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ABSTRACT: Soil salinization is a major challenge of irrigated agriculture with substantial impact on the sustainability of 
crop and food security. World-widely, salinization has been a major bottleneck to the expansion and advancement of 
irrigated farming, resulting in a significant environmental degradation, lower yields and food insecurity. The problem of soil 
salinity varies across the regions and it has more extensive implications in arid and semi-arid regions where the rate of 
evaporation is higher than precipitation. To minimize the problem, it is necessary to adopt effective management practices 
that reduce salinization process in irrigated agriculture. However, the effective management options need a thorough 
understanding of the problem itself, the way it occurs, and their contributory effects to various aspects of development. 
This review therefore, presents an ample description on soil salinization as a threat to the sustainability of crop production 
and food security in the semi-arid tropics. The review focuses on the causes, extent and distribution of salt affected soils 
under irrigated agriculture, influence of irrigation water on soil salinization, the effects of salinization on plant growth, crop 
production and soil productivity. Furthermore, the review highlights the impact of salinization on food security and social 
economic aspects. It also proposes management options that should be adopted to either minimize or remedy soil salinity 
to the desired level and increase soil quality in semi-arid areas. 
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INTRODUCTION 
 
The increasing demand for food due to increasing global 
population calls for sustainable food production (Shrestha 
and Mahat, 2022). It is projected that by the next 30 years, 
there will be over 9.9 billion people which will increase 
exploitation of natural resources and food production 
systems. (United Nation, 2017; United Nation, 2020). Of all 
food supplying sector, agriculture remains the most 
important sector that would keep on enhancing food 
security to feed the increasingly growing population (Smith 
et al., 2020; United Nation, 2020). Despite its importance, 
the sector is highly affected by unreliable rainfall and 
periodic droughts, which necessitates the need for 
irrigation in order to resilient of agricultural production 

(MAFSC, 2013). However, irrigated agriculture itself is 
faced by deterioration of water quality and pollution of 
water resources from natural and anthropogenic activities.  
The quality of ground water is generally unacceptable for 
most uses due to high salinity and fluoride concentration 
that exceed standards (NBS, 2015). Apart from other 
usage, the groundwater is used for irrigation of crops such 
as sugarcane, rice, grapes, vegetables and flowers, but 
irrigation without proper drainage results in to 
environmental problems induced-salinization. 

Salinization refers to the process of buildup of salt 
concentration or substantial amount of exchangeable 
sodium ions  in  soils above the threshold limit (Whitney et  
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al., 2018); and has a direct impact on the agriculture 
production, environmental health and quality of life (Shadid 
et al., 2018; Wallender and Kenneth, 2012). A recent FAO 
estimate indicated that a large portion of global soil 
resources are affected by salinity (FAO, 2020). The 
problem is persistently expanding especially in arid and 
semi-arid regions due to high rate of evaporation and 
evapotranspiration (Amin et al., 2016; Butcher et al., 2016; 
Corwin and Scudiero, 2019; Omuto et al., 2020). 

Globally, salinization affects 1 billion ha of land with 200 
million ha found in Africa (Tully et al., 2015). Based on 
global estimates, more than 20% of the irrigated areas are 
affected by a problem of soil salinization due to 
inappropriate irrigation practices or irrigation with saline 
water (Qadir et al., 2014, Manasa et al., 2020; Fathizad et 
al., 2020; Pulido-Bosch et al., 2018; Singh, 2015; Amin et 
al., 2016; Shadid et al., 2018; Stavi et al., 2021). If left 
unattended the problem could expand to over 50% of the 
total global irrigated area by 2050, consequently 
increasing food insecurity (Butcher et al., 2016). This 
situation is extensive in areas with arid and semi-arid 
climates where irrigated farming is a fundamental factor for 
sustainable agricultural development (Qadir et al., 2015). 
However, good quality water for irrigation has become a 
scarce resource and its availability threatening the 
sustainability of irrigated agriculture especially in arid and 
semi-arid regions (Mahanavelu et al., 2021). 
The shortage of freshwater for irrigation has become 
chronic problem making natural ground water as an 
alternative source for irrigating high value cash and food 
crops in these regions (Chaudhary and Satheeshkumar, 
2018). However, soil salinization remains to be a potential 
challenge to the use of natural ground water for irrigation 
purposes. In most cases, the source of irrigation water is 
surface water which, along the pathway can dissolve salts 
from parent material and transfer them to accumulate in 
the irrigation schemes. This can take place if the internal 
drainage is insufficient to drain the salt that are brought in 
with irrigation water (Connor et al., 2012). In addition to 
that, most irrigation schemes are found on the foot slopes 
of the rift valley Escarpment, which are characterized by 
high temperatures, most often on leeward sides, and 
hence unreliable or low precipitation.  

In Tanzania for example, the case is for most irrigation 
schemes such as Usangu plain, lake Rukwa valley, 
Korogwe district in Tanga region and Kilimanjaro region. 
Other areas are hinterland depressions or valley equally 
characterized by high temperatures and low precipitations, 
including the Dodoma, Singida, Tabora and Shinyanga 
irrigation schemes. These areas are characterized by poor 
leaching due to high water table just near the soil surface, 
leading to salt accumulation over the surface. The problem 
is increased by poor irrigation infrastructure (canals 
without lining) and old canals without adequate renovation 
and close supervision (Meliyo et al., 2016). Nearly 90% of 
irrigation schemes in Tanzania had  inadequate  infrastruc-  
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ture with poor drainage systems, which contributes to often 
accumulation of salt in the soil surface as a result of 
increased soil salinization with the extent depending on the 
frequency of irrigation and drainage conditions (Kashenge-
kilenga et al., 2016). 

