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Impact of Water Table Depth Fluctuation, Irrigation and Groundwater Quality on Occurrence of Salt Affected Soils in Amibara Districts of Afar Region, Ethiopia 
[bookmark: _Toc7123575]
Abstract
 (
This assessment work was done to investigate the impact of depth of water table 
dapeth
, irrigation and groundwater quality on the occurrence of salt affected soils in 
Amibara
 irrigation scheme. Depth of water table and water sample were taken for five consecutive months from 30 sampling piezometers. Totally 180 soil samples were collected at the months of August, October and December, at depths of 0-30 cm and 30-60 cm in 2017. The Correlation analysis result between irrigation water 
ECw
 and soil 
ECe
 revealed the presence of significant correlation (r = 0.99) in Vertisols at 30-60 cm depth at (P ≤ 0.05) level of significance. Correlation analysis result between depth of water table and soil salinity revealed significant correlation in Fluvisols, but not in Vertisols. The correlation result between ground water 
ECw
 and soil 
ECe
 showed a significant correlation (r = 0.73 and 0.71) and (r = 0.89 and 0.74) at 0-30 and 30-60 cm, respectively, in Fluvisols, while it showed a significant correlation (r = 0.86, 0.96 and 0.95) at 0-30 cm along the sampling months in Vertisols. The correlation result between ground water and soil SAR showed a significant positive correlation (r = 0.75, 0.55 and 0.66) and (r = 0.62, 0.58 and 0.69) at 0-30 and 30-60 cm soil depths, in Fluvisols area but it showed a significant correlation (r = 0.93) at 0-30 cm only at October in Vertisols area. Generally, in addition to quality reduction of Awash River water, poor management of irrigation, absence of adequate surface and subsurface drainage structures were aggravating soil salinity in the study area. Therefore, efficient irrigation practice and maintenance and construction of surface and subsurface drainage structures should be implemented as soon as possible to alleviate the expansions of soil salinity and 
sodicity
 problem in 
Amibara
 irrigation scheme.
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[bookmark: _Toc7123576]1. INTRODUCTION

“Soil salinization is a serious threat to ecosystems and agricultural crop production which can be described as an increase in the salt concentration to the extent that optimal soil use is no longer possible” [1]. “Soil salinization impairs food production, environmental health and socio-economic wellbeing” [2, 3]. “Salinization commonly occurs as an outcome of agricultural practices, either associated with irrigation or due to long-term changes in water flow in the landscape that can follow land clearance or changed water management. Salinization associated with agriculture occurs when salts build up in the root zone, either because the soil is intrinsically saline, or because the drainage of water from the sub-soil is not sufficient to prevent saline waters rising into the root zone. It is therefore, tend to be common in arid and semi-arid regions where leaching of salt is poor due to low rainfall; where there are strongly saline sub-soils formed from marine deposits or where irrigation changes water tables and salt flow” [4].

“The condition which favors salinization on the soil are the presence of soluble salts, such as sulfates of sodium, calcium, and magnesium in the soil, a high water table, a high rate of evaporation and low annual rainfall” [5]. “One reason is that irrigation often exacerbates the effects of salinity, which occurs naturally because of weathering of saline parent material derived from sea water deposits or other sources. Salinity has thus, been linked with the rise of groundwater tables resulting from excess irrigation and poor drainage in large-scale, perennial irrigation systems. The resulting shallow water tables bring salts to the upper layers of the soil profile. The fact that salinity can also be induced by the use of pumped groundwater of marginal or poor quality has been realized only more recently” [6].

“Shallow saline water tables less than 2 m from the surface can cause salt to accumulate in the root zone of crops. Capillary action brings saline groundwater to the surface, where evaporation and plant transpiration removes soil water, causing salt to precipitate and deposit in the upper layers of the soil profile. The degree of salinization as a result of rising groundwater is a function of depth and salinity of the water below the water table, rainfall and the hydraulic properties of the soil” [7]. According to the report by [8] upward flow of groundwater is influenced by soil texture, depth to the water table, root depth, groundwater salinity, soil water depletion, and climatic conditions. Similarly [9] reported that the cause of the increment of soil salinization in the sub-soil (40 - 100 cm) of Methara Sugar Estate is the capillary rise (secondary salinization) from the saline groundwater.

“Amibara Irrigation Scheme (AIS), found in the Awash River Basin, encounters problems of salinization and rising water tables to varying degrees. The soils at the farm area were generally non-saline and groundwater table in the area was below 10 meters” [10]. However, “subsequent mismanagement of irrigation water, in the absence of a complementary drainage system, gave rise to water logging, salinization of fully productive areas and considerable losses in crop yields. This severe problem resulted in abandonment of substantial areas of Melkasedi cotton producing fields” [11].

“The area is known by two major soil types; Fluvisols and vertisols. Fluvisols have large pores and coarse soil texture, the solute transport to soil surface that forms salt crust is higher than in Vertisols which have very fine pores and fine soil texture” [12]. “Since they are composed of small particles, clay soils can hold more water and are slower to drain than coarse textured soils and smaller particles can pack closely together, block the spaces between particles and prevent water from passing through soil especially on sodic soil condition” [3].  In a sandy soil, the upward flow is slower than in a clay loam soil [8]. According to the report by [13] the soil texture at Amibara area in Vertisols is clay while in Fluvisols ranges from clay and silt clay to silt clay loam.

