire Sade, Lucha and Mikaeli (Table 3-24).
[bookmark: _Toc193793069]Table 3‑24  Sodicity hazard of irrigation water for selected irrigation schemes
	S.No
	Schemes Name
	Water Source
	Sodicity Hazard

	
	
	
	SAR (%)
	ECw (dS/m)
	Degree of restriction for use

	1
	Ababa
	Diversion
	1.4
	6.2
	None

	2
	Bitata
	GW
	0.3
	2.9
	None

	3
	Gidabo
	River Diversion
	0.5
	8.7
	None

	4
	Warabele I
	Flood diversion
	0.6
	2.6
	None

	5
	Warabele II
	Flood diversion
	1.4
	2.9
	None

	6
	Abdi Boru
	River diversion
	32.5
	0.6
	Severe

	7
	Bosha
	Spring
	98.2
	0.6
	Severe

	8
	Kebaro Ijara
	River Diversion
	113.9
	0.1
	Severe

	9
	Golgota
	River diversion
	112.7
	0.2
	Severe

	10
	Mada Gudina
	River diversion
	86.1
	0.6
	Severe

	11
	Shelad
	River diversion
	74.3
	0.6
	Severe

	12
	Wotaro Dima
	River diversion
	144.6
	0.7
	Severe

	13
	Erer dodota
	GW
	93.5
	4.0
	Slight to moderate

	14
	Tuj gabisa  upper
	GW
	60.4
	4.1
	Slight to moderate

	15
	Tuji gebisa lower
	GW
	5.4
	3.7
	None

	16
	Kase hija
	Spring
	32.0
	1.1
	Severe

	17
	Hargeti
	Flood diversion
	21.5
	0.8
	Severe

	18
	Dhoma
	Spring
	20.9
	1.1
	Severe

	19
	Dujuma
	Flood diversion
	165.5
	1.8
	Severe

	20
	Haro adi Up
	GW
	105.3
	8.4
	None

	21
	Haro adi low
	GW
	3.2
	5.4
	None

	22
	Bule Koloba
	Flood diversion
	-
	1.6
	None

	23
	Saboqo
	GW
	6.8
	1.7
	Slight to moderate

	24
	Argane
	Flood diversion
	19.3
	0.4
	Severe

	25
	Qadalle
	Flood diversion
	39.2
	1.1
	Severe

	26
	Jirarsa
	Flood diversion
	-
	1.3
	None

	27
	Sabba
	Flood diversion
	-
	0.6
	None

	28
	Gola
	River diversion
	17.7
	0.6
	Severe

	29
	Wedera
	GW
	35.7
	1.5
	Severe

	30
	Mekdela
	GW
	33.4
	2.0
	Severe

	31
	Diresade
	River diversion
	13.6
	0.6
	Severe

	32
	Lucha
	GW
	29.6
	2.1
	Severe

	33
	Mikeli
	GW
	30.1
	1.7
	Severe

	34
	Galcha
	River
	11.2
	0.6
	Slight to moderate

	35
	Yeka lilisa
	River
	2.1
	0.2
	Slight to moderate

	36
	Malima
	GW
	1.7
	1.1
	None


[bookmark: _Toc193192231]Based on the results of water analyses that were carried out on samples taken from some groundwater it can be concluded that water from the probes situated especially in East Hararge namely, Erer Dodota, Haramaya Tuji-Gabisa, upper and Haro adi upper are very high sodicity hazard and, while in Guji the results of analyzed water samples categorized in a range of very high saline and low sodicity hazards (Table 3-24)
The above-listed irrigation water from groundwater sources is approximately found at an average depth of 2 m to 3 m which is very near to the surface. Thus, there is a probability that occurrence of very high salinity and very high sodicity at the same time.  A similar study indicated that groundwater levels at an average depth of about 1.83 m or near depth are highly susceptible to salinity or sodicity development (Seelig, 2000). It also indicated that the occurrence of very high sodicity and salinity levels are related to soil genetic factors which are from groundwater of the past than to the current rainfall pattern (Shaw et al, 1994).
3.3.5. Soil management options 
Based on the results indicated in sections 3.3.2 to 3.3.3 analysis and classification possible mitigation measures are given in Table 3-25.
[bookmark: _Toc193793070]Table 3‑25. Soil Management Options.
	Irrigation schemes
	Soil salt classes
	Soil management options

	Saba, Jirarsa, Erere, Keseja. Yek-lelisa, Gelcha, Dire Sadi, Malima, wodera and Mikael, Mekdela, Lucha Dembel, Bosha 1, Sheled, Wataro dino, Golgota, Golgota, K, J,, M GUD , Abdi bori, Ababa, Bitata, WBL_ I and WBL_ I
	Sodic soils
ECe < 4 dS/m and ESP > 15
	· Apply chemical amendments to replace sodium to improve soil permeability
· Incorporate organic matter to further improve infiltration rate and permeability of the soi



	Qadalle, Haro Adi, Wataro dino, Abdi bori, Gidabo and WBL_ II
	Saline sodic soils
ECe > 4 dS/m and ESP >15
	· Apply chemical amendments to improve soil permeability 
· Apply heavy leaching water to leach out all the exchangeable Na+ and the saline salt

	Qadalle, Dhoma, Hargeti, Haro Adi, Tuji Gabisa, Gidabo
	Saline
ECe > 4 dS/m and ESP <15
	· Conduct intermittent or continuous leaching programs.
· grow salt-tolerant crops  (barley, sorghum, etc).


[bookmark: _Toc193192232]3.3.6. Water management options 
Based on the results indicated in sections 3.3.4 analysis and classification possible mitigation measures are given in Table 3.26.
[bookmark: _Toc193793071]

Table 3‑26. Water Management Options.
	Irrigation schemes
	Water quality challenges
	Water management options

	Bitata, Warabele I and I, Wotaro Dima, Kase Hija, Hargeti, Dhoma, Dujuma, Bule Koloba, Saboqo, Qadalle, Jirarsa, Wedera, Mekdela, Lucha, Mikeli, Malima    
	Slightly to moderately Salinity Hazard

	· Add leaching practice in every irrigation events and/ or occasionally at critical crop growth period as necessary.
· Growing salt tolerant crops.
· Maintain periodic water quality assessment

	Ababa, Gidabo, Erer dodota, Tuj gabisa  upper and lower, , Haro adi Up and low,   
	Severe salinity hazard.
	· Blend saline water with fresh water. 
· Use the water in sodic soil 
· Avoiding instead of using as irrigation water 

	Erer dodota, Tuj gabisa  upper, Saboqo, Galcha,
	Slightly to moderately sodicity hazard
	· Use amendments to blend with the water or mix the chemicals with the soil.
· Blend with saline irrigation water 
· Use of improved irrigation water management practices together with organic matter incorporation 

	Abdi Boru, Bosha, Kebaro Ijara, Golgota, Mada Gudina, Shelad, Wotaro Dima, Kase hija, Hargeti, Dhoma, Dujuma, Argane, Qadalle, Gola, Wedera, Mekdela, Diresade, Lucha, Mikeli     
	Severe sodicity hazard
	Blending with fresh water and/ or incorporate organic matter
Avoid from using to maintain the soil structure 




[bookmark: _Toc193192233][bookmark: _Toc124192102][bookmark: _Toc124192628][bookmark: _Toc124280745][bookmark: _Toc124588417]3.3.7. Conclusion and Recommendation 
Conclusion 
Salinity control is a major objective of irrigation management, even though, the primary objective of irrigation is to maintain soil matric potential in a range suitable for optimal crop yield. In Oromia, Harari and Dire Dawa regions, about 4764 ha farmland and 36 irrigation water resources sites were assessed for soil and water salinity. Of the 32 selected schemes in the three regions, 5.9% were non-saline, 86.6% slight to strongly saline and 7.4% was very strongly to saline soil. Whereas the sodicity assessment indicated that 29.5% was non-sodic, 45.9% slight to moderately sodic and 24.6% strongly to very strongly sodic soils. Generally, the salt affected soils in three regions could be classified as 19.2% non-saline and non-sodic, 46.8% sodic, 17.8% saline sodic and 16.2% was saline soils.
The salinity hazard of irrigation water used in 16 irrigation schemes were slightly to moderate and while the irrigation water used in 13 irrigation schemes were safe for irrigation purposes. The irrigation water used in seven irrigation schemes was severe.
The sodium hazard of the irrigation water used in five irrigation schemes of Oromia region were slightly moderate. Whilst for 12 irrigation schemes, the irrigation water used were safe while the irrigation water used 19 irrigation schemes were severe.
Recommendation 
· The major objective of controlling salinity in the soil profile is to improve soil water availability to the crop thereby creating favorable conditions for plant growth and improve productivity.
· Assess, conduct regular monitor of depth to ground water table and quality
· For efficient irrigation water management, proper land leveling/ smopthening should be carried out
· Identify field application efficiency for proper irrigation scheduling and irrigation application (Frequency, rate and duration of application based on crop, soil and water)
· Assess and apply leaching requirement based on crop, soil physical and chemical characteristics, and water qulity.
· Provide training to farmers, DA, extension agents and others associated agricultural activities  
· In farmlands with slight to strong saline soils, yields of major crops could be affected and for cultivation of most economically important crops, leaching management practices is required to maintain a favorable salt balance in the root zone.
· In the farmlands with very strongly to extremely saline soils, only tolerant to very tolerant crops can be grown and leaching should be accompanied during the cropping season to create a favorable salt balance in the plant roots. Otherwise, reclamation procedure is required in the absence of plant to restore productivity through heavy leaching practice such as intermittent and continuous leaching program.
· In the farmlands with slightly to moderately sodic soils, most tolerant crops can be grown and chemical amendments including gypsum need to be applied to improve the soil air and water permeability.
· In the farmlands with strong to very strongly sodic soils, must apply water relatively high in calcium and magnesium. In heavy textured clay soils, permeability is severely hindered and hence requires reclamation by adding gypsum and organic matter along with heavy leaching program.
· Both the quantity and quality of water supply are important for irrigation. The use of poor-quality irrigation water requires special management practices to maintain soil and crop productivity. The irrigation water quality from 16 sources were with slight to moderate salinity hazard, requiring additional leaching water in every irrigation event or occasionally at critical crop growth period to maintain soil and crop productivity.
· The irrigation water quality from seven sources was with severe salinity hazard, requiring blending with good quality of water or the use of such soil in sodic soil.
· The irrigation water qualities from five sources were with slight to moderate sodicity hazard, requiring blending with saline irrigation water or by adding chemical amendments like gypsum.
· The irrigation water quality from 19 sources was with severe sodicity hazard, requiring chemical amendments that may be incorporated to the soil or mixed with water. The soil permeability could be improved by incorporating organic matter to facilitate the leaching process.


[bookmark: _Toc193192234][bookmark: _Toc124588419]

3.4. The State of Salinity Problems in Small Scale Irrigation Schemes and Possible Mitigation Measures: The Case of Somali Region
Dahir Yosuf Abdi, Mohamed Omer Yusuf, and Muhumed Hiss Osman

3.4.1. [bookmark: _Toc193192235]Characterization of selected irrigation schemes  
The desk review of a report by OWWDSE (2012) outlines the varying agro-climatic conditions of the Harawa-Erer Sub-Basin (HESB), which range from arid lowlands to sub-moist lowlands. The study schemes are primarily located in a sub-moist agroecological zone, characterized by bimodal rainfall patterns locally known as Gu’u (March to May) and Karan (July to September). The average annual rainfall in this region ranges from 450 to 800 mm, with mean temperatures between 20 and 22.5°C.
In the Lower Shebelle River Basin (LShRB), the average annual rainfall varies between 200 and 450 mm, with maximum temperatures reaching around 35°C and minimum temperatures around 23°C, which are typical of arid to semi-arid conditions. Moreover, according to Dahir et al. (2022), the land cover in the LShRB comprises 35.3% potentially irrigable land, 19.66% cultivated land, 18.56% bare land, and other categories. 
Following consultations with the Bureau of Agriculture (BoA), 15 irrigation schemes were selected. The irrigated areas of these selected small-scale irrigation (SSI) schemes range from 3.81 to 61.04 hectares, with water sourced from both groundwater and surface water from the Shebelle River. The major crops cultivated include cereals (maize, sorghum, wheat) and cash crops (mango, papaya, banana, among others).
The dominant soil types in HESB include Fluvisols, Cambisols, and Vertisols, while in LShRB, Calcaric Fluvisols and Chromic Vertisols are prevalent. Soil salinity and sodicity indicators are used to classify both soil and water quality. Laboratory analyses revealed electrical conductivity of water (ECw) values ranging from low to very high, and sodium adsorption ratio (SAR) values also classified from low to very high, following the modified USSLS standards (Shahid and Mahmoudi, 2014).
The study was conducted at 15 small-scale irrigation schemes selected from the alluvial plains along the Lower Shabelle River Basin (LShRB) and the Harawa-Erer Sub-Basin (HESB). Administratively, these schemes are located in the Gode, Adadle, Ber’ano, Dambel, and Harawo districts, which are part of the Shebelle, Fafan, and Sitti zones of the Somali Regional State. The Shebelle zone falls under the LShRB, whereas the Fafan and Sitti zones are part of the HESB. The Lower Shabelle River Basin (LShRB) lies between 7°6′40″ N latitude and 44°23′0″ E longitude, while the Harawa-Erer Sub-Basin (HESB) is located between 41°17′36.86″ E and 43°18′7.53″ E longitude, and 9°27′41.35″ N to 11°5′6.43″ N latitude (Figure 3.12).
[image: ]
[bookmark: _Toc193793099]Figure 3‑12 Selected irrigation schemes.

