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Abstract

Agricultural production and productivity can be adversely affected by the presence of excessive salts in soils particularly in
semi-arid and arid areas. Knowledge of the salinity/sodicity of the soil and the quality of the irrigation water is essential for
managing agricultural fields effectively and increasing the output and productivity of the lands. This research was initiated with
the objectives of characterizing and Mapping of soil salinity status at small scale irrigated areas of Fantale district and identifying
the most affected irrigation scheme so as to design appropriate soil salinity management. The study was conducted at Fentale
district of Galcha, Gola and Dire Sade irrigation schemes. Soil samples were collected from the surface using augur, and from
pits at different depth interval and analyzed for pH, EC, Na+, ESP, SAR, Ca®*, Mg®*, K*, and CEC. The result was compared with
the standards set by FAO system to classify soil and water salinity. Accordingly, it was identified that Galcha irrigation scheme
was characterized as sodic due to very strong sodium concentration with average ESP of 53.2% and EC 3.95 mmhoms/cm and
pH about 9.25. On the other hand, Gola and Dire Sade Irrigation schemes were characterized as moderately and slightly sodic
respectively. Sodium was the dominant soluble cation, followed by calcium, magnesium, and potassium in all soil depths and
schemes. Beside primary Salinization of natural processes such as physical or chemical weathering parent material, and
discharge Basaka Lake to the downstream, was the main source of salt build-up in the upper layers of the soil at Galcha irrigation
scheme. On the other hand, irrigation water analysis indicated that water used for irrigation at all irrigation schemes were slightly
sodic. Therefore, the study underscores the need for a scientific reclamation of sodic soils primarily at Galcha Irrigation scheme
where sodium concentration in the soil was very strong.
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1. Introduction

Salinization of land and water resources is a major land-
scape degradation issue worldwide, with serious salt related
problems occurring in at least 75 countries [26]. High con-
centration of salts in the root zone limits the productivity of
nearly 953 million hectares (ha) of productive land in the
World. Australia, followed by Asia, and Africa have the larg-
est area under salinity and sodicity problems. According to the
recent reports, the area of salt affected land coverage is esti-
mated to be more than 60% in Australia which has continued
to expand [27]. In Africa also, it covers about 81 million ha of
the dry land areas. Generally, in the irrigated areas, hu-
man-induced salinity and sodicity related land degradation is
becoming a serious challenge for food and nutritional security
in the developing world [9, 28, 32].

Ethiopia is the first in Africa and the ninth country in the
World having more than 11 million ha of salt affected soils. Soil
salinity and alkalinity problems are commonly found in the arid
and semiarid regions of the earth due to insufficient annual
rainfall to leach accumulated salts from the root zone. Moreo-
ver, heavy fertilizer application and use of poor quality irriga-
tion water and inadequate drainage have contributed to the
development of salt affected soils and productivity deteriora-
tion of many soils in irrigated arid and semi-arid regions [23].
Following the establishment of large scale irrigated farms in
Ethiopia, the problem become worse due to poor drainage
system and inappropriate water management practices coupled
with unsound reclamation procedures [33]. The study indicated
that the greatest concentration of water bodies in Ethiopia is
located in the Rift Valley. Thus, there is a tendency to consider
the use of this water for irrigation as a solution to alleviate the
problem of the very unreliable rain fed agriculture and to the

determinant for agricultural development and self-sufficiency
with respect to food production. Realizing this options and
opportunities, Ethiopia, which suffered from repeated droughts,
famine, low soil fertility, low productivity of the rain fed agri-
culture and high population pressure in the highlands is cur-
rently increasing the need to extend the agricultural production
using irrigation to the vast areas of the potentially irrigable
lands in the arid and semi-arid lowlands of the country at which
rain-fed production is difficult [34].

