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ABSTRACT 

Due to the importance of Maryout region for its 

potential rehabitation and calcareous soil reclamation, 

three sites pertaining wide range of soil salinity from 250 to 

2.5 dS/m were selected to model salts leaching. In order to 

obtain a sound basis for field reclamation under different 

conditions, a leaching experimental model was undertaken 

laboratorial using three soil columns simulating these three 

sites which varying mainly in salinity levels to assess the 

effect of several factors on the effectiveness of salt removal. 

The experiment was performed twice with and without 

removal of CaCO3. There are four problems were 

investigated based on the experiment; the evolution of 

leachates salinity with time, monitoring the changes of ion 

loses and changes of chemical composition of drained 

leachates, the effect of leaching process on particle size 

distribution and fine particles migration at each salinity 

level, and the probabilities of Calcic horizon formation. 

Also the study emphasized on the influence of carbonate 

removal on leachates salinity.  

Results showed that the counts of required leachates 

for salinity minimizing were 20, 15 and 12 with total 

leachates volume 1552, 1055 and 732 cm3 during leaching 

periods (hr:m) 10:48, 7:41 and 5:59, respectively. Soil 

texture was clay loam (CL) at the first location, clay (C) at 

the second site except for the middle layer which has sandy 

clay loam (SCL) texture, while at the third location soil 

texture was clay loam (CL) at surface and clay (C) at 

subsurface. Results of particle size distribution indicated 

that lime removal in general increased percentage of fine 

particles in contrast in course ones. After leaching of free 

lime columns fine particles percentages were decreased at 

surface horizons of extremely and highly saline soils more 

than slightly saline column. Clay particles immigrated after 

leaching downward which increase their content at last 

horizons by 22.7 and 7.1% for first and second columns, 

respectively.         

The electrical conductivity values of the second drained 

leachate fractions were reduced significantly by about 

77.8%, 57.1% and 15.6%, respectively. After the 

experiment was turned off the stable salinity level for 

whole leachates were 0.74, 0.44 and 0.16 dSm-1, 

respectively. Thus, leaching succeeded in removing about 

99.7 %, 98.2 % and 93.6% from the total salt content. 

Results indicated that the ionic loss was orderly as Na+, Cl-, 

Ca++, Mg++ then K+ in descending order in whole drained 

leachates, where removed cations essentially were in 

chloride or sulfate forms. Estimated rates of CaCO3 

deposition for the studied soils were 19.9, 16.4 and 9.5 

g/m3/year, respectively. Dominant lime horizons will 

receive 0.76, 0.64 and 0.37% of carbonate after 500 years 

at the studied sites, respectively, which indicate unsuitable 

conditions for Calcic horizon formation during that period. 

The model tried to simulate field conditions associated 

to leaching of salty calcareous soils, but nutrients levels 

have to be carefully monitored to sustain healthy plant 

growth, and it is usually not advisable to leach if the 

resulting soil will be sodic or alkali, where such soils should 

receive amendments before being leached. 

INTRODUCTION 

The world's current population arrownding 6 billion 

people anticipated to reach 10 billion by 2050. There 

will be a corresponding increase in the demands placed 

upon the land resources necessary for maintaining food 

production (Maas, 1994). Yet, general trends refering to 

a considrable decreasing of arable land, in which greater 

demands on utilizing marginal resources were placed.  

It is estimated that more than 6 million hectares of 

land are lost each year due to drainage and salinization 

problems (Jarvis et. al., 1991). Soil salinity is natural 

component of desert agricultural systems and has 

plagued many attempts at developing and maintaining 

crop production systems in arid regions (Poulovassilis 

et. al., 2007). Clearly, the best strategies and techniques 

for optimum management of salt-affected soils became 

important topic for agricultural development particularly 

in arid and semi arid lands (Maas, 1994).  

The first step in developing appropriate management 

schemes for dealing with saline soil conditions involves 

proper identification (Andrew and Gaffney, 2000). On 

the other hand, the spatial variability of soil properties in 

general caused problems for deterministic models using 

rate parameters. Therefore, a number of conceptual 

models for solute leaching in soil were performed 

(Addiscott and Wagene, 2007). Few data sets are 

available for testing a range of models and few models 

have been tested on a range of soil types, and very few 

models have much demonstrable ability to simulate 

transient field leaching conditions (Hall, 1993). 

During the recent few years a number of complex 

simulation physical models describing the dynamics of 

the soil-water system have been developed (Feddes et. 

al., 1988). Soil Water Actual Transpiration Rate 

(SWATR) model was designed by Feddles et. al., 

(1978) to describe water transition flow in a 
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heterogeneous soil. Belmans et. al., (1983) developed a 

one dimensional model to simulate water and solute 

movement through the profile. Dam Van et. al., (1990) 

modeled the solute and sediment transport under 

irrigation. L. Cai, et. al., (2000) carried out a modeling 

study to evaluate water and salt movement within a 

transitional B horizon of saline soil. Scotter et. al., 

(1991) designed two models to simulate leaching 

process of non-reactive solute to a mole drain. Addiscott 

and Whitmore (1991) carried out an experiment to 

model the solute leaching in soils of differing 

permeabilities. Vinten and Redman (1993) studied the 

non-interactive solute leaching in a clay-loam arable soil 

using an experimental model, then they validate 

obtained results according to field conditions.  

