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Abstract: Ethiopia’s irrigated agriculture productivity has been threatened by severe salinity and
sodicity problems which have resulted in significantly lower yields, food insecurity, and environ-
mental degradation. The destructive effects of poor irrigation water management with the absence
of drainage and anticipated future climate changes can accelerate the formation of salt-affected
soil, potentially expanding the problem to currently unaffected regions. This paper synthesizes the
available information on the causes, extent, and effects of salt-affected soils on soil and crop produc-
tion and suggest chemical, biological, and physical reclamation and management approaches for
tackling salinity and sodicity problems. The mitigation approaches (e.g., the addition of amendments,
plantation of salt-tolerant crops, appropriate irrigation and drainage management, phytoremediation,
and bioremediation) have successfully tackled soil salinity and sodicity problems in many parts
of the world. These approaches have further improved the socioeconomic conditions of farming
communities in salt-affected areas. The paper also discusses the effectiveness of these mitigation
strategies under Ethiopian conditions. The policy interventions for reclamation of soil salinity and
sodicity that indicates future research attention to restoring agricultural sustainability are also foci of
this paper.

Keywords: salt-affected soil; soil amendment; drainage management; salt tolerant crop;
livelihood sustainability

1. Introduction

Globally, salt-affected soils are a severe problem in lowland irrigated areas because
of inappropriate irrigation practices and poor water quality. Globally, about 20% of the
irrigated lands are affected by salinity and sodicity problems [1]. In addition, the world is
losing at least 10 ha of arable land every minute [2]; from this, 3 ha are lost due to salinity
and sodicity problems, especially in lowland irrigated regions of the world. Accumulation
of soluble salts is the single most important factor in the formation of salt-affected soils
in the arid and semi-arid areas where evaporation exceeds precipitation. The sources of
salts include saline parent materials particularly weathering of rocks and primary minerals,
fossil salts of former marine and lacustrine deposits, atmospheric deposition, collection
of saline sediments in catchment areas, irrigation waters and/or fertilization [3]. During
the weathering process, both physical and chemical, salts are released from rocks and
minerals of the Earth’s crust. In arid regions, salts are brought in by streams draining
into the basins [1]. In sub-humid regions, dissolved sodium accumulates as exchangeable
sodium, due to vertical or horizontal leaching. Salt-affected soils often occur on irrigated
lands, especially in arid and semi-arid regions, where annual rainfall is insufficient to
meet the evaporation needs of plants and leaching of salts [4]. In humid areas, soluble

Land 2021, 10, 1377. https://doi.org/10.3390/land10121377 https://www.mdpi.com/journal/land

https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0002-5101-6358
https://orcid.org/0000-0001-9966-4445
https://doi.org/10.3390/land10121377
https://doi.org/10.3390/land10121377
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/land10121377
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land10121377?type=check_update&version=1


Land 2021, 10, 1377 2 of 21

salts are carried down through the soil profile by percolating rainwater and ultimately are
transported to sea.

The soluble salts that occur in salt-affected soils consist mostly of various proportions
of Na+, Ca2+, Mg2+, Cl−, SO4

2−, HCO3
− and occasionally K+, CO3

2− and NO3
− ions

with minor quantities of B, F and Li that are seldom of major importance because of
their toxicity to plants [5]. These ionic constituents of salt-affected soils are released and
made soluble from rocks and weatherable minerals during the processes of geochemical
and pedochemical weathering. Four main sources of the constituents of soil salinity and
sodicity {Na+, Ca2+, Mg2+, K+ (common metals) and SO4

2−, Cl−, HCO3
−, NO3

− (common
ligands)} are (a) mineral weathering (Na rich feldspars), (b) precipitation or rainfall, (c) fossil
salts (marine or lacustrine deposits) and (d) collection of saline sediments in catchment
areas [1,5]. Salts may also be introduced in irrigation water, or because of fertilization.

Depending on the climatic conditions, the accumulated soluble salts may adequately
be leached out of the profile in humid environments. However, in arid environments where
ET exceeds rainfall during some periods of the year, removal of salts through rainfall is very
low compared with the rate of their removal by irrigation water [4]. Therefore, the processes
of secondary salinization in arid and semi-arid climatic regions are the consequences of
quite diverse and interacting factors of surface and ground waters, soil physical properties,
climate, relief and geomorphology, biological activities, and human interference [2].

Several researchers have reported the widespread occurrence of soil and water salinity
and sodicity in the lowland irrigated areas of Ethiopia [3–5]. Ethiopia’s total land area
affected by salinity is 11,033,000 ha, and it is ranked first in Africa [6]. Following Ethiopia
are Chad, Egypt, and Nigeria, having a total area of 8,267,000, 7,360,000, and 6,502,000 ha
of salt-affected lands, respectively [6].