Increased salinization is a severe problem and foremost 
limiting factor that affects plant growth and crop production 
around the globe (Majeed and Muhammad, 2019). 
Generally, soil salinization affects all aspects of plant 
growth including germination, vegetative growth, 
reproductive improvement and crop yields (Machado and 
Serralheiro, 2017). When the level of salts in soils and 
irrigation water is too high, water tends to flow in a reverse 
mechanism from the plant roots back to the soil. This 
creates an osmotic potential outside the seed, thus 
impeding the absorption of water. Through this process, 
the plants become dehydrated due to reduced leaf area 
and chlorophyll content that affects photosynthesis as a 
result of limiting plant growth and in extreme cases cause 
plant death and consequently reduce yield of crops (Rekta, 
2024). About 10 – 20% yield losses can be caused by 
salinity for many crops, which may prevent cropping 
altogether when severe and lead to desertification (Shahid 
et al., 2018). Crops vary greatly in their tolerance to salts 
in the soil solution. How specific plants respond to salts will 
depend on soil texture and moisture content as well as 
environmental conditions such as temperature, humidity 
and wind speed. According to Zamora et al. (2022) 
approximately 25% of yield decrease occurs at 2.7dS/m 
and 50% occurs at 4.5dS/m for most crops. 
Furthermore, apart from affecting plant growth and 
productivity or yield of irrigated lands, salinization has 
broad negative influence on the physical and chemical 
fertility of the soil hence decreasing soil productivity 
(Farifteh et al., 2006). Alteration of soil physical properties 
resulting from the swelling and dispersion of the colloidal 
soil particles caused by the presence of excess sodium. 
This situation finally results in poor water and air 
circulation, water-holding capacity, restricted root 
penetration and seedling development problems 
(Ganjegunte et al., 2014). The sodicity increases with the 
bulk density because of the dispersive action of the sodium 
on soil particles resulting in soil compaction, changing the 
pore size distribution and decreasing the total volume of 
soil which seriously affects the development of plants, 
microflora and fauna and other soil dwelling organisms 
(Chatterjee et al., 2015; Amin et al., 2016; Zaman et al., 
2018). The negative impacts of soil salinization on farmers’ 
fields have been reported, including loss of crop yields, 
spoiling irrigation water quality and abandonment of arable 
land in some irrigated areas after becoming unproductive 
(Kashenge-Kilenga et al., 2016), research results show 
that if such soils are properly managed, they are highly 
productive with significant economic potential and can 
hence be used for crop production (Oadir et al., 2017; Stavi 
et al., 2021). 
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The economic potential of salinized soils can only be 
realized if a detailed understanding of the problem and its 
occurrence are well identified to allow a proper selection of 
technologies for their effective management options to 
deal with this threat for increased crop production and food 
security under irrigated farming. However, up-to-date 
information on challenges associated with salinization 
under irrigated areas is lacking. Thus, knowledge and 
comprehensive understanding of the current information 
are the way forward towards the alleviation of this 
challenge, thereby increasing productivity and food 
security. This review therefore aims to present a holistic 
overview of salinization and its relationship with crop 
production, soil productivity and food security under 
irrigated agro-ecologies. 
 
 
Types, causes, and extent of salinization in soils  
 
Salinization of soils and water is caused by primary 
processes influenced by salty parent materials, 
mineralogy, groundwater, windblown salt particles, and 
flood (Omuto et al., 2020; Stavi et al., 2017). This type of 
salinization is driven by geological processes, specific 
types of minerals in the rocks, saline groundwater rise and 
seawater inclusion (Ruto, 2018). Secondary salinization 
results from human induced activities which include 
irrigation with poor drainage or with salty-rich water, 
inappropriate fertilizer application, improper waste 
disposal, misuse of soil amendment, inappropriate soil-
water management and land use change (Cuevas et al., 
2019). At present, climate change has been perceived as 
the main driver of salinization, this is evidenced by 
increasing the frequency of weather events, with unusually 
low precipitation, high temperatures, high potential 
evapotranspiration and more recurrent drought which 
decrease the length of growing seasons due to poor 
distribution of rainfall patterns in most parts of the world 
(Kashenge-Kilenga et al., 2016; Corwin, 2020; Malhi et al., 
2021). 

Salt-affected soils are categorized into three groups 
which include (i) saline soils which is characterized by high 
electrical conductivity of paste extract (ECe > 4 dSm-1), 
where the dominant cations in this soils are Calcium 
(Ca2+), Magnesium (Mg2+) and or Potassium (K+) while the 
dominant anions are Chlorides (Cl-), Sulphates (SO4 2-), 
Carbonates (CO3 2-) and bicarbonates (HCO3

-) (Wallender 
and Kenneth, 2012). (ii) Sodic soils with higher 
exchangeable sodium percentage (ESP > 15%) but low 
ECe where the dominant cations in sodic soils are mainly 
sodium (Na+) and the dominant anions are carbonate 
(CO3

-), bicarbonate (HCO3
2-) and/or chloride (Cl-), and 

sulphate (SO4
2-). A high concentration of sodium increases 

soil pH (alkalization) through the presence of HCO3
- and 

CO3
2- (Leogrande and Vitti, 2019; Shahid et al., 2018). (iii) 

Saline-sodic  soils  are  a  combination  of  saline  and sodic  

 
 
 
 
soils characterized by high electrical conductivity ECe > 4 
dSm-1 and ESP > 15% (Alcívar et al., 2018; Wallender and 
Kenneth, 2012). These are considered to be highly 
degraded in terms of soil physical, chemical, and biological 
properties and hence least productive (Chaganti et al., 
2015). Saline-sodic soils are more challenging in 
reclamation than saline soils because separate treatments 
are required for both salinity and sodicity (Alcívar et al., 
2018). The dominant cations in this soils are sodium (Na+), 
calcium (Ca2+), magnesium (Mg2+), and/or potassium 
(K+), while dominant anions are chloride (Cl-), sulphate 
(SO42-), bicarbonate (HCO3-) and nitrate (NO3-). Criteria 
for categorization of salt affected soils into these groups 
are usually done using sodium adsorption ratio (SAR) and 
exchangeable Sodium percentage (ESP) (FAO, 2021). 

Recently published data by FAO (2021) showed that 
there will be global distribution of salt-affected land area at 
topsoil (0-30 cm) and subsoil (30-100 cm) profile of 
cultivable lands by 2050 if it continues increasing at the 
present rate (Kumar et al., 2020). However, their 
distribution is relatively more extensive in the arid and 
semi-arid lowland and in Rift valley areas, where 
evaporation rates is higher than precipitation (Aslam and 
Prathapar, 2009; Farifteh et al., 2006). The global estimate 
suggests that 412 million hectares are affected by salinity 
and 618 million hectares have been affected by sodicity 
(FAO, 2016). Several studies have reported the extent and 
distribution of salt-affected soils on all the continents in 
different countries, including Ethiopia (11 million hectares), 
Kenya (8.2 million hectares), Nigeria (5.6 million hectares), 
Sudan (4.8 million hectares), Tanzania (3.6 million 
hectares), Tunisia (1.8 million hectares), and Ghana (0.79 
million hectares) (Bellido-Jim’enez et al., 2021; FAO, 
2020; Gebremeskel et al., 2018; Berhane and Chala, 
2017; FAO, 2003). 
 
