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ABSTRACT 

Soil degradation is the primary restriction affecting many developing countries' agricultural systems. Ethiopia is a developing 

country in horn Africa that is severely challenged by soil degradation issues. The main processes of soil deterioration are 

acidification and salinization. Furthermore, soil salinity is one of the primary reasons obstructing and preventing lucrative and 

sustainable agricultural productivity in many African countries as well as many other regions of the world. Soil degradation, which 

can be caused by salinity and sodicity, is considered as an environmental problem with severe adverse effects on agricultural 

productivity, particularly in arid and semiarid region. The main goal of the seminar is to highlight the problems of salt affected 

soils to agricultural production in Ethiopia's lowlands, as well as management strategies for alleviating soil salinity and increasing 

crop output. Soil salinity affects over half of Ethiopia's arable land. Strong saline soils cover more than half of the arable land 

affected by salt affected soils. Researchers discovered two primary reasons that limit saline soil fertility: the presence of 

phytotoxicity substances and nutrient shortage. Numerous strategic salt affected management plans have been created to address 

these issues in the country's lowlands. Several studies have been undertaken on soil management, which influences the 

physiochemical qualities of the soil and crop productivity in various ways. Thus, the primary goal of this seminar is to emphasize 

various literatures on the ideas of soil salinity, its causes and extents in highland areas of the country, as well as its impacts on soil 

and crop productivity through strategic management strategies. Many findings suggested that gypsum, compost and bio-char 

improved soil physiochemical parameters such as soil texture, pH, accessible P, micronutrient, organic carbon, Echangeable 

Sodium Percentage (ESP) and crop yield and productivity. 
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INTRODUCTION 

Soil degradation, which can be caused by salinity and sodicity, is 

considered as an environmental problem with severe adverse 

effects on agricultural productivity, particularly in arid and 

semiarid regions. It is considered the most critical environmental 

stress which can negatively affect plant growth and the 

metabolism process [1]. Salinity usually appears in the arid and 

semi-arid areas where the evaporation process is higher than the 

total precipitation. It was reported that groundwater is a permanent 

source of soil salinzation that causes poor productivity in the 

irrigated areas ethnographic artefact. In Ethiopia, it was reported 

that, there are over 11 million hectares of unproductive naturally 

salt affected wastelands. It is the major problems in irrigated areas 

of arid and semi-arid region where there is a high 

evapotranspiration rate in relation to precipitation. This study also 

revealed that about 44 million ha (36% of the country’s total land 

areas) are potentially susceptible to salinity problems. Major 

causes of low agricultural productivity in these are declining soil 

fertility and increasing soil salinity, lack of improved crop 

varieties and lack of irrigation water. The depletion rate for the 

major plant nutrients is estimated to be 40, 6.6 and 33.2 kgha
-1

 

year-1 for N, P and k, respectively.  

*Corresponding author. Habtamu Alemayehu Lorebo, E-mail: 
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Other problems related to lower agricultural productivity are 

limited choice of crop varieties that are tolerant to soil salinity and 

water stress [2]. The traditional major crops are sorghum, tef, 

maize and finger millet and lowland pulses. Grain yields of these 

crops are generally low and varied in different regions. 

Soil salinity is one of the major land degradation problems in 

Ethiopia. It is estimated that salt-affected lands (salinity and 

alkalinity) cover a total area of 11 million ha, being the highest in 

any African country [3]. Most of these soils are concentrated in the 

plain lands of arid, semi-arid and desert regions of the Rift valley 

system including Afar, the Somali lowlands, the Denakil plain and 

valley bottoms throughout the country. Most of the export crops 

such as cotton, sugarcane, citrus fruits, banana and vegetables are 

being produced in the Rift valley. The development of large-scale 

irrigation projects in Rift valley in the absence of proper drainage 

systems for salinity control has resulted in increasing severity and 

rapid expansion of soil salinity and sodicity problems leading to 

complete loss of land for crop cultivation in these areas. Despite 

this alarming situation, attempts to resolve land degradation 

problems could not get due attention. With a 3% average 

population growth, future food security as well as the livelihood 

source for a considerable portion of the population remains a 

challenge to the governments. The soil salinity problems in 

Ethiopia stems from use of poor quality water coupled with the 

intensive use of soils for irrigation, poor on-farm water 
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management practices and lack of adequate drainage facilities. 