One of the most important local trials of salt leaching 

was carried by Samir A. M. et. al., (1977) where the 

dynamic process of leaching was investigated at wadi 

El-Natrun and dairot by physical simulation using soil 

columns.    

Calcium carbonate precipitates in soil as a result of 

downward movement of Ca with percolated leaching 

water. Therefore, many models have been developed to 

simulate lime movement and accumulation in soils under 

leaching conditions (Rabenhorst et al., 1991). Zahow 

(1988) designed a simulation model to predict salt 

dynamics in  calcareous soil and estimated 

carbonate accumulation and calcic horizon formation.  

Rabenhorst et al. (1991) identified the state factors 

that influence the formation of soil calcic horizon as; 

type of parent material, percentage of CaCO3 with 

corresponding depths, leached water quantity that 

entering the soil, and water holding capacity that 

affecting CO2 concentration which control pH lime 

solubility as seen in eq. (1).  

CaCO3 + CO2 + H2O                Ca
++

 + 2HCO3
-
         (1) 

Where, CO2 pressure decreased with soil depth 

which affect the reaction tends by mass action to shift 

toward the left side of lime precipitation.    

This study aimed at monitoring the changes in some 

properties of salt affected calcareous soils under 

leaching process. An expermintal model was carried out 

using three soil columns having different salinity levels 

to simulate salt leaching as a soil reclamation technique. 

Particle size distribution, salinity downwarding and 

chemical composition of drained leachates were the 

main analyzed soil properties. The study also 

investigated the infeluence of lime removal on salt 

leaching effectivness as well as the salinity level on 

downwarding rate. Further, the study illustrates the lime 

downwarding/stoppage estimation under leaching 

conditions with associated probabilities of calcic 

horizon formation. 

Maryout region which located at the dominant 

coastal calcareous environment was selected as studied 

area due to the significance variation in salinity as 

affected by Maryout lake. Lots of current agrarian land 

uses were affected by salinity rising in the studied area 

with different influencing degrees.  

STUDY AREA 

1- Location: 

The study area was located at Maryout region in the 

western north coastal zone of Egypt. Three sites were 

selected in the area at the following coordination; (1) 

29
o
  36'  13.2" E -  30

o
  57'  36.6" N, (2) 29

o
  31'  52.8" 

E -  30
o
  56'  00.8" N and (3) 29

o
  29'  49.8" E -  30

o
  54'  

29.0" N (Map 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-Geology: 

Said (1962) reported that generally the area under 

consideration is occupied by sedimentary rocks 

essentially belonging to the Quaternary deposits found 

in the form of alluvial terraces deposited in the 

depression, and in the form of a thin mantle of 

transported soils occurring on the top of the surrounding 

plateau. The fossiliferous indurate limestone which 

represented the Miocene formation forms the main 

strata, which is overlain by the calcareous Pliocene and 

Pleistocene formations, in which the marine-lacustrine 

sediments (Shata, 1971).  

 

Maryout region 

Map 1. Location of the studied area 
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3- Geomorphology: 

Geomorphologically, Maryout region described as 

an intervening lateral depression with absence of 

elongated ridges this is obviously due to the effect of the 

westerly and northerly marine currents, as well as the 

presence of marine deposits in the depression valley 

(Hammad 1972). Surfaces of the studied locations is 

almost flat and having elevations of 7, 9, 31 m A.S.L., 

respectively.  

4- Vegetations and surface cover: 

Natural saline vegetations scattered and occupying 

most of the area under consideration such as Attriplex 

species. The area was partially cultivated with barely 

and some vegetables as found at the third location. 

Varisized salt crystals and nodules were embedded at 

the first site soil surface which indicates extremely 

saline condition. Isolated many shallow bonds scattered 

over some areas at the third location. Land surfaces of 

the studied locations were covered with shells and their 

fragments. 

MATERIALS AND METHODS 

1- Field work: 

Three different calcareous soils at Maryout region 

were chosen based on their variation of initial salinity 

levels; extremely saline, saline, and non saline. 

Representative soil profiles were dug to a depth of 150 

cm, carefully described morphologically according to 

FAO (1998). Soil samples were collected from each 

layer and subjected to laboratory analyses. 

2- Laboratory analysis: 

Saturation percentage (S.P%) was determined 

according to Page et al.(1982), Chemical analyses of 

saturated extract for pH, EC, and soluble cations and 

anions were measured according to    Page et al.(1982), 

Particle size distribution, with and without removal of 

CaCO3, was determined as outlined by James (2007), 

Total CaCO3(%) was determined using calcimeter 

apparatus according to Black (1965), and Real particle 

density was identified using Richards (1954).    