 
Occurrence of salinity and sodicity under irrigated 
areas  
 
In 2012 irrigated lands worldwide were estimated around 
324 million ha (FAO-AQUASTAT, 2016), with 20% or 62 
million ha salt affected (Qadir et al., 2014). This occur due 
to inappropriate use of saline irrigation water, poor 
drainage conditions and increased groundwater recharge 
that cause the rise of water table (Rao et al., 2014). When 
irrigation drainage water percolates to an aquifer or ground 
water table rises cause salts to accumulate at the soil 
surface when the depth of water table is <1–1.5m 
depending on the soil texture. The accumulation of salts at 
the soil surface is the consequence of the upward flow of 
water and subsequent transport of salts due to capillary 
rise driven by the evaporative process. Nonetheless, the 
common cause of salt accumulation is evapotranspiration 
(ET) by plants, which results in an increase in salt 
concentration with  depth  through  the  root  zone  and  the  



 

 

 
 
 
 
accumulation of salts below the root zone (FAO and ITPS, 
2015). Salt affected soils often occur on irrigated lands, 
where annual rainfall is insufficient to meet plants’ 
evaporation needs and salts’ leaching (Sileshi and 
Kibebew, 2016).  Normally, recharge rates in irrigation 
areas is much higher than dryland areas due to leakage 
from both rainfall and irrigation, this leads to high 
salinization rates. In areas where water table is within two 
meters of the soil surface indicate the potential of salts to 
accumulate at the soil surface. Sometimes, salinization 
occurs due to inefficient irrigation and drainage systems 
that cause excess leakage and increase the risk of salinity 
in irrigation areas (Cuevas et al., 2019). In addition, poor 
water distribution causes the increase of salts in the areas 
under-irrigation not only that, but also salinization can 
occur due to an imbalance between transpiration and 
water inputs from rainfall and irrigation. The imbalance 
comes from the combination with soil characteristics that 
impede leaching and cause soil degradation (Mateo-
sagasta et al., 2011). Improper irrigation practices and 
poor planning of land use resources are major drivers of 
soil salinization (Singh, 2015; Ritzema, 2016). 
Furthermore, intense groundwater abstraction for 
agricultural irrigation has resulted in the depletion and 
deterioration of aquifer all over the world (Faunt et al., 
2016). 

Studies, have reported the widespread occurrence of 
salinity and sodicity in different agro-ecologies of Tanzania 
but are more upsetting in irrigated areas. For instance, 
Kashenge-Killenga et al. (2016) in their study noted that 
some irrigation schemes indicated 67% of all 19 selected 
irrigation schemes had salt problems. Similarly, Omar et 
al. (2022) based on farmers’ views indicated that about 
25% of the land in the surveyed irrigation schemes was 
salt-affected. This is in agreement with the study by Meliyo 
et al. (2016) who revealed high values of electrical 
conductivity (EC) ranging from 14 to 19 dSm-1 in various 
irrigation schemes. Moreover, Shemsanga et al. (2017) 
reported higher values of pH, Na, Cl and EC in Hombolo 
Dam and Hombolo Irrigation Scheme in central Tanzania. 
These higher values indicate the presence of salinity and 
sodicity in irrigation water. On top of that, Mkilima (2023) 
reported that about 94% of all groundwater samples 
collected from various boreholes from Dar es salaam 
Tanzania has EC and SAR higher than the recommended 
permissible limit of 3 dS/m and 10 for EC and SAR 
respectively. This shows high salinity levels that indicates 
unsuitable for irrigation. In the survey conducted by 
Kashenge-Killenga et al. (2014), farmers at Korogwe 
district in Tanga region, Tanzania reported the presence of 
indicators which show the presence of salts in their fields, 
which include; stunted plants, yellow striped plants on 
middle to upper leaves as sign of high pH indicating zinc 
and iron deficiency, Whitish top soils with salty taste, 
patches of bare land, Growth of ‘Kuruwira or Minywanywa’ 
plants (salty bushes). Moreover, farmers claimed that salty  
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taste sugarcane, blackish soils, dry skin after bathing, 
using a lot of soap when washing clothe. All these 
indicating the presence of salty water which enters the soil 
through irrigation. 
 
 
Influence of irrigation water quality on soil salinity  
 
The quality of irrigation water plays a vital role in sustaining 
production and productivity of agricultural land (Prasad et 
al., 2022). However, irrigation water usually contains some 
amount of salt which enter in the field by irrigation, this 
accumulate over the soil surface with time affecting the soil 
and crop production. A wide range of research works have 
been documented against influence of irrigation water on 
salinity and sodicity in soils. The study by Batakanwa et al. 
(2015) claimed that spatial distribution of soil salinity in the 
soil horizon were found to be high at shallow depths of 0-
10 cm and decreasing gradually up to a depth of 40 cm. 
This trend shows that the irrigation water applied was 
slightly saline with higher sodium content and the quantity 
applied was not sufficient to leach the salt below the crop 
rooting zone. The study also reported the mean soil salinity 
(94.35 mS/cm) in non-irrigated land and (338.5 – 342. 72 
mS/cm) for supplementary irrigations. In addition, on 
average 57% of the sampling station had magnesium 
concentration exceeding the recommended threshold (50 
mg/l) (Basu et al., 2021). The study also indicated that 
majority of the boreholes studied exhibited water 
unsuitable for irrigation particularly for salinity-sensitive 
plants due to the level of SAR which exceeded the 
recommended threshold of 10 meq/l (Aravinthasamy et al., 
2020). The same study reported that, none of the sampling 
station had an average electrical conductivity (EC) 
concentration below the suggested guideline of 3 dS/m for 
irrigation water signifying elevated salinity levels in the 
water samples. Therefore, Poor quality irrigation water 
increase the salinity and sodicity of agricultural soil which 
in turn affect soil health and crop productivity.  
 
