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Abstract

Salt-affected soils are a major constraint to agricultural productivity and sustainable land management in Ethiopia, particularly
in arid and semi-arid regions such as the Rift Valley, Afar, and Somali lowlands. These soils, including saline, sodic, and saline-
sodic types, cover approximately 11 million hectares, or 36% of the country’s total land area. Their distribution is influenced by
natural factors such as parent material, low rainfall, and high evaporation, as well as human-induced factors including poor
irrigation, inadequate drainage, deforestation, and overgrazing. High concentrations of soluble salts and sodium degrade soil
structure, reduce water retention, hinder root development, increase osmotic potential, induce specific ion toxicity, and disrupt
nutrient availability, collectively limiting crop growth, soil fertility, and livestock productivity. These effects contribute to higher
production costs, lower agricultural yields, and reduced livelihoods, aggravating food insecurity in affected regions. Effective
management and reclamation of salt-affected soils require integrated strategies combining physical, chemical, and biological
approaches. Key interventions include leaching excess salts, improving irrigation and drainage systems, applying chemical
amendments such as gypsum and H>SO4, incorporating organic matter, practicing crop rotation, and cultivating salt-tolerant or
halophytic species that use salt exclusion, compartmentalization, and excretion mechanisms. Sustainable land-use planning,
long-term monitoring, region-specific research, and community-based approaches are essential to mitigate salinity impacts and
maintain soil productivity. This review synthesizes existing knowledge on the distribution, characteristics, and fertility
constraints of salt-affected soils in Ethiopia, highlighting management practices and research gaps to guide policy, enhance
agricultural productivity, and promote environmental sustainability in lowland agro-ecologies.
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1. Introduction

food security, environmental sustainability, and soil productiv-
ity [1]. Globally, it affects over 3% of land, with more than half
of countries impacted, contributing to land degradation and bi-
omass loss [2-4]. Salt-affected soils, including saline, sodic, and

1.1. Background on Soil Salinity

Soil salinization is a major global and Ethiopian constraint to
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saline-sodic types, result from excess soluble salts and sodium,
reducing permeability, limiting root growth, and causing os-
motic stress, specific ion toxicity, and nutrient imbalances [5].
Globally, they cover more than one billion hectares (~7% of
land and 20% of irrigated land), causing the loss of ~3 ha per
minute, with 20% of cultivated lands affected and severity
worsened by poor irrigation and water quality [6]. In Sub-Sa-
haran Africa, ~19 million ha are salt-affected, and Ethiopia
ranks first in Africa and seventh globally, with arid and semi-
arid lowlands (~75 million ha) particularly vulnerable [7].

In Ethiopia, salt-affected soils cover ~11 million ha (~36% of
the country), especially in the Rift Valley, Afar, and Somali
lowlands, driven by natural factors such as saline parent mate-
rials, low rainfall, high evaporation, and human-induced factors
including improper irrigation, poor drainage, deforestation, and
overgrazing [7]. Salinity and sodicity degrade soil structure, re-
duce water retention and infiltration, hinder root development,
increase osmotic potential, induce ion toxicity, and disrupt nu-
trient availability, collectively limiting crop and livestock
productivity, raising production costs, and aggravating food in-
security. Saline soils exhibit flocculation and higher water-
holding capacity due to Ca?>" and Mg?*, whereas sodic and sa-
line-sodic soils show swelling, dispersion, higher bulk density,
lower porosity, and restricted water availability [8, 9].

1.2. Classes Salt of Affected Soils

All soils contain some salts, but excessive soluble salts or

exchangeable sodium require targeted management. Salt-af-
fected soils are classified as saline, sodic, or saline-sodic using
indicators such as electrical conductivity (ECe), exchangeable
sodium percentage (ESP), sodium adsorption ratio (SAR), and
pH (pHe) [10]. Saline soils have high soluble salts (e.g., Ca*",
Mg?*, Na*, Cl-, SO4+") that hinder plant growth but maintain
good structure and permeability, with ESP < 15% and SAR <
13; their pH is generally below 8.2 and buffered by calcium
carbonate [10, 11]. Sodic soils are dominated by exchangeable
sodium, causing clay dispersion, poor structure, low permea-
bility, and restricted root growth, while saline-sodic soils com-
bine high soluble salts and high exchangeable sodium, making
reclamation more complex. Excess salts and sodium increase
sodium saturation in the soil exchange complex, adversely af-
fecting water infiltration, nutrient availability, and plant
growth. Using ECe, SAR, ESP, and pHe, soils can be further
categorized into non-saline non-sodic, saline, sodic, and sa-
line-sodic, providing critical guidance for appropriate recla-
mation and management strategies [1].