3- Experiment design: 

For each soil profile, successive samples to a depth 

of 80 cm were packed in approximately 11 cm diameter 

(3.64'') separate cylindrical transparent glass columns. 

During packing, thickness of each soil layer in a column 

was made similar to that corresponding in the field. For 

all soil columns, the apparent densities of all layers were 

almost constant, so that variations in leaching efficiency 

among different soil layers could be eliminated.  

Continuous leaching technique was applied in the 

current investigation, where a constant head of distilled 

water with 12 cm depth maintained to overlay the upper 

end of each column throughout the experiment. As soon 

as water was applied to the columns, the soils became 

saturated after a while. The saturated hydraulic 

conductivity was calculated for each soil column as 

indication of water movement with time inside the soil. 

An effluent collector was placed under the lower end of 

each column to collect separate periodic fractions of the 

percolated solutions (leachates), simultaneously with 

continuous detection of salinity levels in all collected 

leachates.  

Leaching process was stopped when the electric 

conductivity of drained water fractions become almost 

constant. The total numbers of collected leachates were 

counted for the first, second, and third profiles. Finally, 

according to the thickness of each layer the columns 

were divided into several sections in which the particle 

size distribution analysis was performed again. Table (1) 

describes the entire configuration of modeled 

experiment. 

4- Lime content estimation: 

Based on the performed experiment, the study 

conducted a simulation of CaCO3 movement under 

define water quantity using computerized modeling of 

the regional model for soil CaCO3 deposition 

(CALDEP) software (Marion et. al., 1985). That 

package was developed as soil carbonate deposition 

model which used successfully for long term simulation. 

The required input data were measured and presented in 

three input files; first input file contained chemical 

analysis of irrigation water and data of 

evapotranspiration, second file deals with initial soil 

chemical parameters like salts concentration and lime 

content, while the third input file concerned with soil 

physical properties as texture and hydraulic 

conductivity. 

Table 1.  Experimental design parameters and configuration 
 Column 1 Column 2 Column 3 

W. Head depth, cm 12 12 12 

Length, cm 80 80 80 

Diameter, cm ≈ 11 (3.64'') ≈ 11 (3.64'') ≈ 11 (3.64'') 

Layers Depth, cm 0-12 12-30 30-80 0-10 10-30 30-80 0-20 20-80 

Volume, cm
3
  124.8 187.2 520.1 108.1 216.1 504.2 208.0 624.1 

Mass, gm 159.8 249.8 666.3 147.2 294.3 736.3 283.3 349.9 
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The carbonate content was estimated for the three 

studied soils over time along 500 years using the finite 

difference solution according to equation no. (2). 
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Where: C is lime concentration (%), q is water flux 

(cm/hr), Ө is water content (cm
3
/cm

3
), z is depth and D 

(Ө, q) is diffusion constant. A linear relationship 

between estimated lime content with time was 

undertaken, where regression coefficients were 

calculated for each examined soil.  

RESULTS AND DISCUSSION 

Results indicated that studied soils have medium soil 

hydraulic conductivity values which were 2.89, 2.95 and 

3.11 cm/hr, respectively. The total counts of collected 

leachates were equal 20, 15, and 12 for the first, second, 

and third profiles, respectively table (2). Extremely 

saline column consumed the much higher water quantity 

and time for leaching. 

1- Routine characterization:  

The analytical data of soils as seen in table (3) 

emphasized on that variation between selected sites, 

which was mainly due to the differences in salinity 

levels between these three profiles. The total salinity 

varied between 250 dS/m in the first profile which 

represents the extremely saline soils, one tenth (25 

dS/m) in the second which represents the highly saline 

soils, and one tenth (2.5 dS/m) in the third one which 

represent the slightly saline soils. A tendency of salt 

decrease with depth is quite common. Results of salts 

composition show that the predominant anion is 

chloride, while the predominant cations are sodium and 

magnesium in the first and second profiles, while 

calcium and/or sodium in the third one (table 3). As 

usual at coastal sites, lime content (CaCO3 %) is high 

with increase tendency towards depth. 

Table (4) summarized the results of performed 

mechanical analysis, where soil texture ranged between 

sandy clay loam and clay. Soil texture of the extremely 

saline layers was similar as clay loam which may be 

indicate a steady leaching flow. Other soils have heavier 

texture, where highly saline soil has clay texture class at 

both of surface and bottom layers while slightly saline 

one has a clay texture at the bottom.  