[bookmark: _Toc489472511]Sufficient scientific investigations have been done so far regarding the appraisal of soil salinity and sodicity extent and examination of shallow groundwater table and its quality. But information about the degree of relation between depth of ground water, quality (salinity and sodicity) and the occurrence of soil salinity and sodicity in Amibara irrigated has not been reported. Therefore, this study was conducted with the aim to study the impact of water table depth fluctuation, irrigation and groundwater quality on occurrence of salt affected soils in Amibara area, Afar region of Ethiopia.

[bookmark: _Toc7123577]2. MATERIALS AND METHODS

[bookmark: _Toc7123578]2.1. Description of the study site

[bookmark: _Toc7123579]2.1.1. Study area

This assessment work was conducted at Amibara irrigation scheme, in Amibara district, Gabiressu Zone of Afar National Regional State (Figure 1).The study area lies on a long broad alluvial plain along the right bank of the Awash River, which includes Melka Sedi, Melka Werer and Ambash-Sheleko irrigated farms with a gross command area of more than 15,000 ha. 

The altitude in the ranging from 724 to 745 m with average of about 734.5 meters above sea level. It is located at 9° 14’ 1.2" to 9°27’12.1" N latitude and 40° 6’ 19.2" to 40°14’26.1" E longitude in the Middle Awash Valley, close to the main high way linking Addis Ababa to Djibouti at a distance of 280 km from Addis Ababa to the Northeast direction (WARC).	
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[bookmark: _Toc531632735] Figure 1: Location map of the study area
[bookmark: _Toc7123580]2.1.2 Physiographic and edaphic properties of the study area

“The physiographic future of the area reflects the recent geomorphic history of the Middle Awash valley, through which deposits from the Awash River formed on extensive alluvial plain. It has generally very low slope gradient, and predominantly lying in the range between 1 and 2%. The parent materials of the alluvial deposits in the rift valley of the study area are volcanic rocks” [15, 16]. “The soil of area is developed through the transportation and deposition of materials coming from volcanic highlands by the Awash River and its tributaries. The soils of the study area is predominantly Eutric Fluvents, order Fluvisols followed by Vertisols occupying about 30% of the total area” [15, 17]. “The soil texture of the area varies from silty clay to clay in Vertisols where as it ranges from sandy loam to silty loam in Fluvisols” [16, 17]. Fluvisols are constituents of muscovite/illite clay minerals and Vertisols are dominated by montmorillonite clay minerals [18].

[bookmark: _Toc7123581]2.1.3. Climatic condition

The area is classified as semi-arid according to the classification of Agro-ecological zones by the Ministry of Agriculture and Rural Development (MoARD). Based on the long term mean climatic data for the period of 1970-2017 recorded at weather station of Werer Agricultural Research Center, the average annual rainfall is around 736.2 mm, accumulated with the long and short rains. More than 85% of the rain occurs from June to September, with July and August being the wettest months. The mean annual free water evaporation as recorded by the class A pan is around 2708.7 mm. The mean minimum and maximum temperatures are 16.8 and 32.6 0c, respectively (Appendix Table 1). 
[bookmark: _Toc7123582]2.1.4 Land use and land cover of the area

During the establishment of irrigated agriculture, fragments of forest, mainly Acacia neolithica, were found along both sides of the Awash River bank [17]. Nowadays, an exotic tree species called Prosopis julifora is invading the grazing and irrigated areas predominantly on salt affected abandoned lands. The major crop grown was cotton by the private farms and minor crops including maize, sesame, banana and vegetables which are cultivated by some agro-pastorals and Werer Research Center. Starting from 2014/2015 all of the Melkasedi state farms and some parts of Melka Werer farmlands have been changed to sugarcane plantation which accounts around 6019 ha of land. Generally the area was covered by three main types of land uses: sugarcane, cotton, forage and trees and shrubs fields. The sugarcane field received irrigation throughout the year while cotton fields irrigated for some months. Trees and shrub fields never get irrigation water except rain water since they are either abandoned lands or simply covered by tree plants (Table 1). 
[bookmark: _Toc531632717]Table 1 Crops and field management in the study area
	No.
	Field covers
	Soil types
	Piezometer points 
	Management

	



1

	



Sugarcane
	Fluvisols
	AIP-PA-2, AIP-14, AIP-3, AIP-18, AIP-19, AIP-7, AIP-28, AIP-9
	Farms received irrigation water throughout the sampling periods except AIP-9 and AIP-28.

	
	
	Vertisols
	AIP-46, AIP-64, AIP-PK-6, AIP-PK-5, AIP-PK-4, AIP-12 and AIP-25
	Get irrigation throughout the season

	



2
	



Cotton field and forage
	Fluvisols

	AIP-F114, AIP-6, AIP-32, AIP-41, AIP-60, AIP-40, AIP-62
	except AIP-32 which obtain irrigation at all sampling months due to planting of onion after harvesting of cotton, all points received irrigation for some months 

	
	
	Vertisols
	AIP-F300 and AIP-F201
	received irrigation water in some months

	3
	Trees and shrubs field
	Fluvisols

	AIP-8-2, AIP-8-1, AIP-B30, AIP-10-1, AIP-GH and AIP-10
	No irrigation except rain water



	
[bookmark: _Toc7123583]
2.1.5 Irrigation practice in the area

When irrigation agriculture introduced in the Middle Awash in the late sixties, the soils of the farmed area was non-saline and the ground water table was below 10 meters. According to the report by [11] Amibara area has a parent material composed of deposits of basalt, pumice, tuff, ash, gravel, sands, silts and clays, sometimes with saline material. The quality of water can have an adverse impact on soil/crop productivity. 