The topographic features of the study schemes are lowland, consisting of flat to gently sloping plains and hilly terrain. The altitude ranges between 250 and 290 meters in the LShRB of Shebelle Zone, and between 1,000 and 1,200 meters above sea level in the HESB of Fafan and Sitti zones. 
In this study, 15 soil profiles from depths of 0–120 cm was excavated to examine the trend of soil salinity and sodicity in the study areas. Additionally, 157 surface soil samples (0–30 cm depth) were collected from the schemes to prepare a spatial distribution map of salt-affected areas. Furthermore, 15 water samples were taken from various points of the irrigation water sources in the schemes specifically from the source of irrigation, primary canals, and field canals. 
3.4.2. [bookmark: _Toc193192236]Mapping and analysis of surface saline and sodic soils 
Saline Soils 
In Somli region, the analysis results indicated a wide variation on surface soil salinity (0-30 cm), which was related to the agro-ecological conditions of their locations.  Based on the FAO (2008) soil salinity classification, the salinity levels across all study sites were mapped as follows: 2.3% none saline, 25.9% slightly saline, 53.9% moderately saline, 15.2% strongly saline, 2.4% very strongly saline, and 0.3% extremely saline soils. Accordingly, soil samples collected from irrigation schemes located in hot to warm lowland agro-ecologies have shown higher ECe values, ranging from 0.9 dS/m to 8.96 dS/m for Arabi and Armo study sites, respectively. In the tepid to cool midland agro-ecologies, the ECe values ranged from 2.0 dS/m at Lab to 17.4 dS/m at Godie study sites. More severe soil salinity problems were observed in irrigation schemes along the Wabi-Shabelle River Basin compared to those in the Harawa watershed, likely due to variations in agro-climatic conditions (Table 3-27 and Fig 3-13).
The study irrigation schemes at Armo, Agarwayne, Arabi-1, and Arabi-2, which represent the sub-moist lowland agro-ecology, were also affected by salinity problems. Their respective strongly saline areas were mapped as 0.7% for Agarwayne, 0.7% for Arabi-1, and 0.8% for Armo. Similarly, portions of their total areas cover 1.0% for Armo, 1.5% for Agarwayne, 0.3% for Arabi-1, and 6.7% for Arabi-2 were classified as non-saline (Table 3-27 and Fig 3-13). 
The irrigation schemes in Armo (1%), Agarweyne (1.5%), Arabi-1 (0.3%), Arabi-2 (6.7%), Lab (0.1%), Ber’ano-1 (0.2), Gode-3 (2.1%). Gode-4 (0.1%), Badelo’ AD-1 (18.1%), Badelo’ AD-2 (2.1%) and Jerey (2.6%) were classified as none saline soils and irrigation schemes in Armo, Agarweyne, Arabi-1, Lab, Ber’ano-1, Gode-1, Gode-3. Gode-4, Badelo’ AD-1 and AD-2, Bafeyd and Jerey were classified slightly to strongly with EC varying from 0.51% to 80 %. The irrigation scheme at Arebi-2 was affected with sightly to moderately saline soils with 48.4% and 44.9%, respectively, while the irrigation schemes at Gode-2 was affected with sightly to extremely saline soils varying from 0.5% to 43.6% (Table 3-27 and Fig 3-13).
On the contrary, with the exception of Lab, Badela’ad-1, Badela’ad-2, Godey-1, Jerey, and Bursaredo, the other schemes have shown a strongly saline soil area of less than 5.1%, compared to the spatial distribution observed in the remaining irrigation schemes. In the arid to semi-arid lowland agro-ecology of Godey-4, 17.7% to 69% of the total area, and at Dabafeyd, the entire area was severely affected by soil salinity problems, with EC values ranging from 4 to 8 dS/m. Moreover, within the total area of the Dabafeyd scheme, 35.4% was classified as very strongly saline (ECe values between 8 and 15 dS/m), and 4.4% as extremely saline (ECe value > 15 dS/m), indicating a significant proportion of the scheme is unusable due to salinity problems (Table 3.27 and Fig 3-13). Furthermore, in this agro-ecology, only a very small portion (< 2.6%) of the total area of the irrigation schemes was classified as non-saline, with ECe values less than 0.75 dS/m (Table 3-27 and Fig 3-13).
In general, the results indicate that the soils of the majority of the study schemes are affected by salinity problems, ranging from slightly saline to strongly saline soils, suggesting that without proper management, the salinity problem could expand in the future, eventually rendering the entire area unsuitable for agricultural production.
[bookmark: _Toc193793072]Table 3‑27. Percent area coverage of surface saline soils in selected irrigation schemes
	S. No.
	Schemes
	Total Area (ha)
	ECe (dS/m)

	
	
	
	< 0.75
	0.75 - 2.0
	2 – 4
	4 – 8
	8 - 15
	>15

	
	
	
	Non-saline
	Slightly saline
	moderately saline
	Strongly saline
	Very strongly saline
	Extremely saline

	
	
	
	Area coverage (%)

	1
	Armo
	22.4
	1.0
	35.8
	62.4
	0.8
	0.0
	0.0

	2
	Agarweyne
	14.8
	1.5
	45.9
	51.9
	0.7
	0.0
	0.0

	3
	Arabi-1
	30.3
	0.3
	41.6
	57.4
	0.7
	0.0
	0.0

	4
	Arabi-2
	17.5
	6.7
	48.4
	44.9
	0.0
	0.0
	0.0

	5
	Lab
	22.4
	0.1
	14.8
	80.0
	5.1
	0.0
	0.0

	6
	Ber`ano-1
	5.8
	0.2
	10.4
	46.6
	42.9
	0.0
	0.0

	7
	Gode-1
	34.6
	0.0
	18.8
	76.8
	4.4
	0.0
	0.0

	8
	Gode-2
	6.8
	0.0
	0.5
	16.2
	43.6
	35.4
	4.4

	9
	Gode-3
	31.1
	2.1
	18.8
	59.9
	19.2
	0.0
	0.0

	10
	Gode-4
	17.6
	0.1
	10.1
	72.3
	17.6
	0.0
	0.0

	11
	Badelo`ad-1
	61
	18.1
	62.0
	19.9
	0.0
	0.0
	0.0

	12
	Badelo`ad-2
	19
	2.1
	32.1
	63.2
	2.6
	0.0
	0.0

	13
	Dabafeyd
	19.2
	0.0
	3.1
	27.5
	69.5
	0.0
	0.0

	14
	Jerey
	3.8
	2.6
	26.2
	52.5
	18.6
	0.0
	0.0

	15
	Bursaredo
	7.1
	0.0
	19.7
	77.5
	2.8
	0.0
	0.0

	
	Sum
	313.4
	2.3
	25.9
	53.9
	15.2
	2.4
	0.3







[image: ]
[bookmark: _Toc193793100]Figure 3‑13 Mapping of surface saline soils for selected irrigation schemes

Sodic Soils 
Based on the ESP results, considerable variations were recorded among the soil samples from the study schemes. From the total farm land of 3.13.4 ha, 35.6% was non-sodic, 42.3% slightly sodic, 14.7% moderately sodic, 7.0% strongly sodic and 0.5% very strongly sodic soils (Table 3.28 and Fig. 3-14). 
The irrigation schemes of Armo (50%), Agarweyne (90%), Arabi-1 (66%), Arabi-2 (87%), Lab (26%), Ber’ano-1(41%), Gode-1(12%), Gode-2 (6%), Gode-3 (19%), Gode-4 (24%), Badelo Ad-1 (13%), Badelo Ad-2 (8%), Dabafeyd (22%), Jerey (5%) and Bursaredo (78%) were categorized under non-sodic soils, whereas Bursaredo (22%) and Arebi-2 (13%) irrigation schemes were affected with slightly sodic soils. Irrigation schemes in Agarweyne, Arabi-1 and Gode-4 were affected with slightly to moderately sodic soils. Irrigation schemes in Armo, Lab, Ber’ano-1, Gode-1, Gode-2, Badelo Ad-1, Badelo Ad-2, Dabafeyd and Jerey were affected with slightly to strongly sodic soils. And Gode-3 irrigation scheme was affected with slight to very strongly sodic soils (Table 3.28 and Fig. 3-14). 
Furthermore, Gode-3 irrigation scheme was the only scheme with nearly 7% of the land covered by very strongly sodic soils. In general, 62.2% of the soils in the studied schemes were observed to be slightly to moderately sodic soils, indicating the presence and potential expansion of sodicity problems, which require attention and management in the future (Table 3.28 and Fig. 3-14).
[bookmark: _Toc193793073]Table 3‑28. Percent area coverage of surface sodic soils in selected irrigation schemes 
	S. No.
	Schemes
	Total Area (ha)
	ESP (%)

	
	
	
	< 6
	6 to 10
	10 to 15
	15 to 25
	>25

	
	
	
	Non-sodic
	Slightly sodic
	moderately sodic
	Strongly sodic
	Very strongly sodic

	
	
	
	Area coverage (%)

	1
	Armo
	22.4
	50.2
	37.3
	12.1
	0.4
	0.0

	2
	Agarweyne
	14.8
	89.8
	9.9
	0.3
	0.0
	0.0

	3
	Arabi-1
	30.3
	66.4
	30.9
	2.7
	0.0
	0.0

	4
	Arabi-2
	17.5
	86.9
	13.1
	0.0
	0.0
	0.0

	5
	Lab
	22.4
	25.6
	52.9
	18.8
	2.7
	0.0

	6
	Ber`ano-1
	5.8
	41.2
	35.3
	23.3
	0.2
	0.0

	7
	Gode-1
	34.6
	11.8
	62.8
	21.2
	4.2
	0.0

	8
	Gode-2
	6.8
	5.6
	75.9
	15.2
	3.3
	0.0

	9
	Gode-3
	31.1
	19.4
	28.9
	33.6
	11.2
	6.9

	10
	Gode-4
	17.6
	24.4
	75.3
	0.3
	0.0
	0.0

	11
	Badelo`ad-1
	61
	13.3
	60.5
	19.3
	6.9
	0.0

	12
	Badelo`ad-2
	19
	8.4
	57.9
	31.6
	2.1
	0.0

	13
	Dabafeyd
	19.2
	22.1
	55.1
	16.3
	6.6
	0.0

	14
	Jerey
	3.8
	5.3
	10.5
	23.7
	60.8
	0.0

	15
	Bursaredo
	7.1
	77.5
	22.5
	0.0
	0.0
	0.0

	
	Sum
	313.4
	35.6
	42.3
	14.7
	7.0
	0.5




 








[bookmark: _Toc193793101]Figure 3‑14 Percent area coverage of surface sodic soils in selected irrigation schemes

3.4.3. [bookmark: _Toc193192237]Classification of salt affected soils
Considering the spatial distribution of salt-affected soils, the majority of the study schemes were dominated by saline soils with 42% of the total area, followed by 29% classified as non-saline non-sodic soils, and 27% as saline-sodic soils. In contrast, about 3% of the total area across all schemes was mapped as sodic soils (Table 3.29 and Fig. 3-13 and 14).
All irrigation schemes had a non-saline non-sodic soil that variable from 0.1% to 67.6%. Armo (63%) and Arbi-2 (45%) irrigation schemes were affected with saline soils and Burasado (99.9%) was affected with saline-sodic soil. Irrigation schemes at Ber’ano-1, Dabafeyd and Jerey were affected with saline and saline-sodic soils. Irrigation schemes in Agarweyne, Arabi-1and Gode-4 were affected with saline and sodic soils. Irrigation schemes in Lab, Gode-1, Gode-2, Gode-3, Badelo ad-1 and Badelo ad-2 were affected by saline, saline-sodic and sodic soils (Table 3.29 and Fig. 3-13 and 14).
The results of this study also indicate that the Armo, Agarweyne, Arabi-1, Arabi-2, and Gode-4 schemes did not show any presence of saline-sodic soils. Moreover, Armo, Arbabi-2, Ber’ano-1, Gode-2, Dabafeyd, Jerey and Burasado schemes did not show any presence of sodic soils (Table 3.29 and Fig. 3-13 and 14).
[bookmark: _Toc193793074]Table 3‑29. Salt affected soil classes in selected irrigation schemes
	S. No.
	Scheme
	Total area (ha)
	Salt-affected soil classes

	
	
	
	ECe < 4, ESP < 15
	ECe > 4, ESP   < 15
	ECe > 4, ESP >15
	ECe < 4, ESP > 15

	
	
	
	Non-saline non-sodic
	Saline
	Saline-sodic
	Sodic

	
	
	
	Area coverage (%)

	1
	Armo
	22.4
	36.7
	63.3
	0.0
	0.0

	2
	Agarweyne
	14.8
	1.6
	98.3
	0.0
	0.1

	3
	Arabi-1
	29.4
	39.1
	58.2
	0.0
	2.7

	4
	Arabi-2
	18.0
	55.5
	44.5
	0.0
	0.0

	5
	Lab
	22.4
	7.9
	46.7
	38.4
	7.1

	6
	Ber`Ano-1
	5.8
	41.2
	35.0
	23.8
	0.0

	7
	Gode-1
	34.6
	67.6
	7.0
	16.8
	8.6

	8
	Gode-2
	6.8
	16.6
	64.9
	18.5
	0.0

	9
	Gode-3
	31.1
	63.5
	18.4
	0.8
	17.3

	10
	Gode-4
	17.6
	20.8
	79.0
	0.0
	0.3

	11
	Badelo`ad-1
	61.0
	18
	55.1
	26.2
	0.7

	12
	Badelo`ad-2
	18.5
	34.2
	2.4
	61.6
	1.8

	13
	Dabafeyd
	19.2
	27.2
	49.9
	22.8
	0.0

	14
	Jerey
	3.8
	0.5
	5.3
	94.2
	0.0

	15
	Bursaredo
	7.1
	0.1
	0.0
	99.9
	0.0

	Sum
	
	
	