Restoration of salt-affected lands into productive lands and 

protection of newly developed areas from the spread of salinity 

through improved irrigation and crop management is therefore of 

paramount importance. In the high salinity areas where growth of 

normal field crops is restricted, use of bioremediation methods 

including planting halophytic forages could bring these soils back 

into productions [4]. 

MATERIALS AND METHODS 

To ensure the success of this work, many sources such as journals, 

conferences, thesis works, and reports on the causes, extent, and 

impact of salt affected soils in Ethiopia, as well as its influence on 

crop production and management techniques, were used. 

Distribution of Salt Affected Soils in Ethiopia 

The original source of soluble salts in the salt affected soils of the 

Ethiopian Rift Valley System is weathering of Na, Ca, Mg and K 

rich igneous rocks and their primary minerals occurring in the 

volcanic regions of the country. These include granites, feldspars 

and alumino silicates of sodium and potassium, hyper alkaline 

silicic lavas, alkaline olivine-and dolerite-andesite basaltic 

magmas, carbonatite, volcanic ash, tuff, pumice, and rhyolite 

parent materials [5]. These parent materials undergo intensive 

disintegration and decomposition when exposed to the action of 

natural waters and carbonic acid forming large quantities of 

mobile silica, alumina and free bicarbonate and carbonate ions of 

alkali and alkaline earth bases. In accordance with the general 

causes of salinity and sodicity/alkalinity, the processes responsible 

for the salinization and alkalization of the salt affected soils in 

Ethiopia particularly those of the Awash River Basin are rather 

more diverse and complicated. In Ethiopia, about 44 million ha 

(36% of the total land area) is potentially susceptible to salinity 

problems of which 11 million ha have already been affected by 

different levels of salinity and mainly concentrated in the Rift 

valley.  

Gypsum is considered a low-cost source and one of the most 

effective amendments  for salt problematic soils including those 

affected by general salinity, high Na (sodic or solonetzic), and soil 

compaction [6]. The addition of gypsum (PG) improves the soil 

chemical and physical properties due to its high content of calcium 

(Ca
2+

), P and Sulphur (S), as well as decrease soil pH values. In 

Ethiopia, approximately 11 million ha are salt affected soils. 

Despite the wide spread occurrence of salt affected soils in the 

country, there is not an accurate cadastral on their extent, 

distribution and exact geographical location as well as their 

sources, causes, properties and management practices. However, 

saline soils cover a greater extent of land in the Ogaden lowlands, 

the northern part of the Rift Valley (Awash River Basin), the 

Danakil plains and depressions, the central part of the Rift Valley, 

the southern and extreme southern part of Rift Valley, the Omo 

River Basin, and Lakes Turkana and the Chew Bahir areas [7]. 

Moreover, small areas of saline soils are known to occur along 

many river basins such as the Blate and the Setit River basins in 

the southern and northwestern part of the country, respectively. 

Spots of saline soils in small permanent or seasonal river valleys 

found in the drier part of the country are common phenomenon. 