In this regard, the Oromia Regional State has started irriga-
tion based development project for ensuring food security and
increasing agro-pastoralists’ income in Fantale District of the
East Shewa Zone. However, efforts to increase agricultural
productivity with the help of irrigation, improved varieties,
chemical fertilizers, better management practices and other
agricultural inputs will be possible only when the irrigated
agriculture is supported by research outputs on the soils and
irrigation water qualities in order to practice effective control of
soil salinity. Thus, knowledge of the salinity/sodicity of the soil
and the quality of the irrigation water is essential for managing
agricultural fields effectively and increasing the output and
productivity of the lands. Nevertheless, in order to create in-
tervention scenarios, the salinity state of the research area's
soils and irrigation water quality have never been assessed and
recorded. Consequently, the farming communities lack enough
information about the salinity and sodicity of the soil, and the
quality of irrigation water. This research was initiated with the
objectives of characterize and Map soil salinity status at small
scale irrigated areas of Fantale district and identifying the most
affected irrigation scheme so as to design appropriate soil sa-
linity management.
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Figure 1. Location of irrigation schemes in Fantale district.
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2. Materials and Methods

2.1. Description of the Study Area

Fantale District is located in East Shewa Zone of Oromia
Regional State (Figure 1), in the Great Rift Valley of Ethiopia,
which is about 190 km East of Addis Ababa. Specifically, the
study was conducted at the Fantale Irrigation site formerly
established by the Oromia governmental state. The area lies
on altitude ranging from 950 at Lake Basaka to 1900 masl at
Fantale Mountain.

According to the data obtained from the Fantale District
Land Administration and Environmental Protection Office
(FDLAEPO) (2009) and [14], the climate of the area is
characterized as semiarid type with annual mean temperature
of about 25<C, long dry period and short rain season, where
the ET (annual mean of 1472 mm) that was always exceeds
the rainfall amount except in July and August. The mean
annual rainfall of the area is 553 mm which is insufficient and
erratic in its distribution. Hence, irrigation has become an
important in agricultural production activities.

2.2. Soil, Land Use and Vegetation

As the site is situated in the central Rift Valley region, it is
vulnerable to the occurrences of different volcanic activities. As
the result, the area is characterized with features of past and
recent volcanic events, which is evident from the observation of
vast lava extrusions at the foot slope of mountain Fantale. The
dominant soil type of the study area is Andosols and its parent
material may be grouped as volcanic materials and skeletal
soils of recent alluvial and colluvial deposits. In line with this,
[14] reported that the Andosols are found along the Rift Valley
of Ethiopia in which the study area is located. In the site, there
are accumulations of medium to very coarse textured volcanic
rocks covering the land surfaces and also accumulated in the
underlying soil under the conditions where the soils moved
down from hills and deposited on the rocky land surfaces.

2.3. Site Selection

General reconnaissance survey and field observation were
carried out in collaboration with Agriculture and natural re-
source office of the district to determine the representative
sampling sites. It was done on the basis of site history of
irrigated and non-irrigated lands, white salt crust formation on
land surface (indicator of saline soil), shining black crust soils
on land surface (indicator of sodic soil), vegetation type (sa-
linity and sodicity loving plant species or halophytic plants),
surface and drainage condition which naturally hold water and
crop stand status. Generally three irrigation sites (Gola, Gal-
cha and Dire Sadi irrigation schemes) were selected based on
heterogeneity of the sites like slope, duration of irrigation,
land use system, drainage system and soil salinity hazard.

2.4. Soil Sampling

After site selection, three pit profile was opened at each
selected site for soil sample collection. Soil samples were
collected from rain fed agriculture as a control following
similar procedure. All sampling points were Geo referenced.
For this study, soil samples were collected to the depth of
120cm, that was classified in to three sampling depth (0-30cm,
31-60cm, and 61-90cm and 91-120cm). This depth is the most
commonly used for soil salinity assessment [13].

2.5. Irrigation Water Sampling

Awash River is the main source of irrigation for Fantale ir-
rigation project. Water samples were taken during the dry sea-
son. A sample was collected from the Awash River at the di-
version weir for each selected site. The collecting, handling and
analysis of the irrigation water samples were done according to
the procedures outlined by the US Department of Agriculture,
1954. The extent of salinity in the study area was categorized
based on four main parameters such as EC (electrical conduc-
tivity), pH, ESP (exchangeable sodium percentage), SAR (so-
dium adsorption ratio). These soil parameters were used in the
guidelines for classification of salt affected soil.

2.6. Parameters for Classifications of Soil
Salinity

2.6.1. Saline Soil

Saline soils are often recognized by the presence of white
crusts of salts on the soil surface called “White alkali” (solu-
ble salts) and irregular plant growth. Electrical conductivity of
these soils when a solution extracted from saturated soil is
greater than or equal to 4.0 mmhos/cm at 250C. The pH is
generally less than 8.5, sodium makes up less than 15 percent
of the exchangeable cations and the sodium adsorption ratio
(SAR) is less than13 [5].