“Irrigation water source is from Awash River through gravity and pump system. The main irrigation system is surface irrigation and water applied through furrow irrigation. The furrow length ranges from 200 to 250 m with furrow spacing of 0.9 m in cotton fields, while it has an average furrow length of 240 m and furrow spacing of 1.45 m in sugarcane fields. Previously the Amibara irrigation schemes were provided with surface and sub-surface drainage facilities The destruction and inadequate drainage facilities are among the main causes of soil salinity problems and water-logging especially near the irrigation canals and in low-lying areas” [6]. 

[bookmark: _Toc7123584]2.2 Installation of Piezometers

“The piezometers used to collect water samples and to measure the depth of groundwater table were installed at a depth of sixteen meters deep. During the assessment, about 13 sampling piezometers were identified which were functioning properly. Additional, 14 Piezometers were installed and about 3 piezometers were repaired to distribute uniformly throughout the study area. The existing observation wells, for periodic observation of the groundwater table, were established throughout the project area in 1970/80s. They were set out on a 2 km grid pattern and spaced to give a close approximation of the groundwater surface. A total of 30 piezometers were used for this study” [7]. 


[bookmark: _Toc7123585]2.3 Soil and Water Sampling

[bookmark: _Toc489472520][bookmark: _Toc7123586]2.3.1 Depth of groundwater table measurement 

“Depth of ground water table from each of the thirty piezometer points were recorded for five consecutive months (August to December, 2017) to see its seasonal fluctuation at monthly interval. A steel tape (calibrated in millimeters), with a weight attached to its end, was lowered into the pipe or borehole to below the water level. The tape was then pulled up and the length of its wetted part was measured. The water level below the reference point was obtained by subtracting the wetted depth from the total lowered length” [19].

[bookmark: _Toc7123587]2.3.2 Water sampling

Water samples for determination of water quality parameters in terms of salinity and sodicity from each piezometer and Awash River were collected with plastic bottles following standard methods [20]. Before collecting the samples, the bottles were washed properly and rinsed thoroughly with distilled water so as to avoid any contamination. A metal bottle tied with rope was dropped in to the piezometer to collect water sample. Water samples from all piezometers were collected monthly starting from August to December, 2017 for five consecutive months to see seasonal fluctuations in water quality and its effects on the formation of soil salinity and sodicity 

[bookmark: _Toc7123588]2.3.3 Soil sampling

Augur Soil samples were collected to assess the occurrence and status of soil salinity and sodicity for surface soil at the months of August, October and December, 2017 three times with two months interval. Eight sub-samples per composite sample diagonally in 10 meters interval were collected near each piezometers. Totally 60  composite soil samples were collected at a depth of 0-30 and 30-60 cm using systematic sampling technique in once sampling time and a total of 180 samples were augured  throughout the sampling months. One composite sample was taken from non-irrigated land. During sample collection any foreign material such as plant residues and gravels were properly separated and discarded. Finally, about half kg of composite soil sample was bagged, properly labeled, prepared for soil physical and chemical analysis. All sampling points were geo-referenced and the latitude and longitude of each sampling points were taken with GPS.


[bookmark: _Toc7123589]2.4 Preparation of sample and Laboratory Analysis

[bookmark: _Toc7123590]2.4.1  preparation of sample

Collected soil samples were air-dried, ground to pass through 2 mm sieve and prepared for laboratory analysis. Similarly, all the water samples were filtered with a whatman (101) filter paper and made ready for detailed laboratory analysis. All laboratory analysis works for physical and chemical properties of each soil and water samples were conducted at soil and water analysis laboratories of Werer and Melekasa Agricultural Research Centers.

[bookmark: _Toc7123591][bookmark: _Toc489472524]2.4.2 Soil analysis 

Soil particle size distribution was determined by the Bouyocous hydrometer method as described by [21]. Saturated paste extracts were prepared following the methods described in FAO (1999). Digital pH-meter was used to determine soil pH and electrical conductivity (ECe) by digital conductivity meter according to the method outlined by [22] and [23] respectively from the sample prepared by saturation paste extract. Calcium carbonate was determined by acid neutralization method as described in [24].

Basic water soluble cations were determined using atomic absorption spectrophotometry for Ca2+ and Mg2+ while and flame photometer for Na+ and K+, and expressed as meql-1 of extract [25]. HCO3- and CO32- ions were determined by titration with standard hydrochloric acid using phenolphthalein and methyl orange as indicators, respectively. Sodium Adsorption Ratio (SAR) value was calculated with the following equation.