Most of these areas are present in the rift valley, the Denakil Plains, Wabi Shebelle
River Basin, and lowlands irrigated areas of the country [3]. The problem is aggravated
due to inappropriate irrigation practices and lack of drainage schemes that resulted in
rising groundwater levels (EC = 0.9–13.4 dSm−1) closer to the soil surface, making the
farm areas susceptible to secondary salinization. Due to poor irrigation practices and high
evapotranspiration rates, about 33% of the total area of the Amibara irrigation scheme
became salt-affected (ECe = 4.03–65.71 dSm−1) within five to eight years [7]. Three leading
causes for the development of salt-affected soils include primary or naturally induced
salinity, secondary or human-induced, and their combination that is especially pronounced
under ongoing climate change in water-scarce regions [3]. Soil salinity and sodicity reduce
plant growth and affect soil properties by limiting water availability to plants; specific
ions toxicity; imbalance plant nutrition; alteration of soil physical properties and effect
composition and activity of beneficial soil microorganisms [3,8].

Salinity and sodicity is abiotic stress that hinders the growth of crops by limiting water
and mineral take-ups, affecting human and animal health and the whole ecosystem [9,10].
Salt affected soils have incredible environmental, agricultural, ecological, and social impacts
through reducing crop production and soil quality, resulting in unstable livelihood security,
low economic returns, and poor quality of life [11]. Soil salinization has social consequences,
including reduced agricultural product, low income, change of livelihood options, and
related social constraints. This situation requires government support to reclaim salt-
affected areas to avoid crop production and financial losses [12]. Farmers in salt-affected
regions of the middle and lower awash basin are mostly resource-limited and require
financial and technical support to sustain their livelihood efforts [5].

The problems of soil salinity and sodicity can be tackled by adopting different tech-
nologies, such as increasing irrigation rate by leaching fraction, gypsum amendment for the
sodic soils, introducing salt-tolerant crops for highly saline areas, managing poor quality
irrigation water, and restoring salty lands using forestry species [13]. The overall objective
of this paper is to assess the challenges of soil salinity and sodicity on crop production and
recommend the best management options that are cost-effective.
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2. Cause and Type of Salt-Affected Soils

The common causes of soil salinity and sodicity are geological, hydrological, and
pedological processes. Primary soil salinization is governed by; (i) seawater intrusion
via upstream river flows and through underground porous geomorphological shoreline
structures [14]; (ii) wind deposition of salts from saline and/or sodic water resources
onto adjacent lands [15]; and (iii) in situ dissolution and substantial surface deposit of
endogenous (parent) minerals [16].

The process of salinization in the Awash River Basin [17–20] of Ethiopia is somewhat
more diverse and complicated. This is mainly because of the presence of residual or fossil
salts of former alluvial, colluvial, lacustrine and/or marine deposits of the weathered
products of the salt and sodium-rich primary minerals of igneous rocks originating from
the volcanic regions of the central highlands and the rift valley system of the country [20].
The mineralized surface water and groundwater, inefficient irrigation practices, inadequate
drainage systems, lowland areas, and arid climate or inadequate annual rainfall to leach
down accumulated salts from the plant root zone are other significant causes (Figure 1).
The criteria used to classify salt-affected soils is given in Table 1.

Figure 1. A theoretical secondary salinization cycle [21].
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Table 1. Summary of classification of salt affected soils based on their chemical properties [22].

Salt Affected Soil
Type

Electrical
Conductivity of

Saturation Extracts
(ECe) at 25 ◦C

(dSm−1)

Saturation (%) of
Cation Exchange
Capacity with Na

(ESP)

Reaction
(pH Value)

Saline soil >4 <15 <8.5
Saline sodic soil >4 >15 <8.5

Sodic (alkali) soil <4 >15 8.5–10
Non-saline non-sodic <4 <15 About neutral

Soils having soluble salts in solution and/or Na+ ions on exchange sites exceeding
certain limits can adversely affect soil-plant health [23,24]. Salt-affected soils are classified
into three categories: saline, saline-sodic, and sodic, mainly based on total soluble salts (EC)
and sodium hazards (sodium adsorption ratio (SAR) or exchangeable sodium percentage
(ESP) of a soil system. Overall rehabilitation and management of salt-affected soils depend
on the classification of salt types [25], especially saline-sodic and sodic soils that need
investment [26]. Generally, understanding the kind of salts is very dominant for the
management and rehabilitation of salt-affected soils.

3. Extent and Distribution of Saline and Sodic Soils in Ethiopia

Ethiopia stands 9th in terms of total land and 7th in percent of the total salt-affected
area among the various countries in the world. Despite the widespread existence of salt-
affected soils, no accurate data and information is available on their extent, distribution,
exact geographical location, sources, causes, and properties. However, many of these soils
are concentrated in the plain lands of the lowland regions (Afar, Oromia and Amhara), Rift
Valley System, the Denakil Plains, Wabi Shebelle River Basin, and various other lowlands
and valley bottoms throughout the country [3,5]. Recently, salt-affected irrigated farmlands
of four regions (Afar, Oromia, Amhara, and Tigray) of Ethiopia have been mapped using
remote-sensing and soil data and the results are presented in Figure 2 and Table 2 [5].