2.6.2. Saline-Sodic Soils

Saline Sodic soils contain large amounts of total soluble
salts and exchangeable sodium. As long as excess soluble
salts are present, the good physical properties (stable soil
structure), the whitish appearance, the EC which is greater
than 4 mmhos/cm at 25<C and the pH which is less than 8.5
are generally similar to those of saline soils. But they differ by
the fact that more than 15 percent of the exchangeable cations
are sodium and the sodium adsorption ratio is greater than 13.

2.6.3. Sodic Soils

Sodic soils are low in soluble salts than saline or saline-sodic
soils but high in exchangeable sodium [35]. The soil solution of
sodic soils, although relatively low in soluble salts, has a com-
position that differs considerably from that of normal and saline
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soils. These soils contain (HCO4?), and CO5%as the dominant
anion. At high pH readings and in the presence of carbonate ions,
calcium (Ca++) and magnesium (Mg++) are precipitated and
hence, the soil solutions of sodic soils usually contain only small
amounts of these cations but high amount of sodium (Na+) being
the predominant one. In addition, when the plants extract the
water from the soil; the salts remain and become concentrated.
This concentration causes the calcium to precipitate as calcium
carbonate, while much of the sodium remains in the soil water.
These soils have exchangeable sodium percentages of more than
15. This means that sodium occupies more than 15 percent of the
soil cation exchange capacity (CEC) and the sodium adsorption
ratio (SAR) is greater than 13. The electrical conductivity is less
than 4 mmhos/cm at 25<C and the pH readings usually range
between 8.5 and 10.

2.7. Soil Sample Preparation and Analysis

through 2 mm sieve and stored in clean sample bag for analysis
[37]. Following standard test procedures, soil samples were
analyzed for selected chemical properties such as EC of soil
solution (1:2.5 soil to water ratio), Soil pH, CEC, Exchangeable
bases (Ca, Mg, Na and K). Soil pH and EC was measured using a
digital pH-meter and EC-meter from soil solution. The EC of soil
solution was then converted to EC of saturated soil extract, ECe
using standard conversion factors established based on soil type
and texture Cation exchange capacity (CEC) of the soils was
extracted by excess ammonium acetate (1M NH4OAc at pH 7)
solution and determined by atomic adsorption spectrophotometer
while exchangeable bases (Ca, Mg, Na and K) were measured by
flame photometer. CEC (cmol (+)/kg) of the soils was deter-
mined from the ammonium acetate saturated samples through
distillation and measurement of ammonium using the modified
Kjeldahl procedure. Finally, ESP was computed as the percent-
age of exchangeable Na to the CEC of the soil as follows

The collected soil samples were air dried, grinded to pass ESP (%) = ExchangeablCeEsCodium (Na't) Q)

Table 1. Criteria for classifying salinity and sodicity levels in soil.

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

Intensity FAO (2008) Intensity FAO (2008)

Non saline 0.75 Non-sodic 6

Slightly saline 0.75-2 Slightly sodic 6-10

Moderately saline 2-4 Moderately sodic 10-15

Strongly saline 4-8 Strongly sodic 15-25

Very Strongly saline 8-15 Extremely sodic >25

Extremely saline >15

2.8. Characterization of Salt Affected Soils

The soils were classified into the different salt affected soil classes based on the criteria established by the [25] as follows:

Table 2. Characterization of salt affected soils based on their chemical properties.

Salt affected soil type

(mmhos/cm)
Saline >4
Saline-sodic >4
Sodic (Alkali) <4
Non-saline non-sodic <4

Electrical conductivity (EC) at 25<C

Saturation of Exchange sodium

percentage (ESP) Soil reaction (pH value)

<15 <85

> 15 <8.50r>85
> 15 8.5-10

<15 <8.5
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2.9. Soil Salinity Mapping

Soil salinity/sodicity mapping was done using electrical
conductivity and exchangeable sodium percentage by ArcGIS
Ver.10.8. Kriging model was used to estimate the electrical
conductivity and exchangeable sodium percentage values at
un sampled sites [11] whereas Inverse Distance Weight (IDW)
was employed for spatial mapping of the other soil quality
parameters [12].