Sources and Causes of Salinity 

The main sources and/or causes of salinity are shallow 

groundwater tables and natural saline seeps. Poor drainage and 

lack of appropriate irrigation water management is also known to 

facilitate secondary salinization. Improperly planned irrigation 

projects not supported by improved irrigation and drainage 

management technologies had invited serious degradation causing 

salinity and sodicity problems in the Awash basin which accounts 

for about one third of total irrigated area of the country. This high 

salinity problem is also related to uncontrolled irrigation practice 

and lack of knowledge on crop-water requirements and water 

management leading to increased saline groundwater level or 

capillary rise. Discharge to the groundwater by surplus irrigation 

water has caused a rise in the water Table (0.5 m/year) in Middle 

Awash irrigated field and problems with secondary salinity in 

surface and sub- surface soil horizons. Another source of salinity 

for rivers and other sources of irrigation water are attributed to 

salts of marine origin. During the rainy season, water quality of 

River Wabishebele for irrigation deteriorates as a result of very 

high flooding which dissolves soluble salts from loose marine 

origin along its course. Climate is also a key factor in the 

salinization process. The high temperature of the Middle Awash 

(annual average 26.7 C) and low annual rainfall (500 mm) and the 

high free evaporation of water have aggravated the salinization 

process [8].  

Classes Salt of Affected Soils 

All soils contain some salts but, some soils contain excessive 

concentrations of either soluble salts or exchangeable sodium or 

both that require special remedial measures and management 

practice that are not held on soil exchangeable sites or 

exchangeable Na or both [9]. The three main types of salt-affected 

soils are saline, sodic and saline-sodic. These classes are based on 

general Electrical Conductivity (ECe), Exchangeable Sodium 

Percentage (ESP), pHe and Sodium Adsorption Ratio (SAR) 

guidelines as saline, sodic and saline-sodic soils (Table 1). 

Table 1: Results obtained from statistical processing of geomechanical parameters for ash clay. 

Soil 

classification 

EC 

DS/m SAR ESP pH 

physical 

condition 

Saline >4 <13 <15 <8.5 Normal 

Saline-Sodic >4 >13 >15 <8.5 Normal 

Sodic <4 >13 >15 >8.5 Poor 

Saline Soils 

Saline soil means soils with excessive soluble salts that retard seed 

germination and plant growth. These soluble salts exist in soil as 

cations and anions [10]. Cations include Calcium (Ca
++

), 

magnesium (Mg
++

) and sodium (Na
+
), while anions include 

chloride (Cl
−
), and sulfate (SO4

−2
) ions. Mostly occurring salts in 

saline soils are sulfates and chlorides of calcium and magnesium. 

Small quantities of cations potassium K
+
) and (NH4

+
) and the 

anions bicarbonate (HCO
3−

), nitrate (NO
3-

) and carbonates (CO3
-2

) 

are also present. In saline soils soluble salts are in excess while 

exchangeable sodium is present in small concentration thus having 

good physical properties, flocculated soil structure and high 

permeability like in normal soils. 

Saline-Sodic Soils 

Saline sodic soils are containing both excessive quantities of 

soluble salts and exchangeable Na and interfere with the growth 

and production of most crop plants. Unlike sodic soils, saline sodic 

soils are well-structured and permeable soils and its properties are 

much like those of saline soils. These soils form as a result of the 

combined processes of salinization and alkalization. Saline-sodic 

soils have some different properties from both saline and sodic 

soils. If attempts are made to leach out the soluble salts of saline-
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sodic soils with good quality irrigation water, the exchangeable Na 

levels and also pH would increase and, therefore, the soil would 

change to adverse characteristics of sodic soils [11]. Therefore, 

attention must first be given to reducing the levels of exchangeable 

Na and then to the problem of excess soluble salts. 

RESULTS AND DISCUSSION 

Sodic Soils 

Sodic soils are low in soluble salts than saline or saline sodic soils 

but high in exchangeable Na. The soil solution of sodic soils, 

although relatively low in soluble salts, has a composition that 

differs considerably from that of normal and saline soils. These 

soils contain HCO
3- 

and CO3
2- 

as the dominant anions. At high pH 

readings and in the presence of carbonate ions, Ca
2+

 and Mg
2+

 are 

precipitated. Hence, the soil solutions of sodic soils usually 

contain only small amounts of Ca
2+

 and Mg
2+

 but high amount of 

Na
+
. In addition, when the plants extract the water from the soil; 

the salts remain and become concentrated. This concentration 

causes the calcium to precipitate as calcium carbonate, while much 

of the Na remains in the soil water [12]. 