The total land covered by salt-affected soils in the former Hararghe Administrative
Region alone is estimated to be 1,159,300 ha, which is about 12.9% of the arable land area
in the Region [3]. In Amibara irrigated area (14,787.58 ha), 70% of the soils are Fluvisols
and the rest 30% are Vertisols, with a coverage of about 33.20% and 8.76% of the total salt
affected area, respectively [27]. Furthermore, reports have also indicated that 39% of the
Abaya State Farm was salt affected [28]. The baseline survey results revealed that there
are 119 and 10,000 ha of salinity and sodicity soils in the Tigray and Southern Nations,
Nationalities, and the People Regional States, respectively [3].

Table 2. Percentage of area coverages by salinity soils classes of Afar, Amhara, Oromia, and Tigray
regions of Ethiopia [5].

Soil Salinity Levels
(dSm−1)

Afar Oromia Amhara Tigray

Km2 % Km2 % Km2 % Km2 %

Non-saline (<2) 40,787 42 287,768.25 88.70 137,428 88 48,067 97.29
Low saline (2–5) 26,961 28 17,292.05 5.33 4903 3 0 0

Medium saline (5–10) 9798 10 17,152.54 5.29 11,892 8 1339 2.71
High saline (10–15) 5618 5 1576.72 0.49 1230 0.8 0 0

Extremely saline (>15) 14,085 15 713.74 0.22 202 0.2 0 0

Total area 97,204 100 324,428.69 100 155,648 100 49,604 100
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Figure 2. Surface salinity classes (0–30 cm) of Afar, Amhara, Oromia, and Tigray regions of Ethiopia [5].

The Rift Valley Zones and the south-eastern (Somali) lowlands are among the most
valuable agricultural areas as they offer a considerable promise for multiple cropping. Most
of the irrigated State Farms which produces export crops such as cotton, sugar cane, citrus
fruits, banana, and vegetable crops are situated in the Rift Valley Zone and lower Wabi
Shebelle basin of Gode. In these areas, small-scale cultivation with a canal irrigation system
from the Shebelle River is introduced. Yet sizeable regions in this zone are being converted
to salt-affected soils annually at an alarming rate [3–5,29].

The magnitudes of salt-affected soils are high to the extent that the establishment and
growth of crops and other plants failed utterly. This implies that expansion of large-scale
irrigation schemes in the Wabi Shebelle and other river basins without appropriate man-
agement of salts may result in further development of soil salinity and sodicity problems
leading to complete loss of land value as experienced in the Awash River Basin in the Rift
Valley [4,5,29,30]. Therefore, installation of adequate drainage systems in irrigated areas is
a pre-condition for sustainable crop production.
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4. Influence of Salt Affected Soils on Crop Production and Soil Productivity
4.1. Influence of Salt-Affected Soils on Crop Production

Plants in saline and sodic soils of arid regions grow in a predominantly delicate balance
with their environment because the excessive presence of soluble salts and exchangeable
sodium in these soils can negatively affect crop. Lack of proper management leads to
reduced crop production or in severe cases complete crop failure followed by a decline in
land value and subsequently made the land abandoned for agricultural use [31,32]. Salinity,
therefore, adversely affects the seed germination, establishment of young seedlings, and
plant growth by decreasing the ease with which they may take up water and nutrients from
the soil solution [33]. The plants can die from water stress or drought in moist soil if the salt
concentration develops high enough in the field [34,35]. Increasing salinity levels beyond
threshold level of plants negatively affect crop yields [36–38]. The studies conducted in
Ethiopia have shown that dry biomass yield and grain yield of five Quinoa genotypes is
negatively affected by increasing salinity levels (Figure 3) [39].

Figure 3. Dry biomass yield and grain yield of five quinoa genotypes as affected by different salinity levels [39].

Many researchers have indicated that the overall accumulation of salt in the plant
root zone is a challenge to plant growth and development through increasing osmotic
pressure of the soil solution; inducing ion toxicity and nutrient imbalance, and unfavored
soil physical properties [31,32]. A yield reduction of 5% for broad bean and 20% for lentils
were observed at an ECe of 2.0 dSm−1. When the salinity level was increased to 3.1 dSm−1,
the corresponding yield reductions were 15% and 95%, respectively [3]. The high salinity
causes reduction in the dry matter yield of Alfalfa and Rhodes grass while the leaf-to-stem
ratio increases, affecting forage quality [40]. A matrix plot of onion yield showed a reduced
trend as the soil’s pH, EC, and ESP increased [41]. In addition to this, increasing salt
stress delayed the germination of Rhodes grass because higher salinity causes poor cell
elongation resulting from reduced turgor, cell volume, and cell growth (Figure 4) [42].
Therefore, increasing salinity levels can decrease grain and biomass yield due to poor seed
establishment [24,28,35].
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Figure 4. Influence of different salinity levels on germination percentage; chlorophyll content; shoot and root dry matter
yield of three selected Rhodes grass species [42].