2.10. Water Sampling and Analysis

Water samples were taken from different location along ir-
rigation canal (upper, middle and lower) of the selected
schemes. The water sample was collected using 2-litre clean

glass or polyethylene (plastic) bottles. The samples were
transported to the laboratory and analyzed for their chemical
composition. Generally, the collection and handling of irriga-
tion water samples were done in accordance with the proce-
dures outlined by the [25]. The collected water samples were
subject for the analysis of pH, EC, dissolved cations (Ca, Mg,
Na, K). EC and pH of the water samples were measured in a
laboratory within 24 hours using conductivity meter and a
digital pH meter, respectively. Soluble Ca and Mg were
measured using EDTA titration, whilst exchangeable Na and
K were analyzed using flame photometer. The General
guidelines used for classification of salinity/sodicity hazard of
irrigation water was based upon EC and Sodium Adsorption
Ratio (SAR).

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

No. Salinity class EC (mmhos/cm)
1 Low saline 0.1- 0.25

2 Medium saline 0.25-0.75

3 High saline 0.75-225

4 Very high saline >2.25

3. Result and Discussions

3.1. Characterization of Soil Salinity Status at
Dire Sadi Irrigation Scheme

Except for soil pH, all chemical parameters were signifi-
cantly different at (p<0.05) between the soil sampling depth.
Maximum ESP and EC of 13.12% and 0.52mmhoms/cm
respectively were observed at 0-30cm sampling depth (table
4). It showed moderately sodic on the first 30cm depth and

Sodicity class SAR value
Low Sodicity <10
Medium Sodicity 10to 18
High Sodicity 1810 26
Very high Sodicity >26

became slightly sodic for sampling depth between 30-120cm.
The average value of ESP, EC, and pH were 9.31, 0.31 and
8.31 respectively (table 4). Accordingly, based on soil salinity
classification by [8], Soil at Dire Sadi irrigation scheme was
characterized as none sodic and none saline. However, the
level of ESP, EC and pH were higher near the surface showing
a decreasing trend with an increasing sampling depth.Similar
studies also indicated that soil salt concentration is higher near
the surface in arid and semi-arid areas due to minimum rain
fall to drain out soluble salt and high evaporation that makes
sodium concentration to be increased on surface layer of the
soil [18].

Table 4. Soil salinity status at Dire Sadi Irrigation schemes.

Depth(cm) ESP (%) SAR EC pH

Surface 12.76°% 0.47° 0.26° 8.44
0-30 13.38° 0.58° 0.52° 8.43
31-60 6.62" 0.26° 0.37° 8.24
61-90 8.08" 0.38° 0.25° 8.32
91-120 5.70° 0.27¢ 0.17¢ 8.12
Mean 9.31 0.39 0.31 8.31

Na+ Ca2+ Mg2+ CEC Salinity class
2.50° 12.5¢ 4.60° 19.60¢ Moderately sodic
2.69° 15.27° 2.17¢ 20.13¢ Moderately sodic
1.47° 14.88° 5.93% 22.28° Slightly sodic
2.20¢ 21.59° 3.50° 27.29 Slightly sodic
1.67° 24.51*  2.30¢ 29.38%  Slightly sodic
2.11 17.75 3.70 23.74 None sodic/saline
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Depth(cm) ESP (%) SAR EC pH
CV (%) 10.50 12.14 15.27 8.26
LSD (0.05) 0.67 0.014 0.05 1.01
P-value <0.0001 0.022 0.001 0.075

Na+ Caz2+ Mg2+ CEC Salinity class
9.32 7.29 11.25 15.14

0.12 0.65 2.12 1.04

0.003 0.015 0.042 0.002

ESP: Exchangeable sodium percentage, SAR: sodium absorption ratio, EC: Electrical conductivity, Na: sodium, Ca:calcium, CEC: cation

exchange capacity

3.2. Distribution of ESP and EC at Dire Sadi Irrigation Scheme

Majority of scheme has ESP of 6-10% and EC 0.75-2mmhoms/cm (Figure 2). Therefore, based on [8], system of soil salinity
classification, soil salinity of Dire Sadi irrigation scheme was categorized as slightly sodic and slightly saline.
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Figure 2. Map indicating the level of ESP and EC at Dire Sadi Irrigation scheme.