 
SALINIZATION AS A THREAT TO FOOD SECURITY 
AND ENVIRONMENT 
 
Effects on plant growth and crop productivity 
 
The harmful effect of soil salinization in plant growth and 
crop productivity varies based on climatic and soil 
conditions, light intensity and the ability of plant species to 
grow and tolerate the environment (Acosta-Motos et al., 
2017). Plants are affected by salinity via two mechanisms: 
osmotic stress and ion toxicity. The first is the short term 
effect caused by Na+ and Cl- absorption, which reduces 
osmotic potential between root and soil solution and 
infiltrate water availability. Second excessive Na+, Cl-, 
S042-   concentrations   cause   ion   toxicity,   which   affects  
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nutrients uptake (Abbasi at al., 2016). In saline soils, the 
water tends to shift from higher salt concentration inside 
the plant to a lower salt concentration outside the plant 
making it more difficult for plant to absolve water. This 
leads into considerable loss of shoot and root biomass of 
plants (Kalhoro et al., 2016; Omar et al., 2022). Consistent 
losses of crop yield caused by soil salinization as a result 
of human induced activities such as irrigation may alter the 
cropping system and reduces crop production (Haider and 
Hossain, 2013). The effect of salt stress in various crops 
such as rice, wheat, maize, tomato, onions, grapes and 
chilli crops have been discussed in several literatures; 
(Rekta, 2024; Farooq et al., 2017; Hu et al., 2022; Xu et 
al., 2018; Balasankar et al., 2017; Kashenge- Killenga et 
al., 2016; Kashenge-Killenga et al., 2013). Notwithstan-
ding, Crops vary greatly in their tolerance to salts in the soil 
solution. So understanding how specific plants respond to 
salts will help to manage and mitigate salinity stress for 
ensuring food security and sustainable agricultural 
practices. 
 
 
Effects on soil resource and its productivity 
 
Soil salinization is a major soil degradation process that 
threatens ecosystems at a global level. It interferes with 
natural biological, biochemical, hydrological and erosional 
earth cycle (Berendse et al., 2015). The adverse impacts 
of increased (ECe) on soil processes such as respiration, 
decomposition, nitrification and de-nitrification through the 
decrease of soil microorganism activity is well known 
(Singh, 2015). Soil salinity degrades fertile and productive 
land and reduces vegetation (Thiam et al., 2021). Saline 
soils enter a negative feedback of organic carbon (OC) 
loss as decreased fertility and microbial activities leads to 
the production of less biomass which affects distribution 
and stability of soil aggregates (Singh, 2015). These 
changes increase distribution of clay particles and greater 
wind and water erosion rates that further intensify OC 
losses. On a global scale, salinization causes loss of 
arable land of about 2000 ha per day hence contributing to 
soil losses (Meliyo et al., 2016; Zaman et al., 2018). In the 
survey conducted by Kashenge-Killenga et al. (2016) it is 
reported that the estimated area loss due to salinization in 
irrigation schemes ranges from 5 to 25%. Moreover, the 
elevated concentration of salt in the soils are harmful to the 
soil ecosystem, which adversely reduces the microbial 
diversity of soils and thus decreases soil health and 
productivity (Kumawat et al., 2022).  
 
 
Impacts on socio-economic aspects 
 
Besides its negative effects on crop and soil productivity, 
salinization also has negative impacts on social-economic 
aspects.  High  salinity  level  can  thus  result  into  loss of  

 
 
 
 
emerging resources, goods and services which cause 
negative impact on environmental health. Consequently, 
this affects the sociocultural and human health issues that 
interrupt the economic and general welfare of the people 
(Brevik et al., 2015). Several studies have reported the 
estimated costs due to salinity and sodicity in different arid 
and semi-arid areas of the global (Wichelns and Qadir, 
2014). The global estimate of soil salinity induced costs 
due to crop failure in irrigated areas reaches US $ 27.3 
billion based mainly on crop yield losses and due to 
outmigration of local populations from salt affected 
regions, with the estimated cost of US $ 441 per ha of land 
(Wichelns and Quadir, 2014). These costs are expected to 
be even higher when other cost components are taken into 
consideration, such as environmental costs associated 
with salt- affected land and the potential social cost on farm 
businesses. Although salinization has strong implications 
on social economic aspects, yet very few studies have 
conducted on the aspect of its impacts (Shahid et al., 
2018).  One of the study in India conducted by Chatterjee 
et al. (2020) on the economic effect of salinity at household 
farm level. The study reported the economic effect of salt-
affected area of 56,760 ha of irrigated land and the 
considerable costs for soil reclamation of that land was 
equivalent to € 69 million. Similarly, Montanarella. (2007) 
conducted a study in three European countries (Spain, 
Hangary and Bulgaria) which estimated annual costs of 
soil salinization at € 158 – 321 million. Similar finding was 
reported in India where, the soil salinization induced costs 
due to crop losses valued at Rs. 230.20 billion which has 
strong implications on Indian national economy (Mandal et 
al., 2018). Due to this, farmers’ living standard, regular life 
activities and socio-economic conditions are affected, and 
are forced to shift their livelihood strategies. Moreover, 
other social consequences of soil salinization include 
decline in agricultural harvest, low income, change of 
livelihood preferences and related limits (Kumar and 
Sharma, 2020). These can lead to substantial economic 
losses for farmers and agricultural industries. So, it is 
effective to develop cost-effective strategies to minimize 
these losses and support the livelihoods of farmers.  
 
 
MANAGEMENT OPTIONS OF SALINE AND SODIC 
SOILS 
 
Management of saline and sodic soils require a profound 
knowledge of reclamation through various proper soil and 
water management practices and optimal utilization of 
natural resources (Daba and Qureshi, 2021). Proper soil 
management practices and the maintenance of soil quality 
are central issues to agricultural sustainability. There are a 
number of salinity management options that can be used 
to mitigate and control the effects of salinity (Wudu and 
Mahider, 2020). These are normally developed based on 
the  type  of  the  salt  existing,  extent  of  the problem and  



 

 

 
 
 
 
availability of site-specific amendment materials and 
climatic conditions of a particular location (Omar et al., 
2023). However, most of these options are cost and time 
consuming. Details of best-bet options for the 
management of soil salinity and sodicity are discussed 
below. 
 