4.2. Influence of Salt-Affected Soils on Soil Productivity

Salt-affected soils negatively influence the soil’s physical and chemical fertility, de-
creasing soil productivity [43]. Alteration of soil physical properties resulting from the
swelling and dispersion of colloidal soil particles caused by the presence of excess sodium,
and finally results in poor water and air circulation, water-holding capacity, restricted
root penetration, and seedling development problems [32,33]. The sodicity increases with
the bulk density because of the dispersive action of sodium on soil particles resulting
in soil compaction, changing the pore size distribution, and decreasing the total volume
of soil [24]. The increased soil sodium content affect the aggregation stability, thereby
promoting clay from dispersing [8]. Second, the extent of exchangeable sodium percentage
results in poor aggregation effects on bulk density, hydraulics conductivity, and mean
weight diameter, which seriously affected crop productivity (Figures 5 and 6).
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Figure 5. Matrix plot of onion crop yield vs. soil pH, total soluble salts (EC) and exchangeable sodium percentage (ESP) [41].

Figure 6. Relationship between ESP to soil bulk density, and hydraulic conductivity (** = highly significant correlation) [44].

The possible mechanisms responsible for the reduced permeability and aeration of
alkali soils are the swelling and dispersion of clay and organic matter particles and their
migration, causing the clogging of soil pores. As a rule, the swelling and dispersion of
colloidal soil particles attributed to the presence of high exchangeable sodium results in
restricted water infiltration and movement, limited air movement (aeration property),
reduced root penetration, and increased crust formation as to decrease the emergence of
seedlings. This mainly affects the inhabitants, structure, and activity of beneficial soil mi-
croorganisms through the osmotic effects of soluble salts or toxicity of specific ions of such
soils. Therefore, some effects of salts on microbial processes will have large suggestions for
SOM dynamics, ecosystem biogeochemical cycling, and plant nutrition [45,46].

5. Effects of Salt-Affected Soils on Crop Production

Saline soils are recognized visually by the presence of white crusts of salts on the soil
surface during dry weather formed through evaporation. Saline soils are generally floccu-
lated, well-structured with permeability equal to or higher than that of normal soils. Sodic
soils are typically poorly structured, characterized by the presence of dispersed colloidal
clays and organic matter in the topsoil. The surface horizons of sodic soils are exceptionally
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compact and cemented, and puddles of water on these soils are usually turbid, brownish
black in color (Na-humus) and a shiny black crust of film of dry colloidal substance remains
on the surface of the soil when dry. The presence of dispersed colloidal clays of smectites
group of clay minerals and organic matter on the soil surface is attributed to swelling,
physically damaging the soil structure leading to low permeability and drainage problems.
This causes low infiltration rates, poor aeration, and surface crusting, which makes it
difficult to till and difficulty for plant roots to penetrate through.

Salinization of soils has tremendous challenges for crop production and soil produc-
tivities, resulting in uncertain and unstable livelihood security, low economic returns, and
poor quality of life [11,47]. Excess soluble salts and sodium hazards of soils affect the
metabolism of soil flora and fauna, ultimately damage the soil life, altering fertile and
productive soils into abandoned soils, especially in irrigated lowlands of the rift valley
system [5,11]. Generally, soil salinity and sodicity affects almost all aspects of plant devel-
opment, including germination, vegetative growth, and reproductive development under
marginal environmental conditions [48]. The Amibara irrigation scheme was a cotton culti-
vating area for more than 40 years. However, due to poor irrigation water management
(excessive or low irrigation, irrigation with saline groundwater, no drainage, etc.), 35% of
the farmland is now abandoned resulting in decline of the cotton and sugarcane production
in the state farms [27]. Similarly, Metehara sugarcane farmland is highly affected by salinity
and sodicity problems [49]. Soil salinity and sodicity have caused poor development of
crops, which resulted in a reduction of crop yields.

The management and reclamation of soil salinity and sodicity need higher investments,
especially engineering rehabilitation methods that are impractical for smallholder farmers
for economic and technical reasons [3,12]. In addition to this, soil salinity and sodicity have
exerted both direct and indirect effects on the livelihoods of producers in Amibara, Dubti,
Zeway-Dugda, Kewet, and Raya-Alamata [50]. The soil salinity and sodicity has directly
affected 29.41% of farmers, decreasing farm productivity (52.94%) and household income
(8.82%) in Amibara and Dubti irrigated areas [11]. At the same time, the indirect effects
were increasing food insecurity (29.41%), decreasing employment opportunity (3.92%),
increasing landlessness (45.10%), increasing dependency (5.88%), and increasing food
insecurity (8.82%) (Table 3). Therefore, rehabilitation and management of saline and sodic
soils are very essential to improve the agricultural productivities of salt-affected soils for
the cultivation of food and fodder crops.

Table 3. Direct and indirect effects of salinity on sample respondents [11].