Management Strategies Salt Affected Soils 

Compost is a product produced through controlled aerobic, 

biological decomposition of organic materials [13]. The product 

undergoes microbial action at both mesophilic and thermophilic 

temperatures, which significantly reduces the viability of 

pathogens. Compost has a wide range of chemical characteristics 

that include nutrient composition, pH, and bulk density, that are a 

result of the composting method applied and the composition and 

origin of the biodegradable materials used. Traditionally, compost 

was comprised of waste plant material. More recent composting 

operations, however, include agricultural waste, yard waste, 

source-separate food waste, municipal organic waste, biosolids, 

and even human or animal manures. These wastes are being 

produced at increasing rates and their potential to pollute the air, 

water, and soil highlight the need to dispose of or utilize them in 

an environmentally friendly fashion [14]. Incorporating these 

organic wastes into compost allows composters to recycle and 

reuse elements with agronomic value that would otherwise end up 

in landfills and be of no reuse value. Recycling of these organic 

wastes and the production of compost reduces dependency on 

finite resources and promotes sustainable agricultural practices. 

The primary nutrients within compost are forms of N, P, and K. 

Plants assimilate nitrogen in the form of nitrate (NO
-3

) and 

ammonium (NH4) and these nutrients can be interconverted from 

the various forms of nitrogen present within compost or fertilizer. 

Orthophosphate (H2PO4) is the most available form of P for plant 

absorption in soils, and potassium oxide (K2O) for K [15]. In 

addition to these primary nutrients, salts, micro- and macro-

nutrients, heavy metals, and other contaminants may also be 

present within composts. Application of compost can alter the 

physical and chemical properties of soils which enhance the soil’s 

ability to promote vegetative growth. Although compost typically 

possesses many beneficial plant nutrients, it is not considered a 

fertilizer because of the high variability (nonuniformity) of 

nutrients throughout the various compost products (United States 

Composting Council (USCC) and Test methods and parameters. 

Despite the documented benefits of applying compost for plant 

growth, some compost use has been met with skepticism due to its 

possible high salt concentration [16]. There is a misunderstanding 

that the application of composts with high concentrations of 

soluble salts can lead to reduced soil quality and plant growth. 

Regions that are experiencing escalating problems with soil 

salinity (e.g. salinization) and sodicity may be reluctant to apply 

compost to their fields because of the phytotoxicity associated 

with particular soluble salts such Na and Cl (Figures 1-4 and 

Tables 2-5). 

Figure 1. Cumulative of effects from compost application to 
soils, particularly soils affected by salinization. 

Table 2: Effect of compost and vermicompost on soil pH and ECe in saline and nonsaline soils. 

Treatments 
pH (dSm

-1
) 

Saline Nonsaline Mean Saline Nonsaline Mean 

Control 7.18
ab

 (0.11) 6.74
ab

 (0.01) 6.96 3.60
a
 (0.19) 

0.53
b
 

(0.04) 2.07 

Earthworm (E) 7.46
a
 (0.16) 6.78

a
 (0.06) 7.11 3.68

a 
(0.11) 

0.58
b
 

(0.04) 2.13 

Compost (C) 6.50
c 
(0.18) 6.59

bc
 (0.12) 6.55 6.03

ab 
(0.40) 

2.30
a
 

(0.06) 2.66 

Compost+E (C+E) 6.82
bc

 (0.21) 6.52
c
 (0.06) 6.67 

2.99
ab

 

(0.25) 

2.56
a
 

(0.25) 2.78 

Vermicompost (V) 6.66
c
 (0.26) 

6.74
ab

 

(0.040) 6.7 

2.29
bc

 

(0.32) 