	
	
	



The result also revealed that the extent of soil salinity was higher at irrigation schemes in Harawa watershed compared to those in Wabe-Shebelle basin areas which was mostly dominated by saline-sodic soils (Table 3.29 and Fig. 3-13 and 14). Irrigation schemes of Lab (7.1%), Gode-1 (8.6%) and Gode-3 (17.3%) have shown emerging sodic soils compared to others despite to this fact that majority of the study schemes were affected by salinity problem.
Salt characteristics of Soil Profile Pits 
The ECe and ESP values in all SSI schemes tended to decrease with increasing soil depth consistently. Such a salt distribution trend is a typical feature of arid and semi-arid areas where net water movement is upward that favored accumulation of relatively higher salt accumulation in the upper soil layers. Of all SSI schemes assessed, only Bursaredo and Agarwayne schemes were found to being qualified as no salinity and sodicity problem of significant importance. However, soils of these schemes appeared to have appreciable quantity of salts nearly around critical limit of ECe for qualifying soil as saline. It is apparent to recognize soils of these schemes as potentially salt-affected that could be converted into actual salinity-affected soil in near feature unless preventive measure is in place timely(Table 28).. 
Soils of Jerey, Gode-1, Gode-2, and Gode-3 had excess amount of soluble salt throughout soil profile and generally fall under saline soil class. Except those schemes described as normal soil (free of salinity and sodicity problem) the upper 0-30 cm soil layer of all schemes behaves either saline or saline sodic soil class.  
The distribution of the soil salinity, ECe decreased consistently with depth in all the soil profiles studied at all locations of the two agro-ecologies and have shown average ECe values of 13.3 dS/m at 0-30, 9.8 dS/m at 30-60, 7.3 dS/m at 60-90, and 5.5 dS/m at 90-120 cm soil depth (Table 28). The relative decrease of soluble salts within the depth of the profiles suggests that upward (capillary) movement of salts in saline ground water is more dominant than downward (leaching) movement of salts with irrigation and/or rain waters near the surface soil. This might also be caused by poor irrigation water management and inadequate drainage system of the irrigated fields.
The ECe values of surface layers in the studied profiles ranged from 3.56 to 13.47 dS/m (Table 28). With the exception of Agarweyne, Gode-4, and Badelo`ad-1, values of all other sites were greater than the lower limit (4 dS/m) set by the US Salinity Laboratory Staff (1954) to qualify for the saline soil class, regardless of theESP values (Table 28). Even those sites with relatively low EC values were likely be transformed into potentially saline soil in the near future unless appropriate prevention and control measures are put in place. 
However, the ECe values measured in the surface soils of Armo, Arabi-1, Arabi-2, Ber`ano-1, Gode-1 and Gode-3 ranged from 4.65 to 7.78 dS/m, indicating a high-level of soluble salt concentration at which the growth and productivity of most agricultural crops are affected due to soil salinity (Richards, 1954; Landon, 1991) (Table 28). The ECe values in the surface soil (0-30 cm) showed high magnitude at Lab (8.6 dS/m), Gode-1 (10.6 dS/m), Gode-2 (9.6 dS/m), Gode-3 (12.3 dS/m), Dabafeyd (12.9 dS/m) and Jerey (12.8 dS/m) (Table 28) compared to the lower layers. 
The ESP values throughout the soil profile pits in all assessed irrigated sites with   groundwater source, ranged from 1.589 to 5.577 % which were far below the lower limit (15%) set by the Richards, (1954) (Table 28). The soils in these areas is non-sodic throughout their profile. Generally, the ESP values of Armo and Agarweyne decreased consistently with depth in the profiles, while the relationship of ESP with depth of the profile was not consistent for Arabi-1 and Arabi-2.
Regrading to irrigated areas with river water, the ESP values were generally decreasing with depth in the soil profiles for most of the studied sites, though their relationship with depth of the profiles was not consistent. The ESP values of the surface layers of the soil profiles from Lab, Ber`ano-1, Gode-1, Badelo`ad-2 and Gode-3 were all greater than the lower limit (15%) set by the Richards, (1954) and the ECe values were also greater than 4.0dS/m, and these soils can be classified as saline-sodic soil. Soils of all other study sites, on the other hand, do not qualify to be classified as sodic and/or saline-sodic soil, since the ESP values throughout their profiles are below the lower limit (15%) as per the criteria established by the Richards, (1954).
Generally, considering the ECe and ESP values, it can be concluded that soils from Lab, Ber`ano-1, Gode-1, Badelo`ad-2and Dabafeyd can be classified as saline sodic for EC > 4dS/m and ESP > 15%, whereas soils from Armo, Arabi-1, Arabi-2, Gode-3, Gode-2, Jerey, Gode-4, Bursaredo and Agarweyne qualify to be classified as saline soil for EC >4dS/m and ESP <15% and soils from Agarweyne, and Badelo`ad-1 are potentially saline soil. 
The assessment is similar with Murphy (1968) who reported that Wabi-Shebelle areas are calcareous and gypsiferous in certain areas, while containing excessive number of soluble salts and exchangeable sodium in others.  Moreover, Murphy (1968) indicated that the alluvial soils along the Wabi-Shebelle River basin are good for agricultural production, but these soils have some problems like salinity, sodicity, swampy and high content of CaCO3 and CaSO4.

3.4.4. [bookmark: _Toc193192238][bookmark: _Hlk192842523]Irrigation water quality 
There are two types of salt problems in irrigation water that are very different in their constituent, those associated with the total salinity, designated as salinity hazard and those associated with sodium, designated as sodium hazard. Irrigation water sources used in the different schemes were four from ground water and 11 from river.
Salinity Hazard 
The Electrical Conductivity of irrigation water (ECw) values ranged from 0.15 to 0.30 dS/m. According to FAO (1985), the degree of restriction for use in irrigation was none being below 0.70 dS/m. (Table 3-30).
[bookmark: _Toc193793075]Table 3‑30.Salinity hazard of irrigation water for selected schemes
	S. No
	Schemes Name
	Water Source
	Sality Hazard

	
	
	
	ECw (dS/m)
	Degree of restriction for use

	1
	Armo
	Ground
	0.27
	None

	2
	Agarweyne
	Ground
	0.24
	None

	3
	Arabi-1
	Ground
	0.30
	None

	4
	Arabi-2
	Ground
	0.30
	None

	5
	Lab
	River
	0.28
	None

	6
	Ber`ano-1
	River
	0.18
	None

	7
	Gode-1
	River
	0.16
	None

	8
	Gode-2
	River
	0.18
	None

	9
	Gode-3
	River
	0.15
	None

	10
	Gode-4
	River
	0.16
	None

	11
	Badelo`ad-1
	River
	0.29
	None

	12
	Badelo`ad-2
	River
	0.19
	None

	13
	Dabafeyd
	River
	0.15
	None

	14
	Jerey
	River
	0.16
	None

	15
	Bursaredo
	River
	0.18
	None



Sodicity Hazard   
The sodicity hazard of irrigation water was classified according to SAR and ECe values and presented in Table 3-31. The SAR values of the sampled groundwater and surface water ranged between 3.2 to 9.3 percent and while for that of water was found in a narrow range between 0.15 and 0.3 dS/m. The very low values of ECw Aggravated the dominance of Na+ in the water. The water sources used in Arabi-1 and Arabi-2 irrigation schemes were found to be slight to moderate range and whilst for the remaining 13 water sources were found to be unsafe and classified as severe according to FAO (1985).
The water quality condition, where low saline water is applied to moderate to high soil sodicity, presents a serious risk of soil structure degradation, which can significantly impair soil infiltration rate and soil permeability.
[bookmark: _Toc193793076]Table 3‑31.Sodicity hazard of irrigation water for selected schemes
	S. No
	Schemes Name
	Water Source
	Sodicity Hazard

	
	
	
	SAR (%)
	ECw (dS/m)
	Degree of restriction for use

	1
	Armo
	Ground
	9.3
	0.27
	Severe

	2
	Agarweyne
	Ground
	4.8
	0.24
	Severe

	3
	Arabi-1
	Ground
	3.2
	0.3
	Slight to moderate

	4
	Arabi-2
	Ground
	4.6
	0.3
	Slight to moderate

	5
	Lab
	River
	7.2
	0.28
	Severe

	6
	Ber`ano-1
	River
	5.1
	0.18
	Severe

	7
	Gode-1
	River
	4.8
	0.16
	Severe

	8
	Gode-2
	River
	3.6
	0.18
	Severe

	9
	Gode-3
	River
	4.6
	0.15
	Severe

	10
	Gode-4
	River
	4.5
	0.16
	Severe

	11
	Badelo`ad-1
	River
	4.6
	0.29
	Severe

	12
	Badelo`ad-2
	River
	4.9
	0.19
	Severe

	13
	Dabafeyd
	River
	4.5
	0.15
	Severe

	14
	Jerey
	River
	4.4
	0.16
	Severe

	15
	Bursaredo
	River
	4.7
	0.18
	Severe


[bookmark: _Toc193192239]Therefore, proper irrigation water management is essential to maintain soil structure and prevent productivity loss. Among the recommended measures, blending these low-salinity water sources with natural saline springs is considered a best practice. This is based on the principle that water with higher salinity relative to soil salinity tends to promote flocculation (aggregation) of soil particles, thereby helping to preserve soil structure and improve water infiltration

3.4.5. Soil management options
Based on the results indicated in sections 3.4.2 to 3.4.3 analysis and classification possible mitigation measures are given in Table 3-32.

[bookmark: _Toc193793077] 

Table 3‑32. Proposed Soil management options for each affected scheme 
	Irrigation schemes
	Soil salt classes
	Soil management options

	Lab, Ber'ano-1, Gode-1, Gode-2, Gode-3, Badelo`ad-1, Badelo’ad-2, Dabafeyd, Jerey, Bursaredo
	Saline-sodic
(ECe > 4 dS/m, ESP > 15%)
	· Apply gypsum to replace sodium with calcium.
· Leach out the Na+ and saline salts from the root zone.
· Monitor, manage and control ground water level.
· Grow salt-tolerant crops.
· Incorporate organic matter to improve soil permeability. 

	Armo, Agarweyne, Arabi-1, Arabi-2, Lab, Ber`Ano-1, Gode-1, Gode-2, Gode-3, Gode-4, Badelo`ad-1, Badelo`ad-2, Dabafeyd, Jerey
	Saline soils
(ECe > 4 dS/m, ESP < 15%)
	· Leaching of salts using good-quality irrigation water.
· Grow salt-tolerant crop and use crop rotation.
· Water harvesting for leaching during rainy seasons.

	Agarweyne, Arabi-1, Lab, Gode-1, Gode-3, Gode-4 Badelo’ad-1, Badelo’ad-2
	Sodic soils
(ECe < 4 dS/n, ESP > 15)
	· Continues contouring and assessment needed 
· Apply organic amendments to enhance soil resilience
·  Prevent over-irrigation to avoid salt mobilization



3.4.6. [bookmark: _Toc193192240]Water management options
Based on the results indicated in sections 3.4.4 analysis and classification possible mitigation measures are given in Table 3.33.
[bookmark: _Toc193793078]Table 3‑33. Water management options 
	Irrigation schemes
	Water quality challenges
	Water management options

	All irrigation schemes
	None salinity hazard (<0.70 dS/m.)
	· Suitable for agricultural water use.
· Control and monitored soil and irrigation water quality

	Arabi-1 and Arabi-2
	Slight to moderate sodicity hazard.
	· Mix chemical amendments with irrigation water
· Blend with saline irrigation water
· Incorporate organic matter in to soils

	Armo, Agarweyne, Lab, Gode-1, Gode-2, Gode-3, Gode-4, Dabafeyd, Jerey, Bursaredo, Ber’ano-1,
Badelo’ad-1, and Badelo’ad-2
	Severe sodicity hazard.
	· Belend with high level of saline irrigation water
· Incorporate organic matter in the soil to improve soil permeability




3.4.7. [bookmark: _Toc193192241]Conclusion and Recommendation
Conclusion 
Salinity control is a major objective of irrigation management, eventhough, the primary objective of irrigation is to maintain soil matric potential in a range suitable for optimal crop yield. Somali regions, 313.1 ha farm land and 15 irrigation water resource sites in 15 irrigation schemes were assessed for soil and water salinity problem. From the selected 15 schemes in the region, 4.4% was non-saline, 94.7% slight to strongly saline and 0.9% was very strongly to extremely saline soils. Whereas the sodicity assessment indicated that 32.7% was non-sodic, 62.2% slight to moderetly sodic and 5.2% strongly to very strongly sodic soils. Generally, the salt affected soils in the region could be classified as 33.5% non-saline and non-sodic, 3.7% sodic, 19.1% saline sodic and 43.7% was saline soils.
The salinity hazard of irrigation water used from all 15 water sources was safe and had no restriction for use in irrigation. The sodicity hazard of irrigation water used from 13 water sources was lightly to moderate while from 2 water sources was severe.
Recommendation 
•	The major objective of controlling salinity in the soil profile is to improve soil water availability to the crop thereby creating favourable condition for plant growth and improve productivity.
· Assess, conduct regular monitor of depth to ground water table and quality
· For efficient irrigation water management, proper land leveling/ smopthening should be carried out
· Identify field application efficiency for proper irrigation scheduling and irrigation application (Frequency, rate and duration of application based on crop, soil and water)
· Assess and apply leaching requirement based on crop, soil physical and chemical characteristics, and water qulity.
· Provide training to farmers, DA, extension agents and others associated agricultural activities  
•	In the farm lands with slight to strongly saline soils, yields of major crops could be affected and for cultivation of most economically important crops, leaching management practices is required to maintain a favourable salt balance in the root zone.
•	In the farm lands with very strongly to extremely saline soils, only tolerant to very tolerants crops can be grown and leaching should be accompanied during the cropping season to create a favorable salt balance in the plant roots. Otherwise, reclamation procedure is required in the absence of plant to restore productivity through heavy leaching practice such as intermittent and continuous leaching program.
•	In the farm lands with slightly to moderatly sodic soils, most tolerant crops can be grown and chemical ammendments including gypsum need to be applied to improve the soil air and water permeability.
•	In the farm lands with strongly to very strongly sodic soils, must apply water relatively high in calcium and magnesium. In heavy textured clay soils, permeability severely hindered and hence, requires reclamation by adding gypsum and organic matter along with heavy leaching program.
•	Both the quantity and quality of water supply are important for irrigation. The use of poor quality irrigation water requires special management practices to maintain the soil and crop productivity. The irrigation water qualities from 15 sources were safe from salinity hazard with no degree of restriction for use in irrigation.
•	The irrigation water quality from 2 sources was with severe sodicity hazard, requiring blending with good quality of water or the use of such soil in sodic soil.
•	The irrigation water quality from 13 sources was with slight to moderate sodicity hazard, requiring blending with saline irrigation water or by adding chemical ammendments like gypsum either in the water or in the soil.