 
Organic amendments 
 
Organic amendments refer to the application of organic 
materials in the topsoil of saline land to reduce soil 
evaporation, salt water movement and salt accumulation 
by regulating the distribution of salt in the rhizosphere 
(Cuevas et al., 2019). The use of organic materials to 
saline soils improves porosity, hydraulic conductivity, soil 
aggregate stability and permeability. Moreover, organic 
amendments help to improve soil aggregate formation and 
stability by binding the small particles in saline sodic and 
sodic soils to form large, water-stable aggregates 
(Diacono and Montemurro, 2015). Organic materials 
include compost, crop straw, organic manure, green 
manure, humic substances, municipal solid waste and 
biochar. These materials can be used alone or in 
combination with inorganic materials for the recovery of 
affected soils (El Hasini et al., 2019; M. Huang et al., 2019; 
Sheoran et al., 2021). 

Application of green manure, compost and municipal 
solid waste compost on improving physical, biochemical, 
and microbial properties of salt-affected soils is well 
acknowledged by several studies. For example; in 
Ethiopia, Kaledhonkar et al. (2019) revealed that, 
application of Farm Yard Manure (FYM)10 tha-1, Sunhemp 
and dhaincha as green manuring in Vertisol (Sodic soils) 
was made a different in reducing soil ESP from 35 to 22.6 
in 2017/2018 season. In addition, Khatun et al. (2019) 
reported that in a saline soil (10.6 dS m−1) irrigated with a 
slightly saline water (4.28 dS m−1), vermi-compost and cow 
dung as organic amendments were found to improve the 
soil EC (3.37 dS m−1) and pH, thus increasing maize 
growth compared to untreated control. Apart from livestock 
derived organic amendment, this process also can utilize 
crop residue materials, for example it has been indicated 
that, application of wheat straw at 0.75 t ha−1 contribute an 
adequate amount of Ca2+ and Mg2+ cations replacing 
amount of Na2+ cations in the soil solution and thus makes 
them available for plant uptake (Chagantii et al., 2015). 
Other studies have reported the combined application of 
green waste compost, sugarcane compost, and gypsum to 
reclaim saline soils (Diacono and Montemurro, 2015; El 
Hasini et al., 2019; Leogrande and Vitti, 2019). Further-
more, organic materials stimulate nitrogen mineralization 
in salt-affected soils by increasing organic matter solubili-
zation (Wang et al., 2019). In addition, Bio-organic amend-
ments have potential to improve both soil and crop produc-
tivity   through    increased    soil   organic   matter,  essential   
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nutrients (especially, N and P) and water availability (Bello 
and Yusuph, 2021). Bio-organic amendment is a term 
used to indicate the integrated use of beneficial soil 
microbes and organic sources of nutrients in the cultivation 
of crops for an increased yield. Beneficial soil microbes 
play a significant role in nutrient cycling through 
mineralization and immobilization and thus, have positive 
effect on soil nutrient availability, aeration and organic 
matter (Xu et al., 2015). Many studies have described the 
potential of soil microbes such as pseudomonas stutzeri 
and trichoderma harzianum in enhancing glycophytes 
tolerance to salinity stress (Mbark et al., 2017; Bacilio et 
al., 2016). For instance, it has been demonstrated that 
Trichoderma harzianum potentially improves the yield of 
tomato, as well as soil fertility and biodiversity under 
salinity stress conditions (Wagner et al., 2016). 
Furthermore, Daliakopoulos et al. (2019) indicated that 
inoculation of Trichoderma harzianum reduces Sodium 
Adsorption Ratio and increases tomato fruit yield and the 
available soil P levels in a saline soil condition. Currently, 
the application of biochar as an organic amendment for 
salt-affected soils has been reported and has involved 
substantial attention from different scientists (Phuong et 
al., 2020; Yang et al., 2020; Kul et al., 2021; Bin Yousaf et 
al., 2022; Singh et al., 2022; Saifullah et al., 2017; Ur-
Rahman, 2022), with emphasis on the improvement of the 
physical, chemical, and biological properties of salt-
affected soils.  Many studies have reported positive results 
using biochar as an amendment for saline soils, however, 
its efficiency is controlled by various factors namely 
temperature, feedstock, soil salt types, and biotic 
interactions (Freitas et al., 2020; Huang et al., 2021 2019; 
Ippolito et al., 2020). In addition, biochar reduces salt injury 
through the following mechanisms: (1) transient binding of 
Na+ sodium (Na+) on its exchange sites, which reduces 
(K+) uptake; 2) rising potassium in soil solution, which 
maintains the Na+/K+ ionic balance, hence preventing 
Na+ uptake; and 3) improving water retention that rises soil 
moisture content causing dilution Na+ effects to reduce the 
reduces uptake (Yang et al., 2020; Ali et al., 2021; 
Ketehouli et al., 2019; Mehmood et al., 2020). 
Notwithstanding, the high cost of production and 
application rate are among the major constraints of 
applying biochars for the amelioration of salt-affected soils 
(Saifullah et al., 2017). Besides with good results reported 
on the use of organic amendments in the management of 
salt affected soil in various semi-arid tropics, Meliyo et al. 
(2016) have recommended 3– 8 tons/ha of (FYM) to boost 
soil organic matter and improve the infiltration rate in 
Tanzania, thereby accelerating the leaching of soluble 
salts down the root zone on clay soil. Moreover, the 
application of FYM at 25 t ha-1 improves the infiltration rate 
and available water capacity of sodic soils (Makoi and 
Ndakidemi, 2007). However, small-scale farmers find it 
difficult to access bulk Farm Yard Manure (FYM) for salt-
affected   soil    management    unless    alternative   organic  
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sources are considered (Makoi and Ndakidemi, 2007). The 
locally available organic amendment materials like rice 
husk, rice straw, and sawdust incorporated in salt-affected 
soils 45 days before flashing are effective in improving soil 
infiltration ECe, and yield comparable to gypsum (Meliyo 
et al., 2016).  
 