……………………………………………………………………........... (1)
[bookmark: _GoBack]“Metallic cations such as Ca, Mg, Na and K were determined from extraction of neutral ammonium acetate extraction method. Ca and Mg ions were measured by atomic absorption spectrophotometry, while Na and K were determined by flame photometer. All exchangeable bases were expressed as cmol (+) kg-1 of soil. The cation exchange capacity (CEC) of the soils was determined by the neutral ammonium acetate method according to the percolation tube procedure” [25].
[bookmark: _Toc519869732][bookmark: _Toc519962776][bookmark: _Toc519963980][bookmark: _Toc519965814][bookmark: _Toc519966382][bookmark: _Toc519966627][bookmark: _Toc519970653][bookmark: _Toc519972371][bookmark: _Toc519973456][bookmark: _Toc520491535][bookmark: _Toc520567254][bookmark: _Toc522633318][bookmark: _Toc522892809][bookmark: _Toc522927886][bookmark: _Toc522928642][bookmark: _Toc522928987][bookmark: _Toc522929281][bookmark: _Toc522929507]The residual sodium carbonate (RSC) was calculated by subtracting the sum of Ca2+ and Mg2+ from the sum of CO3-2 and HCO3- as: 
[bookmark: _Toc519869733][bookmark: _Toc519962777][bookmark: _Toc519963981][bookmark: _Toc519965815][bookmark: _Toc519966383][bookmark: _Toc519966628][bookmark: _Toc519970654][bookmark: _Toc519972372][bookmark: _Toc519973457][bookmark: _Toc520491536][bookmark: _Toc520567255][bookmark: _Toc522633319][bookmark: _Toc522892810][bookmark: _Toc522927887][bookmark: _Toc522928643][bookmark: _Toc522928988][bookmark: _Toc522929282][bookmark: _Toc522929508]RSC = (CO32- + HCO3 -) – (Ca2+ + Mg2+) ………………..………………………….………………………. (2)

[bookmark: _Toc519966384][bookmark: _Toc7123592]2.4.3 Water sample analysis

Ground water samples collected from different piezometers and Awash River were analyzed for total dissolved solids (TDS), pH, ECw, dissolved cations (Calcium, magnesium, sodium, potassium) and anions (bicarbonate, carbonate and chloride) contents in the laboratory according to the method outlined for each parameters. Total dissolved solids (TDS) was determined from the filterable residue that passes through a standard glass filter disk and remains after evaporation and drying at 180°C according to the method set by [26]. Water pH was measured using a digital pH-meter according to the method outlined by [23] and Electrical conductivity (ECw) by digital conductivity meter according to the method outlined by the [27]. Carbonates (CO32-) and bi-carbonate (HCO3-) ions were determined by titration with standard hydrochloric acid [28]; Chloride ion was determined by silver nitrate titration method [29] and SO42- turbid metrically by spectrophotometer [28]. Ca and Mg ions were measured using atomic absorption spectrophotometer, while Na and K were analyzed using flame photometer [28]. Sodium adsorption ratio (SAR), a useful index of the sodicity or relative sodium status of the water samples was calculated from the concentrations of soluble Na, Ca and Mg using an equation (1). The residual sodium carbonate (RSC) was calculated from the concentration of carbonate, bicarbonate, calcium and magnesium ions in water using an equation (2).

[bookmark: _Toc7123593]2.5 Data analysis
 
Data result obtained from laboratory analysis and field observation were subjected to descriptive statistics and their range and mean were determined in excel sheet. To see existence and strength of correlation between ground water parameters and soil characteristics, Pearson’s correlation coefficient was used as a statistical measure at p<0.05 on SAS software version 9 [30].
[bookmark: _Toc7123594]
3. RESULTS and DISCUSSION

[bookmark: _Toc7123595]3.1 Impact of Irrigation Water Quality on Soil Salinity/Sodicity

The simple correlation coefficient between irrigation water chemical properties and selected soil salinity parameters is presented in Table 2. The Simple correlation coefficient between irrigation water ECw and soil ECe revealed very high degree of positive correlation (r = 0.94 and 0.63) in Fluvisols and (r = 0.93 and 0.99) in Vertisols areas for the soil samples taken at (0-30 cm) and (30-60 cm), respectively, but the correlation is not statistically significant except, for the depth of 30-60 cm in Vertisols area. The correlation analysis result between irrigation water bicarbonate and soil bicarbonate revealed medium to high degree of positive correlation (r = 0.99 and 0.87) in Fluvisols and (r = 0.62 and 0.99) in Vertisols for surface and subsurface soil layer, respectively. The simple correlation analysis between irrigation water and soil chlorine revealed existence of  low to very high degree of positive correlation (r = 0.19 and 0.90) in Fluvisols and medium to high degree of positive correlation (r = 0.98 and 0.69) in Vertisols areas at 0-30 cm and 30-60 cm soil sampling depths, respectively. Basic cations in irrigation water and in soil solution (Mg2+, Na+ and K+) showed medium to high degree of positive correlation (r = 0.58, 0.98 and 0.75) and (r = 0.65, 0.85 and 0.70) at 0-30 cm and 30-60 cm, respectively in Fluvisols and it revealed a low to very high degree of positive correlation with (r = 0.07, 0.19 and 0.52) and (r = 0.33, 0.67 and 0.87) at 0-30 cm and 30-60 cm, respectively in Vertisols areas of AIS. Similarly the SAR in irrigation water and in soil solution phase revealed high degree of positive correlation with (r = 0.78 and 0.76) in Fluvisols and low to high degree of positive correlation with (r = 0.27 and 0.62) in Vertisols areas at 0-30 cm and 30-60 cm soil sampling depths, respectively.