3.3. Characterization of Soil Salinity Status at
Galcha Irrigation Scheme

The level of ESP, EC, exchangeable bases and CEC were
significantly vary at (p<0.05) between the sampling depth
(table 5). Maximum exchangeable sodium percentage (ESP)
of 53.2% and EC 2.65 mmhoms/cm were observed in 0-30cm
sampling depth. It was identified that soil at Galcha irrigation
scheme was found to be very strongly sodic for the sampling
depth between 0-60cm and becoming strong for the sampling
depth from 61-120cm (table 5). The average ESP, EC and soil
pH of the site were 35.15%, 2.9mmhoms/cm and 9.2 respec-
tively indicating that the soil was classified as sodic soil.
According to FAO system of sodic soil classification guide-

line, sodic soils are those that have an Exchangeable Sodium
Percentage (ESP) greater than 15 and EC less than
4mmhoms/cm.

On the other hand, ESP, Na+ and EC level were decreasing
as the sampling depth was increasing from the surface to
120cm indicating that sodium accumulations near the soil
surface were higher (table 5). This is mainly due to high
evaporation in the area that favors accumulation of sodium
near the surface [10, 19]. High concentrations of Na+ in sodic
soils displace cations such as Ca*" and Mg”* and remain at-
tached to clay particles, causing severe structural deterioration
[20, 4]. Other similar studies also indicated that high daily
temperatures combined with low annual rainfall have in-
creased water evaporation rates, which have raised the con-
centrations of soluble salts in the lowland areas [21].
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Depth (cm)  ESP (%)
Surface 38.02°
0-30 53.20°
31-60 44,69
61-90 20.74°
91-120 19.12°
Mean 35.15
CV (%) 14.25
LSD (0.05) 1.01

SAR

2.20°
2.72°
1.29°
0.55°
0.96°
1.54

16.24
0.03

Table 5. Soil salinity status at Galcha Irrigation schemes.

EC

3.04°
2.65°
3.77°
2.24°
0.78°
2.90

17.29
0.12

pH

9.31
9.20
9.16
9.29
9.30
9.25
8.25
0.18

Na+ Ca? Mg? CEC Salinity class
12.85% 16.34% 4.60° 33.79° Very strongly sodic
11.28° 5.77¢ 4.15° 21.20° Very strongly sodic
8.31° 8.04° 2.25° 18.60° Very strongly sodic
4.03° 11.79° 3.61° 19.43° strongly sodic
7.27¢ 8.00° 2.53¢ 17.80° Strongly sodic

8.75 9.98 3.43 22.16 Sodic soil

11.38 12.36 13.47 17.25

0.15 2.13 0.09 0.38

3.4. Distribution of ESP and EC at Galcha Irrigation Scheme

Majority of scheme has ESP of 15-25% and EC 2-4mmhoms/cm (figure 3). Therefore, based on [8], system of soil salinity

classification, soil salinity of Galcha irrigation scheme was categorized as strongly sodic (figure 3).
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Figure 3. Map indicating the level of ESP and EC at Galcha Irrigation scheme.

3.5. Characterization of Soil Salinity Status at
Gola Irrigation Scheme

Except for soil pH, all chemical parameters are signifi-
cantly different at (p<0.05) between the sampling depth (table
6). Maximum ESP and EC of 10.0% and 1.37mmhoms/cm
respectively were observed near the surface (<30cm). With
average ESP of 8.85%, EC 0.95mmhoms/cm and pH value of
8.01, Gola irrigation scheme was classified as slightly sodic

[8]. On the other hand, ESP showed a decreasing trend with
increased sampling depth but calcium concentration and CEC
showed an increasing trend as the sampling depth was in-
creasing mainly due to accumulation of volcanic ash that
naturally exist in the area. Similar studies showed that pres-
ence of residual or fossil salts of former alluvial, and deposits
of the weathered products from the volcanic regions were the
main source for soil salinity development in the central
highlands and the rift valley system of the country [22].
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Depth (cm) ESP (%)

Surface 10.0°
0-30 9.29°
31-60 8.69"
61-90 8.85"
91-120 3.50°
Mean 8.85
CV (%) 6.20

LSD (0.05) 1.18

SAR

0.38°
0.18°
0.35%
0.30°
0.11°
0.27
14.36
0.07

Table 6. Soil salinity status at Gola Irrigation schemes.