Direct Effects
Amibara Dubti Total

χ2 Value
Freq. % Freq. % Freq. %

Abandoning
farmland 14 20.90 16 45.71 30 29.41

10.046 *Decreasing farm
productivity 40 59.70 14 40.00 54 52.94

Decreasing
household income 8 11.94 1 2.86 9 8.82

Indirect effects

Increasing food
insecurity 22 32.84 8 22.86 30 29.41

8.130

Decreasing
employment 3 4.48 1 2.86 4 3.92

Increasing
landlessness 27 40.30 19 54.23 46 45.10

Increasing
dependency 6 8.96 0 0.00 6 5.88

* = significant difference.
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6. Reclamation and Management Strategies

The amendment of saline and excess sodium concentrated soils needs to eliminate or
replace soluble salts and exchangeable sodium. This can be done in many ways, including
physical, chemical, and biological approaches. Depending on the local conditions and avail-
able resources, a suitable reclamation method can be selected [3,42]. If the modifications are
expensive, smallholder farmers could not afford to spend for soil reclamation. Nowadays,
an integrated approach combines different methods of saline and sodic soil reclamation
and management. Currently, several organic and inorganic amendments (e.g., gypsum,
phosphogypsum, H2SO4, organic residues), land and water management practices (e.g.,
land leveling, irrigation and drainage management), and biological methods (e.g., genetic
use of halophytic traits, utilization of plant-microbe associations) are being used to improve
productivities of salt-affected soils [3,5,41,42,51–55].

6.1. Chemical Approach

Organic and inorganic amendments mainly used for reclamation of excess sodium
concentrated soils can be depending on the nature of the soils, and the cost of chemical
amendment considered [24]. In Ethiopia, several methods are being used to rehabilitate
saline and sodic soils. These include: (i) chemical amendments (e.g., gypsum, phosph-
ogypsum, H2SO4), (ii) organic amendments (e.g., manure, biochar, pressmud, straw or
hay), and fertilizer applications (Figure 7). Sodicity of the soil problem has to exchange
excessive amounts of Na+ from the soil CEC with Ca2+ reclaimed through the addition
of Ca-enriched materials [41,56], and then ensure Na+ leaching from the soil profile by
irrigation or natural leaching practices [18,57]. The application of 50% gypsum plus 50%
H2SO4 improves calcareous-sodic soil and cotton yield compared to other treatments at
the Melka-Sadi irrigation scheme (Table 4) [56].

Figure 7. Advantageous effects of different types of amendments for salt-affected soils [55].
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Table 4. Effects of the different chemical amendments (Gypsum and H2SO4 acid) on the productivities calcareous-sodic soil
and seed cotton yield at Melka-Sadi irrigation scheme [56].

Treat-
ment

2010 2011 Avg.

SCM PH ABN ABW Y q
ha−1 SCM PH ABN ABW Y q

ha−1
Y q

ha−1

T1 492.0 61.6 7.7 3.63 15.4 501.37 71.33 16.63 4.71 18.04 16.71
T2 551.6 66.4 9.3 4.04 17.9 567.67 85.73 22.70 5.15 27.85 22.90
T3 611.6 71.0 14.6 4.53 31.3 571.65 87.00 25.43 5.58 31.20 31.28
T4 578.0 69.2 13.2 4.09 24.9 578.00 89.1 22.10 4.77 27.68 26.31
CV 3.9 5.9 12.2 11.90 11.3 11.75 5.75 8.33 13.40 5.30 11.56

LSD =
5% 44.16 * 7.97 * 2.74 * NS 5.01 * NS 9.50 * 3.61 * NS 2.77 * 3.24 *

Treatment Soil
depth

Before apply chemical and
planting

After apply chemical After apply chemical
2010 at 1st harvesting 2011 at 2nd harvesting

pHe ECe (ds/m) ESP (%) pHe ECe
(ds/m) ESP (%) pHe ECe

(ds/m) ESP (%)

T1
0–30 8.4 12.35 33.83 8.2 11.77 28.19 8.1 10.77 27.19

30–60 8.3 9.55 34.10 8.3 12.30 27.35 8.2 14.30 27.25

T2
0–30 8.6 13.67 34.26 7.8 5.60 25.28 7.9 5.20 23.28

30–60 8.5 11.06 34.27 8.0 6.00 25.61 7.9 6.00 23.55

T3
0–30 8.5 14.33 36.51 7.6 6.30 25.55 7.5 5.40 20.55

30–60 8.4 13.04 40.02 7.7 5.97 24.8 7.6 5.45 20.80

T4
0–30 8.4 11.44 28.25 7.9 7.43 22.45 7.8 7.43 22.35

30–60 8.3 9.24 31.78 7.8 5.97 26.99 7.8 6.14 24.09
* Significant at p ≤ 0.05, NS; Non-significant, SCM; stand count at Maturity, PH; plant height, ABN; average ball number, ABW; average
ball weight, Y q ha; yield quintal per hectare, T1; control or no treatment, T2; 100% Gypsum (full doze), T3; 50% Gypsum and 50%H2SO4
acid, 100%, T4; 100% H2SO4 acid (full doze), CV; coefficient variance, LSD; List significant difference.

The application of gypsum with halophytic forage crops has proved to be an effective
amelioration strategy to enhance productivities of saline-sodic soils in Golina-Addisalem
irrigation scheme of Raya Kobo valley (Table 5) [54]. Similarly, combined application of
20 tha−1 farmyard manure + 7% gypsum requirements is beneficial to improving rice’s
productivity in saline-sodic soil of Amibara area [58]. The application of 5 tha-1 compost
integrated with 4 tha−1 gypsum improves onion yield and enhances the productivities of
saline-sodic soils (Table 6 and Figures 8 and 9) [41]. The application of gypsum improves
soil physical properties (soil structure), (ii) decrease sodium hazard from soil matrix, (iii)
maximize clay flocculation, and (iv) enhance water–air relations [15,27].
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Table 5. Influence of gypsum and halophytic forage grasses on soluble salt and sodium hazard at
soil depth of 25 cm [54].