Saline soils specifically contain cations (Ca?*, Mg?*, Na")
and anions (Cl-, SO4>"), with minor K*, HCOs~, NOs~, and
COs*, and are dominated by calcium and magnesium sulfates
and/or chlorides [10, 11]. Soluble carbonates are usually ab-
sent, and despite high salt content, these soils require targeted
leaching or amendment to prevent crop stress, while their
structure and permeability allow reclamation without major
structural correction.

Figure 1. White salt crusts on the surface soils of irrigated lands in the Awash River basin indicating the presence of severe soil salinity [9,

12].

Sodic soils have excessive exchangeable sodium (ESP > 15%
or SAR > 13) and ECe <4 dS m!, restricting crop growth [1,
11]. High sodium disperses clay, causing poor aggregation,
low infiltration, crusting, difficult tillage, and limited root de-
velopment. Soil pH often exceeds 8.2 due to sodium hydroly-
sis and low calcium carbonate buffering. The soil solution is
low in total salts but rich in bicarbonate and carbonate, precip-
itating Ca?* and Mg?" while Na* accumulates, especially with
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continued water loss.

Saline-sodic soils contain excessive soluble salts and ex-
changeable sodium, limiting crop growth, and are defined by
ECe>4dSm™ at 25 °C with ESP > 15% or SAR > 13. They
are generally well-structured and permeable, with pH buffered
around 8.2—8.5 by calcium carbonate and often a whitish sur-
face [10, 11]. Excess salts can partly offset the dispersive ef-
fect of sodium [1, 11], but leaching salts without first reducing
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exchangeable sodium may convert soils to sodic conditions
with higher pH, clay dispersion, poor infiltration, and difficult
tillage. Gypsum, when present, can dissolve during leaching
to replace sodium with calcium while removing soluble salts.

These soils result from combined salinization and alkalization,
and successful reclamation requires addressing sodium before
salt removal [10].

Table 1. Summary of classification of salt affected soils based on their chemical [6, 13, 14].

EC of saturation extracts (ECe)

Clas e at 25 °C (mmhos/cm)
Saline >4
Sodic (Alkali) <4
Saline sodic >4
Non-saline non-sodic <4

1.3. Salt-Affected Soils in Ethiopia

In Ethiopia, salt-affected soils are widespread, particularly
in lowland, arid, and semi-arid areas where high temperatures,
evapotranspiration, and low rainfall promote salt accumula-
tion About 11 million hectares, or 36% of the country, are af-
fected the largest extent in Africa [7]. Major occurrences are
in Afar, Somali, and the Rift Valley with localized salinity in
Tigray, Amhara, and the Omo-Gibe Basin [10]. Poor irriga-
tion management and inadequate drainage, as in the Awash
and Meki-Ogolcha areas, contribute to secondary salinization,
creating constraints for rainfed and irrigated agriculture and
impacting pastoral and agro-pastoral communities [11, 12].

1.4 Causes of Soil Salinity in Ethiopia

Ethiopia has the largest extent of salt-affected soils in Af-
rica, estimated at about 11 million hectares, driven by both
natural and human-induced factors [15]. Natural causes in-
clude parent materials from volcanic and sedimentary rocks
rich in soluble salts, low rainfall limiting leaching, and high
evaporation in arid and semi-arid regions that concentrate salts
near the surface.Human activities such as poorly managed ir-
rigation, inadequate drainage, overgrazing, deforestation, and
inappropriate land use further accelerate salinization. Soil sa-
linity, the accumulation of soluble salts in the root zone, is in-
fluenced by irrigation water quality, which affects toxicity, in-
filtration, soil structure, and crop productivity depending on
cation and anion concentrations [7, 14]. This widespread sali-
nization poses serious challenges to agriculture and food se-
curity, compounded by declining soil fertility, limited im-
proved varieties, and inadequate irrigation [10].