0.53
b
 

(0.10) 1.41 

Vermicompost+E(V+E) 6.83
bc 

(0.09) 6.85
a
 (0.05) 6.85 1.86

c
 (0.19) 

0.69
b 

(0.07) 1.27 

NPK fertilizers 6.41
c
 (0.12) 6.88

a
 (0.01) 6.65 3.29

a
 (0.11) 

0.59
b 

(0.05) 1.94 

Mean 6.8
4

6.73 - 2.96 1.11 
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A(soil factor) ns - - ** - 

B(management) ** - - ** - 

A × B ** - - ** - 

CV (per cent) 3.27 16.32 

Table 3. Effect of compost integrated with Gypsum on onion yield 

Treatments Mean Crop yield 

(Q/ha) 

SE Mean St.Dev Minimu

m 

Maximu

m 

Relative yield advantage 

Main effect for Compost 

0 (control) 237.18
f
 7.01 21.02 215 275 0.00 

2.5 t/ha compost 240.03 7.55 22.65 191.67 260 1.20 

5 t/ha compost 275.55 8.20 25.60 216.7 285 16.18 

Main effect for Gypsum 

2 t/ha Gypsum 284.44° 4.44 13.33 265 300 19.93 

4 t/ha Gypsum 325.00 4.82 14.46 310 350 37.03 

Interaction effects 

2.5 t/ha compost+2 t/ha Gypsum 355.77° 6.33 18.99 330 397 50.00 

2.5 t/ha compost+4 t/ha Gypsum 396.406 2.59 7.77 385 410 67.13 

5 t/ha compost+2 t/ha Gypsum 406.70
b
 3.05 9.14 395 425 71.47 

5 t/ha compost+4 t/ha Gypsum 430.33* 4.18 12.53 421 458 85.23 

LCD (0.05) 25.03  - 

CV (%) 6.05 

T-test *** 

Table 4. Mean separation on effect of Gypsum and Compost application on Soil salinity. 

Treatments 

Mean 

Crop 

yield 

(Q/ha) SE Mean St. Dev Minimum Maximum 

Relative yield 

advantage 

Main effect for compost 

0 (control) 237.18
f
 7.01 21.02 215 275 0.00 

2.5 t/ha compost 24.03
f
 7.55 22.65 191.67 260 1.20 

5 t/ha compost 275.55
e
 8.20 25.6 216.7 285 16.18 

Main effect for Gypsum 

2 t/ha Gypsum 284.44
e
 4.44 13.33 265 300 19.93 

4 t/ha Gypsum 325.00
d
 4.82 14.46 310 350 37.03 

Interaction effects 

2.5 t/ha compost+2 t/ha Gypsum 355.77
c
 6.33 18.99 330 397 50.00 

2.5 t/ha compost+4 t/ha Gypsum 396.40
b
 2.59 7.77 385 410 67.13 

5 t/ha compost+2 t/ha Gypsum 406.70
b
 3.05 9.14 395 425 71.47 

5 t/ha compost+4 t/ha Gypsum 430.33
a
 4.18 12.53 421 458 85.23 

LCD (0.05) 25.03 - - - - - 

CV (%) 6.05 - - - - - 

T-test *** - - - - - 

Table 5. Relative change of soil salinity after application of compost and Gypsum. 
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Treatments 

Dependents variables 

Initial EC 

(mmhoms/cm

) 

Residual EC 

(mmhoms/cm

) 

Change 

in EC 

(%) 

Initial ESP 

(%) 

Residua

l ESP

(%)

Chang

e in 

ESP 

(%) 

Initial Ex. 