3.5. [bookmark: _Toc193192242][bookmark: _Toc124588424][bookmark: _Toc123373309]The State of Salinity Problems in Small Scale Irrigation Schemes and Possible Mitigation Measures: The Case of EX- SNNRP Region.
Tamirneh Kifle, Markose Habtewold, Tagesse Bekele, Medhin Madebo and Ibrahim Seid

[bookmark: _Toc193192243]3.5.1. Characterization of selected irrigation schemes  
In consultation with regional BoA and the regional research institute, 24 salt-affected small-scale irrigation schemes were selected. During the discussion, the team emphasized the importance of this study, particularly in areas suspected to have salt-affected soils, which were identified for detailed investigation. It was agreed that the key factors to be included in the study are soil salinity, sodicity, water quality, and the characteristics of arid and semi-arid agro-climatic conditions. The discussion also emphasized the need for targeted interventions to address salinity challenges, such as the use of salt-tolerant crops and the implementation of soil reclamation techniques. By adopting sustainable irrigation practices and effective water management strategies, it is possible to enhance crop yields and improve soil health in the region.
From the desk review, the variability of soil electrical conductivity (EC) in the former SNNP Region ranged from moderate to strong. The distribution of exchangeable sodium percentage (ESP) values also showed significant variability (Walche et al., 2024). Moreover, the majority of salt-affected areas in the region are characterized by soil sodicity levels ranging from low to high risk
The study was conducted in Ex-SNNPR selected irrigation schemes. The geographical location of the region is located between 4.46°N - 8.48 °N latitude and 35.75°E - 38.3°E longitude with an altitude ranging from 298 - 3548 m.a.s.l. Agro-ecologically, the region is arid to semi-arid and humid, dry hot to midland. The region has an annual minimum and maximum temperature of 10°C and 29°C, respectively with a mean temperature of 21.04°C, with annual minimum rainfall of 337 mm, maximum of 1746 mm, and mean of 1082 mm (Fig. 3-15).
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[bookmark: _Toc193793102][bookmark: _Toc125108153]Figure 3‑15.  Selected irrigation schemes.
The dominant crops grown in the region are cereal (maize, sorghum, teff. barley, and wheat), pules (haricot bean, faba bean), horticulture (onion, tomato, pepper, hot-pepper, cabbage, head-cabbage and carrot), fruits (banana, mango and papaya), root crops (Enset and sweet potato), industrial crops (sugar cane, tobacco and cotton) and oil-crop (groundnut, soybean and Sesame). 
A reconnaissance survey was conducted across potential irrigation schemes in Wolayita, Gamo, Gofa, Konso, Gurage, Siltie, Kambata Tembaro, and South Omo Zones. Based on the findings, 24 irrigation schemes suspected to be affected by soil salinity were selected for detailed study. Soil and water samples, including groundwater, were collected from each scheme. The service year of the irrigation schemes ranges from 2 to 29 years (Table 3-34). These samples were collected from areas around the Rift Valley in the Ex-SNNP Region, and their distribution is illustrated on the Fig. 3-15.
[bookmark: _Toc193793079]Table 3‑34. Selected irrigation schemes 
	Zone
	Scheme
	Source of water
	Year of start irrigation (E.C)
	Agro-ecology

	Gofa
	Mishkare
	River
	1990
	Mid land

	Konso
	Geldaha
	River
	2003
	Mid land

	
Gamo


	Sego
	Sego river
	-
	Mid land

	
	Sile
	Sego river
	-
	Mid land

	
	Hare
	Hare river
	-
	Low land

	
	Lake Chamo
	Lake
	-
	Low land

	
	Lake Abaya (lante to Algea)
	Lake
	2011
	Mid land

	
	Lake Abaya (wajifo to Kola barena)
	
	2011
	Mid land

	Gurage
	Lebu
	River
	1993
	Mid land

	

Siltie
	Silti ground water users
	Ground water
	1997
	Mid land

	
	Bila wanja
	River
	2000
	Mid land

	
	Simbita
	Ground water
	2009
	Mid land


[bookmark: _Toc193192244]
3.5.2. Mapping and analysis of surface saline and sodic soils 
Saline Soils 
The surface soil samples taken from selected irrigation schemes in Ex-SNNPR were classified as non-saline (7.3%), slightly saline (29.1%), moderately saline (18.4%), strongly saline (21.3%), very strongly saline (17.2%), and extremely saline (6.8%). According to FAO (2008) salinity classification, the irrigation scheme at Belate (3.2%), Hamido (73.4%) and Fulame (25.8%) fall in non-saline soils. Irrigation schemes Arseamoy (77.6%), Lobet (6%), Enchete (99%), Bilate Eta (96.8%), Abaya Bilate (27.3%) Hamido (26.6) and Fulame (74.2%) were affected with slightly saline soils. Irrigation schemes Arseamoy (20.1%), Arikol (15.3%), Delerele (5.6%), Lobet (11.8%), Enchete (1%), Dume (17.2%), Abaya Bilate (72.2%), Lake Abaya (13.8%) and Hare (100%) were affected with moderately saline soils. Irrigation schemes Arseamoy (2.3%), Arikol (84.7%), Delerele (13.3%), Lobet (39.2%), Duma (59.8%), Abaya Bilate (0.6%), Lake Abaya (Lante to alagea-42.4%) and Lake Abaya (Wajifo to kola barena-55.4%) were affected with strongly saline soils. Irrigation schemes Delerele (43.9%), Lobet (43.1%), Duma (21.7%), %), Lake Abaya (Lante to alagea-43.9%), Lake Abaya (Wajifo to kola barena-20.5%) and Lake chamo (68.1%) were affected by very strongly saline soils.  Irrigation schemes Delerele (37.2%), Duma (1.3%), Lake Abaya (Wajifo to kola barena-24.2%) and Lake chamo (32%) were affected by extremely saline soils (Table 3-35 and Fig.3-16 and 17). 
Fulame  
Arseamoy
Delerele

Abya Bilate
Abya Bilate

Abya Bilate
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[bookmark: _Toc125362174]Figure 3‑16. Sample pictures from South Omo irrigation Schemes.
[bookmark: _Toc193793080]Table 3‑35. Percent area coverage of surface saline soils in selected irrigation schemes.
	S. No.
	Schemes

	Total Area (ha)
	ECe (dS/m)

	
	
	
	Non-Saline
	Slightly saline
	Moderately saline
	Strongly saline
	Very strongly saline
	Extremely saline

	
	
	
	< 0.75
	0.75 – 2
	2-4
	4-8
	8-15
	>15

	
	
	
	Area coverage (%)

	1. 
	Arseamoy
	33.4
	0.00
	77.60
	20.06
	2.34
	0.00
	0.00

	2. 
	Arikol
	26.3
	0.00
	0.00
	15.26
	84.74
	0.00
	0.00

	3. 
	Delerele
	24.8
	0.00
	0.00
	5.64
	13.29
	43.88
	37.20

	4. 
	Lobet
	118.5
	0.00
	5.96
	11.75
	39.20
	43.10
	0.00

	5. 
	Enchete
	607.1
	0.00
	99.00
	1.00
	0.00
	0.00
	0.00

	6. 
	Duma
	209.9
	0.00
	0.00
	17.22
	59.75
	21.69
	1.33

	7. 
	Bilate Eta
	2040.2
	3.22
	96.78
	0.00
	0.00
	0.00
	0.00

	8. 
	Abaya Bilate
	595.4
	0.00
	27.27
	72.19
	0.59
	0.00
	0.00

	9. 
	Hamido
	152.5
	73.43
	26.57
	0.00
	0.00
	0.00
	0.00

	10. 
	Fulame
	447.8
	25.77
	74.23
	0.00
	0.00
	0.00
	0.00

	11. 
	Lake abaya (lante to algea)
	2074.5
	0.00
	0.00
	13.75
	42.37
	43.87
	0.00

	12. 
	Lake abaya (Wajifo to kola barena)
	885.0
	0.00
	0.00
	0.00
	55.44
	20.46
	24.20

	13. 
	Hare
	976.95
	0.00
	0.00
	100.00
	0.00
	0.00
	0.00

	14. 
	Lake Chamo
	602
	0.00
	0.00
	0.00
	0.00
	68.06
	31.96

	Sum
	8794.2
	7.32
	29.10
	18.35
	21.27
	17.22
	6.76


 	
 

 









     


[bookmark: _Toc193793104]Figure 3‑17. Mapping of saline soil in selected irrigation scheme
[bookmark: _Toc125108155]
The slight to moderately saline soils, it is suitable for most salt tolerant crops and requires leaching management practices for most sensitive crops. To maintain and improve the soil salinity, it is important to consider leaching practices in every irrigation events. In Very strongly to extremely saline soils only highly salt tolerant crops can be grown and hence requires heavy leaching program before cultivation of any crops.
Sodic soils  
The sodicity categories and respective percent area coverage in the Ex-SNNPR are: non-sodic (14.5%), slightly-sodic (15.5%), moderately-sodic (16.6%), strongly sodic (19.2%), and very strongly sodic (28.4%). Irrigation schemes Arseamoy (8.1%), Bilate Eta (0.7%), Abaya Bilate (99.9%), Lake Abaya (Lante to alagea-57.6%), Lake Abaya (Wajifo to kola barena-67.6%), Hare (78%) and Lake Chamo covered (86.1 %) were affected very strongly affected sodic soils. Irrigation schemes Arseamoy (15.5%), Delerele (20.3%), Enchete (100%), Duma (100%), Bilate Eta (5.4%), Abay Bilate (0.1%), Hamido (5.4%), Lake Abaya (Lante to alagea-42.4%), Lake Abaya (Wajifo to kola barena-32.4%), Hare (22%) and Lake Chamo covered (6.1 %) were affected with strongly sodic soils. Irrigation schemes Lake Chamo covered (29.5 %), Arikol (54%), Delerele (42.1%), Lobet (6.4%), Bilate Eta (87.8%), Hamido (10.3%) and Lake Chamo covered (2.3 %) were affected with moderately sodic soils. Irrigation schemes Arseamoy (28.3%), Arikol (41.7%), Delerele (15.8%), Lobet (92.3%), Bilate Eta (5.6%), Hamido (15.2%). Fulame (16.6%) and Lake Chamo covered (1.9 %) were affected with slightly sodic soils. However, irrigation schemes Arseamoy (18.6%), Arikol (4.3%), Delerele (21.8%), Lobet (1.4%), Bilate Eta (0.5%), Hamido (69.1%). Fulame (83.4%) and Lake Chamo (3.7 %) were non-sodic soils (Table 3-36 and Fig. 3-18).
[bookmark: _Toc193793081]Table 3‑36. Sodic soil in selected irrigation schemes 
	Name of Schemes
	Total Area (ha)
	Soil sodicity (%)

	
	
	Non-sodic
	Slightly sodic
	Moderately sodic
	Strongly
sodic
	Very strongly sodic

	
	
	<6
	6 – 10
	10 - 15
	15 -o 25
	>25

	
	
	Area coverage (%)

	Arseamoy
	33.4
	18.62
	28.25
	29.54
	15.53
	8.10

	Arikol
	22.3
	4.31
	41.70
	53.99
	0.00
	0.00

	Delerele
	24.8
	21.80
	15.83
	42.06
	20.31
	0.00

	Lobot
	118.4
	1.38
	92.32
	6.39
	0.00
	0.00

	Enchete
	607.2
	0.00
	0.00
	0.00
	100.00
	0.00

	Duma
	209.9
	0.00
	0.00
	0.00
	100.00
	0.00

	Bilate Eta
	2040.2
	0.49
	5.59
	87.81
	5.37
	0.74

	Abaya Bilate
	595.6
	0.00
	0.00
	0.00
	0.07
	99.92

	Hamido
	152.5
	69.13
	15.17
	10.30
	5.38
	0.00

	Fulame
	447.8
	83.36
	16.64
	0.00
	0.00
	0.00

	Lake abaya (lante to algea)
	2074.5
	0.00
	0.00
	0.00
	42.40
	57.60

	Lake abaya (Wajifo to kola barena)
	885.0
	0.00
	0.00
	0.00
	32.44
	67.60

	Hare
	977.0
	0.00
	0.00
	0.00
	21.97
	78.04

	Lake Chamo
	602.0
	3.69
	1.86
	2.31
	6.08
	86.09

	Total area
	8794.2
	14.48
	15.53
	16.60
	19.20
	28.43




































[image: C:\Users\DELL\Desktop\Caneth salinity write shop\Map of SARI\Arbaminch\ESP\hare scheme.jpg]