1.5. Impacts of Salt-Affected Soils

Salt-affected soils severely impact agricultural productivity,
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Exchangeable Na percentage pH Soil physical con-
(ESP) (H20) dition

<15 <8.5 Normal

>15 > 8.5 Very poor

>15 <8.5 Normal

<15 =70 Normal

food security, and socioeconomic conditions by reducing crop
growth and yield through osmotic stress and nutrient imbal-
ance, degrading soil structure, limiting nutrient availability,
and suppressing microbial activity. Communities on such
lands face declining farm output, higher production costs, re-
duced livestock forage, and increased risks of poverty, food
insecurity, migration, or reliance on food imports [1, 9]. In
Ethiopia, expansion of irrigation into arid and semi-arid low-
lands addresses drought, land pressure, and low rain-fed
productivity, supporting employment, rural transformation,
and poverty reduction [1, 16]. Salts originate from saline par-
ent materials, mineral weathering, fossil marine and lacustrine
deposits, atmospheric inputs, sediments, irrigation water, and
fertilization. In humid regions, rainfall leaches salts to the sea,
while in arid and semi-arid areas, evapotranspiration exceeds
precipitation, streams deposit salts, and irrigation adds more
than can be removed, promoting accumulation and salinity de-
velopment. Secondary salinization reflects interactions among
groundwater, surface water, soil, climate, relief, geomorphol-
ogy, biological activity, and human activities [6, 12].

1.6. Objectives of the Review

The primary objective of this review is to provide a com-
prehensive understanding of salt-affected soils in Ethiopia by
summarizing their distribution and extent and the agro-eco-
logical and climatic factors that influence their occurrence. It
further evaluates management and mitigation options, includ-
ing agronomic, chemical, and engineering measures, aimed at
reducing salinity impacts and improving soil productivity. In
addition, the review identifies knowledge gaps and priority re-
search areas to guide future investigations toward improved
soil management, sustainable agriculture, and food security.
Achieving these objectives will assist policymakers, research-
ers, and practitioners in designing effective interventions to
mitigate soil salinity and enhance agricultural sustainability in
Ethiopia.
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2. Methodological Approach

This review employed a systematic literature review ap-
proach. Peer-reviewed articles, reports, theses, and books pub-
lished in English were gathered primarily through Google
Scholar and cross-checked using databases including Web of
Science, Science Direct, Research Gate, and African and Ethi-
opian journals. Studies were screened according to relevance,
methodological rigor, and reported outcomes. The selected lit-
erature was then thematically analyzed and synthesized into
key areas covering the sources and causes of salinity, the im-
pacts of salt-affected soils, and management strategies, with
particular emphasis on Ethiopian agricultural contexts.

3. Discussion

Understanding soil salinity is critical for sustainable agri-
culture. This review examines its impacts on crop productivity,
food security, and the socio-economic conditions of farming
communities, aiming to identify effective management strate-
gies to enhance sustainable crop production in salt-affected ar-
eas of Ethiopia.

3.1. Extent and Distribution of Salt Affected
Soils in Ethiopia

Ethiopia ranks ninth globally in total land area and seventh
in the percentage of salt-affected soils, with over 11 million
hectares affected, making it the most impacted country in Af-
rica [6, 10]. These soils are primarily concentrated in lowland
regions, particularly the Rift Valley system, including the Afar
region, Somali lowlands, Danakil Plain, Ogaden lowlands,
and northern Rift Valley (Awash River Basin), with additional
occurrences in parts of Oromia, Amhara, Tigray, and southern
regional states [6, 10, 12]. Soil salinity and alkalinity are prev-
alent in arid and semi-arid areas, where insufficient rainfall
limits leaching of salts from the root zone, and high tempera-
tures and evaporation increase soluble salt concentrations [16].
Human activities, including heavy fertilizer use, poor-quality
irrigation water, and inadequate drainage, have further con-
tributed to the expansion of salt-affected soils and declining
soil productivity in these regions.