Ca
+2 

(meq/100g

) 

Residual 

Ex. Ca
+2 

(meq/100g

) 

Change 

in 

Ca
2+

(%

) 

0 (control0 3.8 3.78 0.53 16.01 15.97 0.25 8.02 7.93 1.12 

2.5t/ha 

compost 
3.72 3.28 11.83 15.23 13.6 10.7 11.02 8.75 20.6 

5 t/ha 

compost 
3.92 2.52 35.71 14.95 12.7 15.05 8.43 10.19 20.88 

2 t/ha 

Gypsum 
4.11 1.9 53.77 20.35 6.87 66.24 10.33 17.62 70.57 

4 t/ha 

Gypsum 
3.28 0.68 79.27 19.35 3.61 81.34 12.5 21.02 68.16 

2.5 t/ha 

compost+2 

t/ha Gypsum 

4.3 1.7 60.47 18.35 4.55 75.2 10.2 17.8 74.51 

2.5 t/ha 

compost+ 

4t/ha 

Gypsum 

3.35 0.92 72.54 15.68 1.63 89.6 11.58 23.02 98.79 

5 t/ha 

compost+2 

t/ha Gypsum 

3.57 1.65 53.78 19.36 4.52 76.65 11.58 17.9 54.58 

5 t/ha 

compost+4 

t/ha Gypsum 

4.01 0.36 91.02 20.5 1.46 92.88 11.85 24.55 107.5 

Figure 2: Change in ESP after application of the treatments. 

Figure 3. Differences in growth traits of Zea mays seedling 
treated with similar salts (CaCl2 and NaCl) and effect of the 
salt priming on cob number and size of red and black soil 
types. (a) Maize seedlings grown on black soil primed with 
CaCl2 (b) maize seedlings grown black soil primed with 
NaCl (c) maize seedlings grown on red soil primed with 
CaCl2 (d) maize seedlings grown on red soil primed with 
NaCl. 

Figure 4. Effect salt affected soils. 

Biochar 

Bio-char (solid carbonaceous residue, produced under oxygen-

free or oxygen-limited conditions at temperatures ranging from 

300 to 1000 °C) has attracted considerable attention as a soil 

amendment, with carbon-residence time varying from tens of 

years to millennia. An emerging pool of knowledge shows that 

bio-char addition is effective in improving physical, chemical 

and biological properties of salt-affected soils [17]. However, 

some studies have also found an increase in salinity and/or 

sodicity with bio-char application at high rates. Further, the high 

cost associated with production of bio-char, transport and high 

application rates remains a significant challenge to its widespread 

use in areas affected by salinity and sodicity. Nevertheless, 

recent advances in our understanding of bio-char warrant an 

evaluation of the relationship between bio-char properties and its 

impact on the properties of salt affected soils and plant growth. 

The main objective of the present paper was to review, analyze 

and discuss the recent studies investigating the role of bio-char in 

improving soil properties and enhancing plant growth in salt-
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affected soils [18]. Further, this review emphasizes sustainable 

and profitable use of salt-affected soils by using bio-char as an 

organic amendment on such degraded lands (Figure 5). 

Figure 5. Possible mechanisms for the effects of bio-char on 
physical and biological properties of salt-affected soils. 

Salt-Tolerant plants 

In areas in which leaching salts with water is not feasible or 

economical, planting crops or forages that are able to grow under 

low to moderate saline conditions may be an economically viable 

option [19]. As previously discussed, any increase in soil salinity 

is at the expense of plant health; however, some plants are better 

able to tolerate salinity than others. Salt tolerance is not an exact 

value, but rather depends upon many factors, such as salt type, 

climate, soil conditions, and plant age [20]. A qualitative value of 

salt tolerance for common crops and forages grown in Montana. 

In general, perennial plants, especially some grass forages, 

possess the highest tolerance to salts, while legumes are typically 

the most sensitive to salts. In using it is important to note that 

although plants listed as tolerant can tolerate a higher EC than 

those listed as sensitive, plant health and yields, regardless of 

tolerance, will likely be reduced with increased salinity (Table 

6). 

Table 6. General tolerance of various crops and forages to saline conditions. 