EC

0.40°
1.37°
1.25°
0.85°
0.87°
0.95
6.25
0.07

pH

8.43
7.82
7.85
8.41
7.84
8.07
4.15
0.69

Na+

1.96°
0.97¢
2.17°
2.04°
0.85°
1.60
8.35
0.07

ca? Mg?* CEC Salinity class FAO (2008)

6.64° 5.50° 14.10°  slightly sodic
6.67° 6.53 15.47°  slightly sodic
9.54° 4.25° 24.96°  slightly sodic
17.90% 3.10° 23.04° slightly sodic
1762 6.04° 2451*  non sodic

31.52 5.08 20.42 slightly sodic
7.69 6.74 4.22
6.88 0.42 231

ESP: Exchangeable sodium percentage, SAR: sodium absorption ratio, EC: Electrical conductivity, Na: sodium, Ca: calcium, CEC: cation

exchange capacity

3.6. Distribution of ESP and EC at Gola Irrigation Scheme

Majority of scheme has ESP of 6-10% and EC 0.75-2 mmhoms/cm (figure 4). Therefore, based on [8], system of soil salinity
classification, soil salinity of Gola irrigation scheme was categorized as slightly sodic (figure 4).
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Figure 4. Map indicating the level of ESP and EC at Gola Irrigation scheme.

3.7. Differences in Soil Salinity Between
Irrigation Schemes

Soil pH and accumulation of calcium in the soil showed an
increasing trend as the sampling depth was increasing to
120cm. On the contrary, ESP and EC were decreasing as the

soil depth was increasing (figure 6). This due the decrease in
sodium accumulation while increased concentration of cal-
cium with increased depth. Soil pH, EC, Ca+2 and ESP were
higher at Galcha irrigation scheme as compared with other
schemes (figures 5 & 6).
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Figure 6. Level of soil EC, Na+ at selected Irrigation scheme.

3.8. Status of Irrigation Water Quality at
Selected Irrigation Schemes

The quality of water for irrigation is an important compo-
nent of the sustainable use of water for irrigated agriculture,
especially when salinity development is expected to be a
problem in an irrigated agricultural area. Different studies
were used different types of measurements to classify the
suitability of water for irrigation purposes but, according to
Irrigation water quality standards and salinity management
strategies, the sodium hazard of awash river, which is the
main source of water for irrigation in the district, was classi-
fied from low to medium based on EC and SAR values (table

7). Result from irrigation water analysis indicated that water
used for irrigation at all irrigation schemes were slightly sodic.
This is strongly in agreement with previous results on water
quality assessment made for Awash River who classified it as
fresh water and most suitable for irrigation [1]. However,
continuous use of irrigation in arid and semi-arid region be-
comes the most common source of salts in irrigated soil [15].
Previous studies also reported that prolonged use of irrigation
water from the Awash River in June can create salinity-related
difficulties only for susceptible crops [31]. Generally, the
salinity and combined impact of salinity and sodicity values
were below the FAO recommendations if Awash River water
is used for irrigation.

Table 7. The chemical analyses (EC and SAR) of water for irrigation.

Name of Scheme Source of water EC in mmhoms/cm

Gola River diversion 0.58
Dire sade River diversion 0.55
Galcha River diversion 0.57

SAR: sodium absorption ratio, EC: Electrical conductivity

Salinity class SAR Sodicity Hazards (FAO, 2008)
Medium Saline 17.71 Slightly sodic
Medium Saline 13.59 Slightly sodic
Medium Saline 11.17 Slightly sodic
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3.9. Source of Soil Salinity Problem at Irrigation
Schemes

Primary Salinization occurred through natural processes
such as physical or chemical weathering and transfer from the
source material, geological deposits, rising of salt affected

ground water and chemical weathering of soil minerals [6, 16].

