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Introduction                                              

Soil is a living system, and is a finite but vital 
resource to life on earth.It provides an appropriate 
environment for agricultural production, and it is 
also critical for improving environmental quality 
(e.g. source/sink for greenhouse gases, recycling 
nutrients, filtering and purifying water and 
pollution, etc). It is comprised of a thin surface 
layer of complex mixtures of minerals and soil 
organic matter (SOM). It is developed slowly 
from different parent materials impacted upon soil 
forming factors (i.e. time, climate, organisms, and 
topography). Soil components interact together 
in response to biological, chemical and physical 
forces. In addition, soil affects and is affected 
by land use (Dumanski, 1997; Asadi et al., 
2008; Zhengchao, 2015). Hence the successful 
management and enhancement of soil quality are 
integrative indicatorsof sustainable agriculture, 

maintaining or enhancing the environmental 
quality and conserving natural resources (Herrick, 
2000). 

Because a soil has complex and multiple 
functions, it is appropriate that soil quality is 
understood in the context of its capacity to perform 
specific function. Therefore, soil quality is not 
measured directly but inferred from measurable 
and specific indicators. Thus, there is a need to 
identify proper soil quality indicators that respond 
to changes in management systems; reflect 
an accurate response to deterioration and soil 
functioning; and integrate soil physical, chemical 
and/or biological properties and processes that can 
be applied under diverse field conditions. Based 
on this, soil scientists have identified minimum 
data sets (MDSs) that consist of relevant soil 
parameters (Wander and Bollero, 1999; Sant’anna, 
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2001; Norfleet et al., 2003; Shukla et al., 2006), 
which differ among soil functions. Soil quality 
indicatorsshould be integrated into a soil quality 
index. However, an important current challenge 
for soil scientists is to construct an accurate and 
sensitive index for assessing soil quality, because 
of variations in soil conditions depending on the 
particular priorities and conditions (Zornoza et al., 
2008). Thus, a soil quality index should integrate 
physical, chemical, and biological properties of 
the soil in any conditions (such as salinization in 
arid and semi-arid regions) to be a good guide for 
the state of soil and its functioning. This enables 
land managers to maintain or enhance the quality 
of the soil and surrounding ecosystem; and hence 
sustainability. 

Therefore, there is a need to monitor and 
enhance soil quality, especially in salt-affected 
soils, which upon reclamation can increase 
the productivity and sustainability (Qadir et 
al., 2006). Furthermore, the restoration of salt-
affected soils may lead to enhanced carbon (C) 
sequestration and environmental quality (Qadir  
et al., 2006).Then, the objectives of this article are 
to: i) identify appropriate indicators to establish 
MDS for assessing quality of salt-affected soils; 
ii) identifythreshold valuesof indicators related 
to salt-affected soils and iii) asses soil quality in 
some soils in Egypt as semi-arid region.

Soil functions and quality 
Historically, assessment of soil quality meant 

land evaluation. This concept has changed as a 
result of current interests in soils for their fitness 
to specific use, and performance specific function 
(Lal et al., 1997; Braimoh and Vlek, 2008). 
Recently, soil quality is defined as ‘‘a capacity of 
a soil to function within land use and ecosystem 
boundaries, to sustain biological productivity, to 
maintain environmental quality and to promote 
plant, animal and human health’’. It is focused on 
the productive functions of soils, and recognizes 
the various roles that soils play in agroecosystems 
and natural systems” (Karlen et al., 1997; Zalidis 
et al., 2002; Norfleet et al., 2003; Sanchez et al., 
2003; Shukla et al., 2004;Braimoh and Vlek, 
2008;Seker et al., 2017).

There are five primary functions of soil: 
(1) sustaining biological activity, diversity, 
and productivity;(2) regulating water flow, 
filtering, buffering, degrading, immobilizing, 
and detoxifying organic and inorganic materials, 

including industrial and municipal by-products 
and atmospheric deposition;(3) storing and 
cycling nutrientsand other elements within 
the biosphere; (4) providing support for 
socioeconomic structures; and (5) protection of 
archeological treasures associated with human 
habitation (USDA, 1999; Zalidis et al., 2002; 
Norfleet et al., 2003; Tóth et al., 2007). Then, 
soil quality should be assessed in the context of 
specific function(s) to appropriate properties that 
support this function(s). 