2- Particles size distribution (PSD) 

2.1- PSD of extremely saline soils: Leaching of the 

first extremely saline soil column led to down 

immigration of some particles from the first horizon  

Table 2. Routine soil physical properties of investigated soils 

 Column 1 Column 2 Column 3 

S.P (%) 32.8 35.2 36.5 34.0 32.6 31.8 33.5 35.9 

Bulk dens. (g/ cm
3
) 1.28 1.33 1.28 1.36 1.36 1.36 1.36 1.36 

Porosity (%) 45.0 51.6 49.8 46.5 47.9 45.2 48.1 48.5 

Hyd. Conduct. (cm/hr) 2.89 2.95 3.11 

Leachates count 20 15 12 

Leachates vol. (cm
3
) 1552 1055 732 

Time of leaching (h:m:s) 10:48 07:41 05:59 

Table 3. Soil analysis of the studied profiles before salts leaching 
 Site 1 Site 2 Site 3 

Salinity class Extremely saline Highly saline Slightly saline 

Horizon depth, cm 0-12 12-30 30-80 0-10 10-30 30-80 0-20 20-80 

CaCO3, % 22.8 23.9 26.8 27.9 25.9 32.4 36.7 40.0 

pH 7.9 7.8 7.8 7.6 7.4 7.2 7.8 7.8 

EC, dS/m 250.0 110.0 80.0 25.0 2.4 20.0 2.5 2.2 

Soluble 

Cations, 

meq/100g 

Ca 
++

 11.29 4.69 5.8 1.21 0.36 2.40 0.27 0.58 

Mg 
++

 18.35 6.50 5.80 1.71 0.28 0.65 0.04 0.08 

Na 
+
 40.16 27.88 19.34 10.21 0.32 1.96 0.54 0.40 

K 
+
 0.40 0.19 0.29 0.21 0.03 0.05 Tr. Tr. 

Soluble 

Anions 

meq/100g 

CO3 
--
 Tr. Tr. Tr. Tr. Tr. Tr. Tr. Tr. 

HCO3 
-
 0.10 0.05 0.05 0.05 0.05 0.08 0.10 0.15 

Cl 
-
 69.7 29.5 24.2 6.60 0.98 4.52 0.78 0.51 

SO4 
--
 0.016 0.026 0.018 0.085 0.008 0.006 0.06 0.21 
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Table 4.  Mechanical analysis of the investigated soils before the experiment 

 Site 1 Site 2 Site 3 

Horizon depth, cm 0-12 12-30 30-80 0-10 10-30 30-80 0-20 20-80 

C. Sand % (200-2000 µ)* 1.21 0.79 0.95 2.26 4.43 0.49 3.00 2.42 

F. Sand %  (20-200 µ) 36.15 37.07 37.76 29.52 44.80 20.65 42.01 30.65 

Silt %           (2-20 µ) 23.34 12.35 29.86 25.68 23.63 28.40 18.82 25.51 

C. Clay %  (1-2 µ) 7.48 7.55 5.67 10.50 4.43 10.55 8.24 11.63 

F. Clay %  (< 1 µ) 31.82 27.24 25.76 32.04 22.71 39.91 27.93 29.79 

Soil Texture class** CL CL CL C SCL C CL C 
* Diameters according to the International Soil Science Society (ISSS), C= Coarse, F=Fine  

** CL=Clay loam     C=Clay      SCL=Sandy clay loam 

(0-12 cm) where fine grains percentage (less than 1, 1-2, 

2-5 µ) was decreased after leaching. As the grain 

diameter increase as the transportation decreased. On 

the other hand, percentage of course particles (5-10, 10-

20, 20-200 µ)  increased at the upper  horizon.  In 

contrast, the lower horizon (30-80 cm) received 

transported fine particles which led to successive 

decreasing of course grain percentage with diameter as 

seen in figure (1A) which illustrates the differences 

between particle size distributions before and after 

leaching.  

Removal of lime from the first column as a 

cementing agent between particles maximize the content 

of fine grains at the upper layer, while course grains 

content (20-200 µ) almost remained as it is after lime 

removal. While quantity of course particles (20-200 µ) 

at the second (12-30 cm) and the third (30-80 cm) layers 

were affected negatively with lime removal.   

Lime removal from first soil column maximize the 

leaching effectiveness in particles removal from the 

upper horizon, where fine free lime particles content 

obviously decreased after leaching, than its percentage 

with carbonate. On the other hand, free lime course soil 

grains at the first and second horizons were increased 

significantly after leaching more that before lime 

removal as shown in figure (1A) which illustrates the 

effect of leaching at the extremely saline soils with and 

without lime removal. The effect of leaching was 

maximized again in increasing course grains content at 

second layer (12-30 cm), while at third layer (30-80 cm) 

course particles obviously decreased after leaching due 

to receiving significant amount of immigrated fine 

particles from upper horizons (Fig. 1a). In general, 

sediments transport were very clear at the extremely 

saline soils due to the effect of leaching in dissolving 

salt formations and concretions which increase particles 

mobility, that led to noticeable variability in particle size 

distribution between horizons.        