[bookmark: _Toc193793105][bookmark: _Toc125108157]	Figure 3‑18 Mapping of sodic soil in selected irrigation schemes
In slightly to moderatly sodic soils, most tolerant crops shoould be grown and requires ammendments to improve soil infiltration rate and soil permeability for most sensitive crops.  Strongly to Very strongly sodic soils were not suitable for any crop particularly on heavy clay soils and hence requires reclamation program before cultivation of crops.
High concentrations of sodium  are  undesirable sodium adsorbs on to the soil cation exchange sites, causing soil aggregates to  break down  (deflocculating),  sealing  the  pores  of  the  soil  and  making  it impermeable to water flow.
3.5.3 Classification of salt affected soils
In Ex-SNNP region, of the total irrigated area of about 8790.6 ha, 46% were found to be none saline-none-sodic soils, while the remaining were affected with saline (10%), saline-sodic (6%) and sodic (38%) soils. All irrigation schemes had varied level non-saline non-sodic soils, except Lobet, Bilate Eta, Abaya Bilatem, Lake Abaya (lante to algea) and Hare.  The irrigation schemes with non-saline non-sodic soils include, Arseamoy (100%), Arikol (100%), Delerele (100%), Enchete (35%), Duma (100%), Hamido (100%), Fulame (50%), Lake Abaya -Wajifo to kola barena (35% ) and Lake Chamo (25%).
Iirrigation schemes affected with saline soils include, Lobet (65%), Lake Abaya - lante to algea (25%), Hare (25%) and Lake Chamo (25%). Irrigation schemes that include Lake Abaya -Wajifo to Kola Barena (35%) and Lake Chamo (50%) affected with saline-sodic soisl. Irrigation schemes in Lobet (35%), Enchete (65%), Bilate Eta (100%), Abaya Bilate (100%), Fulame (50%), Lake abaya -lante to algea (75%), Lake abaya -Wajifo to kola barena (30%) and Hare (75%) were affected with sodic soils (Table 3.37). 
[bookmark: _Toc193793082][bookmark: _Hlk183771249]Table 3‑37. Classifications of salt affected soils
	S. No.
	Schemes
	Area (ha)
	Salt affected soil classes

	
	
	
	ECe<4 and ESP<15
	ECe>4 and ESP<15
	ECe>4  and ESP>15
	ECe<4  and ESP>15

	
	
	
	Non-saline  and non-sodic
	Saline
	Saline-sodic
	Sodic soil

	
	
	
	Area coverage (%)

	1
	Arseamoy
	33.4
	100
	0.0
	0.0
	0.0

	2
	Arikol
	22.3
	100
	0.0
	0.0
	0.0

	3
	Delerele
	24.8
	100
	0.0
	0.0
	0.0

	4
	Lobet
	118.4
	0
	65
	0.0
	35

	5
	Enchete
	607.2
	35
	0.0
	0.0
	65

	6
	Duma
	209.9
	100
	0.0
	0.0
	0.0

	7
	Bilate Eta
	2040.2
	0.0
	0.0
	0.0
	100

	8
	Abaya Bilate
	595.6
	0.0
	0.0
	0.0
	100

	9
	Hamido
	152.5
	100
	0.0
	0.0
	0.0

	10
	Fulame
	447.8
	50
	0.0
	0.0
	50

	11
	Lake abaya (lante to algea)
	2074.5
	0.0
	25
	0.0
	75

	12
	Lake abaya (Wajifo to kola barena)
	885
	35
	0.0
	35
	30

	13
	Hare
	977
	0.0
	25
	0.0
	75

	14
	Lake Chamo
	602
	25
	25
	50
	0

	Total Area
	8790.6
	46
	19
	6
	38


[bookmark: _Toc193192246][bookmark: _Toc125108158]
The non-saline non-sodic soile are suitable for cultivation of any crop and requires no salt management practices. However, regular monitoring is required to maintain the soil productivity. In saline soils, regular leaching management practices, based on the level of salt and crop tolerance need be undertaken either as a pre-planting leaching, leaching during crop cultivation or reclamation through continuous/intermittent leaching program during offseason, for complete reclamation of saline soils. In saline-sodic soils requires the use of ammendments followed by leaching management practices either during crop cultivation or during undertaking reclamation program.
The sodic soils require the use of chemical amendments to improve the infiltration rate and soil permeability. The use of organic matter together with salt tolerant crops can improve greatly the soil structure and water availablility for crops. 
Salt characteristics of soil profile pits
Among SSI schemes, Arseamoy, Delerele, Enchete and Suma contained ECe and ESP values, respectively less than 4 dS/m and 15 throughout soil layers. According to established guideline for salt-affected soil classification (Richarde 1954) soils of these schemes fall under none-saline none sodic soil category indicating that these schemes were free of both salinity and sodicity problem. 
However, soils of Bilate Eta, Abaya Bilate and Arika (except upper 0-30 cm soil layer) identified for containing appreciable quantity of both soluble salt (ECe) and exchangeable Na (ESP) throughout soil layers in excess of values set for none-saline none sodic soil category, These SSI schemes, therefore, were classified as saline sodic soil class. Hare, among SSI schemes under consideration, was the only scheme qualified as saline soil category. SSI schemes other than described above have shown a property of salt-affected soil class that varied between layers within the same profile pit. 
Regarding depth-wise trend, ECe has shown a decreasing trend with increasing soil depth, in profile pits representing Delerele, Lobet, Enchete, and Abaya Bilate schemes while it tended to increase with increasing soil depth. There was no well-defined depth-wise trend in remaining ESP was seen to decrease with increasing soil depth in Delerele scheme, but no regular trend detected in remaining schemes. In general, result obtained from present assessment indicates occurrence salt-affected soils in most of SSI schemes assessed dominantly impacted by saline sodic soil property.
The quality of all irrigation water sources being used for realized to have extremely high level of ECw and SAR, far beyond recommendation. Obviously, these irrigation water sources might have caused buildup of soil salinization and sodiciation or aggravated the situation. With continued use of unsuitable water for irrigation more of cultivated farms will get degraded and abandoned as waste within not more than a decade. Salt load disposed from Abaya and Chamo Lake water for instance is estimated to be in excess of 15ton of salt every irrigation cycle.  Sustainability of most of SSI schemes is now under great threat associated to brackish irrigation water source. Changing land use or looking for other irrigation water source or use of more expensive desalinization technique are apparent and urgent management needs for sustained productive use of schemes at risk.

3.5.5. Irrigation water quality 
There are two types of salt problems in irrigation water that are very different in their constituent, those associated with the total salinity, designated as salinity hazard and those associated with sodium, designated as sodium hazard. Irrigation water sources used in the different schemes were from rivers (20), Lake (6), Spring (4), ground water (3) and others (2), entire being 35.
Salinity Hazard
A total of 35 water samples were collected from Southern Region of Ethiopia for salinity analysis. The analysis from the 35 irrigation water points indicated that ECw ranged between 0.5 dS/m and 21 dS/m and 7 of these sources were catagorized as none, having none restitrictive use in irrigation. Whilst 15 (43%) of the water sources were sever, having restriction for use in irrigation, and 13 (37%) of the water sources were slight to moderate. (Table 3-38).  
The irrigation water sources from, Hare River, Lobel-1, Lobel-2, Lobel-3, Delerele, Rate (1) and Rate (2) were categorized as none, indicating no restriction use in irrigation, since their respective ECw is less than 0.70 dS/m. The water sources from Abaya Bilate - Hot Spring (1), Abaya Bilate - River (2), Abaya Bilate - Mixed (1 and 2), Bilate Eta - Hot Spring(1), Bilate Eta - Mixed (1 and 2), Lake Chamo (Shelemela), Lake Chamo (sile), Lake chamo (Elgo), Geldeha (konso), Lake Abaya (Wajifo to kola barena), Lake Abaya (Lante to Algea) 1, Lake Abaya (Lante to Algea) 2, Silti Ground water, Balo koriso and Simbita were categorized as severe salinity hazard indicating restrictive use for irrigation, since their respective ECw is greater than 3 dS/m. 
[bookmark: _Toc193793083]Table 3‑38. Salinity hazard of irrigation water for selected schemes.
	S. No
	Water sources 
	Types Water Source
	Salinity Hazard

	
	
	
	ECw (dS/m)
	Degree of restriction for use

	1
	Abaya Bilate - Hot Spring (1)
	Spring
	8.91
	Severe

	
	Abaya Bilate - River (2)
	River
	4.69
	Severe

	
	Abaya Bilate - Mixed (1 and 2)
	Mixed
	8.33
	Severe

	2
	Bilate Eta - Hot Spring(1)
	Spring
	4.45
	Severe

	
	Bilate Eta  - River (2)
	River
	2.74
	Slight to moderate

	
	Bilate Eta - Mixed (1 and 2)
	Mixed
	3.94
	Severe

	3
	Hamido
	River
	1.53
	Slight to moderate

	4
	Fulame
	Spring
	1.295
	Slight to moderate

	5
	Delbo (upper)
	River
	1.800
	Slight to moderate

	
	Delbo (middle)
	River
	2.027
	Slight to moderate

	6
	Lake Chamo (Shelemela)
	Lake
	9.170
	Severe

	
	Lake Chamo (sile)
	Lake
	5.560
	Severe

	
	Lake chamo (Elgo)
	Lake
	6.370
	Severe

	7
	Hare river
	River
	0.522
	None

	8
	Geldeha (konso)
	River
	3.900
	Severe

	9
	Dortsa spring (Ganta kanchama)
	Spring
	1.660
	Slight to moderate

	10
	Sego river (kola shele)
	River
	2.380
	Slight to moderate

	11
	Lake Abaya (Wajifo to kola barena)
	Lake
	4.140
	Severe

	
	Lake Abaya (Lante to Algea) 1
	Lake
	20.950
	Severe

	
	Lake Abaya (Lante to Algea) 2
	Lake
	4.720
	Severe

	12
	Lobet-1
	River
	0.511
	None

	
	Lobet- 2
	River
	0.512
	None

	
	Lobet- 3
	River
	0.516
	None

	13
	Delerele
	River
	0.517
	None

	14
	Rate (1)
	River
	0.510
	None

	
	Rate (2)
	River
	0.510
	None

	15
	Duma
	River
	1.876
	Slight to moderate

	16
	Enchete (1)
	River
	1.876
	Slight to moderate

	
	Enchete (2)
	River
	1.874
	Slight to moderate

	
	Enchete (3)
	River
	1.839
	Slight to moderate

	17
	Silti Ground water users
	Ground
	7.470
	Severe

	18
	Lebu
	River
	0.795
	Slight to moderate

	19
	Balo koriso
	Ground
	5.770
	Severe

	20
	Bila wanja
	River
	1.065
	Slight to moderate

	21
	Simbita
	Ground
	7.500
	Severe


The water from these sources needs special attention if intended for irrigation. It must either be blended with fresh water or be used in sodic soils. Otherwise, the water is restrictive for irrigation purposes (Table 3-38).
The water sources from Bilate Eta  - River (2), Hamidp, Fulame, Delbo (upper), Delbo (middle), Delbo (upper), Dortsa spring (Ganta kanchama), Sego river (kola shele), Duma, Enchete (1), Enchete (2), Enchete (3), lebu and Bila wanja were slight to moderate salinity hazard, requiring proper water management practices that include leaching water on top of irrigation water requirement in every irrigation events or occasionally at critical crop growth period depending on crop tolerance levels. And, growing salt tolerant crops Moreover, to maintain and/ or improve the soil and quality of irrigation water sources, sufficient leaching should be carried out before sowing until the salinity of the soil and water are conducive for crops..
Maintain periodic water quality assessment Other management options include proper irrigation water management, applying water as per the crop demand and at the right time with proper methods (Table 3-38)
Sodicity Hazard  
The quality of irrigation water from 35 sources ranged between 0.5 dS/m and 21 dS/m and the SAR ranged between 0.3 and 28.3 %. According to the ECe and SAR catagories, 23% of the water sources were having slight to moderate sodicity hazard restriction for use in irrigation and 77% were having none sodicity hazard restriction for use in irrigation. 
[bookmark: _Toc193793084]Table 3‑39.  Sodicity hazard of irrigation water for selected schemes
	S. No
	Schemes Name
	Water Source
	Sodicity Hazard

	
	