Although the concept of soil quality seems to 
be clear, and is supported by a broad consensus, 
there is a little agreement and no systematic 
procedure or universal standards for identifying 
soil properties or parameters that should be 
included in soil quality assessment. (Sa´nchez-
Marano´n, et al 2002; Sposito and Zabel, 2003; 
Wang, 2003; Zornoza et al., 2007).This is the case 
in most soils because most authors dealt with the 
assessment of soil quality from general point of 
view and didn't discuss specific conditions such 
as salinization. Thus, there is a reason to address 
such topic in these soils especially under the 
global food shortage and environmental issues 
such as climate change to enhance the capacity of 
these soilsto produce and sequester more carbon.

Thus, soil quality cannot be measured directly, 
but is based on determining the critical soil 
properties (indicators) that refer to the status of 
physical, chemical, and biological soil attributes 
and reflect its performance and functioningin 
addition to agroecosystem services (Andrews and 
Carroll, 2001; Moebius et al., 2007; Schindelbeck 
et al., 2008; Zvomuya., et al 2008). In this 
context; there are some parameters that should 
be taken into consideration when selecting soil 
quality indicators, such as its relation to use and 
management; relevance and ability to measure 
the change in the important soil functions; 
ease and cost of sampling; ease and reliability 
of measurement; comparability with routine 
sampling and monitoring programs; assessment 
in a reasonable amount of time; cost of analysis; 
accessibility to many users and applicable to field 
conditions; spatial and temporal variations in the 
soil system; and sensitivity to variations in climate 
and management (USDA, 2001; Nortcliff, 2002; 
Lee et al., 2006; Raman, 2006; Schindelbeck       
et al., 2008).In addition to selecting appropriate 
indicators, there is a need to establish standard or 
reference (baseline, threshold, or critical) values 
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for these indicators. These values are specific 
limits or ranges for an indicator in a particular 
soil or group of similar soils (Raman, 2006). The 
selected indicators should be incorporated and 
integrated into (MDS) to integrate and interface 
between soil function(s) and soil properties 
or processes. Then this helps to deduce the 
performance of soil for its essential function(s) 
and achieve intended target from the assessment 
(Halvorson et al., 1996; Lee et al., 2006; Sant’anna 
et al., 2001).Although, there are some proposed 
MDSs (i.e. Wander and Drinkwater, 2000; USDA, 
2001; Arshad and Martin, 2002 Baldwin, 2006), 
additional MDS should be established based on 
soil type, its functions and related conditions.  For 
example, MDS for soils of humid regions would 
not probably include salinity as an indicator which 
is important for those in the arid and semi-arid 
regions. However, there are proposed MDS which 
include the basic set of soil properties which can 
measure or characterize soil quality (Wander and 
Drinkwater, 2000; USDA, 2001; Arshad and 
Martin, 2002; Andrews et al., 2004; Shukla et al., 
2004; Raman, 2006). Hence, indicators included 
in MDS should be integrated into specific index 
that represent the soil quality aspect or direction 
(Andrews et al., 2004).To date there are no magic 
indices or scores for soil properties. However, 
there are some suggested valuable indices such as 
those proposed by Doran and Parkin, 1994; Karlen 
and Stott, 1994; Larson and Pierce, 1994; Glover 
et al., 2000; Arshad and Martin; 2002; Andrews et 
al., 2003; Andrews et al., 2004; Lee et al., 2006; 
Tóth et al., 2007; Asadi et al., 2008.Knowning the 
advantages or disadvantages of these indices, the 
changes in soil quality, negatively or positively, 
can be assessed.