2.2- PSD of highly saline soils: In general, the fine 

particles content (less than 1 µ) was lower than course 

particles content (20-200 µ) at the second horizon (10-

30 cm) in contrast with lower layer (30-80 cm) as 

showed in figure (1B). The experiment indicated that 

leaching at highly saline soils had no obvious effect as 

showed in the extremely saline soil column. Limited 

quantity of fine particles (less than 1 µ) immigrated from 

the upper layer (0-10 cm) to be precipitated at the last 

layer (30-80 cm). Unexpected effects of leaching at the 

upper layer on course particles content (20-200 µ) which 

were nearly not influenced due to relative increments 

occur in medium particles contents (5-10-20 µ). 

Removal of lime from highly saline soil increase the 

content of fine particles and unexpectedly the course 

particles also, that is may be attributed to the 

disappearance of lime as fine particles rather cemented 

agent. Leaching effectiveness was relatively increased in 

particles movement associated with lime absence. 

2.3- PSD of slightly saline soils: Low soil salinity in the 

third column led to continues leaching for relatively 

long time till reaching a stable salinity level of collected 

periodic leachates. The fine lime particles content were 

leached and decreased effectively along whole column 

sections after the experiment even the lower horizon and 

that may be attributed to that continues leaching. 

(Fig.1C) After lime removal, the contents of fine and 

course particles before or after leaching were obviously 

more than corresponding contents associated with lime, 

simultaneously with medium particles decreasing. That 

is could be attributed to carbonate removal as a 

cemented material or as fine grains, which consider the 

source of that high lime percentage (36.7 - 40 %) in the 

slightly saline soil. 

Consequently, the final soil texture class of each soil 

column was affected by leaching as showed in table (5). 

Due to long leaching period, the texture of the last layer 

of the extremely saline soil column was changed from 

clay loam to clay. That is attributed to clay content 

enhancing from 31.43 % to 40.66 % by a ratio of 22.7 

%. Clay content of the last layer of the highly saline soil 

was increased also, but only by a ratio of 7.1 %.  
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Fig. 1 Particle size distribution histograms for analyzed soil models. 
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Table 5.  Mechanical analysis of investigated soils at Maryout after the experiment 
 Site 1 Site 2 Site 3 

Horizon depth, cm 0-12 12-30 30-80 0-10 10-30 30-80 0-20 20-80 

Sand %   39.85 39.24 33.26 32.02 48.38 19.79 45.05 33.45 

Silt %  24.72 29.63 26.08 26.29 24.43 25.94 21.23 28.17 

Clay %  35.43 31.13 40.66 41.69 27.19 54.27 33.72 38.38 

Soil Texture class* CL CL C C SCL C CL CL 
* CL=Clay Loam     C=Clay      SCL=Sandy Clay Loam 

In contrast, texture of the subsurface horizon at the 

slightly saline column became lighter after leaching as 

clay loam instead of clay, where silt content was 

increased versus clay decreasing.         

3- Salinity evolution: 

3.1- Salinity downward rate: In general, leaching of 

extremely saline soil required more time and consumes 

higher leachates volume and number than those of 

highly saline soils and both were more than 

corresponding of slightly saline soil (Tables 1 and 6).It 

was noticed that the electrical conductivity values of the 

second drained leachate fractions were reduced 

significantly by about 77.8%, 57.1% and 15.6% as 

shown in table (6) and fig. (3). The experiment was 

turned off simultaneously with stable salinity level of 

whole leachates at 0.74, 0.44 and 0.16 dSm
-1

 for 

extremely, highly and slightly saline soils, respectively. 

Thus, leaching succeeded in removing about 99.7 %, 

98.2 % and 93.6 % from the total salt content of the 

investigated three soil columns, respectively (Fig 2). 

The high rate of salt decreasing associated with 

extremely saline column may be attributed to the effect 

of washing on excess amount of ions under continuous 

flow or to the relative medium soil texture for whole soil 

horizons as clay loam if compared with other soil 

columns which including clay texture class.      

3.2- Chemical composition of leachates: It was noticed 

that Na
+
 represent 54%, 48% and 45%, respectively of 

the total leachate cations belonging to the investigated 

soils (Table 6). Results indicated that the concentrations 

of Cl
-
, Ca

++
, Mg

++
 then K

+
 followed Na

+ 
in descending 

order in whole drained leachates of the experiment. Data 

shows that most of the chloride at the extremely saline 

soil was leached in the first few leachates. Removed 

cations essentially were in chloride or sulfate forms 

except for Ca
++

 and K
+
 were present mainly in chloride 

due the solubility constant of salts which decreased 

orderly as CaCl2 – MgCl2 – NaCl – KCl – MgSO4 – 

Na2SO4 – K2SO4 – CaSO4. Due to the ionic losses 

during leaching, the concentrations of nutrients have to 

be carefully monitored for plant growth. Values                   

of  sodium  adsorption  ratio  (SAR)  were  decreased 

significantly during leaching as showed in table (6). 

Leaching succeeded in alkalinity removal from both 

extremely and highly soil columns according to SAR 

decreasing.  