Table 2. Percentage of area coverages by salinity soils classes of Afar, Amhara, Oromia, and Tigray regions of Ethiopia [6].

Soil Salinity Levels Afar Afar Oromia
(dSm-) Km) (%) (Km?
Non-saline (<2) 40,787 42 287,768.25
Low saline (2-5) 26,961 28 17,292.05
Medium saline (5-10) 9,798 10 17,152.54
High saline (10-15) 5,618 5 1,576.72
Extremely saline (>15) 14,085 15 713.74
Total area 97,204 100 324,428.69

Salt-affected soils in Ethiopia are unevenly distributed, with
regional hotspots in lowland plains, major river basins, and the
Rift Valley. The most extensive salinized lands occur in the Rift
Valley, the Awash and Wabi Shebelle basins, the Denakil
Plains, and other low-lying valley bottoms, often coinciding
with long-established irrigation areas where drainage is inade-
quate. In particular, regions around Lakes Abaya and Chamo
contain large tracts of salt-affected soils. Overall, approxi-
mately 11 million hectares of Ethiopian land are affected, mak-
ing the country one of the most salinity-impacted in Africa [16].

3.2. Causes and Contributing Factors

Soil salinity is a major constraint in Ethiopia’s arid and

Oromia Ambhara Ambhara Tigray Tigray
(%) (Km?) (%) (Km?) (%)
88.70 137,428 88.0 48,067 97.29
5.33 4,903 3.0 0 0

5.29 11,892 8.0 1,339 2.71
0.49 1,230 0.8 0 0

0.22 202 0.2 0 0

100 155,648 100 49,604 100
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semi-arid lowlands, reducing crop yields, farm incomes, and
exacerbating rural poverty. Limited farmer knowledge of sa-
linity processes has accelerated its spread, prompting shifts
from traditional cereals to salt-tolerant legumes and forage
crops, which can affect household food security [15]. Salinity
arises from natural and human-induced factors, including par-
ent materials rich in soluble salts particularly volcanic and
sedimentary deposits in the Rift Valley and lowlands low rain-
fall, and high evaporation that concentrates salts.

Human activities intensify soil salinity through improper ir-
rigation using saline or poor-quality water without drainage,
waterlogging, land mismanagement, deforestation, overgrazing,
and intensive cultivation, reducing soil leaching capacity and
exacerbating salinity. Regions such as the Rift Valley, Afar, and
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Somali lowlands are particularly vulnerable, where agricultural
expansion without integrated soil and water management in-
creases risks. Secondary salinity occurs when irrigation exceeds
crop water use or poor drainage allows groundwater rise, a com-
mon problem in global irrigation systems [11, 16].

Primary salinity results from weathering of Na-, Ca-, Mg-,
and K-rich rocks releasing soluble salts such as bicarbonates
and carbonates, especially under arid conditions with limited
leaching, poor drainage, and basin topography [10, 11]. It is
further intensified by land-use changes, residual salts from al-
luvial, lacustrine, or marine deposits, mineralized water, inef-
ficient irrigation, and arid climate, collectively driving wide-
spread salt-affected soils in Ethiopia [11].

lonic
Soil impermeability
due to high Na

Salts water irrigation
1 | i

Salts accumulation

Seepage from
the system

lonic

Imbalance

P

Restriction to leaching
Capillary rise and evaporatio

Figure 2. A theoretical secondary salinization cycle [6].

|.

3.3. Impacts on Agriculture and Environment

Salinization and sodicity severely reduce agricultural
productivity by causing waterlogging, salt accumulation, and
ion-specific toxicities from Na* and CI-, which impair plant
growth and can render land unusable [11]. These stresses also
disrupt water and nutrient uptake, degrade soil physical and
chemical properties, alter vegetation cover, reduce biodiver-
sity, and affect ecosystem functions, including climate, water,
and mineral cycles. The resulting environmental, agricultural,
and socio-economic impacts include lower crop yields, unsta-
ble livelihoods, reduced income, and diminished quality of life,
particularly for resource-limited farmers in areas such as the
middle and lower Awash Basin. Effective management strat-
egies to sustain productivity and livelihoods include leaching
with increased irrigation, gypsum amendments for sodic soils,
cultivation of salt-tolerant crops, improved management of
poor-quality irrigation water, and restoration of saline lands
with forestry species [6, 7].