Gypsum
Levels BACA

After 1st Harvest After 2

0 H PAG CGG 0 H PAG CGG

Exchangeable sodium percentage (%)

0%

55.03

56.64 45.29 44.45 57.37 39.99 38.60
75% 39.56 26.71 25.97 36.88 18.59 17.63
100% 31.64 17.96 17.41 27.97 13.73 13.55
125% 26.06 11.99 12.41 22.23 8.94 8.93

LSD 1.17 0.37
CV (%) 2.33 0.86

Electrical conductivity (dSm−1)

0%

20.00

19.92 14.90 14.59 20.10 11.92 11.90
75% 11.87 8.18 8.37 11.05 7.28 7.34
100% 10.63 7.20 7.17 10.39 6.38 6.33
125% 9.11 5.55 6.00 8.73 4.13 4.62

LSD 0.645 0.28
CV (%) 3.7 3.58

LSD: least significant difference; CV: coefficient of variation; 0 H: no halophytic grass plantation; CGG = Chloris
gayana grass; PAG = Panicum antidotale grass; BACA: Before applying chemical amendments.

Table 6. Influence of compost combined with gypsum on onion yield under saline-sodic soil condition
of Bora district of Oromia region [41].

Treatments Mean Crop Yield (Q/ha) Relative Yield Advantage

Main effect for compost

0 (control) 237.18 f 0.00

2.5 t/ha compost 235.03 f 1.20

5.0 t/ha compost 275.55 16.18

Main effect of Gypsum

2 t/ha Gypsum 284.44 e 19.93

4 t/ha Gypsum 325.00 d 37.03

Interaction effects

2.5 t/ha compost + 2 t/ha Gypsum 355.77 c 50.00

2.5 t/ha compost + 4 t/ha Gypsum 396.40 b 67.13

5.0 t/ha compost + 2 t/ha Gypsum 406.70 b 71.47

5.0 t/ha compost + 4 t/ha Gypsum 430.33 a 85.23

LCD (0.05) 25.03 -

CV (%) 6.05 -

t-test **** -
**** = significant level difference of treatments.
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Figure 8. Infiltration (intake) and cumulative infiltration vs. time under saline-sodic soil condition of Raya Kobo valley [54].

Figure 9. Changing of soil chemical properties status (ECe and ESP) from 2017–2019 after application of gypsum and
compost [41].

Sulphuric acid is one of the acids to reclaim calcareous-sodic soils. After applying to a
soil containing calcium carbonate, it immediately reacts to form calcium sulfate, thereby
providing indirectly soluble calcium [59]. The sulfuric acid improves calcareous-sodic soils
through soluble calcium carbonate present in the sodic soil. [56] confirmed 50% gypsum
and 50% H2SO4 acid are the better amendment of calcareous-sodic soils than a total dose of
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gypsum application for cotton production [24]. Combined chemical modification (gypsum
and sulfuric acid) with nitrogen fertilizer improves rice production under saline-sodic soil
of the Amibara areas [53].

The addition of different organic amendments, namely: farm manure, poultry manure,
compost, and press mud, could be efficient in enhancing plant growth through improving
on physical, chemical, and biological properties of saline, saline-sodic and sodic soils [25,60].
The application of filter cake and bagasse on calcareous sodic soils can also improve crop
nutrient use, indices agronomic, agro-physiological, and apparent recovery efficiency
of nitrogen and phosphorus (Figure 10) [34]. The combined application of biochar and
gypsum influenced soil chemical properties, seed per panicle, increased quality, and
quantity of grain yield of wheat crop under saline-sodic soil condition of Amibara [61].
Biochar is produced by heating any organic waste materials at high temperatures through
the process of pyrolysis. It is rich in organic matter and influential in improving physical,
chemical (by increasing Ca, Mg and K, CEC, etc.), and saline-sodic and sodic soils [62].
In addition to this, biochar has been shown to maximize porosity, resulting in improved
available water and reduced bulk density of saline-sodic and sodic soils [61]. Generally,
biochar improves the habitat and conditions of high sodium-containing soils for microbial
associations and diversity and significantly increases crop production and soil productivity.

Figure 10. Influence of filter cake (F) and bagasse (B) on rice N and P uptake under calcareous sodic soils at Amibara [34].

6.2. Biological Approaches

With the intention of fast restoring excess sodium concentration soils, gypsum is
primarily used as a chemical amendment. On the other hand, physical and chemical
approaches for reclamation of salt-affected soils are not cost-effective [32,54]. Thus phytore-
mediation is an effective technique, as an alternative to chemical amendment, primarily
by planting salt-tolerant plant species [39,42,52]. The phytoremediation of salt-affected
soils is capable of maximizing the degree of calcite dissolution by the soil-root interface
process, resulting in an increased level of Ca2+ in the soil solution [63]. In Ethiopia, breeding
methods such as the selection and establishment of salt-resistant genotypes by local breed-
ing [64] have been effectively applied for the mitigation of salt stress through selecting and
screening tolerant genotypes. Research results show that increasing density can result in
reduced productivity. It may also increase salt accumulation in plant tissues [52] (Table 7).
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Table 7. Soil ECe and ESP decrease through phytoremediation using different grasses species (i
initial, f final and r reduction) [52].