Most of the irrigation water quality parameters were positively correlated with the soil solutions salinity and sodicity parameters. Irrigation water electrical conductivity showed a significance correlation with soil salinity. Applying frequently excess amount of less quality water may introduce and aggravate the soil salinity problem in Amibara irrigated areas the result is in line with findings of [31] who stated that an excess of even small amounts of some salts, but when applied for a long time, coupled with poor agricultural practices and drainage, may radically affect soils salinity. 

Table 2 Simple correlation between irrigation water chemical properties and selected soil salinity and sodicity parameters in Fluvisols and Vertisols areas of AIS
	Water chemical characteristics
	Fluvisols
	Vertisols
	Soil chemical characteristics

	
	0-30 cm
	30-30 cm
	0-30 cm
	30-60 cm
	

	ECw (dS/m)
	0.94
	0.63
	0.93
	0.99*
	ECe

	Bi-carbonate
	0.99
	0.87
	0.62
	0.99
	Bi-carbonate

	Chlorine
	0.19
	0.90
	0.98
	0.69
	Chlorine

	Magnesium
	0.58
	0.65
	0.07
	0.33
	Magnesium

	Sodium
	0.98
	0.85
	0.19
	0.67
	Sodium

	Potassium
	0.75
	0.70
	0.52
	0.87
	Potassium

	SAR
	0.78
	0.76
	0.27
	0.62
	SAR


NB. All cations and anions were in meq/l, ECe in dS/m and SAR was unit less

[bookmark: _Toc7123596]3.2. Impact of groundwater property on soil salinity/sodicity

[bookmark: _Toc7123597]3.2.1. Relationship between depth of water table and its quality

There are three major patterns of relationship between depth of water table and ground water salinity, including increased with elevation in water level; increased with decreasing water level; and no significant changes with water level fluctuation [32]. Simple correlation analysis result between depth of water and ground water salinity showed a medium to high degree of significant positive correlation (r = 0.60, 0.52, 0.62, 0.64 and 0.58) for the water samples taken at the month August, September, October, November and December, respectively, in Fluvisols areas. However non-significant negative correlation was observed between depth of water table and ground water ECw in Vertisols area. High degree of positive significant correlations were observed between depth of water table and ground water SAR (r = 0.61, 0.63, 0.77, 0.72 and 0.67) in Fluvisols areas, while medium to high degree of positive correlation were occurred (r = 0.73, 0.64, 0.56, 0.58 and 0.39) in Vertisols areas for the sample collected in the months of August, September, October, November and December, respectively but the result were not statistically significant except for the samples taken at August (Table 3). 

Rising groundwater consistently corresponds to a decrease in salinity in the ground water which may be resulted from the addition of fresh water from the irrigation source. As the water table falls, salinity steadily increases. This may be due to the dissolution of highly soluble salts while the profile is saturated and the result is in agreement with the result of other authors [33, 34] who stated that when the water table peaks, the salinity of the water in the uppermost operational point is similar to that of the irrigation water. Water table fall corresponds to an increase in salinity relative to water table rise at each depth. Evapotranspiration from the soil profile and/or the dissolution of highly soluble salts while the profile is saturated may be causing salinity increase.

[bookmark: _Toc531632719]Table 3 Simple correlation coefficient(r) between depth of water table depth and ground water salinity and sodicity at different sampling seasons
	No.
	Ground water depth at
sampling months
	Ground water ECw and SAR

	
	
		Fluvisols
			Vertisols

	
	
	ECw
	
	SAR
	
	ECw
	
	SAR
	

	
	
	r
	P -value
	r
	P -value
	r
	P -value
	r
	P -value

	1
	August
	0.60*
	0.01
	0.61*
	0.01
	- 0.34
	0.39
	0.73*
	0.04

	2
	September
	0.52*
	0.02
	0.63*
	0.01
	- 0.55
	0.12
	0.64
	0.06

	3
	October
	0.62**
	0.008
	0.77**
	0.001
	- 0.37
	0.32
	0.56
	0.14

	4
	November
	0.64**
	0.008
	0.72**
	0.003
	- 0.22
	0.57
	0.58
	0.17

	5
	December
	0.58*
	0.02
	0.67**
	0.007
	- 0.27
	0.48
	0.39
	0.35


* indicate significance correlation at p<0.05 and ** indicate correlation at p<0.01 level of Significance



[bookmark: _Toc7123598]3.2.2. Impact of depth of water table on soil salinity and sodicity

The Simple correlation coefficient(r) between depth of water table and soil salinity and sodicity at different sampling seasons in Fluvisols and Vertisols areas is presented in (Table 4). The result indicated the presence of high degree of significant positive correlation between depth of water table and soil salinity (r = 0.68, 0.69 and 0.75) and (r = 0.55, 0.65 and 0.66) at the soil depth of 0-30 cm and 30-60 cm, respectively for the soil samples taken at the months of August, October and December in Fluvisols areas. On the other hand, low to high degree of negative correlations (r = - 0.16, - 0.25, and - 0.67) and (r = - 0.14, 0.01 and - 0.66) was observed in Vertisols areas of the study area, but it was not statistically significant. However, the correlation between depth of water table and soil sodium adsorption ratio showed a non-significant relation at both depths during all the investigated months, except October which revealed significant positive correlation at 30-60 cm soil depth in Fluvisols area.