Negative changes in soil quality
Soil quality indices reflect the status of soil 

properties and its performance of the function(s). 
These values are generally high in native soils 
which are developed under climax vegetation in 
equilibrium with the environment and without any 
anthropogenic disturbance. Thus, the maintenance 
of this equilibrium is related to increasing the soil 
quality or at least keeping soil quality at the same 
level without any negative changes (Leirós, et al., 
1999).

Several reasons of negative changes 
in grouped into two broad categories: (i) 
inadmissible concentrations of contaminants; 
and (ii) restrictions on soil function as a result 

of different types of soil degradation, such as 
contamination, loss of SOM, acidification, 
salinization, compaction, wind erosion, water 
erosion, deterioration of physical properties and 
other processes that lead to reduction in soil quality 
(Cassman, 1999; Nortcliff, 2002; Shukla   et al., 
2004).Salt-affected soils are among important 
degraded ecosystems which must be reclaimed 
for increasing productivity and sustainability.  
Based on Lakhdar et al., (2010) excessive 
amounts of salt then salt toxicity is one of the 
major edaphic factors that limit the production 
and environmental quality in these soils. The 
salt toxicity can adversely influence on physical, 
chemical and biological properties and processes 
in the soil. Therefore, there is a need to discuss 
salt-affected soils form the qualityprescriptive.

Quality of salt-affected soils 
Before discussing the quality of salt-

affected soils, the highlight should be directed 
to salinization and the general properties to salt-
affected soils. Salinization is the most common and 
among serious soil degradation processesin arid 
and semi-arid climates because the evaporation> 
precipitationin these regions (Eynard et al., 2005; 
Abdelfattah et al, 2009).Salt-affected soils also 
occur in other regions,climates and soil types 
(Mashali 1999;Eynard et al., 2005; Rengasamy, 
2010). Cilenti et al. (2005) stated that salinization 
is one of the greatest concern desertification 
processes in the Mediterranean area.

Major factors influencing soil salinization 
The factors influencing salinization are 

set in two wide groups; natural and human 
induced factors.Natural factors are represented 
in climate, soil parent material, land cover, 
topography, in addition to soil attributes. On the 
other hand, human induced factors result in what 
so-called secondary salinization. These factors 
are summarized in land use and management 
and land degradation. The last factors can 
lead to salinization or sodification through 
irrigation by saline or waste water, rising 
water table resulting from improper irrigation 
and drainage, intensive agriculture especially 
with using fertilizers and amendments under 
limited potentiality of leaching in addition to 
soil contamination with industrial by-products 
(Tóth et al., 2008).

Hence in addition to climatic conditions, 
effects of salinization and sodification are more 
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drastic in soils prone to secondary salinization 
due to poor irrigation and improper drainage 
management (Rietz and Haynes, 2003; Li et al., 
2007). Secondary salinization can accelerate land 
degradation by excessive salt concentration which 
leads to dispersion, surface sealing and crust 
formation and structural changes. Furthermore, 
salinization decreases crop yield through toxic 
effectsof some salts and high osmotic pressure 
whichreduces water availability as well through 
high salt content in the soil solution (Oostrum, 
2004; Farifteh et al., 2007). 

Salt-affected soils occur in as many as 
75 countries, and also impact on 20% of the 
irrigated lands in the world. Land area affected by 
salinization is as high as 30% or more in countries 
such as Egypt, Iran and Argentina (Qadir et al., 
2006; Abdelfattah et al, 2009). Salt-affected soils 
occupy approximately 955 Mg ha in the world, 
10% of total surface of dry lands (Li et al., 2007). 
Therefore, there is an urgent need to monitor 
and identify salt-affected soils, and assess the 
extent and severity of degradation for obtaining 
acceptable estimates of available resources for 
sustainable soil uses and management (Mashali, 
1999; Abdelfattah et al, 2009; Farifteh, 2007; 
Farifteh, 2008). The sustainable use of these soils 
can produce more food and feed, and also enhance 
soil carbon sequestration (Qadir et al., 2006; Lal, 
2004; 2008). Then, assessing and enhancing 
quality of salt-affected soils can be recognized by 
establishing MDS in relation to soil quality.