	
	SAR (%)
	ECw (dS/m)
	Degree of restriction for use

	1
	Abaya Bilate - Hot Spring (1)
	Spring
	22.9
	8.91
	None

	
	Abaya Bilate - River (2)
	River
	16.9
	4.69
	None

	
	Abaya Bilate - Mixed (1 and 2)
	Mixed
	16.7
	8.33
	None

	2
	Bilate Eta - Hot Spring(1)
	Spring
	7.6
	4.45
	None

	
	Bilate Eta  - River (2)
	River
	7.1
	2.74
	None

	
	Bilate Eta - Mixed (1 and 2)
	Mixed
	8.8
	3.94
	None

	3
	Hamido
	River
	1.6
	1.526
	None

	4
	Fulame
	Spring
	1.5
	1.295
	None

	5
	Delbo (upper)
	River
	1.6
	1.8
	None

	
	Delbo (middle)
	river
	0.8
	2.027
	None

	6
	Lake Chamo (Shelemela)
	Lake
	11.7
	9.17
	None

	
	Lake Chamo (sile)
	Lake
	10.3
	5.56
	None

	
	Lake chamo (Elgo)
	Lake
	13.1
	6.37
	None

	7
	Hare river
	River
	0.6
	0.522
	Slight to moderate

	8
	Geldeha (konso)
	River
	4.9
	3.9
	None

	9
	Dortsa spring (Ganta kanchama)
	Spring
	0.7
	1.66
	None

	10
	Sego river (kola shele)
	River
	1.1
	2.38
	None

	11
	Lake Abaya (Wajifo to kola barena)
	Lake
	8.9
	4.14
	None

	
	Lake Abaya (Lante to Algea) 1
	Lake
	25.1
	20.95
	None

	
	Lake Abaya (Lante to Algea) 2
	Lake
	7.1
	4.72
	None

	12
	Lobet-1
	River
	0.4
	0.511
	Slight to moderate

	
	Lobet- 2
	River
	0.4
	0.512
	Slight to moderate

	
	Lobet- 3
	River
	0.4
	0.516
	Slight to moderate

	13
	Delerele
	River
	0.3
	0.517
	Slight to moderate

	14
	Rate (1)
	River
	0.3
	0.51
	Slight to moderate

	
	Rate (2)
	River
	0.4
	0.51
	Slight to moderate

	15
	Duma
	River
	0.5
	1.876
	None

	16
	Enchete (1)
	River
	0.5
	1.876
	None

	
	Enchete (2)
	River
	0.5
	1.874
	None

	
	Enchete (3)
	River
	0.5
	1.839
	None

	17
	Silti Ground water users
	Ground
	9.6
	7.47
	None

	18
	Lebu
	River
	1.3
	0.795
	None

	19
	Balo koriso
	Ground
	28.3
	5.77
	None

	20
	Bila wanja
	River
	4.0
	1.065
	Slight to Moderate

	21
	Simbita
	Ground
	12.4
	7.5
	None


[bookmark: _Toc193192247][bookmark: _Toc125108159]The water sources from Hare River, Lobet-1, Lobet-2, Lobet-3, Delerele, Rate (1), Rate (2) and Bila wanja, were slight to moderate sodicity hazard. Hence, require chemical amendments in every irrigation events. The use of improved irrigation water management practices together with organic matter incorporation in the soil, to improve the soil structure. The rest 77% of the water sources that were safe for irrigation require regular monitoring before the sodicity hazard became a proble,
3.5.6. Soil management options
Based on the results indicated in sections 3.5.2 to 3.5.3 analisis and classification possible mitigation measures are given in Table 3-40.
[bookmark: _Toc193793085]Table 3‑40. Soil management options.	
	Irrigation schemes
	Soil salt classes
	Soil management options

	Lobet, Enchete, Bilate Eta, Abaya Bilate, Fulame, Lake Abaya (Tante to algae, Wajifo to Kola Barena) & Hare.
	Sodic
(ECe < 4 dS/m, ESP > 15%)
	· Apply gypsum to replace sodium with calcium, improve drainage and infiltration rate, and incorporate organic matter to enhance soil structure.

	Lake Abaya (Wajifo to Kola Barena) and Lake Chamo.
	Saline-sodic
(ECe > 4 dS/m, ESP > 15%)

	· Apply gypsum and organic amendments, enhance drainage and leaching,
· Apply leaching water to remove both the exchangeable sodium and salt from the root zone
· Select salt-tolerant crops.

	Lake Abaya (Tante to algae), Hare and Lake Chamo.
	Saline soils
(ECe > 4 dS/m, ESP < 15%)

	· Leaching of salts using good-quality irrigation water 
· Grow salt-tolerant crops; apply organic matter to improve soil structure.

	Arseamoy, Arikol, Delerele Enchete, Duma, Hamido, Fulame,
Lake Abaya (Wajifo to Kola Barena) and Lake Chamo.
	Non-Saline and Non-Sodic
(ECe < 4 dS/m, ESP < 15%)
	· Maintain good soil structure; optimize irrigation scheduling.
· Apply organic amendments for long-term soil health.



[bookmark: _Toc193192248]3.5.7. Water management options
Based on the results indicated in sections 3.5.4 analysis and classification possible mitigation measures are given in Table 3.41.
[bookmark: _Toc193793086]Table 3‑41. Water management options 
	Irrigation schemes
	Water quality challenges
	Water management options

	Bilate Eta (River), Hamido, Fulame, Delbo (Upper & middle), Dortsa spring, Sego River, Duma, Enchete (1, 2, 3), Lebu & Bila wanja
	Slight to moderate salinity hazard.
	· Add leaching practice in every irrigation event as necessary.
· Growing salt tolerant crops.
· Maintain periodic water quality assessment

	Simbita
	Severe salinity hazard.
	· Belend with good quality irrigation water
· Use in sodic soil

	Hare, Lobet (1,2,3), Delerele, Rate (1,2), Bila Wanja
	Slight to moderate sodicity hazard.
	· Mix chemical amendments with irrigation water
· Blend with saline irrigation water
· Incorporate organic matter in to soils



[bookmark: _Toc123373323][bookmark: _Toc124588430][bookmark: _Toc193192249]3.5.8. Conclusion and Recommendation 
[bookmark: _Toc193192250]Conclusion
Salinity control is a major objective of irrigation management, even though, the primary objective of irrigation is to maintain soil matric potential in a range suitable for optimal crop yield. In Southern regions, 8790.6 ha farm land and 35 irrigation water resource sites in 21 irrigation schemes were assessed for soil and water salinity problem. From the selected 35 schemes in the region, 3.3% was non-saline, 73.6% slight to strongly saline and 23.0% was very strongly to extremely saline soils. Whereas the sodicity assessment indicated that 6.0% was non-sodic, 25.2% slight to moderately sodic and 68.8% strongly to very strongly sodic soils. Generally, the salt affected soils in the region could be classified as 15.2% non-saline and non-sodic, 66.5% sodic, 6.9% saline sodic and 11.3% was saline soils.
The salinity hazard of irrigation water used from 13 water sources was slightly to moderate, whilst the irrigation water used from seven water sources were safe with no restriction in use and the irrigation water used in 15 irrigation scheme was severe.
The sodium hazard of the irrigation water used from eight water sources was slight to moderate and from 27 water sources was slight to moderate.
[bookmark: _Toc193192251]Recommendation 
· The major objective of controlling salinity in the soil profile is to improve soil water availability to the crop thereby creating favourable condition for plant growth and improve productivity.
· Assess, conduct regular monitor of depth to ground water table and quality
· For efficient irrigation water management, proper land leveling/ smopthening should be carried out
· Identify field application efficiency for proper irrigation scheduling and irrigation application (Frequency, rate and duration of application based on crop, soil and water)
· Assess and apply leaching requirement based on crop, soil physical and chemical characteristics, and water qulity.
· Provide training to farmers, DA, extension agents and others associated agricultural activities  
· In the farm lands with slight to strongly saline soils, yields of major crops could be affected and for cultivation of most economically important crops, leaching management practices is required to maintain a favourable salt balance in the root zone.
· In the farm lands with very strongly to extremely saline soils, only tolerant to very tolerants crops can be grown and leaching should be accompanied during the cropping season to creat a favourable salt balance in the plant roots. Otherwise, reclamation procedure through heavy leaching practice such as intermittent and continuous leaching program is required in the absence of plant to restore productivity. 
· In the farm lands with slightly to moderatly sodic soils, most tolerant crops can be grown and chemical ammendments including gypsum need to be applied to improve the soil air and water permeability.
· Leaching water relatively high in calcium and magnesium is required in the farm lands with strongly to very strongly sodic soils. In heavy textured clay soils, permeability severely hindered and hence, requires reclamation by adding gypsum and organic matter along with heavy leaching program.
· Both the quantity and quality of water supply are important for irrigation. The use of poor quality irrigation water requires special management practices to maintain the soil and crop productivity. The irrigation water qualities from 15 sources were safe from salinity hazard with no degree of restriction for use in irrigation.
· The irrigation water quality from 2 sources was with severe sodicity hazard, requiring blending with good quality of water or the use of such soil in sodic soil.
· The irrigation water quality from 13 sources was with slight to moderate sodicity hazard, requiring blending with saline irrigation water or by adding chemical ammendments like gypsum either in the water or in the soil. 








[bookmark: _Toc193192252]

4. CONCLUSIONS AND RECOMMENDATIONS

[bookmark: _Toc193192253]4.1. Conclusions

The irrigated lands of Afar region that were found in the lower Awash Valley have sodicity problem than salinity. The irrigated schemes in Asboda, Hinellie, Gumeli, Sunuta and Hida were not affected by salinity. However, Debel 7.78% and Meheri 13.50% of the studied areas were affected with slightly saline soils. The scheme at Mego was affecyed  with slightly saline (55.11%) and very strogly saline (35.08%) soils, while Wa’ama scheme was affected with modertly saline (79.98%) and strongly saline (15.82%) soils and Udoyita scheme was affected with slightly saline (55.69%), moderetly saline (19.28%), strongly saline (17.34%) and very strongly saline (3.94%) soils. Some irrigation lands near the river have shown salinesodic problem along the depth. In irrigated schemes particularly at Wa’ama where the source of water is from the groundwarer, the cause for soil salinity was low quality of irrigation water.
Regarding salinity problems of the Somalie Region, the irrigation schemes at Gumeli and Hida was not affected with soil sodicity and whilst the schemes at Debel, Udoyita, Mego and Sunuta were affected with extremely sodic soils. Hinellie scheme was affected with slightly (42.35%) and strongly (46.37%) sodic soils. Debel scheme was affected with 9.04% of the area with modertly sodic, 84.76% strongly sodic and 5.83% extremely sodic soils. Udoyita scheme was affected with 0.56% in slightly sodic soil and 35.59%, 43.16% and 19.97% were affected in modertly, strongly and extremely sodic soils, respectively. Mego scheme was affected with 15.05%, 30.11%, 56.73% and 0.05% of the area with slightly, moderately, strongly and extremely sodic soils. Whilst, Sunuta scheme was affected with modertly (22.53%), strongly (74.27%) and extremely (1.25%) sodic soils. Asboda was affected with slightly (0.70%), moderetly (20.08%) and strongly (79.06%) sodic soils. Meheri scheme was affected slightly (13.50), moderetly (55.41%) and strongly (29.87%) sodic soils. Wa’ama aws affected with slightly (10.65%), moderetly (63.06%) and and strongly (25.87%) sodic soils. Soil sodicity was considerably higher near the river than in other locations.
The salt-affected soils, from the total area at Udoyita scheme were 24.60% (7.86ha) saline-sodic and 39.6% (12.68ha) sodic soils and 35.80% (11.45 ha) non saline non sodic soil. In Mego scheme 44.3% (16.71 ha) fall in saline-sodic and 27.5% (10.36 ha) fallen under sodic class. In Wa’ama scheme, 4.41 % was saline, 17.35 % saline-sodic, 18.36 % sodic ns 44.3 % (16.71 ha) non saline non sodic (Table 9).  Out of total irrigated land of Hinellie and Meheri schemes, 5.5 % (1.64 ha) and 36.6 % (17.01 ha) land were affected by sodicityl and the remaining land was neither saline nor sodic (Table 3.6). The ESP values of Hinellie and Meheri irrigation schemes ranges from 4.75% – 19.32% and 4.68% -21.88%, respectively.
The SAR of all irrigation water value were between 1.38 -7.78. Thus, based on USSLS (1954) standard for water the irrigation water was under low sodicity hazard.
In the Amhara region, nearly 69% (1454.2 ha) of the irrigation schemes studied were non-saline non-sodic soil. The reaming was rated as 4% (84.3 ha) saline, 11.3% (238.2 ha) saline-sodic, and 15.7% (330.9 ha) sodic soils. All irrigation schemes studied in Central Gonder and Wag-himra zones, including North Shewa, except Charie and Sewere schemes, were classified as non-saline non-sodic soils. In the case of North and South Wollo, only Hormat Abuarie irrigation scheme was categorized as non-saline non-sodic soils. The Central Gonder irrigation schemes didn’t show sodicity problem while those in North Shewa and Wag-himra irrigation schemes some sodicity problem were observed and almost all North and South Wollo irrigation schemes were affected by sodicity.  The ECe values of the soil from soil profile pits did not show much variability down the depth. However, relatively high ECe was recorded from the topsoil (0-30 cm) layer and gradually decreased down the depth, except for Charie scheme in Norht Shewa of the Amhara Region. All irrigation sites studied in the Central Gondar, Wag-himra, and North Shewa irrigation schemes have low (<6%) to a slightly sodic (6-10%) soil. Based on the USSLS, (1954) classification criteria, except for the Hormat-Golina and Koba irrigation schemes, the North and South Wollo irrigation sites were classified as sodic soil. Similarly, Charie and Sewer schemes can be classified under sodic soil. The remaining irrigation schemes in North Shewa, Central Gonder, and Wag-himra zones were categorized as non-saline and non-sodic soil. The analytical results showed that the pH values of the irrigation water varied from 7.0 at Tekeze River to 8.21 at Bahir River The ECw of water samples was in aceptable range for irrigation except irrigation water that cames from groundwater and spring dilution, particularly in Rift Valley (Shewarobit to Kobo Valley). The SAR of most of the water sample from the irrigation schemes were categorized as low sodicity hazards.
Among the samples of surface soils in Oromia and Harari Regions and Dire Dawa City Adminstration, 30.97% were not affected by salinity, however, 31.86% was slightly saline, 25.66% moderately saline, 5.31% strongly saline and 3.54% very strongly saline and 2.65% extremely saline. In the subsurface soils, 33.3%, 30.3%, 30.3% and 29.3% were not affected by salinity through soil profile depth of 0-30cm, 0-60cm, 60-90cm, 90-120cm, respectively.  The samples were 9.09% slightly, 10.61% moderately, 10.61% highly saline and 10.94% were extremely saline on the depths of 0-30cm, 30-60cm, 60-90cm and 90-120cm, respectively. The sampled soils throughout the soil depth in the soil profile pit of Saboqqo ground water, Qadalle, Dhoma, Hargeti, Haro-adi, Tuji-Gebisa (ground water users), Gelcha, Warabele I, and Gidabo irrigation schemes showed strongly to extremely saline. Of all the sampled points only Saba irrigation schemes were not affected by salinity on the surface and subsurface soil. However, Saboqo, Bule-koloba, Argane and Bitata were not affected by salinity at surface soil only with respect to ECe. The ground water irrigated field soils shows that extremely sodicity level throughout the profile depth as those schemes were Gelcha, Dodo-wadara, Saboqo, warabile-II, Sheled, Watar dino (at middle scheme) Kambarojara and Haro adi. From the analysis result of irrigation water samples collected from lowland irrigated areas of Oromia region, showed medium to very highly saline classes. Out of 36 water samples collected at different schemes using surface and groundwater sources, 36.11% were high and 27.78% very high saline that requires serious attention.  
The study shows that the salinity level of irrigation schemes in the Somali region is about 43% above the average to be used for irrigation. However, the quantitative and mapping of the spatial distribution of the salinity revealed that Ber`ano, Gode-2, and Dabafeyd irrigation schemes have more than 45% of the area coverage strongly saline, while the remaining irrigation schemes have slight to moderate saline. Furthermore, Gode-2 irrigation scheme have experienced 35% the irrigated area were very strongly saline that requires serious attention and care. Similarly, the current study shows that more than 50% of Armo, Arabi-1, Arabi-2 and Agarweyne irrigated area have non-sodic soils, while the rest of the schemes were classified under slightly to moderate sodic classes.  The result of soil pH, ECe and ESP was not uniform along the soil profile/depth wise trend in all irrigation schemes. Most schemes combining effect of salinity and sodicity levels showed that salinity is the major soil problem and sodicity do not have much in coverage. However, sodicity elevels may increase through time, probably in the near future. In addition, the SAR of the irrigation water is classified as low while the EC of the water is classified as low to medium. The values of ECw and SAR of the water were below the FAO guidelines for water quality restriction limit. Therefore, the result of the current study revealed that water of both surface and ground water was not seen to be the cause of the soil salinity and sodicity in the selected schemes. Even though the main cause of soil salinity is supposed to be secondary salinization which was mainly from poor irrigation water management, excessive irrigationwater applications and poor drainage in the irrigation schemes and climatic condition, including high evaporation and low rainfall aggravate the condition. 
In the Southren Region, the surface soil analysis result indicated that from the total studied schemes area 7.32% were non-saline, 29.1% slightly saline, 18.35% moderately saline, 21.27% strongly saline, 17.2% very strongly saline, and 6.76% extremely saline soils. The low-land irrigation schemes, namely Delerele, Lobet, Duma, Lake abaya (lante to algea), Lake abaya (Wajifo to kola barena), Hare, and Lake Chamo have mainly salinity concerns, while mid land irrigation schemes Hamido, Fulame, and Bilate irrigation schemes were non-saline. The soil sodicity area coverage indicated 14.48% non-sodic (), 15.53% slightly sodic (), 16.6% moderately sodic (), 19.2% strongly sodic (), and 28.43% very strongly sodic ().  The results of the samples taken from river water have no sodicity problem, but the samples taken from ground water, particularly in Abay Blate and Balo koriso have high sodicity levels. From the total water sampled in selected irrigation schemes of Southern Region, 48.6% was very high saline water, 31.4% was highly saline water and 20% was medium saline water.