3.4. Impact on soil fertility and Crop
productivity

Soil fertility is a key determinant of agricultural productiv-
ity and ecosystem functioning, sustaining vegetation, natural
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resources, and crop production [1]. Salt-affected soils, modi-
fied by excessive soluble salts, exchangeable sodium, or both,
stress plants, reduce yields, and can cause total crop failure
and land devaluation. In Ethiopia’s semi-arid and arid regions,
salinity and sodicity are emerging challenges, especially in ir-
rigated areas like the Middle Awash, where they have signifi-
cantly reduced productivity [1, 13]. Salinity alters soil physi-
cal properties through clay swelling and dispersion, limits wa-
ter infiltration, root penetration, and seedling emergence, de-
pleting fertility and contributing to food insecurity and pov-
erty [16].

Saline soils are generally well-structured and permeable,
whereas sodic soils are poorly structured, with dispersed clays,
low infiltration, surface crusting, and restricted root growth,
severely limiting crop productivity. High salt concentrations
negatively impact germination, growth, reproduction, and nu-
trient and water uptake, potentially causing crop death under
marginal conditions [6, 15]. In Ethiopia’s irrigated lowlands,
poor water management has worsened these effects; for in-
stance, decades of cotton cultivation in the Amibara scheme
and sugarcane farming at Metehara have led to farmland aban-
donment, reduced yields, degraded soils, and diminished live-
lihoods, emphasizing the need for effective soil and water
management in salt-affected regions [6, 7].

3.5. Soil Physicochemical Properties on Salt
Affected Soils

Salt-affected soils experience physical changes from swell-
ing and dispersion of colloidal particles due to excess ex-
changeable Na, which reduces water infiltration, limits aera-
tion, restricts root growth, and impairs seedling emergence
(Pearson, 2004). They also suffer nutritional imbalances, as
the accumulation of ions such as Na*, HCOs-, COs%", SiOs>,
NaCl, and Na.SOs alters the solubility and availability of es-
sential nutrients [1].

3.5.1. Effect of salinity on Soil Physical Properties

Soil physical properties texture, bulk and particle density,
water content, and porosity control cultivation suitability, wa-
ter and air availability, nutrient uptake, and root growth, and
are strongly influenced by salinity, sodicity, and management.
Texture affects water and solute movement, nutrient leaching,
salt accumulation, and aeration: clay soils retain water but
drain slowly, while coarser soils favor solute transport and salt
crust formation, with clay-rich soils prone to Na* binding and
coarser Fluvisols promoting salt accumulation [1]. Salinity
and sodicity increase bulk density through Na*-induced dis-
persion, reducing permeability, water retention, and root
growth, while particle density decreases under high Na*, with
saline-sodic soils showing the highest bulk density and lowest
particle density [1]. High Na* and low ECe degrade structure
via clay swelling, dispersion, and aggregate slaking, reducing
hydraulic conductivity, infiltration, and porosity, while inten-
sive tillage, irrigation, and high ESP further limit water and
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air movement, root penetration, and crop growth [1, 8].

Table 3. Main effects of salt affected soil class and soil depth on some soil physical properties of Vertisols [1].

Factor Treatment Clay (%) Silt (%)

Salt-affected soil classes NS NSO ssoil  60.72 30.60
Saline soil 56.73 36.85¢
LSD (0.05) NS 5.31
SEM (%) 2.35 1.98

Depth 0-20 cm 60.21 32.70
20-40 cm 57.23 34.75
LSD (0.05) NS NS
SEM (%) 2.35 1.98

3.5.2. Effect of salinity on Soil Chemical Properties

Soil chemical fertility, governed by organic matter, total N,
pH, CEC, exchangeable bases, and plant-available nutrients,
strongly influences crop growth and environmental quality,
with C, N, P, Mg, K, B, Ca, Zn, and CEC showing the greatest
variation across land-use histories [1,17]. Excess salts and ex-
changeable sodium alter nutrient solubility and availability,
causing disorders and salinity toxicity through Na* and CI~ ac-
cumulation, while high ESP and pH in sodic soils further af-
fect nutrient transformation and plant uptake. Nitrogen losses
are high under alternating aerobic—anaerobic conditions com-
mon in sodic soils, and P or K fertilization can improve yields,