4- Estimation of Calcic horizon formation: 

The different calcareous studied soils showed an 

increasing rate of CaCO3 deposition due to leaching 

according to simulation model which assumed a 

constant dust input equal to 0.5 g CaCO3/m
3
. According 

to received water quantities, the predicted rates of 

CaCO3 deposition for the studied soils were 19.9, 16.4 

and 09.5 g/m
3
/year, respectively (table 7). Differences 

between increasing deposition rates of lime within 

dominant CaCO3 horizons showed in fig. (3), where 

rates of deposition are curves' slopes. Dominant lime 

horizons will receive 9950, 8200 and 4750 g/m
3
of 

carbonate, respectively at studied sites after 500 years 

(fig. 3).          

Thus, 0.76, 0.64 and 0.37 % of carbonate will added 

to receptor horizons after 500 years at the studied sites, 

respectively which indicate unsuitable conditions for 

Calcic horizon formation.     

CONCLUSION 

- The electrical conductivities of the leachates from 

whole studied soils were found to decrease sharply 

among the first few leachates fractions then it slow 

and steadily decreased. The rate of ionic loss during 

leaching was found to be orderly as Na, Cl, Ca, Mg, 

then K. Due to the ionic losses during leaching, the 

concentrations of fertility elements have to be 

carefully monitored to sustain healthy plant growth    

- Mechanical compositions of soils at the end of 

experiment indicate that total clay increased with 

depth for extremely and highly saline columns. 

These results indicate that some soil aggregates were 

broken down then clay migrated downward due to 

water movement. Silt content increased with depth at 

the slightly saline soil after leaching. Leaching of 

soil salts with such lime conditions will not resulted 

in Calcic horizon formation at least over 500 years.  

- It is anticipated that similar conditions could prevailed 

in the field and each situation should be evaluated 

before water is budgeted for reclamation. It is 

usually not advisable to leach if the resulting soil 

will be sodic or alkali, where such soils should 

receive amendments before being leached. 
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Table 6. Salinity levels and associated chemical composition of drained leachates 

Soil column 
Leachate 

fraction  

Leachate 

volume 

(ml) 