The significant correlation between depth of water table and soil salinity in Fluvisols may be due to the higher ground water salinity compared to that in Vertisols which had relatively lesser salinity and the result is in agreement with the finding of [35] who suggested that the relative salinity of the groundwater affects its contribution to evapotranspiration and [8] also suggested that the more groundwater contributes to evapotranspiration during the season, the more salt and boron accumulate in the root zone. Here also seen most piezometers in Fluvisols showed relatively deeper water table with higher salinity as compared to in Vertisols. Generally this result is in agreement with the findings of [36] who suggested that soil salinity increased with an increase in water salinity.





[bookmark: _Toc531632720]Table 4 Simple correlation coefficient(r) between depth of water table and soil salinity and sodicity at different sampling seasons	
	No.
	Ground water depth at three sampling months
	Soil properties

	
	
	Soil depths (cm)
	Fluvisols
	Vertisols

	
	
	
	Soil ECe
	Soil SAR
	Soil ECe
	Soil SAR

	1
	August
	0-30 cm
	0.68**
	0.22
	- 0.16
	  0.05

	
	
	30-60 cm
	0.55*
	0.39
	- 0.14
	  0.27

	2
	October
	0-30 cm
	0.69**
	0.35
	- 0.25
	 0.03

	
	
	30-60 cm
	0.65**
	0.48*
	  0.01
	     - 0.01

	3
	December
	0-30 cm
	0.75**
	0.31
	- 0.67
	- 0.41

	
	
	30-60 cm
	0.66**
	0.38
	- 0.66
	- 0.28


[bookmark: _Toc7123599]* indicate significance correlation at p<0.05 and ** indicate correlation at p<0.01 level of Significance
4.2.3 Relationship between ground water salinity and soil salinity 

Simple correlation coefficient between ground water salinity and soil salinity at different sampling seasons in both soil types is presented in Table 5. The correlation analysis result showed a positive significant correlation for the samples taken in August (r = 0.73 and 0.93) and December (r = 0.89 and 0.74) at 0-30 and 30-60 cm, respectively in Fluvisols, while it showed a positive significant correlation (r = 0.86, 0.96 and 0.95) for all sampling months at 0-30 cm but,  a non-significant positive correlation at 30-60 cm sampling depth except for the samples taken in August, which showed a significant correlation (r = 0.72) in Vertisols. 
[bookmark: _Toc531632721]Table 5 Simple correlation coefficient (r) between ground water ECw and soil ECe in Fluvisols and Vertisols areas of AIS
	No.

	Ground water (ECw) at three sampling seasons
	Soil electrical conductivity (ECe)

	
	
	Fluvisols
	Vertisols

	
	
	0-30 cm
	30-60 cm
	0-30 cm
	30-60 cm

	
	
	r
	P -value
	r
	p-value
	r
	p-value
	r
	p-value

	1
	August
	0.73*
	0.02
	0.89**
	0.0003
	0.86*
	0.03
	0.72*
	0.04

	2
	October
	0.71
	0.07
	0.56
	0.12
	0.96**
	0.0002
	0.7
	0.05

	3
	December
	0.93**
	0.0001
	0.74**
	0.002
	0.95**
	0.001
	0.72
	0.05


* indicate significance correlation at p<0.05 and ** indicate correlation at p<0.01 level of Significance
[bookmark: _Toc7123600]
3.2.4. Relationship between ground water SAR and soil sodicity
Simple correlation coefficient between ground water sodium adsorption (SAR) and soil sodicity at different sampling seasons in both soil types is presented in Table 6. It showed a higher degree of positive significant correlation (r = 0.75, 0.55 and 0.66) at 0-30 cm and (r = 0.62, 0.58 and 0.69) at 30-60 cm soil sampling depths, during August, October and December, respectively in Fluvisols area. In Vertisols, however, the correlation was significant only for the samples taken in October (r = 0.91 and 0.93) at 0-30 and 30-60 cm sampling depths, respectively. 

This may be associated with the position of ground water table from the surface and its quality.  The mean ground water SAR was higher in Fluvisols as compared to in Vertisols which may introduce higher accumulation of sodium in the soil through capillary rise of these cations from ground water. This result agreed with the findings of [36] who suggested that relationship between SAR values of irrigation water and the extent to which sodium (Na+) is absorbed by the soil. The author indicated that, if water used for irrigation is high in sodium and low in calcium, the cation exchange complex may become saturated with sodium. 

[bookmark: _Toc531632722]Table 6 Simple correlation coefficient(r) between ground water sodium adsorption ratio and soil sodicity at different sampling seasons
	
No.

	Ground water (SAR) at three sampling seasons
	Soil sodium adsorption ratio (SAR)

	
	
	Fluvisols
	Vertisols

	
	
	0-30 cm
	30-60 cm
	0-30 cm
	30-60 cm

	
	
	r
	P -value
	R
	P -value
	r
	P -value
	r
	P -value

	1
	August
	0.75**
	0.005
	0.62*
	0.02
	0.64
	0.09
	0.76
	0.05

	2
	October
	0.55*
	0.04
	0.58*
	0.02
	0.91*
	0.01
	0.93**
	0.008

	3
	December
	0.66**
	0.005
	0.69**
	0.005
	0.53
	0.28
	0.48
	0.33


[bookmark: _Toc7123601]* indicate significance correlation at p<0.05 and ** indicate correlation at p<0.01 level of Significance
3.2.5 Relationship between ground water calcium and soil soluble calcium