Sand (%) STC BD(gcm™) PD (g cm™) TP (%)
8.682 C 1.46 2.60 43.84
6.420 C 1.48 2.57 42.41
2.01 - NS NS NS
0.81 - 0.030 0.019 1.20
7.09 C 1.33° 2.58 48.442
8.02 C 1.612 2.58 37.59°
NS - 0.089 NS 3.31
0.81 - 0.030 0.019 1.20

though K is less effective under high salinity [1]. Soil reaction
(pHe) reflects acidity or alkalinity, affecting nutrient availa-
bility, toxicity, microbial activity, and root growth; alkaline
sodic soils show pHe 0.5—1 unit higher than in paste or CaCls,
often containing excess bases (Ca, Mg, K, Na), Cl-, SO+*", and
above pHe 8.2, carbonate and bicarbonate, with trace element
deficiencies common [1]. Electrical conductivity (ECe) iden-
tifies saline soils, with soluble salts from Na*, Ca**, Mg?*, CI-,
S04*, HCOs~, and COs>" increasing osmotic stress, causing
ion toxicity, disrupting nutrient balance, and reducing growth,
particularly in arid and semi-arid regions with insufficient
leaching [1].

Table 4. Soil salinity status at Dire Sadi Irrigation Schemes Source [16].

Depth (cm) ESP (%) SAR EC pH

Surface 38.02¢ 2.20° 3.04b 9.31
0-30 53.202 2.722 2.65% 9.20
31-60 44.69° 1.29¢ 3.772 9.16
61-90 20.744 0.55¢ 2.24b 9.29
91-120 19.12¢ 0.964 0.78¢ 9.30
Mean 35.15 1.54 2.90 9.25
CV (%) 14.25 16.24 17.29 8.25
LSD (0.05) 1.01 0.03 0.12 0.18

Na* Ca? Mg?* CEC Salinity Class

1285 1634 4.600 33.79¢ Very strongly
sodic

1128 5778 4.150 21.200 Very strongly
sodic

8.31¢ 8.04¢ 2.25¢ 18.60¢ Very strongly
sodic

4.034 11.79° 3.61¢ 19.43b Strongly sodic

7.274 8.00¢ 2.53¢ 17.80¢ Strongly sodic

8.75 9.98 343 22.16 Sodic soil

11.38 12.36 13.47 17.25 —

0.15 2.13 0.09 0.38 —
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Table 5. Main effects of salt affected soil class and soil depth on soil reaction (pHe), Organic matter, Total nitrogen, C:N ratio, Av. P and Av.

K of Vertisols in the study area [1].

Factor Treatment pH. OM (%) TN (%) C:N Available P (mg kg™) Available K (mg kg™*)
Salt-affected soil class NS NSOsoil ~ 7.852  1.75¢ 0.078 1333 44.50° 475.60°

Saline soil 7.53>  1.540 0.068 1330 28.40° 683.15¢

LSD (0.05) 0.11 0.13 NS NS 5.11 106.48

SEM (%) 0.041  0.047 0.005 0.633 1.86 38.74
Depth 0-20 cm 7.71 1.79 0.0852 1247  41.03 553.95

20-40 cm 7.66 1.50° 0.061° 14.16  31.86° 586.95¢

LSD (0.05) NS 0.13 0.015 NS 5.11 NS

SEM (%) 0.041  0.047 0.005 0.633 1.86 38.74

Soil chemical fertility driven by organic matter, N, P, K,
CEC, exchangeable bases, pH, and salinity strongly affects
crop growth, nutrient availability, and productivity, while sa-

uptake, increase ESP, and degrade structure). In saline and
sodic soils, excessive Na*, Cl~, and bicarbonates limit P and K
availability, increase SAR with depth, and impair overall fer-

linity and sodicity reduce OM, N mineralization, and nutrient

tility, highlighting the need for targeted management.