[bookmark: _Toc193192254]4.2. Recommendations

To minimize salinity and sodicity effect, awareness creation among key stake holders, farmers in particular and dissemination of knowledge on improved drainage and crop management practices have paramount importances. Training farmers on irrigation water management, irrigation methods, type of irrigation, irrigation policy, improved tillage, drainage etc. is important.  Adverse effect of salinity and sodicity can be minimized by growing salt tolerant plant species, using salt affected soils for cultivation of forage crops, leveling, salt scraping, tillage methods, minimum tillage, sub-soiling, sanding and biological methods of growing of green manure crops, such as legumes.  Research and development towards improved irrigation water and crop management practices should be readily available.  Surface water drainage, use of mulching and organic manure amendment are advisable. 
[bookmark: _Toc124588431]Adverse effects of soil salinity and sodicity in the salt affected areas can be avoided through proper management measures.  This includes practicing proper drainage system (surface and sub-surface drainage), minimum tillage to avoid soil compaction, use good quality and/or blended water for irrigation, adopt efficient farm water management to avoid over and under irrigation and improve water use efficiency, introducing salt tolerant crops and avoid mixing of river water with drained water.  Identification of salt tolerant crops including fodder plants that tolerate soil salinity and blending of poor irrigation water quality can be considered for use in salt affected areas. This is significant because shortage of feed is one of the most important problems for livestock production in Ethiopia. Engineering means are expensive and demanding technical financial capacity and hence, biological solutions are the best alternative. Already large fields are abandoned due to salinity and sodality and where staple crops are no longer cultivated. Therefore, production of fodder crops and halophytes is a viable solution. 
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Annexes 

Box 1. Data collection sheet/ format for reconnaissance survey
A. General information about a scheme
1. Name of the scheme _______________ Year of establishment of the scheme _______________
2. Kebele _____________ Woreda__________________Zone__________ Region ____________
3. Area under irrigation (command area in ha) __________________ _
4. No of beneficiary households: Total:_____________Male:____________Female____________
5. Average family size of the beneficiary households ____________________________________
6. Average holding size: Irrigated  ___________________________________________________ 
7. Lat/Long ___________________        Altitude (range)  ________________________________ 
8. Length of growing period ________________________________________________________
9. Annual rainfall (mm)  ___________________________________________________________
10. Soil types (local description and if any, scientific name) ________________________________
11. Source of water for the irrigation __________________________________________________
12. Major irrigated crops ___________________________________________________________
13. Name of the researcher recording this data __________________________________________
B. Major drainage problems in the scheme that need interventions 
C. Why the salinity happened in the particular scheme?
D. Which types of crops are grown to cope with the problem of salinity? 
E. If any practice the farmers use in reclaiming for lands affected by salinity 
F. Information on water abstraction, conveyance and distribution
G. Crops and cropping systems
H. Whether the farmers in a particular scheme are using chemical fertilizers for the irrigated crops 
I. Information on water uses, methods of irrigation, depth and frequency of application
J. Water management practices   
K. Bases for water allocation and management 
L. Water governance and bylaws
























Table 1. Preliminary assessment of salt- affected soil and major crops cultivated for ten irrigation schemes in afar region.

	S.N
	Scheme name
	Irrigation system
	Visual Diagnosis of Salt-Affected Soils
	Major Crops grown in the schemes
	Textural class
	Soil color
	Farmers Response to salinity
	Farmers Response to water logging

	1
	Asboda
	Furrow
	White crust
	Maize, Sesame, Onion, Tomato, Paper, Watermelon
	Sandy loam
	Whitey
	Severe
	Severe

	2
	Debel
	Furrow
	White crust
	Maize, Cotton, Mungbean, Onion, Tomato, Paper, Watermelon
	Sandy loam
	Whitey
	Severe
	Severe

	3
	Meheri
	Furrow and Flooding
	White crust, Water-stressed plants, Leaf tip burn, black dark powdery
	Maize, tomato, cotton, sesame
	loam
	white blacky
	Severe
	Fair

	4
	Hinellie
	Furrow and Flooding
	White crust, Water-stressed plants, Leaf tip burn,
	Maize, tomato, cotton, sesame
	Sandy loam
	White
	Not recognized
	Fair

	5
	Udoyita
	Furrow and Flooding
	White crust, Poor drainage, Black powdery residue on soil surface, Black oily soil
	Maize, tomato, cotton, sesame
	Sandy loam
	white blacky
	Severe
	Severe

	6
	Mego
	Flooding
	White crust, Poor drainage, Black powdery residue on soil surface, Black oily soil
	Maize, tomato, cotton, sesame
	sandy
	white blacky
	Severe
	Severe

	7
	Gumeli
	Furrow and Flooding
	White crust
	Maize, tomato, Onion,
	Silty loam
	white blacky
	Not recognized
	Severe

	8
	Wa’ama
	Furrow and Flooding
	White crust, leaf tip burn, Poor drainage, Black powdery residue on soil surface
	Maize, tomato, Onion,
	loam
	white blacky
	Severe
	Severe

	9
	Sununta
	Furrow
	White crust, Poor drainage, Black powdery residue on soil surface,
	Maize, tomato, Onion,
	Sandy loam
	White
	Severe
	Not recognized

	10
	Hida
	Furrow and Flooding
	White crust
	Maize, tomato, Onion, pepper, Sorghum
	Clay loam
	white blacky
	Not recognized
	Fair




[bookmark: _Toc124671629][bookmark: _Hlk121405917]Table 0-2 Soil pH, salinity and sodicity levels in the selected irrigation schemes of Amhara Region.

	S.no
	Scheme
	Profile pit
	Depth
	pH 
	EC
	ESP
	General classification

	1
	Wonchit (Meyih)
	Pit1
	0-30
	7.83
	0.24
	3.88
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.78
	0.29
	3.39
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.27
	0.3
	1.91
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	7.66
	0.11
	2.51
	Non-Saline, Non-Sodic 

	
	
	Pit2
	0-30
	7.65
	0.81
	3.91
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.05
	0.21
	3.02
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.17
	0.19
	2.75
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	-
	-
	- 
	Non-Saline, Non-Sodic 

	2
	Jema (Geren)
	Pit1
	0-30
	7.95
	0.42
	6.01
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.97
	0.15
	4.83
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.07
	0.23
	3.08
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.2
	0.31
	5.12
	Non-Saline, Non-Sodic 

	
	
	Pit2
	0-30
	8.27
	0.35
	5.98
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.4
	0.15
	4.06
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.36
	0.11
	3.76
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	-
	-
	-
	Non-Saline, Non-Sodic 

	
	
	Pit3
	0-30
	7.87
	0.66
	4.23
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.08
	0.32
	2.87
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.92
	0.66
	4.84
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	-
	-
	-
	Non-Saline, Non-Sodic 

	3
	Belbelit
	Pit1
	0-30
	7.97
	0.32
	3.25
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.25
	0.26
	2.53
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.56
	0.16
	4.79
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8
	0.45
	4.69
	Non-Saline, Non-Sodic 

	
	
	Pit2
	0-30
	8
	0.2
	2.43
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.07
	0.11
	2.64
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.19
	0.61
	2.6
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	-
	-
	 -
	Non-Saline, Non-Sodic 

	4
	Melka-Jebdu
	Pit1
	0-30
	7.86
	0.32
	1.56
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.91
	0.26
	1.28
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.36
	0.21
	1.99
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	- 
	- 
	- 
	Non-Saline, Non-Sodic 

	5
	Charie
	Pit1
	0-30
	8.44
	0.65
	8.7
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.35
	0.41
	5.66
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.17
	0.49
	4
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.13
	0.53
	4.27
	Non-Saline, Non-Sodic 

	
	
	Pit2
	0-30
	8.76
	34.8
	217.65
	Saline-Sodic 

	
	
	
	30-60
	8.02
	7.74
	105.21
	Saline-Sodic 

	
	
	
	60-90
	8.04
	5.85
	55
	Saline-Sodic 

	
	
	
	90-120
	8.03
	5.33
	45.48
	Saline-Sodic 

	
	
	Pit3
	0-30
	8.63
	1.04
	17.22
	Sodic

	
	
	
	30-60
	8.75
	0.92
	23.09
	Sodic

	
	
	
	60-90
	8.25
	0.24
	5.28
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.24
	0.24
	3.37
	Non-Saline, Non-Sodic 

	
	
	Pit4
	0-30
	8.03
	3.28
	45.13
	Sodic 

	
	
	
	30-60
	7.89
	5.22
	42.47
	Saline-Sodic 

	
	
	
	60-90
	8.47
	3.41
	66.55
	Sodic 

	
	
	
	90-120
	8.7
	1.61
	67.98
	Sodic 

	
	
	Pit5
	0-30
	8.18
	0.29
	2.73
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.12
	0.31
	2.96
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.28
	0.23
	3.47
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.07
	0.26
	2.87
	Non-Saline, Non-Sodic 

	
	
	Pit6
	0-30
	8.07
	0.31
	4.87
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.8
	0.13
	5.57
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.92
	0.15
	2.74
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	7.98
	0.2
	2.18
	Non-Saline, Non-Sodic 

	
	
	Pit7
	0-30
	8.01
	0.51
	5
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.02
	0.28
	4.74
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.09
	0.29
	3.61
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.05
	0.27
	3.74
	Non-Saline, Non-Sodic 

	6
	Sewer
	Pit1
	0-30
	8.09
	0.36
	20.24
	Sodic

	
	
	
	30-60
	8.1
	0.19
	19.13
	Sodic

	
	
	
	60-90
	8.03
	0.28
	16.56
	Sodic

	
	
	
	90-120
	8.17
	0.39
	18.06
	Sodic

	
	
	Pit2
	0-30
	8.31
	0.46
	27.72
	Sodic

	
	
	
	30-60
	8.52
	0.43
	31.01
	Sodic

	
	
	
	60-90
	8.68
	0.43
	51.44
	Sodic

	
	
	
	90-120
	8.6
	0.54
	11.25
	Non-Saline, Non-Sodic

	
	
	Pit3
	0-30
	7.96
	0.22
	5.71
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.01
	0.18
	5.52
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.96
	0.17
	5.14
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.02
	0.18
	4.76
	Non-Saline, Non-Sodic 

	
	
	Pit4
	0-30
	7.62
	0.15
	4.97
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.63
	0.16
	4.6
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.81
	0.2
	3.91
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	7.82
	0.2
	4.44
	Non-Saline, Non-Sodic 

	
	
	Pit5
	0-30
	6.8
	0.74
	6.58
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.05
	0.92
	6.3
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.45
	0.22
	5.17
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	7.98
	0.25
	3.26
	Non-Saline, Non-Sodic 