Tolerant Moderately tolerant 

Moderately 

sensitive Sensitive 

Crops Barley sugar beet triticale 

Oats safflower sorghum soybean 

wheat 

Corn potato 

flax 

Firld bean 

lentil pea 

Forges 

NewHy wheat grass, tall whear 

grass altai wild rye slender wheat 

grass western wheat grass russian 

wild rye 

Barley (forage) beardless wild rye 

birds foot trefoil crested wheat 

grass tall fescue yellow 

sweetclover 

Alfalfa cicer 

milkvetch 

meadow foxtail 

orchardgrass 

Alsike clover 

landino clover 

red clover 

white clover 

Leaching 

Leaching excess salts and maintaining a favorable salt balance 

remains the best strategy to prevent detrimental salt accumulation 

in the soil profile. This is achieved by supplying enough water to 

leach salts below the root zone but not into groundwater reserves. 

Drainage 

There must be drainage to reclaim a sodic, saline, or saline-sodic 

soil. Drainage is the unimpeded downward movement of water 

beyond the crop root zone. It is the ability to move water through 

and out of the root zone. Hardpans, bedrock, and shallow water 

tables impede drainage. Signs of poor drainage include surface 

ponding, slow infiltration, or a soil that remains wet for prolonged 

periods of time. If drainage is impeded by a shallow water table or 

bedrock, artificial drainage must be installed or another use for the 

land might need to be considered. 

The irrigation method 

The irrigation method and volume of water applied have a 

pronounced influence on salt accumulation and distribution. Flood 

irrigation and an appropriate leaching fraction generally move salts 

below the root zone. Similar results can be obtained with a 

properly managed sprinkler irrigation system. With furrow and 

pressurized irrigation, soluble salts in the soil move with the 

wetting front, concentrating at its termination or at its convergence 

with another wetting front. In drip-irrigated plots, water moves 

away from the emitter and salts concentrate where the water 

evaporates. In furrow-irrigated plots, water movement is from the 

furrow into the bed via capillary flow. When adjacent furrows are 

irrigated, salts concentrate at the center of the intervening bed. 

Manipulating bed shape and planting arrangement are strategies 

often used to avoid salt damage in furrow-irrigated row crops. 

Fertilizer management 

Many fertilizers contain soluble salts in high concentrations. 

Therefore, the nutrient source, rate, timing, and placement are 

important considerations in the production of horticultural crops. 

Salt indices for most commercial fertilizer products have been 

reported. For example, KCl has a salt index 205 times that of 

K2SO4. Generally, band application of fertilizers with high salt 

indices near seedlings should be avoided. The salt content of other 

things added to the soil, such as gypsum and manures, also should 

be considered. Applying gypsum is a useful management practice 

for precluding sodium accumulation on the soil’s exchange 

complex, maintaining soil structure and improving water 

infiltration [21]. For salt-sensitive crops such as lettuce, apply 

gypsum well before sowing so that soluble salts released during 

dissolution do not negatively affect production. 

Soil amendments and water treatments 

Soil amendments and water treatments often offer a practical 

andeconomical means for managing many problems common to 

saline and sodic soils. Soil applications of amendments are used 

for initial reclamation and long-term maintenance of soil quality. 

In general, water applications are intended to alter the chemistry of 

irrigation water such that no further degradation in soil quality will 

occur. Rates of amendments used for soil application are typically 

large and primarily based on economics. For water treatments, 

rates of amendments are typically much smaller and are nearly 

always based on solubilities [22].  

CONCLUSION 

Amendments such as gypsum and elemental S have been used for 

years. Gypsum is primarily used on Na-affected soils as a source of 

Ca
++

 ions to displace Na
+
 ions, which tend to disperse soil particles 

and restrict water infiltration. The resulting displaced Na
+
 ions are 

leached readily from the soil profile. Gypsum is a neutral salt that 

does not directly reduce pH. However, it can indirectly lower the 

pH of sodic soils by reducing the hydrolysis reactions associated 

with Na+ ions on the exchange complex. 
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