The correlation analysis result between ground water calcium and soil soluble calcium (Table 7) showed a higher degree of positive significant correlation (r = 0.57 and 0.54) for the samples taken in August and October, respectively at 0-30 cm and (r = 0.69) for samples taken in August at 30-60 cm in Fluvisols area. In Vertisols a higher degree of positive significant correlation between ground water calcium and soil soluble calcium was observed for soil samples taken from 0-30 cm depth during August (r = 0.78), October (r = 0.9) and December (r = 0.8). Similarly, a higher degree of significant positive correlation was observed for soil samples collected from 30-60 cm depth in Vertisols during the months of August (r = 0.89) and December (r = 0.70). The significant correlation between ground water and soil solution sodium in August and October at 0-30 cm and in August at 30-60 cm in Fluvisols may be correlated with a reduction in the effect of ground water quality to the accumulation of soil salinity through capillary rise due to shallower water table in these months than in later months. However, even if there were a decrease in water table depth from the ground surface in Vertisols, its shallower water table as compared to in Fluvisols, the ground water calcium may contribute to the accumulation of soil calcium at all sampling seasons at both depths, except in October. 
[bookmark: _Toc531632723]Table 7 Simple correlation coefficient(r) between ground water calcium and soil water soluble calcium at different sampling seasons
	No.

	Content of Ca in  groundwater at three sampling seasons
	Soil calcium (Ca)

	
	
	Fluvisols
	Vertisols

	
	
	0-30 cm
	30-60 cm
	0-30 cm
	30-60 cm

	
	
	r
	P -value
	R
	P -value
	r
	P -value
	R
	P -value

	1
	August
	0.57*
	0.02
	0.69**
	0.006
	0.78*
	0.01
	0.89**
	0.002

	2
	October
	0.54*
	0.03
	0.44
	0.07
	0.91*
	0.002
	0.41
	0.28

	3
	December
	0.40
	0.11
	0.48
	0.07
	0.80**
	0.009
	0.70*
	0.04


* indicate significance correlation at p<0.05 and ** indicate correlation at p<0.01 level of Significance

[bookmark: _Toc7123602]3.2.6 Relationship between ground water sodium and soil soluble sodium

[bookmark: _Toc531632724]Simple correlation analysis result between ground water Na and soil soluble Na (Table 8) showed a high degree of significant positive relationship for the samples taken in October (r = 0.66) and December (r = 0.62) at 0-30 cm and for the samples taken in August (r = 0.86), October (r = 0.69) and December (r = 0.72) at 30-60 cm sampling depth in Fluvisols area. Similarly, the correlation analysis between ground water Na and soil sodium showed a high degree of significant positive correlation (r = 0.80 and 0.85) for samples taken in October and December, respectively at 0-30 cm depth in Vertisols, while it was not statistically significant in all investigation months at 30-60 cm depth.  
Table 8 Simple correlation coefficient (r) between ground water sodium and soil water soluble sodium at different sampling seasons
	No.

	Ground water Na at three sampling months
			Soil Sodium(Na)

	
	
			Fluvisols
	Vertisols

	
	
	0-30 cm
	30-60 cm
	0-30 cm
	30-60 cm

	
	
	r
	P -value
	R
	p-value
	r
	p-value
	r
	p-value

	1
	August
	0.54
	0.06
	0.86**
	0.0001
	0.74
	0.06
	0.53
	0.28

	2
	October
	0.66*
	0.02
	0.69**
	0.007
	0.80**
	0.009
	0.69
	0.19

	3
	December
	0.62*
	0.04
	0.72**
	0.003
	0.85*
	0.01
	0.53
	0.22


* indicate significance correlation at p<0.05 and ** indicate correlation at p<0.01 level of Significance
[bookmark: _Toc7123603]4. CONCLUSION AND RECOMMENDATIONS

The simple correlation analysis result between soil salinity and irrigation water quality parameters showed the existence of significant positive relation between irrigation water and soil ECe at 30-60 cm soil depth in Vertisols area. The simple correlation analysis result between depth of water table and ground water salinity showed a positive significant correlation for the samples taken in August, September, October, November and December, respectively in Fluvisols area. Similarly depth of water table and ground water SAR showed a positive significant correlation, for August, September, October, November and December in Fluvisols area, while it showed positive significant correlation only in August in Vertisols area. Depth of water table and soil ECe revealed a positive significant correlation both soil depths during all sampling months in Fluvisols, while correlation between depth of water table and soil SAR showed a positive significant correlation only at 30-60 cm depth in October in Fluvisols area.

The correlation result between groundwater and soil ECe showed a significant correlation and at 0-30 and 30-60 cm soil depths, for the samples taken in August and December in Fluvisols, while it showed a positive significant correlation at 0-30 cm depth for the samples taken in August, October and December, respectively but it showed significant correlation only for the sample taken in August at 30-60 cm depth in Vertisols area. Similarly the correlation result between ground water and soil SAR showed a significant correlation at 0-30 and 30-60 cm soil depths, for samples taken at all months in Fluvisols area but it showed a significant correlation at 0-30 cm depth for samples taken in October in Vertisols area. 

Finally, the introduction of irrigated agriculture in the study area, induced higher change in the soil chemical properties especially in relation to soil salinity and sodicity problems compared to non-irrigated farms and its extent were higher in Fluvisols as compared to in Vertisols.