Table 6. Main effects of salt affected soil class and soil depth on some soil chemical properties of Vertisols in the study area [1].

Factor Treatment Ca (cmol (+) kg') Mg

Salt affected soil class NS NSO soil  33.01° 2.53
Saline soil 39.50 3.67
LSD (0.05) 6.14 NS
SEM (&) 2.23 0.42

Depth 0-20 cm 37.97 3.972
20-40 cm 34.53 2.22b
LSD (0.05) NS 1.15
SEM (&) 2.23 0.42

High soil salinity and sodicity in Ethiopia’s dry and semi-
arid agro-ecologies reduce crop growth through osmotic stress,
nutrient imbalance, and ion toxicity (e.g., Na*, CI"), causing
yield losses of 10—70% and threatening food security and live-
lihoods. Excess sodium and salts degrade soil structure by
swelling and dispersing colloids, increasing bulk density, re-
ducing porosity, hydraulic conductivity, water-holding capac-
ity, and root growth, while saline soils with Ca®>* and Mg?*
maintain flocculated structures with lower bulk density and
higher water retention [8]. These physical and chemical con-
straints, compounded by low rainfall and high temperatures,
limit soil fertility, reduce agricultural productivity, and risk ir-
reversible land degradation without proper soil and water

Na K CEC (cmol (+)kg?) ESP (%) PBS (%)
098> 1.85 50.12 1.95b 76.55°
1.85¢  1.55 47.64 3.88¢ 97.732
039 NS NS 0.62 5.53
0.14 042 139 0.22 2.01
1940 1.60 5036 3.85 90.30¢
0.80> 1.81 47.40 1.87° 83.22°
039 NS NS 0.62 5.53
0.14 042 139 0.22 2.01

management.

Soil micronutrient availability depends on organic mat-
ter, pH, and clay content, with higher Fe, Mn, Cu, and Zn
in non-saline non-sodic soils due to greater OM and lower
pH, while sodic soils often show deficiencies from high al-
kalinity, poor drainage, or prolonged wet conditions. Ele-
vated Mo and B in sodic soils result from high pH, ESP,
limited drainage, and clay content, whereas saline CaCOs-
rich soils adsorb Mo, reducing its availability; thus, salt-
affected soils can increase or decrease micronutrient solu-
bility and plant uptake [1].
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3.6. Producers’ Perception and Consequences
of Salinity to Rural Socio-Economic
Conditions

Salinity significantly threatens rural livelihoods by reduc-
ing soil fertility, crop and forage productivity, and food secu-
rity, thereby worsening poverty Understanding farmers’ per-
ceptions and adaptive strategies is crucial for effective inter-
ventions. In Ethiopia, irrigation supports agriculture and eco-
nomic growth, but salinity undermines these benefits espe-
cially in Afar, Somali, and Rift Valley regions by degrading
soils, lowering crop and livestock yields, raising production
costs, and prompting migration, perpetuating land degradation
and economic vulnerability [7, 15]. Addressing salinity is es-
sential for sustaining productivity, protecting livelihoods, and
ensuring environmental stability.

3.7. Reclamation and Management Strategies

Effective management of salt-affected soils in Ethiopia re-
quires integrated agronomic, soil, and policy strategies. Crop
rotation, salt-tolerant varieties, and organic amendments im-
prove soil fertility, resilience, and food security. Soil man-
agement including gypsum application, leaching of salts, and

improved drainage restores structure, permeability, and wa-
ter infiltration while preventing waterlogging and secondary
salinization. Policy support and farmer education enhance
adoption of sustainable practices. Leaching removes excess
salts below the root zone, with irrigation method and volume
determining salt distribution; flood and sprinkler systems
promote downward movement, while furrow or drip irriga-
tion may concentrate salts [10]. Fertilizer and compost man-
agement maintains nutrient balance and soil structure under
salinity stress [10].