Leachate 

salinity 

EC, dSm-1 

Chemical composition meql-1 

SAR 
Na K Ca Mg Cl 

Extremely 

saline soil 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

75 

75 

80 

75 

80 

75 

75 

75 

75 

82 

75 

75 

85 

85 

75 

80 

75 

75 

80 

80 

315.22 

55.50 

20.14 

15.25 

10.84 

8.12 

5.21 

3.43 

2.57 

2.24 

1.98 

1.75 

1.50 

1.40 

1.12 

0.94 

0.85 

0.75 

0.74 

0.74 

2079.37 

471.75 

171.19 

129.63 

92.14 

69.02 

44.29 

29.16 

21.85 

19.04 

16.83 

14.88 

12.75 

11.90 

9.52 

7.99 

7.23 

6.38 

6.29 

6.29 

34.61 

12.75 

7.07 

4.63 

3.42 

2.06 

1.90 

1.72 

1.29 

1.12 

0.99 

0.88 

0.75 

0.70 

0.56 

0.47 

0.43 

0.38 

0.37 

0.37 

882.62 

155.40 

56.39 

42.70 

30.35 

22.74 

14.59 

9.60 

7.20 

6.27 

5.54 

4.90 

4.20 

3.92 

3.14 

2.63 

2.38 

2.10 

2.07 

2.07 

472.83 

83.25 

30.21 

22.88 

16.26 

12.18 

7.82 

5.15 

3.86 

3.36 

2.97 

2.63 

2.25 

2.10 

1.68 

1.41 

1.28 

1.13 

1.11 

1.11 

1418.49 

124.75 

90.63 

68.63 

48.78 

36.54 

23.45 

15.44 

11.57 

10.08 

8.91 

7.88 

6.75 

6.30 

5.04 

4.23 

3.83 

3.38 

3.33 

3.33 

79.87 

43.19 

26.02 

22.64 

19.09 

16.52 

13.23 

10.74 

9.29 

8.68 

8.16 

7.67 

7.10 

6.86 

6.13 

5.62 

5.34 

5.02 

4.99 

4.99 

Total 1552 -- 3227.47 225.15 1260.81 675.44 2026.31 -- 

Highly saline 

soil 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

70 

75 

70 

65 

65 

70 

70 

70 

70 

72 

72 

70 

72 

72 

72 

42.60 

10.72 

8.54 

6.50 

5.10 

4.20 

3.18 

3.00 

2.55 

1.95 

1.14 

0.85 

0.54 

0.44 

0.44 

219.50 

80.40 

64.05 

48.75 

38.25 

31.50 

23.85 

22.50 

19.13 

14.63 

8.55 

6.38 

4.05 

3.30 

3.30 

7.30 

3.36 

2.27 

1.95 

1.55 

1.10 

1.00 

0.96 

0.88 

0.78 

0.57 

0.43 

0.27 

0.22 

0.22 

119.28 

30.02 

23.91 

18.20 

14.28 

11.76 

8.90 

8.40 

7.14 

5.46 

3.19 

2.38 

1.51 

1.23 

1.23 

63.90 

16.08 

12.81 

9.75 

7.65 

6.30 

4.77 

4.50 

3.83 

2.93 

1.71 

1.28 

0.81 

0.66 

0.66 

191.70 

48.24 

38.43 

29.25 

22.95 

18.90 

14.31 

13.50 

11.48 

8.78 

5.13 

3.83 

2.43 

1.98 

1.98 

22.94 

16.75 

14.95 

13.04 

11.55 

10.48 

9.12 

8.86 

8.17 

7.14 

5.46 

4.72 

3.76 

3.39 

3.39 

Total 1055 -- 588.13 45.88 256.90 137.63 412.88 -- 

Slightly saline 

soil 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

65 

65 

60 

60 

60 

60 

60 

58 

62 

62 

60 

60 

4.52 

2.11 

1.84 

1.44 

1.08 

0.85 

0.74 

0.54 

0.38 

0.22 

0.16 

0.16 

22.38 

13.72 

11.96 

9.36 

7.02 

5.53 

4.81 

3.51 

2.47 

1.43 

1.04 

1.04 

2.26 

1.06 

0.92 

0.72 

0.54 

0.43 

0.37 

0.27 

0.19 

0.11 

0.08 

0.08 

12.66 

5.91 

5.15 

4.03 

3.02 

2.38 

2.07 

1.51 

1.06 

0.62 

0.45 

0.45 

6.78 

3.17 

2.76 

2.16 

1.62 

1.28 

1.11 

0.81 

0.57 

0.33 

0.24 

0.24 

20.34 

9.50 

8.28 

6.48 

4.86 

3.83 

3.33 

2.43 

1.71 

0.99 

0.72 

0.72 

7.18 

6.44 

6.01 

5.32 

4.61 

4.09 

3.81 

3.26 

2.73 

2.08 

1.77 

1.77 

Total 732 -- 84.26 7.02 39.31 21.06 63.18 -- 
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Fig. (2A). Electrical conductivity (EC) of extremely saline soil leachates 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. (2B). Electrical conductivity (EC) of highly saline soil leachates 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2C). Electrical conductivity (EC) of slightly saline soil leachates 
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Table 7.  Estimated increments in soil carbonate 

Site Regression Co. (r
2
) 

Initial CaCO3 % at 

receptor horizons 

Estimated yearly CaCO3 incr.  

g/m
3
 % 

1 0.99 26.8 19.5 1.52 X 10
-3

 

2 1.00 32.4 16.4 1.28 X 10
-3

 

3 0.99 45.0 9.50 0.74 X 10
-3
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 الملخص العربي

 بإقليم مريوط، نمذجة تاثير الغسيل على بعض خصائص الأراضى الجيرية المتأثرة بالأملاح
 غرب الدلتا 

 محمد عزت عبد الهادى خليفة  ،أحمد محمد أمين هرجة

بأسوووووف   (C)بسوووووبة اربوووووة اثنىوووووو  ال الووووو  و وووووين  (CL)ولووووونى   يووووو    
وعمنىموووا لةالوووة ال ربووونىنت أو ووووز ع ووواى  ال نىة ووو  ا  مووو  . السوووبة

للوبيبوووووات أ  عسوووووولأ ا بيبووووووات ااع وووووو  اووووووزداد علوووووو   سووووووا  ع وووووو  
ا بيبووووات ااخكووووط ل وووو  البب ووووات، ولجوووورا  ال سووووي  اعموووود  ال بووووة 

بالآفووووووا   الخاليوووووة مووووووط ال ربوووووونىنت ا اونووووووز عسووووولأ ا بيبووووووات ااع وووووو 
السبوية ثس نىيى اثلنى ة اثراف ة والكد د  أك ر مط اث خفضة، وذلك 

إةدادت عسوبة البووين .  سوا  ةدد  عسوب ا ا الآفوا  ال ووز سوبوية
باافووا ااخووت ثسوو نى ح اثلنى ووة الكوود د  واثراف ووة ب وود ال سووي  ب سوووبة 

عل  ال ايولأ، بي موا اودعز عسوبة البوين بوفات اافوا  %227و 22..
 . امنىد ال بة م خفض اثلنى ة ب د ال سي  عظرا لإرافاع عسبة السلزل

ا اونوووووز ملنى وووووة الراشوووووة ال وووووال بكووووود  موووووط كووووو  أعمووووود  ال بوووووة  
علوو  ال ايووولأ، وع ووولأ  %7121- 1227 -2227اثدروسووة ب سووولأ 

 5271 -5200 -5221إع  ووا  ال  ربووة إازعووز ملنى ووة الرواشووة ع وود 
 -22..ل سووووي  ا إةالووووة  ، وعليوووود ف وووود  وووووز  ربووووة ا/د سيسوووويم ز