In Awash river basin, where Fantale irrigation projects exist,
the primary cause of salinity is the availability of residual or
fossil salts from past alluvial, colluvial, lacustrine, and/or
marine deposits of weathered primary minerals of igneous
rocks which are rich in sodium [22]. Secondary salinization is
also known to be facilitated by poor drainage and in adequate
irrigation water management [17, 3]. Secondary salinization
occurs at Gola and Dire Sadi irrigation scheme mainly as a
result of poor drainage conditions, low rainfall and high
evapotranspiration rates. Similar studies also indicated that
Large-scale irrigation projects were developed in the Rift
Valley without adequate drainage systems to control salinity,
which led to the rapid and severe expansion of salinity and
sodicity issues in the soil and the eventual loss of all land
suitable for crop cultivation in these areas [7]. In addition,
increasing salt build-up in the upper soil layers at arid irri-
gated regions are important secondary salinization hotspots
[36, 30]. Salt-affected areas generally occur in semi-arid and
arid climates where precipitation is not adequate to leach salts,
causing soils rich in some calcium carbonate and an accu-
mulation of exchangeable sodium that can generate a high pH
[29]. Significant evaporation occurred on the surface soil
during irrigation, which promoted the development of soil
salinity. Galcha, Gola, and Dire Sade were found to be situ-
ated in low-lying, dry regions where salinity and sodicity of
soil and water are frequent, according to [24]. Discharge from
Basaka Lake, which is saltwater, is the primary source of
chronic or increasing salt build-up in the upper layers of the
soil at Galcha irrigation scheme. It was occurred when water
containing soluble salts were applied to the land over a pro-
longed period [2].

4. Conclusion

Soil in semi-arid and arid areas, where precipitation is not
adequate to leach salts, are rich in some calcium carbonate and
an accumulation of exchangeable sodium. Agricultural produc-
tion and productivity can be adversely affected by the presence
of excessive salts in soils. It affects biodiversity, moisture and
nutrient availability to crop by disturbing the osmotic process.
Therefore, characterization and mapping of salt affected areas
before management interventions are very important.

Characterization and mapping were done for three irrigation
schemes selected based on observations of salinity problems. To
assess and characterize the extent, nature, and distribution of
salinity and sodicity soil samples were collected from the surface
using augur, and from pits at different depth interval (0—30cm,
31-60cm, 61-90cm and 91-120cm) Accordingly, soil samples

were collected and analyzed for pH, EC, Na+, ESP, SAR, Ca**,
Mg?", K+, and CEC. The result was compared with the standards
set by FAO system to classify soil and water salinity. Accord-
ingly, It was identified that Galcha irrigation scheme was char-
acterized as sodic due to very strong sodium concentration with
average ESP of 53.2% and EC 3.95 mmhoms/cm and pH about
9.25. On the other hand, Gola and Dire Sade Irrigation schemes
were characterized as moderately and slightly sodic respectively.
Sodium was the dominant soluble cation, followed by calcium,
magnesium, and potassium in all soil depths and schemes. The
soluble Na+ content of the soil was increased near the surface
and decreases consistently with an increasing sampling depth
mainly due to the movement of exchangeable Ca** to soil depth
by leaching, displacing the exchangeable sodium. Beside pri-
mary Salinization of natural processes such as physical or
chemical weathering parent material, discharge Basaka Lake to
the downstream, was the main source of chronic or increasing
salt build-up in the upper layers of the soil at Galcha irrigation
scheme. On the other hand, irrigation water analysis indicated
that water used for irrigation at all irrigation schemes were
slightly sodic. Poor drainage system and irrigation water man-
agement practices by the farmers were expected to contribute
soil salinity development at all irrigation schemes.

5. Recommendations

Sustainable soil and irrigation water management practices
have a vital role in enhancing crop production and soil
productivity of lowland irrigated lands. Therefore, the study
underscores the need for a scientific reclamation of sodic soils
primarily at Galcha Irrigation scheme where sodium concen-
tration in the soil was very strong. Based on the above find-
ings, the following recommendations were given:

1. Water used for irrigation (Awash River) is fresh and
suitable for removal of the salts from the soil depth
through drainage and leaching to improve the produc-
tivity of salt affected soil.

2. Selecting salt-tolerant crops and timber plants may be
more appropriate.

3. Crop rotation and adding organic matter is also rec-
ommended to improve soil fertility and soil structure.

4. Integrated application of Gypsum and organic matter
for sodic soil reclamation.

5. Adopting /generating irrigation water management
technologies.

Abbreviations

EC Electrical Conductivity
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SAR Sodium Adsorption Ratio

CEC Cation Exchange Capacity
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