Plant selection is vital: salt-tolerant crops and halophytes
mitigate salinity via exclusion, compartmentalization, extru-
sion, osmotic adjustment, and root placement in nonsaline lay-
ers; genetic studies in Arabidopsis highlight loci enhancing
salt tolerance. Soil amendment combines physical, chemical,
and biological methods to remove or replace soluble salts and
exchangeable sodium, integrating organic/inorganic inputs,
land and water management, and plant-microbe association.
Chemical reclamation with gypsum or phosphogypsum re-
places Na" with Ca?*, followed by leaching, improving yields
such as cotton at Melka-Sadi [6]. Organic amendments from
residues, manures, or waste enhance nutrients, pH buffering,
bulk density, and pathogen control.

+-----—-
| AMENDMENTS |
+---—tt
|
+--——t
| |
- +--——— +
| Organic BRmendments | | Imocrganic REmendments |
| - Manure | | — Eypsum |
| - Compost | | — Phosphogypsium |
| — Biochar | | — Eeclite
e e e tmmmmm +
+-—-— +--— +
|
+--——— +
| Improwved S5oil Properties |
+-——— +-——— +
|
-ttt
| |
t—————t + +—————
| Phyzical | | Chemical | | Bioclogical |
| = Bulk dens. | | - pH, EC | | = Hicrobial |
| = Porosity | | - E5P, CEC | | - HMBC MBN . MBP |
| = Structure | | - Hutrients | | - Enzymas |
e e e + e +

Figure 3. Advantageous effects of different types of amendments for salt-affected soil [6].

3.8. Knowledge Gaps and Future Research
Directions

Despite research on salt-affected soils in Ethiopia,
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knowledge gaps persist, especially in remote semi-arid areas
like the Somali and Afar lowlands, where limited surveys hin-
der accurate assessment of salinity extent and severity. Long-
term monitoring in irrigated areas is also lacking, making con-
tinuous soil and water assessments essential for trend analysis
and predictive modeling. Studies on integrated management
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combining salt-tolerant crops, organic and chemical amend-
ments, and improved irrigation and drainage are limited, as are
socioeconomic analyses of adoption barriers. Region-specific
strategies supported by extension services, including sustain-
able irrigation, incentives for salt-tolerant crops, and land-use
planning, should be developed collaboratively among com-
munities, researchers, and government agencies. Periodic as-
sessment and GIS-based mapping of soil fertility, including
physical, chemical, and biological properties, are essential for
monitoring changes, delineating fertility status, and guiding
appropriate technologies [1]. Reclamation should integrate
chemical, biological, and agronomic methods, such as drain-
age, minimum tillage, mulching, organic matter addition,
good-quality irrigation water, pre- and post-planting leaching,
and crop selection. Sodic soils require chemical amendments
like gypsum to replace Na*, and continuous monitoring is
needed to prevent further salinization [6].

4. Conclusion

Salt-affected soils are a major constraint to agricultural
productivity and sustainable land management in Ethiopia,
particularly in the Rift Valley, Afar, Somali lowlands, and
other arid and semi-arid regions. Their distribution is influ-
enced by natural factors such as parent material, low rainfall,
and high evaporation, as well as human activities including
poor irrigation, inadequate drainage, deforestation, and over-
grazing. These soils reduce crop yields, degrade soil fertility,
impair livestock production, and threaten food security and
livelihoods. High soluble salt and sodium concentrations alter
soil physicochemical properties, increase osmotic potential,
cause specific ion toxicity, and induce nutrient imbalances,
collectively limiting plant growth and reducing agricultural
productivity. The resulting socioeconomic impacts include
higher production costs, lower economic returns, and con-
strained livelihood options.

Effective management and reclamation of salt-affected
soils require integrated strategies. Approaches include irriga-
tion and drainage management, chemical amendments (e.g.,
gypsum, H2SO.), organic amendments, crop rotation, and
planting salt-tolerant or halophytic species that use mecha-
nisms such as salt exclusion, compartmentalization, and ex-
cretion. Proper leaching, water management, and biological
interventions can restore productivity and protect newly de-
veloped areas. Long-term monitoring, research in under-stud-
ied regions, and region-specific, science-based strategies are
essential to enhance agricultural output and promote environ-
mental sustainability in Ethiopia’s lowlands.

Abbreviations

SAR  Sodium Adsorption Ratio
ESP  Exchangeable Sodium Percentage
ECe Electrical Conductivity
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