	
	
	Pit6
	0-30
	7.65
	0.16
	9.09
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.04
	0.24
	6.64
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.82
	0.08
	7.56
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	7.88
	0.27
	6.33
	Non-Saline, Non-Sodic 

	
	
	Pit7
	0-30
	7.63
	0.41
	48.01
	Sodic 

	
	
	
	30-60
	7.63
	3.29
	45.48
	Sodic 

	
	
	
	60-90
	7.52
	3.59
	45.35
	Sodic 

	
	
	
	90-120
	7.81
	2.66
	41.08
	Sodic 

	7
	Mereye
	Pit1
	0-30
	8.05
	0.28
	5.02
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.98
	0.2
	5.22
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.89
	0.22
	11.9
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.01
	0.16
	4.33
	Non-Saline, Non-Sodic 

	
	
	Pit2
	0-30
	8
	0.9
	7.65
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.06
	0.36
	5.87
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.96
	0.12
	5.19
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	7.86
	0.18
	6.04
	Non-Saline, Non-Sodic 

	8
	Wanza
	Pit1
	0-30
	7.93
	0.33
	7.25
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.79
	0.15
	6.81
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.86
	0.12
	6.22
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8
	0.25
	5.5
	Non-Saline, Non-Sodic 

	
	
	Pit2
	0-30
	7.92
	0.43
	5.56
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	7.9
	0.33
	7.26
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	7.93
	0.19
	6.75
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	7.96
	0.1
	6.27
	Non-Saline, Non-Sodic 

	9
	Maremiya
	Pit1
	0-30
	7.92
	0.35
	10.15
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	9.15
	0.96
	55.41
	Sodic 

	
	
	
	60-90
	8.67
	0.75
	50.26
	Sodic 

	
	
	
	90-120
	8.61
	0.47
	19.61
	Sodic 

	
	
	Pit2
	0-30
	8.06
	0.42
	9.66
	Non-Saline, Non-Sodic 

	
	
	
	30-60
	8.07
	0.37
	7.24
	Non-Saline, Non-Sodic 

	
	
	
	60-90
	8.15
	0.34
	5.82
	Non-Saline, Non-Sodic 

	
	
	
	90-120
	8.17
	0.32
	5.62
	Non-Saline, Non-Sodic 

	10
	Bahir
	Pit 1
	0-30
	7.90
	0.20
	1.70
	Non-saline-Non-sodic

	
	
	
	30-60
	8.28
	0.16
	4.58
	Non-saline-Non-sodic

	
	
	
	60-90
	8.34
	0.17
	8.48
	Non-saline-Non-sodic

	
	
	
	90-120
	8.43
	0.14
	1.40
	Non-saline-Non-sodic

	
	
	Pit 2
	0-30
	7.83
	0.23
	3.50
	Non-saline-Non-sodic

	
	
	
	30-60
	7.79
	0.18
	2.53
	Non-saline-Non-sodic

	
	
	
	60-90
	7.95
	0.18
	12.65
	Non-saline-Non-sodic

	
	
	
	90-120
	7.90
	0.65
	3.98
	Non-saline-Non-sodic

	
	
	Pit 3
	0-30
	8.15
	0.15
	2.63
	Non-saline-Non-sodic

	
	
	
	30-60
	8.12
	0.12
	11.31
	Non-saline-Non-sodic

	
	
	
	60-90
	7.94
	0.43
	7.46
	Non-saline-Non-sodic

	
	
	
	90-120
	7.89
	0.19
	4.46
	Non-saline-Non-sodic

	11
	Tsitsika
	Pit 1
	0-30
	7.97
	0.12
	5.47
	Non-saline-Non-sodic

	
	
	
	30-60
	8.09
	0.19
	9.50
	Non-saline-Non-sodic

	
	
	
	60-90
	8.16
	0.20
	2.67
	Non-saline-Non-sodic

	
	
	
	90-120
	8.13
	0.12
	3.86
	Non-saline-Non-sodic

	
	
	Pit 2
	0-30
	7.97
	0.36
	5.90
	Non-saline-Non-sodic

	
	
	
	30-60
	8.25
	0.26
	3.93
	Non-saline-Non-sodic

	
	
	
	60-90
	7.70
	0.16
	5.20
	Non-saline-Non-sodic

	
	
	
	90-120
	7.96
	0.14
	3.75
	Non-saline-Non-sodic

	
	
	pit 3
	0-30
	8.19
	0.18
	10.17
	Non-saline-Non-sodic

	
	
	
	30-60
	8.17
	0.19
	3.12
	Non-saline-Non-sodic

	
	
	
	60-90
	8.18
	0.13
	2.96
	Non-saline-Non-sodic

	
	
	
	90-120
	8.26
	0.17
	3.88
	Non-saline-Non-sodic

	12
	Tekeze
	Pit 1
	0-30
	7.77
	0.65
	12.19
	Non-saline-Non-sodic

	
	
	
	30-60
	8.06
	0.14
	4.20
	Non-saline-Non-sodic

	
	
	
	60-90
	7.89
	0.17
	4.81
	Non-saline-Non-sodic

	
	
	
	90-120
	8.12
	0.18
	5.33
	Non-saline-Non-sodic

	
	
	Pit 2
	0-30
	8.09
	0.21
	8.97
	Non-saline-Non-sodic

	
	
	
	30-60
	7.98
	0.13
	4.76
	Non-saline-Non-sodic

	
	
	
	60-90
	7.81
	0.22
	5.28
	Non-saline-Non-sodic

	
	
	
	90-120
	8.02
	0.14
	8.61
	Non-saline-Non-sodic

	
	
	Pit 3
	0-30
	7.86
	0.36
	4.31
	Non-saline-Non-sodic

	
	
	
	30-60
	7.86
	0.2
	5.25
	Non-saline-Non-sodic

	
	
	
	60-90
	7.83
	0.21
	4.60
	Non-saline-Non-sodic

	
	
	
	90-120
	7.62
	0.44
	4.69
	Non-saline-Non-sodic

	13
	Kemele
	Pit1
	0-30
	9.4
	1.7
	61.7
	Sodic

	
	
	
	30-60
	9.4
	0.9
	59
	Sodic

	
	
	
	60-90
	9.1
	0.5
	35.9
	Sodic

	
	
	
	90-120
	9
	0.4
	25.5
	Sodic

	
	
	Pit2
	0-30
	8
	3.5
	49.3
	Sodic

	
	
	
	30-60
	8.4
	1.8
	29.1
	Sodic

	
	
	
	60-90
	8.5
	0.3
	8.8
	Non

	
	
	
	90-120
	8.4
	0.3
	7.3
	Non

	14
	Tewelde
	Pit1
	0-30
	8.6
	0.7
	27.5
	Sodic

	
	
	
	30-60
	8.6
	0.4
	19.8
	Sodic

	
	
	
	60-90
	8.6
	0.3
	7.3
	Non

	
	
	
	90-120
	8.4
	0.4
	4.3
	Non

	
	
	Pit2
	0-30
	9.3
	0.7
	43.9
	Sodic

	
	
	
	30-60
	8.6
	0.3
	6.4
	Non

	
	
	
	60-90
	8.5
	0.4
	4.5
	Non

	
	
	
	90-120
	8.4
	0.3
	5.6
	Non

	15
	Gulmit
	Pit1
	0-30
	9.1
	0.4
	40
	Sodic

	
	
	
	30-60
	8.7
	0.9
	34.3
	Sodic

	
	
	
	60-90
	8.6
	0.3
	19.7
	Sodic

	
	
	
	90-120
	9.6
	0.8
	7.7
	Non

	
	
	Pit2
	0-30
	8.3
	1.1
	12
	Non

	
	
	
	30-60
	8.5
	0.6
	11.5
	Non

	
	
	
	60-90
	8.6
	0.4
	7.7
	Non

	
	
	
	90-120
	8.8
	0.3
	7.8
	Non

	16
	Hormat-Abuarie
	Pit1
	0-30
	7.7
	2.9
	6
	Non

	
	
	
	30-60
	7.7
	1.9
	4.8
	Non

	
	
	
	60-90
	7.7
	0.8
	4.4
	Non

	
	
	
	90-120
	7.8
	0.8
	4.5
	Non

	
	
	Pit2
	0-30
	7.9
	1.5
	7.7
	Non

	
	
	
	30-60
	8
	1.1
	5.6
	Non

	
	
	
	60-90
	8.2
	0.5
	5.6
	Non

	
	
	
	90-120
	8.1
	0.7
	4.8
	Non

	17
	Arategna
	Pit1
	0-30
	7.8
	4.4
	20.1
	Saline-sodic

	
	
	
	30-60
	7.8
	1.2
	17
	Sodic

	
	
	
	60-90
	8
	0.9
	17.5
	Sodic

	
	
	
	90-120
	8.2
	0.9
	15.5
	Sodic

	
	
	Pit2
	0-30
	7.5
	8.5
	24.1
	Saline-sodic

	
	
	
	30-60
	7.8
	3.3
	22.1
	Sodic

	
	
	
	60-90
	8
	1.3
	14.7
	Non

	
	
	
	90-120
	7.8
	0.9
	14.8
	Non

	18
	Golina-Bergumelie
	Pit1
	0-30
	8.5
	1.2
	35.3
	Sodic

	
	
	
	30-60
	8.3
	0.6
	17.4
	Sodic

	
	
	
	60-90
	8
	1.1
	17.6
	Sodic

	
	
	
	90-120
	7.8
	1
	22.2
	Sodic

	
	
	Pit2
	0-30
	8.2
	2
	34.9
	Sodic

	
	
	
	30-60
	8.2
	1.7
	28.2
	Sodic

	
	
	
	60-90
	8.4
	0.5
	20.2
	Sodic

	
	
	
	90-120
	8.4
	0.5
	23.1
	Sodic

	19
	Koba
	Pit1
	0-30
	7.3
	2.1
	4.7
	Non

	
	
	
	30-60
	7.8
	1.8
	3.7
	Non

	
	
	
	60-90
	7.9
	1.2
	4.4
	Non

	
	
	
	90-120
	7.9
	1.1
	5.9
	Non

	
	
	Pit2
	0-30
	7.5
	4.2
	4.4
	Saline

	
	
	
	30-60
	7.8
	2.2
	4.5
	Non

	
	
	
	60-90
	7.8
	2.3
	5.3
	Non

	
	
	
	90-120
	7.8
	2.5
	6.2
	Non

	20
	Ambo
	Pit1
	0-30
	9
	2
	28.9
	Sodic

	
	
	
	30-60
	8.8
	0.8
	13
	Non

	
	
	
	60-90
	8.6
	0.6
	7.3
	Non

	
	
	
	90-120
	8.7
	0.6
	9.5
	Non

	
	
	Pit2
	0-30
	9.7
	0.6
	33.4
	Sodic

	
	
	
	30-60
	9.4
	0.5
	23.1
	Sodic

	
	
	
	60-90
	8.9
	0.5
	23.4
	Sodic

	
	
	
	90-120
	8.4
	0.5
	18.3
	Sodic

	21
	Upper-Tuloabajibo
	Pit1
	0-30
	8.7
	13.4
	227.1
	Saline-sodic

	
	
	
	30-60
	8.3
	8.6
	82.5
	Saline-sodic

	
	
	
	60-90
	8.3
	6.7
	28.6
	Saline-sodic

	
	
	
	90-120
	8.1
	6.1
	17.8
	Saline-sodic

	22
	Middle-Tuloabajibo
	Pit1
	0-30
	7.6
	53.4
	63.9
	Saline-sodic

	
	
	
	30-60
	7.8
	10.2
	57.7
	Saline-sodic

	
	
	
	60-90
	7.9
	7.8
	52.2
	Saline-sodic

	
	
	
	90-120
	8
	5.2
	34
	Saline-sodic

	23
	Lower-Tuloabajibo
	Pit1
	0-30
	9.7
	1.1
	56.1
	Sodic

	
	
	
	30-60
	9
	0.5
	13.7
	Non

	
	
	
	60-90
	8.7
	0.4
	8.1
	Non

	
	
	
	90-120
	8.7
	0.5
	8.5
	Non

	24
	Swak
	Pit1
	0-30
	8.12
	0.23
	2.758
	Non_saline Non_Sodic

	
	
	
	30-60
	8.05
	0.19
	3.44
	Non_saline Non_Sodic

	
	
	
	60-90
	8.11
	0.19
	2.94
	Non_saline Non_Sodic

	
	
	
	90-120
	8.22
	0.14
	2.881
	Non_saline Non_Sodic

	
	
	Pit2
	0-30
	8.09
	0.18
	3.908
	Non_saline Non_Sodic

	
	
	
	30-60
	8.05
	0.17
	3.921
	Non_saline Non_Sodic

	
	
	
	60-90
	8.19
	0.17
	4.252
	Non_saline Non_Sodic

	
	
	
	90-120
	8.36
	0.29
	5.72
	Non_saline Non_Sodic

	
	
	Pit3
	0-30
	6.28
	0.07
	2.179
	Non_saline Non_Sodic

	
	
	
	30-60
	7.88
	0.61
	2.778
	Non_saline Non_Sodic

	
	
	
	60-90
	8.39
	0.27
	2.908
	Non_saline Non_Sodic

	
	
	
	90-120
	8.45
	0.29
	3.43
	Non_saline Non_Sodic

	25
	Seraba
	Pit1
	0-30
	6.92
	0.09
	2.71
	Non_saline Non_Sodic

	
	
	
	30-60
	7.35
	0.1
	3.648
	Non_saline Non_Sodic

	
	
	
	60-90
	7.7
	0.11
	4.798
	Non_saline Non_Sodic

	
	
	
	90-120
	7.92
	0.12
	5.825
	Non_saline Non_Sodic
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