Soil parameters related to salinity
Important parameters related to soil salinity 

include: total dissolved solids (TDS) in milligram 
per liter, and total concentration of soluble cations 
(TSC) and anions (TSA) in milliequivalents per 
liter/kg. Total salt content can be measured by 
the electric conductivity of saturated soil extract 
(ECe), but individual cations in these extracts are 
usually determined by flame atomic absorption 
and flame emission spectrometry.  ECe is the 
most common indicator for soil salinity, and its 
unit is decisiemens per meter (dS/m) (Farifteh et 
al., 2008). SoilpH is also an important parameter 
because of its role in plant nutrients availability. 
Major soluble cations (Na+, Ca2+, and Mg2+) are 
important parameter to identify the nature of these 
soils by using index such as Sodium Adsorption 
Ration (SAR), while Na+ exchangeable are 
important to identify Exchangeable Sodium 
Percentage (ESP) (United States Salinity 

Laboratory Staff, 1954; El-Swaif, 2000; Oostrum, 
2004):

SAR = (Na+/( Ca2+ + Mg2+))1/2 .........Eq. 1
Where (Na+ , Ca2+, and Mg2+) are expressed as 
mmol/L. 

ESP = (Na excha/CEC) x 100 ........Eq. 2
Where Na excha is exchangeable Na and CEC 
is Cation Exchange Capacity, both expressed 
as mmolc/kg (Rengasamy, 2010). The higher 
the SAR in soil, the higher isthe exchangeable 
Na+and the higher is thelikelihood of low soil 
permeability (Oostrum, 2004). 

Based on the pervious soil parameters and 
their values salt-affected soils are classified into 
three categories: saline, sodic, and saline-sodic 
(Wong et al., 2004; and Horneck et al., 2007). 

Physical and chemical characteristics of salt-
affected soils categories

1.Saline soils are characterized by high 
concentrations of salts such as (Na+, K+, Ca2+, 
Mg2+, Cl-, SO4--, CO3¬--, and HCO3 ), but the 
predominant salts are Ca2+ and Mg2+. High salts 
concentrations increaseelectric conductivity (EC) 
to >4 dS/m. The concentration 4 (as measured 
from soil paste extract) is established as the 
dividing line betweensalinity and non-salinity 
in soils. Furthermore, some saline soils are 
waterlogged. Most salts in soil solution (i.e. Ca2+ 
and Mg2+) improve soil structure and increase 
water infiltration. However, high salinity may 
lead to white crust formation on the soil surface. 
In addition, salinity effects on soil/water and 
plant/water relationships, and the high level of 
salts in soil cause osmotic stress to plants, leading 
to reduce growth plants and productivity (Bohn  
et al., 2001; McCauley and Jones, 2005; Marcum, 
2006; Wong et al., 2006; Horneck et al., 2007).

2.Sodic soils have a high level of exchangeable 
Na+ which is the dominant cation on the 
exchange complex. The dispersed clay and silt 
particles are washed into pores, and reduce air 
permeability and water infiltration. Usually pH 
in these soils is >8.5 as a result of hydrolysis of 
Na2CO3 or exchangeable Na+. In addition, these 
soils are characterized by slaking and dispersion 
on wetting and massive hardsetting on drying. 
But the most common characteristic of sodic soils 
is the dispersion which influences water and air 
movement; available water holding capacity and 
restricted root penetration (Oostrum, 2004; Qadir   
et al., 2006; Wong et al., 2006; Horneck et al., 2007). 
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3.Saline-sodic soils are characterized by 
high soluble salts and high exchangeable 
Na+ (Bohn et al., 2001), but have a good 
soil structure and adequate movement for 
water and air (Horneck et al., 2007).The 
pH of these soils is less than 8.5% because 
the soluble salts prevent hydrolysis. The 
main problem in these soils is occurred as 

Establishing MDS and threshold values for 
indicators to assessquality of salt-affected soils 

Since soil salinity is one of the major 
destructive degradation processes to the quality 
of soil as a result of damaging one or more 
of its functions. (Tóth et al., 2008), MDS that 
required toassessing the quality in salt-affected 
soils should be established based on the related 
properties. As well relationship between 
indicators and soil function (i.e. more is better, 
less is better, or optimum is better), in addition 
to thresholds values based on soil properties 
are considered to obtaining best assessment. 
Then, the higher accurate selecting MDS based 
on the soil and climate conditions, the higher 
accurate assessment of soil quality and the 
better management of these soils.