 
Inorganic amendment 
 
Inorganic amendments involve the chemical materials for 
application and incorporation in the soil to help in the 
management and reclamation of salt affected soils for 
long-term productivity (Stamford et al., 2015). These 
materials are either mined or synthesized, , for instance, 
dolomite lime, application of sulfur-containing compounds 
such as gypsum lime, vermiculite and perlite. Other related 
chemical amendments include element S, sulfuric acid 
(H2SO4), polysulfide of sulfur and hydrogen sulfite and 
gypsum-like byproducts–e.g., phosphogypsum (a 
byproduct of phosphoric acid manufacturing), coalgypsum 
(a byproduct of coal power plants), and lacto gypsum (a 
byproduct of lactic acid and lactate manufacturing) 
(Abdelhamid et al., 2013; Lastiri-Hernández et al., 2019; 
Wang et al., 2019). Among the widely known inorganic 
amendments for reclaiming salt-affected soils, gypsum 
application is the foremost (Qadir et al., 2017). Following 
the application of amendments, and solubilization of Na+, 
the soluble salts must be leached by excess irrigation (Paz 
et al., 2020). The rate of gypsum application depends on 
the magnitude of sodification, and the prevailing 
biophysical conditions, of which most important are the 
prevailing climate, parent material, soil type, quality of 
irrigation and underground water, and the coming crop 
variety (Paz et al., 2020). Chemical remediation of saline-
sodic soils is similar to that of sodic soils, followed by 
salinity remediation practices through improving soil 
drainage, lowering the water-table level, and leaching of 
salts other than Na+ (North Dakota State University 
Extension Service, 2014). The role of gypsum application 
in saline soils is the provision of Ca2+ which remove a 
substantial percentage of exchangeable Na+, and the 
reaction can be rapidly accomplished using CaSO4·2H2O. 
Several studies have reported the importance of gypsum 
and associated S-containing compounds to improve the 
growth of many crops, including cabbage, barley, maize 
and tomato grown under salinity stress conditions (Chen 
et al., 2015; Shalaby, 2018; Riffat and Ahmad, 2020; Silva 
et al., 2014). CaSO4·2H2O and polysulfides are among the 
t effective inorganic amendments in soil reclamation as 
they improve the soil’s physical and chemical 
characteristics, biomass and crops production (Lastiri-
Hernández et al., 2019; Wang et al., 2017; Kim et al., 2016; 
Alcívar et al., 2018). The application of inorganic materials 
for the management of saline and sodic soils have been 
recommended  globally. The  combination  of  FYM   at  the 

 
 
 
 
rates of 25 t ha-1 and gypsum 12.5 t ha-1 significantly 
reduced EC, ESP, and increases infiltration rate compared 
to the treatment of FYM and gypsum alone in sodic soil 
(Makoi and Ndakidemi, 2007). Furthermore, the integrated 
use of gypsum and various organic amendments improved 
the quality and productivity of saline-sodic soils by 
changing the soil properties (Alcívar et al., 2018; Bello et 
al., 2021). Nevertheless, gypsum and water are applied in 
large quantities for effective reclaiming saline soils 
(Stamford et al., 2015; McKenna et al., 2019; Bello et al., 
2021). The amount of the gypsum required to reclaim a 
particular saline soil is calculated based on soil gypsum 
requirement equation developed by Alcívar et al. (2018).  
 
 
Salt flushing and leaching 
 
Apparently, the uppermost salt-affected soil layer is 
mechanically removed by using heavy tractor-scraper 
machineries. However, it is expensive, and short-term 
(Cuevas et al., 2019). At the same time, flushing with 
sufficient volume of high-quality water is suitable for heavy 
textured soils with salt crusts, where the flushed salts from 
the soil surface enter the drainage system and are thus 
removed from the target land (Shahid et al., 2018). The 
method is possible only when the salt forms a layer of crust 
on the soil surface. However, the process is inefficient and 
can remove very little amount of salt (Abdel-Fattah, 2018; 
Shankar and Evelin, 2019). Together with salt flushing 
leaching the salts out of the soil profile through excess 
irrigation, should be coupled with a drainage system deep 
enough to prevent capillary rise of the water back into the 
root zone or soil surface (Cuevas et al., 2019). For 
example, in west-central Kazakhstan, in furrow irrigation 
agricultural systems irrigation water is applied beyond the 
crops’ requirements throughout the cropping season, thus, 
leaching the salts from the rooting zone (Devkota et al., 
2015).  

Leaching of salts from the root-zone is the effective 
technique for salt management. This is the process by 
which salts from the upper layer of soil are forced to move 
downward much below the root zone. This method 
requires good quality of water with low electrolyte 
concentration that percolate through the soil profile to 
facilitate dissolution of salts and their downward 
movement to prevent buildup of excess salt in the root 
zone. Initially, reclamation rate depends on the amount of 
water traveling through the profile and out of the root zone, 
volume of soil to be reclaimed, the texture of soil and 
desired salt level in the rhizosphere (Chagantii et al., 
2015). Leaching is preferable when the soil has low 
moisture content, the ground water table is deep and the 
water applied has little salt (FAO, 2017). Leaching can be 
carried out in different ways, such as continuous ponding, 
intermittent ponding and sprinkling. Continuous ponding is 
more   appropriate   for   medium   textured   soil   and   can  



 

 

 
 
 
 
achieve leaching in a short duration of time. Intermittent 
ponding can accomplish the same level of leaching with 
about one-third less water used in continuous ponding 
however it may take longer duration of time. It is more 
suitable for fine textured soils especially in fields with 
shallow water table or a tile drainage system. In situations 
where a surface seal develops on soil surface, intermittent 
ponding can induce formation of cracks to allow water 
infiltration (Abdel-Fattah, 2018). Sprinkling is an energy 
and cost-intensive method suitable for fields that are not 
prepared for ponded leaching. Generally leaching is cost 
intensive and depend on the availability of water and 
proper drainage system as well as it reduces the total 
nitrogen, total organic carbon, microbial activity and the 
overall soil fertility (Shankar and Evelin, 2019).   
 