. موووط أمووودة أعمووود  ال بوووة الووو د  علووو  ال ايووولأ % 21.. -.72.
أو ووووز ال  ووواى  أ  الف ووود اا ووونىل بالرواشوووة كوووا  بال ايووولأ امووودة 

Na- Cl- Ca- Mg- K    يوووو  كاعووووز ال وووووااينىنت إمووووا ا  ووووونىر 
وبمواكووا  ارسوويلأ ال ربوونىنت بأعموود  ال بووة ابووين . كلنىر وود أو كت  ووات

 -7120 –.7.2إسوووووو  با  الآفووووووا  الوووووودعيا لل ووووووت كووووووا   أ  م وووووود 
 - 5210 -5221عوووووا  علووووو  ال ايووووولأ، ذلوووووك بنىاوووووو  /. /جووووو 21.

عا ، مما  كوت لإع فوا  الظورولم اثدىموة  155كربنىنت ب د   52.2%
 . ل  نى ط اافا الجتى ال كخين  خد  هفه الف  

يووة ا إع موودت ع وواى  ال  ربووة علوو  الفووروو ال ظر ووة وال  وواى  اث مل
 ؤخوف ا الإع بوار ا ديم نمنىذج يحاك  ظرولم ال سي  ا  لية، علو  أ  

ا يووي  ف ووود اث وووفدت بال سوووي  واوودا إ  مووواتت  ووونىد ة ال بوووة ع ي وووة 
 .  ال سي  لس خدا  المحس ات

عظوورا اةيووة إولووي  مر وونىا وجوودوى الإع فوواع بأرا وويد الجت ووة اثس نوولوة 
محاكوووا  م ملووو  لر ووود ا وووت أجووورى هوووفا البوووو   ووودلم إعكوووا  نمووونىذج 

ب وووض  وووفات وخنووواى  اارا ووو  الجت وووة اث ووو  ر  ملويوووا  وووز   وووت 
عملية غسي  اامدة مط ال بة ا محاولوة لمحاكوا  د  امي يوة إس نودة 
. ال بووووة الجت ووووة اثلويووووة بال سووووي   ووووز   ووووت ابووووا ط مسوووو نىدت اثلنى ووووة

 –سو نىدت ت لفوةوإخ تت  ود  منىاوو  بم ب وة الدراسوة مم لوة لو د  م
 -مرافوو  اثلنى ووة -مووط ملنى ووة ال بووة وهوو  موو خفض اثلنى ووة -م ضوواعفة

  علووووووووو  /د سيسووووووووويم ز 1525. –125. – 21.)شوووووووود د اثلنى وووووووووة 
، تم دراس  ا   ليا لس خدا   د  وباعوات أر وية مم لوة مو  (ال ايلأ

 مي  ال ي وات الدةموة لمحاكوا  ال باعوات اار وية بأعمود  اربوة م مليوة 
ووود أجر وز  ربوة . سو 75أعموا  ففوا  ال باعوات  وق عموا ب فس 

غسوووووي  لممووووودة موووووط أعمووووود  ال بوووووة مووووو   ميووووو  الراشوووووة علووووو  أةم وووووة 
وبأ  ا  شبد م  ظمة ل   عامنىد اربوة مو  إجورا  ال  ر وة موراين ااو  

وعمنىموووا كوووا  الهووودلم موووط . ال ربووونىنت وااخووورى ب ووود إةال  وووا ا وجووونىد
إجرا  ال  ربة دراسة  ر د م د  ا او  ملنى ة المحالي  الراشوة ب نىا  

دراسوة ا وت عسولأ اامودة اثخ لفوة  -ال سي  ع د ك  مسو نىى ملوو 
ر ووود ا وووت ال نىة ووو  ا  مووو   -للمواليووو  الراشووووة( ال كيووولأ اثلوووو )

مسووو نىى ملوووو  ا كووو  موووط وجووونىد وغيوووا  للوبيبوووات ب ووو  أفوووا ل ووو  
ال ربوونىنت موو  إبووراة ب ووض   ووتات عمليووة ال سووي  ا  وور  اث وونىنت 

 .دراسة إ  ما  ا نى  اافا ال لس  ال كخين  -الدوي ة
وود أظ رت ال  اى  أ  عدد الرواشة الق إس لزم  ا ال  ربوة ل دعيوة 

 .7، 71، 5.اثلنى وووووة ع ووووود  ووووودها اادل ل ووووو  عوووووامنىد اربوووووة كوووووا  
، .سوو  ..2، 7511، .711راشووة، وذلووك لحووا    وو  راشووة 

وووودر . علووو  ال ايووولأ .1:1، 2:07، 75:07( س: )خووود  ةموووط 
باثنىوووو   (C)باثنىوووو  ااو ، و وووين  (CL)وووونىا  ال بوووة ف وووا  لووونى   يووو  

 ،( SCL) ال ال عدا البب ة النىسب  ف ا  لنى  رمل   ي 