Table 2 (a-b-c) outlines the proposed MDS 
to assess the quality of thesesoils. It also 
outlines the relationship between indicator and 
soil function(s) according to (Glover et al., 
2000; Andrews et al., 2003; Andrews et al., 
2004), and critical values for each indicator. 
The relationships between indicators and soil 
functions indicate 

Weighting factor for soil indicators and setting 
up an index for evaluation quality of salt-affected 
soils

Weighting factor
There are some ways to assess a relative 

weighting to a soil property value and then set 

a result of leaching, because of removing 
the salts faster than Na resulting conversion 
to sodic soils (Bohn et al., 2001). The most 
common characteristics of salt-affected soil 
are represented in Table 1.Such description 
of salt-affected soils is useful in determining 
indicators to be incorporated in the MDS for 
assessing and enhancing quality.

up index for evaluating quality of salt-affected 
soils. Two of these ways are briefly described 
below: 
1.1) Weightingfactor by Lal (1994) and Shukla et al. 

(2004): some additional values and weighting 
factors are listed in Table 3. These values are 
ranked between 1 (no limitations) where soil 
quality is excellent, to 5 (extreme limitations) 
where soil quality is a constant to agronomic 
production and other functions. Similarly soil 
properties can be ranked between 1 and 5 
depending on the severity of limitations. 

1.2) Weighing factor by Asadi et al. (2008): the 
ranking is assigned a value of 0 or 1 depending 
on the severity of limitation. As an example of 
less is better, the ranking is 1 if the EC value 
is< 4 dS/m, and 0 to > 4 dS/m. As an example 
of more is better, the ranking is 1 if SOC is > 
2% and 0 if it is < 2%. Similarly, an example of 
an optimum is better; the ranking is 1 if the pH 
is 6.6 – 7.3, and 0 if it is less or more than this 
value. 

Setting up index
There are many indices that were established 

by many authors. Although these indices are 
general for assessing soil quality in general status, 
some of these are flexible and can be used for this 
purpose in special cases such as the instant case. 
Two of these indices are:

1)	 Total SQI = Σ individual soil property 
index values (for the measured values 

TABLE 1.  Salt-affected soils categories and its characteristics.

Category  (EC dS/m)  SAR %  ESP % pH Structure

None saline – none 
sodic 

< 4 < 13 <15 < 8.5 good

Saline > 4 < 13 <15 <8.5 good
Sodic < 4 > 13 > 15 > 8.5 poor

Saline-sodic > 4 > 13 > 15 >8.5 fair to good

Source: adopted from United States Salinity Laboratory Staff, 1954; Oostrum, 2004; McCauley and Jones, 2005; Horneck et al., 2007.



90

Env. Biodiv. Soil Security Vol.1 (2017)

HEBA  ELBASIOUNY et al. 

only)………Eq.3a (Amacher et al., 2007), 
based on this index, if all 23 soil properties in 
Table 2 are measured and meet the threshold 
values depending on the relationship (more, 
less or optimum), the maximum value for Total 
SQI will be 23.  Then, soil quality is expressed 
as a percentage of the maximum of 23:

(SQI % = (total SQI / maximum possible 
total SQI for properties measured)x 
100)………………………..Eq.3b

The SQI ranges between 0 – 100. In this index, 
only the measured prosperities contribute to the 
index calculation because the missing values for 
any not measured indicator can affect the SQI. 
This index expresses the degree of soil quality 
as a percentage of the measured indicators. Thus, 
soil quality can be excellent (SQI = 20 – 23= 100-
86.96%), very good (SQI = 17 – 20=73.91 - 86.96 
%), good(Total SQI = 15 – 17 =65.22 -73.91%), 
moderate (SQI = 11- 15= 47.83 – 65.22%) low 
(SQI > 11> 47.83%). 