 
Adequate drainage  
 
Drainage is the removal and disposal of water with excess 
salt either from the ground surface or from the crop root 
zone (Sharma et al., 2016). The water with excess salt 
may be caused by rainfall or by using too much poor 
quality irrigation water but may also have other origins 
such as canal seepage. In very dry areas, there is often 
accumulation of salts in the soil. There are two types of 
drainage namely; surface drainage and sub-surface 
drainage. Sub-surface drainage refers to the drainage 
which gathers and evacuates water from the soil’s surface 
(Abduljalee et al., 2023). In sub-surface drainage, ditches 
are quickly and inexpensively made to channel 
gravitational water. Ditches require periodic cleaning and 
maintenance for effective drainage of agricultural 
wetlands. The installation of sub-surface drainage is 
recommended for supplementing open drain systems 
(Asad et al., 2018). Drainage is improved by planting deep-
rooted plants under maintained permeability. The canal 
water should be intercepted or sealed before entering the 
field to reduce seepage. 
 
 
Use of salt stress tolerant plants  
 
The choice of high salt stress tolerant crops in saline soil 
is important. These crops should be tolerant to various 
levels of salt concentration (Farooq et al., 2017). The use 
of halophyte species in agriculture facilitates crop 
adaptation to increased salinization while contributing to 
the improvement of soil quality and food security (Munns 
and Gilliham, 2015). The economically important 
halophytes include sorghum, rye, date palm, grape, guava, 
mango, olive, oilseed rape, guar, cotton, artichoke, kenaf 
and mustard (Li et al., 2019). These crops have been 
identified for their use as vegetables and traditional foods 
in different parts of the world (Hasanuzzaman et al., 2014; 
Ventura   and   Sagi,   2013).   Additionally,    planting   trees  
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is also one of the way to improve the productivity of 
affected land. Trees are planted to take up part of excess 
salt to decrease salt discharge into streams and prevent 
secondary salinization of the surrounding areas (Irakoze et 
al., 2021; Manuel et al., 2017).   
 
 
Use of salt tolerant cultivars 
 
These are mainly deep-root crop varieties that extract 
water from the deep soil in order to reduce the risk of 
groundwater discharge and the upward migration of salts 
to the ground surface (Cuevas et al., 2019). The use of salt 
tolerance cultivars is an efficient way of addressing the 
challenge of soil salinity to sustain growth under osmotic 
effects, ion toxicities, and nutrient imbalance conditions 
(Manuel et al., 2017; Zhang et al., 2019). Among cereal 
crops, barley (Hordeum vulgare L.) is highly tolerant to dry 
conditions and soil salinity, some relatively new barley 
cultivars proved to be exceptionally salt tolerant (Shahbaz 
and Ashraf, 2013). Among vegetable crops, potato 
(Solanum tuberosum L.), carrot (Daucus carota), onion 
(Allium cepa L.), lettuce (Lactuca sativa L.), and cabbage 
(Brassica oleracea L.) (de Vos et al., 2016). Among forage 
crops, alfalfa (Medicago sativa L.) tolerates soil salinity 
(Qiu et al., 2023). Kallar grass (Leptochloa fusca L.), a 
fodder crop has been widely used in salt-affected and 
water-logged lands in Pakistan, and has proved to 
effectively tolerate saline, sodic, and saline-sodic soils 
(Nadeem et al., 2017). Also, research efforts have led to 
the identification of a number of fruit crops for sustainable 
land use in salt-affected environments (Singh et al., 2018). 
Moreover, Chiconato et al. (2019) reported the 
performance of two genetically diverse cultivars of 
sugarcane under different concentrations of salinity (0, 40, 
80 and 160 mM Nacl) over a period of 30 days.   
 
 
AGRONOMIC AND CULTURAL PRACTICES FOR 
RECLAMATION OF SALT AFFECTED SOILS  
 
Irrigation practices 
 
With reference to the irrigation practices, flood and furrow 
irrigation is a common cause of water table rising 
especially in clay and loam soils, where deep drainage is 
impeded resulting into salt which is present in ground 
water to ascend to the upper soil layer (Wichelns et al., 
2014). Thus, flood and furrow irrigation may be avoided in 
this case to minimize aquifer recharge with excess salts 
hence, limiting soil salinization (Cuevas et al., 2019). 
Similarly, in non-flooding irrigation methods that use 
routine, frequent high dose irrigation to leach salts from the 
rhizosphere increase the risk of groundwater salinization 
(Devkota et al., 2015). This risk is relevant in drylands, 
where  the  risk  of  soil salinization is high even when high-  
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quality water is used for irrigation (Cuevas et al., 2019). On 
the other hand, water-saving irrigation methods, such as 
micro irrigation systems, and specifically drip irrigation 
systems, decrease the risk of groundwater recharge, while 
effectively leaching salts (Stavi, 2020). Yet, depending on 
the quality of irrigation-water, as well as associated 
agronomic practices, soil salinization and sodification can 
still occur even under drip irrigation systems (Liu et al., 
2020; Stavi, 2020). In addition, micro-irrigation has several 
advantages when the irrigation water is saline, except for 
low growing crops. Irrigation with micro-sprinklers or 
sprayers avoids wetting of the leaves with saline water, 
thus preventing extensive damages to the green tissues of 
the plant. On the other hand, (Borena and Hassen, 2022) 
demonstrated that for a given amount of applied water, the 
wetting pattern around emitters results in a higher leaching 
fraction and lower salinity levels than in other irrigation 
systems. Sub-surface drip irrigation has been proposed as 
additional measure since it reduces evaporation from the 
soil and permits better moisture distribution compared to 
conventional drip irrigation (El Mokh et al., 2014). Apart 
from minimizing salinity hazard to plants, drip irrigation 
also offers a number of advantages such as improved soil-
water regime, partial soil wetting, water savings, weed 
control and higher yields. Moreover, Amankwaa-yeboah et 
al. (2023) proposes that irrigated agriculture could be 
sustained by better irrigation practices such as adoption of 
partial root zone drying methodology, and drip or micro jet 
irrigation to optimize use of water. 
 