Based on the result, quality reduction of irrigation water and intensive rising of saline and sodic water table, to aggravate the soil salinity and sodicity problem throughout the study areas has been identified. Therefore, based on the present findings regular monitoring and evaluation of irrigation water quality and ground water depth is required towards reducing the accumulation of salt and to protect the irrigated land from abandonment. 
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Appendix Table 1. Long-term average climatic data of the study area (1970-2017) obtained from Werer Station
	No. 
	month
	Total Rainfall (mm)
	Minimum Temperature (oC)
	Maximum Temperature (oC)
	Mean Temperature (oC)
	Evapo-transpiration
(mm)

	1
	January
	9.9
	14.2
	29.3
	21.8
	214.6

	2
	February
	22.7
	15.4
	34
	24.7
	194.1

	3
	March
	133.1
	18
	36.6
	27.3
	255.2

	4
	April
	31.5
	20.1
	37.7
	28.9
	235.4

	5
	May
	105.2
	17.1
	35.6
	26.4
	247.6

	6
	June
	16.1
	17.8
	36.8
	27.3
	282.2

	7
	July
	165.7
	14.9
	23.6
	19.3
	224.2

	8
	August
	159.1
	14.4
	22.5
	18.5
	193

	9
	September
	72.4
	21.1
	35.6
	28.4
	191.6

	10
	October
	11.9
	19.6
	34.8
	27.2
	222.7

	11
	November
	6.5
	15.9
	33.8
	24.9
	255.4

	12
	December
	2.4
	13.5
	31.3
	22.4
	192.7

	Sum
	736.5
	202
	391.6
	296.8
	2708.7

	Average
	61.4
	16.8
	32.6
	24.7
	225.7




[bookmark: _Toc531632769]Appendix Table 2.  Coordinate points of soil and groundwater sampling points in both soil types
	No.
	Sampling points
	Description of field codes
	Northing in
	Easting in
	Altitude (m)

	
	
	
	Degree decimal
	Degree decimal
	

	1
	AIP-F114
	Amibara Irrigation Project- Field number 114
	9.34194444
	40.1692222
	733

	2
	AIP 8-2
	Amibara Irrigation Project-8-2
	9.27366666
	40.1280000
	737

	3
	AIP 8-1
	Amibara Irrigation Project-8-1
	9.27369444
	40.1280000
	743

	4
	AIP-46
	Amibara Irrigation Project-46
	9.40663888
	40.2146111
	727

	5
	AIP-64
	Amibara Irrigation Project-64
	9.36469444
	40.1984166
	733

	6
	AIP-PA-2
	Amibara Irrigation Project-Piezometer in Arage 
	9.40775000
	40.2402777
	731

	7
	AIP-PK-6
	Amibara Irrigation Project-Piezometer in kifil-3
	9.36472222
	40.2075000
	733

	8
	AIP-PK-5
	Amibara Irrigation Project- Piezometer in kifil-3
	9.36905555
	40.2179166
	733

	9
	AIP-PK-4
	Amibara Irrigation Project -Piezometer in kifil-3
	9.36391666
	40.2121388
	733

	11
	AIP-B-30
	Amibara Irrigation Project-near Block-30
	9.33241666
	40.1782500
	736

	12
	AIP-10-1
	Amibara Irrigation Project-10-1
	9.26916666
	40.1441111
	740

	13
	AIP-GH
	Amibara Irrigation Project-near green house
	9.33266666
	40.1768611
	728

	14
	AIP-14
	Amibara Irrigation Project-14
	9.25758333
	40.1543611
	741

	15
	AIP-F300
	Amibara Irrigation Project-Field number 300
	9.34377777
	40.1761111
	733

	16
	AIP -201
	Amibara Irrigation Project- Field number 201
	9.33677777
	40.1781388
	732

	17
	AIP-6
	Amibara Irrigation Project-6
	9.24788888
	40.1423333
	742

	18
	AIP-3
	Amibara Irrigation Project-3
	9.25597222
	40.1282222
	749

	19
	AIP-10
	Amibara Irrigation Project-10
	9.26930555
	40.1441666
	745

	20
	AIP-18
	Amibara Irrigation Project-18
	9.28077777
	40.1676944
	740

	21
	AIP-19
	Amibara Irrigation Project-19
	9.29872222
	40.1553333
	734

	22
	AIP-7
	Amibara Irrigation Project-7
	9.27591666
	40.1185277
	740

	23
	AIP-28
	Amibara Irrigation Project-28
	9.25186111
	40.1081111
	744

	24
	AIP-9
	Amibara Irrigation Project-9
	9.28672222
	40.1056944
	740

	25
	AIP-12
	Amibara Irrigation Project-12
	9.28644444
	40.1167777
	737

	26
	AIP-32
	Amibara Irrigation Project-32
	9.34991666
	40.1760833
	736

	27
	AIP-41
	Amibara Irrigation Project-41
	9.37141666
	40.1895000
	728

	28
	AIP-25
	Amibara Irrigation Project-25
	9.28527777
	40.1361388
	740

	29
	AIP-60
	Amibara Irrigation Project-60
	9.38922222
	40.1634166
	726

	30
	AIP-40
	Amibara Irrigation Project-40
	9.38916666
	40.1842777
	742
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A Ground Water Sampling Point
- Amibara Irrigation Project
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