Phytoremediation ECei
(dS m−1)

ECef
(dS m−1) ECer (%) ESPi (%) ESPf (%) ESPr (%)

Cinchrus ciliaris 16.00 4.73 70.55 25.14 10.24 59.27
Chloris gayana 18.08 4.55 74.81 27.14 9.75 64.08

Panicum antidotale 12.05 4.05 66.42 31.14 14.68 52.86
Sorghum sudanese 9.81 4.65 52.60 21.14 13.08 38.13

Different halophytes or salt-tolerant species might also be effective in restoring salt-
affected ecosystems such as those in irrigated lands (Figure 11) [39,40,52]. Thus, the
vegetation sequence of the salt-affected ecosystems is essential to improve many pedo-
constraints such as (i) reduction in soil ESP and bulk density; (ii) improving soil organic
matter (SOM) components, (iii) noticeably activate soil enzymatic processes as well as
advance microbial abundance and diversity [27,65].

Figure 11. Soil ECe reduction through phytoremediation using different plants. CGG = Chloris gayana grass; SUG =
Sudan-grass; PAG = Panicum antidotale grass; ALF = alfalfa legumes forage; CRL = control [40].

The latest studies have recommended metabolic bioengineering for generating salt
stress-tolerant plants [66] because of their multiple valuable influences on salt-stressed
plants. There are many constraints to salt tolerant gene identification in Ethiopia, such
as high technologies and skilled human power limitations. Nonetheless, many authors
reported screening of salt susceptible genotypes through conventional selection. Such
screening is an effective tool to exploit genetic variation among crop genotypes [3,64,67].
Appeals such as germination-continued existence and seedling growth or biomass build-
up have been the most regularly used principles for categorizing the salt tolerance of
plants [64,67,68]. Based on this approach, many scholars have screened and selected
salt-tolerant food and feed crops through conventional criteria (Table 8).
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Table 8. Selected salt tolerant food and feed crop genotypes.

Crop No. Genotypes
Tested

Tolerant
Variety ECe (dS/m) Yield

(Kg/ha) Reference

Wheat 49 ETBW-5879 13.00 3998.00 [64]
Wheat 200 SANDALL-3 14.05 3709.02 [69]
Sesame 100 EW-01 10.00 844.00 [67]

Sorghum 46 Meko 6.81 4722.00 [68]
Teff 42 Kora 8.23 2200.00 [70]

Quinoa 5 ICBA Q3 20.01 2965.00 [39]

6.3. Physical Approach

One of the critical functions of agricultural drainage is to remove surplus water caused
by high precipitation, remove dissolved soluble salts from the soil system, and maintain
the groundwater table. On the other hand, waterlogged salinity remains a severe problem
in many productive areas [46,50]. Since the 1980s, Melka Sadi pilot drainage scheme in
the Amibara irrigation project has increased awareness of the issues of rising groundwater
tables under irrigation, which has resulted in localized waterlogging and considerable
yield losses and salinization of once fully productive areas.

The analytical results of the soil survey of 1983 revealed that field numbers A02,
A017, A025, and A027 were highly saline soil, with an ECe value ranging from 14.4 to
61.7 dSm−1 [71]. Unfortunately, no recent data are available for these areas. However,
physical observations suggest that the situation has gone from bad to worse. After estab-
lishing the subsurface (tile) drainage scheme and successive cropping of cotton since 1986,
the salt concentration was greatly reduced as a function of leaching on those farmlands
A02, A017, A025, and A027 (Table 9) [57]. This sub-surface drainage system was installed
on 5 ha land in 1983–1984. The drainage pipes were installed at 2 m depth below soil
surface with three drainage spacings i.e., 75 m, 40 m, and 20 m [56,57].

Table 9. Impact of sub-surface drainage on soil salinity reduction from 1983 to 1989 [57].

Sampling
Point

Soil Depth
(cm)

1983 1989 Reduction ECe
(dS/m)pH ECe (dS/m) pH ECe (dS/m)

A02

0–30 7.3 35.6 7.8 6.7 28.9
30–60 7.4 18.5 7.9 5.8 12.7
60–90 7.3 16.0 8.0 6.9 9.1

90–120 7.6 14.4 8.0 8.3 6.1

A017

0–30 7.2 37.1 7.8 2.1 35.0
30–60 7.2 37.1 8.0 4.0 33.1
60–90 7.2 12.3 7.4 3.59 8.71

90–120 7.6 12.3 7.2 4.2 8.10

A025

0–30 7.4 61.7 8.1 0.55 61.15
30–60 7.6 39.1 8.0 0.44 38.66
60–90 7.6 25.8 8.0 0.36 25.44

90–120 7.6 21.6 7.8 0.57 21.03

A027

0–30 7.2 56.0 8.2 0.61 55.39
30–60 7.6 42.0 8.1 0.54 41.46
60–90 7.6 42.0 7.9 0.4 41.6

90–120 8.0 15.4 8.3 0.53 14.87

7. Way Forward for Future Management
7.1. Short Term

Recommendations should be based on thorough investigations to reclaim salt-affected
soils, curtail the future expansion of soil salinity in the newly developed irrigated areas,
and ensure successful utilization of salt-affected soils. Under the prevailing conditions of
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Ethiopia, a combination of different methods may be needed to control and/or minimize
salinity and sodicity problems. Nonetheless, it should be noted that the practice may not
always be successful because the suggested methods are based on the results of studies and
investigations made in other areas. Therefore, necessary modifications might be required
for local conditions.