 
Mulching soil surface 
 
In salt affected soil environment, application of mulches is 
an alternative coping mechanism for sustainable soil and 
crop productivity improvement (Joardar and Basu, 2018). 
Mulches are organic or inorganic materials that may be 
placed on the soil surface in order to minimize evaporation 
over the surface. It has been demonstrated that mulching 
with various materials can decrease soil water 
evaporation, retains soil moisture, reduces soil 
compaction, regulates soil temperature, and improves soil 
quality there by reducing salt buildup in the soils (Deng et 
al., 2021). The persistence of a residue layer in the surface 
of the soil notably decreases secondary salinization 
(Kader et al., 2019). Straw mulching is a promising option 
to control soil salinity as it decreases soil water 
evaporation and regulates soil water and salt movement. 
Zhao et al. (2014) found a significant decrease in salt 
content in the upper 40 cm soil depth when straw mulching 
was implemented. Straw mulching reduces salt content of 
the soil surface by vertical distribution which reduces salt 
damage to the crop. This enhances crop yield 
consequently reduces the risk of soil salinization and soil 
erosion (Fraga and Santos, 2018). Furthermore, Buesa et 
al. (2021)  suggested   that,  combining  direct  drilling   and  

 
 
 
 
mulching improves rain water infiltration and reduces 
moisture evaporation from the soil, thus diminishing the 
accumulation of salt in the upper soil layer during summer 
and improving leaching during winter. Therefore, mulching 
is the better field management option for reducing soil 
erodibility due to salinity and upward movement of salts 
and evaporation of water from the soil surface (Nzeyimana 
et al., 2017). 
 
 
Crop rotation 
 
Crop rotation practice has been reported to effectively halt 
salinization, where crops with high tolerance to salinity are 
planted during the dry period, while crops which are 
susceptible to salt stress are planted during wet season 
(Cuevas et al., 2019). One option in this context is to 
include summer active herbaceous crops such as Lucerne 
(Medicago sativa L.) species that fits well in the rotation 
providing valuable summer fodder, additional transpiration 
as well as soil fertility management option 
(Shawkhatuzamman et al., 2023). Alfalfa and river hemp 
(Sesbania spp.) also increase the system’s nutrient 
availability and ecrease the soil’s salinity and solidity levels 
(Stavi et al., 2021). Weaver et al. (2013) analyzed drainage 
water quality in the subsoil of sodic and non-sodic vertisol 
under selected crop rotations including cotton, for instance 
in continuous cotton (Gossypium hirsutum L), Cotton – 
dolichos (Lablab purpureus Sweet), and cotton – Wheat 
cropping system. Their results indicated that in all cases 
the salinity of the drainage water was many times higher 
than that present in the water used for irrigation (Cuevas 
et al., 2019). Also, Gabriel et al. (2014) analyzed the 
impact of replacing long fallow by barley (Hordeum vulgare 
L.) and vetch (Vicia villosa Roth) as cover crops on water, 
nitrogen and salinity dynamics of a maize cropping 
system. The results indicated that, replacing fallow cover 
crops such as barley (Hordeum vulgare L.) and vetch 
(Vicia villosa Roth) reduces nitrate leaching and minimizes 
top layer soil salinity. This usually, lowers irrigation 
volumes and reduces the risk of deepwater contamination 
due to nitrate leaching. (Gabriel et al., 2012).  
 
 
Afforestation and reforestation 
 
Planting tree and shrub species with deep root systems 
and high water demand proved to be effective in controlling 
the discharge of underground water. This limits salinization 
or sodification of the upper soil layers and subsequently 
restores saline, sodic, and saline-sodic soils (Yildiz et al., 
2017). Agroforestry system, a farming where trees and 
crops are planted together can also be suitable to 
overcome the upper and most saline or sodic layers. For 
instance, trees and shrubs are planted in the furrows’ salt-
washed    micro-habitats,   may   be   suitable   for   reducing 



 

 

 
 
 
 
salinization process (Sharma et al., 2014). Alternatively, 
sub-surface planting, where the trees and shrubs are 
planted in deep holes or trenches whose depth exceeds 
the salt-affected surface layer, may be necessary to 
restore saline or sodic soil layers (Banyal et al., 2017). In 
west-central Uzbekistan, afforestation of saline croplands 
with Euphrates poplar (Populus euphratica Oliv.) and 
Siberianelm (Ulmus pumila L.) proved to be highly 
effective in reducing soil salinity, while improving the soil’s 
aggregate stability and organic carbon pools (Hoa et al., 
2020). In northern India, mesquite (Prosopis juliflora (Sw.) 
DC.), tamarisk articulate (Tamarix articulate Vahl.), and 
goma arábiga (Acacia nilotica L.) were reported to be 
highly effective in restoring sodic soils. At the same time, 
forest red gum (Eucalyptus tereticornism.), Indian 
rosewood (Dalbergia sissoo Roxb.), arjuna, neem 
(Azadirachta indica A.), and lebbeck (Albizia lebbeck L.) 
among other tree species, were reported to restore sodic 
croplands, with specific improvement of the physio-
chemical, biological, and bio-chemical properties of soil 
(Singh et al., 2012). In addition to regular afforestation and 
reforestation practices, agroforestry and silvo-pasture 
systems are known to restore saline, sodic, and saline-
sodic soils, while providing food, feed, and fiber (Dagar, 
2014). 
 
 
CONCLUSION AND THE WAY FORWARD 
 
Irrigated agriculture worldwide has threatened by severe 
salinization which results into low yields, food and 
nutritional insecurity as well as environmental degradation. 
The problem is persistently increasing especially in arid 
and semi-arid regions. In the look of its severe impact in 
some parts of the world, an intervention to safeguard food 
sustainability and environment is critical. Thus, appropriate 
information is vital to reduce salinization on agricultural 
land for sustainable crop production. Following up on the 
reviewed literatures, it has been noted that, various 
mitigation techniques such as addition of amendments, 
planting 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. However, its 
effectiveness varies based on the soils physicochemical 
properties, water availability and the climatic conditions of 
a particular location. In light of the above conclusion, it is 
recommended that taking steps towards measurement of 
soil salinity and mapping of salt-affected areas are 
essential for effective planning of agricultural activities in 
salt affected soils and to establish the most appropriate 
irrigation and soil management practices. Monitoring is 
also required to follow on-going salinization/desalinization 
campaign over time and to ensure up-to-date delineation 
of crop management zones and for regional land manage-
ment.   Also,   alternative    approaches   such   as   irrigation  
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management to improve irrigation water efficiencies and to 
control percolation losses need to be prioritized. Finally, in 
areas where salinity level is high the use of salt-tolerant 
crops and halophytes should be encouraged. 
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