2)	       
                                         

SQI =

















 
 10)( 1 X
n

Si
n

i 

  ………Eq. 4
(Andrews et al., 2003 and Andrews et al., 2004):  
where the (Si) is the score of soil property and 
(n) is the number of measured properties. This 
index similar to the previous index, but the 
difference is that this index is multiple by 10, 
then the resulted SQI value will range between 
0 (low performance of soil functions) – 10 (high 
performance).

Subsequently after measuring the soil 
properties in the area ofknownorassumedsalinity, 
the MDS should be set and the quality of this 
soil should be assessed based on the previous 
steps. Indeed, all of this effort is to enhance the 
productivity and sustainability of this soil. 

 Case study on physo-chemical parameters in 
some salt affected soil in Egypt

To assess soil quality in salt affected 
soils some parameters were selected from 
the available data in some locations (12 

locations). Some of this data are quoted 
from Abbas et al., (2004) and El_Gannam 
(2012). Other data is personal unpublished 
data for other locations in North delta; Egypt. 
Generally, all sites are located in North or 
East Nile delta (Kafr_ELshiekh and Sharkia 
governrates).

 
The assessment steps were as follows: 
1-	 Selecting indicators: The indicators 

which will form a minimum data set for 
assessing the quality of soils are selected 
according to the suggested ones in Table 
2. With notice that only some indicators 
in that table will not be used in this case 
study because of data availability in 
the mentioned locations. The selecting 
indicators are presented in Table 4. The 
most available data are chemical and 
physical soil properties not biological 
because of shortage of these biological 
data in Egypt generally not only in the 
selected locations.

2-	 Transforming indicators into scores: If the 
indicator meets the threshold value in Table 
2 it will take 1 and 0 otherwise. 

3-	 Integration of resulted scores to indices: 
The transformed data will be used in the 
previous equations (i.e. 3 and 4); the results 
in Eq. 3 will be modified based on the total 
used indicators to get the total percentage 
based of their numbers.  

4-	 Conducting the category of soil quality 
based on two used indices: (i.e. low, 
moderate, good, very good, excellent or 
low, moderate, high performance based on 
Eq. 3 and 4 respectively).

5-	 Compare between the results from the two 
indices: According to the resulted data in 
Table 4; all studied locations have low or 
moderate quality of its soil. In our point of 
view; the situation will not differ so much if 
the biological data are available because the 
existing data are considering as an indicator 
for the soil properties generally; of course, 
of these data are available and minimum 
data set is completed for the assessing it 
will be better. Additionally; no difference 
between the two used indices, which is 
predicted that any of those indices can be 
used in the future studies. 
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Conclusion                                                               

There is an urgent need to monitor and 
assess soil quality especially in salt-affected 
soils because these soils can be used to 
increase food and feed productivity; enhance 
environmental quality and increase carbon 
sequestration. Therefore, through this paper 
it can be selected appropriate indicators for 
establishing suitable MDS to assess and 
enhance the quality of salt-affected soils. 
This study suggested MDS composite from 
basic soil properties and others related to 
salinity. In addition, thresholds values for the 
selected indicators were established for this 
purpose based on published studies. Although 
there is no universal index for assessing soil 
quality under different conditions, some 
flexible and valuable indices can be used 
in this matter. Of these indices, two were 
selected to assess the quality of salt-affected 
soils.  The calculations of these indices are 
flexible because they depend only on soil 
quality indicators which were measured for 
the assessment. This leads to accurate results 
because of exclusion the missing indicators. 
These indices also can give a complete picture, 
about soil conditions and its functioning, to 
farmers and land managers to improve soil 
quality. Based on the case study the quality 
of soils in some assessed salt affected ones 
is low or moderate. This indication should 
be taken into consideration to manage 
these soils for improving productivity and 
enhancing sustainability. Ultimately, more 
studied are required for assessing soil quality 
especially in salt-affected and degraded soils 
to establish universe index that can be used in 
any conditions.
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