Desalinization and de-alkalization of soils require proper land drainage, the intro-
duction of improved cultural practices such as minimum tillage to avoid soil compaction,
surface mulching; organic matter and crop residue management, use of good quality irriga-
tion water, ensuring pre- and post-planting leaching to remove accumulated salts from the
root zone, selection of proper seeding/planting methods, and avoiding cultivation of lands
with a high groundwater table.

The measures are also needed to reduce the antagonistic effects of salinity and alkalin-
ity and use of approved biological and agronomic reclamation particles. The reclamation
of sodium-dominated soils through chemical amendments such as gypsum (CaSO4.2H2O)
is also needed. Generally, appropriate agricultural water management and agronomic prac-
tices that enforce strict and practical rules and regulations regarding the use of salt-affected
soils and the expansion of the same need to be introduced. Monitoring, evaluating, and
regulating the establishment and development of irrigated command areas in many parts
of the country, especially in dry lowland areas, is needed.

7.2. Long-Term, Future Research Directions

Reclamation of saline and sodic soils, halting future expansion, and proper soil and
water management require a profound knowledge of conservation and optimal utilization
of natural resources. The main problems of soil reclamation and management in dry
lowland areas are lack of locally amenable technologies and scientific knowledge. Hence,
research has a vital and pivotal role in generating science and technology that will change
the lives and livelihoods of millions of people on planet Earth. Research in Ethiopia
should focus on developing appropriate science and technologies to control the salinity
and sodicity of soils and halt future expansion of these problems. There is a need to state
the problems of salt-affected soils correctly and advise the government on issues related
to national policy and strategy to develop agriculture and seek lasting solutions to the
emerging problem of Ethiopian agriculture; researchers have overwhelming responsibility.

Hence, the following are recommended for future research endeavors about managing
saline and sodic soils: to investigate physical, mineralogy or colloids, chemistry, biology,
and other environmental, economic, and social factors affecting soil salinity and sodicity
be made and their relationships; to predict damages that may be caused due to increasing
problems of salinity and sodicity; to create awareness on the processes of salinization and
alkalization among farmers and develop preparedness plans to combat these problems.
Investigation of the original sources of the salt-constituents in the salt-affected soils and
irrigation water resources in the country is needed. We need to distinguish and classify salt-
affected soils into different types and classes based on the results obtained from field visits
and laboratory studies. We need to map salt-affected soils at zonal, regional, and national
levels based on reconnaissance and a large-scale survey of irrigated and dryland soils.
We must revise and popularize readily available technologies and facilitate the transfer
of these technologies to the end-users. We must develop agricultural water management
manuals and bulletins for use as guides for better water management practices. The impact
on the environment and socioeconomic conditions must be assessed to establish a system
to sustain agricultural production and protect the environment.

8. Summary

Soluble salt and sodium content in the soils of the rift valley and lowland irrigated
areas of Ethiopia may harm crop production. Lowland irrigated areas are more vulnerable
to soil salinity due to inappropriate agricultural water management and poor-quality water
for irrigation. In particular, the soils with high sodium content and low soluble salt affect
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the physicochemical properties of the soils, resulting in lower water productivities. In
addition to this, the accumulation of salts to the soil surface resulted in specific ions toxicity
and nutritional imbalances, which minimizes or maximizes solubility and availabilities of
critical nutrients; this made it responsible for low productivity. Moreover, the accumulation
of soluble salts in the soil profile curtails crop growth by increasing the osmotic potential
of the soil solution. Generally, the antagonistic effects of extreme concentrations of soluble
salts limit plant growth and affect soil properties. Mainly, this problem poses tremendous
challenges on crop production, particularly in the country’s rift valley and lowland irrigated
agriculture. However, decreased agricultural production and productivity resulted in
unstable livelihood security, low economic returns, and poor quality of life.

Sustainable soil and irrigation water management practices have a vital role in en-
hancing crop production and soil productivity of lowland irrigated lands of the country.
Many approaches are available to rehabilitate salt-affected soils. These include physical
methods (irrigation and drainage management); chemical amendments (gypsum, H2SO4,
combined application gypsum with other organic amendments); and biological approaches
(screening salt-tolerant genotype, grow ameliorating crop species, crop species in rotation,
etc.). The agro-ecological conditions in Ethiopia are comparable to many other countries
where these approaches have successfully been tested. Therefore, there is a good potential
for adopting these practices that will increase economic benefits to farmers.
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