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ABSTRACT 

In order to investigate the possibility of reducing the main harmful effects of saline 

water movement by capillarity in degradation of soils structure and salts accumulation 

on their surface, an experiment was conducted to evaluate effect of the Bitumen 

emulsion application on the mechanism movement of different qualities of water by 

capillary action in three different soils texture (clay, sandy loam and sandy soils), air 

dried and passed through (2) mm sieve. Half of each soil been mixed thoroughly with 

Bitumen emulsion of (1%) on dry soil bases and the other half was left without 

treatment. Soils have been placed into fifty four glass tubes of (100) cm length and 

(0.8) cm diameter. Three qualities of water (tap water of 1.85 dS m
-1

, mixed water of 

6.22 dS m
-1

 and drainage water of 10.48 dS m
-1

) were used. All treatments have been 

done three times. The height of rising water by the capillarity (cm) at time of 

measurement (minute) was measured and capillary water velocity (cm h
-1

) was 

calculated for all treatments (Bitumen, soils and water qualities). All obtained data 

were statically analyzed by using the SPSS program.  

        From using the tab, mix and drainage qualities of water, results of the capillary 

action indicate differences in the water rising values with the different soils and 

Bitumen treatments. Increasing of salts concentration in the water caused significant 

decreases in the capillary water rise values throughout the time of measurements of all 

treatments. The application of Bitumen caused large reduction in cumulative capillary 

rise and capillary water velocity values at the start and the end of the capillary action 

time, the reduction percentage values was 70.08% at the beginning and 12.66% at the 

end of the measurement time. The reduction in upward movement of saline water by 

capillary action was recorded in all experiment treatments. The results concluded that, 

coating of Bitumen emulsion to the soil particles and its penetration into aggregates of 

the soils caused an improvement in the soil structure units and porosity. These newly 

formed units of soil structures were not affected by the salt level present in the rising 

water by capillarity. The application of Bitumen caused increasing in the macro pore 

spaces (drainage pores) and reduction in the micro pore spaces (capillary pores) of the 

soils, which, consequently, resulted in a decline in rising movement velocity of saline 

water by capillarity in all soils.    

 

Keywords: Bitumen Emulsion Application, Water Quality, Capillary Water Rise, 

Capillary Water Velocity, Soil Texture. 

 

INTRODUCTION 

Water capillary action is the movement of water along microscopic channels, as a 

result of two forces: the adhesion and absorption of water by the walls of the 

channels; and cohesion of water molecules to each other [1]. Free water at the water 

table is attracted by adhesion to the hydrophilic surface of soil mineral particles, 

causing the water to spread out in a thin film with a contact angle of essentially zero. 

Pressure is always lower on the convex side of a curved interface; therefore, the water 
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rise in the pore until the difference in pressure is just balanced by the weight of the 

water pushed above the water table [2]. 

        It occurs because of inter-molecular attractive forces between the liquid and solid 

surrounding surfaces; which is highly affected by texture of the soil. If the diameter of 

the tube is sufficiently small, then the combination of surface tension (which is caused 

by cohesion within the liquid) and adhesive force between the liquid and the container 

acts to lift the liquid [3]. 

       Using of oil mulch (Bituminous) by [4] as an evaporation inhibitor on a sandy 

soil decreased the evaporation rate by 45% under field condition. Consequently, the 

reduction in evaporation of water from soil surface will limit the movement and 

elevation of water table rising by capillary action to the soil surface. On their previous 

studies, [5] indicated that surface mulching with Bitumen emulsion was considered as 

one of the applied techniques that can provide adequate conditions for sandy soil 

plantation. It protects the soil against wind and water erosion, reduces evaporation, 

increases the preserved moisture below the mulch layer and modifies soil structure 

and temperature [6]. 

       An experiment on the effect of two anionic Polyacrylamide molecular weights, 

using deionized water on the stability of aggregates of four soils varying in clay 

content indicated a significant interaction among all the treatments [7]. Moreover, [8] 

found that all soil conditioners irrespective of their concentrations, which have been 

applied to the sandy loam soil, significantly increased the number of micro-pores and 

the respiration activity which were accompanied by a decrease in the number of 

macro-pores, as well as a decrease in the cone index and bulk density and increase the 

specific surface area of the soil and the moisture holding capacity of the surface layer 

of the soil. 

  Salinity means the presence of soluble salts in or on soils, or in water, therefore, for 

salinity management purposes, it is necessary to assess the suitability of water quality 

and soil structure or texture for irrigation [5]. The main concern with increasing 

salinity of irrigation water or of water table is decreased crop yields and soil 

degradation as a result of excess salts being present in water and soils or salts rising 

with water by capillarity in soil [3] and [9] . However, water moves with salts when 

matric potential is zero at wetting front; then water can move from high to low 

potential; similar with capillary rise [10]. 

  A little is known about the interaction effects of Bitumen emulsion, soil texture and 

water quality on capillary water rise and capillary water velocity. Knowledge of how 

Bitumen affects water capillary action in soils can be very important in reducing the 

accumulation of salts rising with the capillary water on the soil surface, especially 

when the water table above the critical level. Therefore, an experiment was carried out 

on the application of Bitumen emulsion for different soil textures in order to 

investigate in the mechanisms of capillary rise and capillary velocity of different 

water salinities under different soil textures. 

Materials and Methods 

       A research was conducted at the Agriculture College, University of Basrah, Iraq, 

using three textures of soil (clay, sandy loam and sandy soils). The clay soil was 

collected from the surface layer of (0-10) cm depth of 

Abu Al-Kassib region, south of Basrah, which was classified as Typic Torrifuvent 

[11]. The sandy loam and sandy soils were collected from Al-Birgesia Agricultural 

Research Station of the Ministry of Agricultural, south of Basrah, Iraq. The two soils 

were classified as Typic Torripsamments. Each soil was air dried, mixed and passed 

through (2) mm sieve (in order to obtain a uniform soil particles size distribution) 
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before being placed into fifty four glass tubes of (100) cm length and (0.8) cm 

diameter. 

         Glass wool was placed and hold in the bottom end of each tube before filling 

them with air dry soil up to a few cms. from the top end. Half part of the required 

quantity of each soil was mixed thoroughly and individually with 1% (on dry soil 

bases) prepared Bitumen emulsion 50% active material as a hydrophobic conditioner 

in order to obtain soil treated with and without Bitumen emulsion. 

  Lower end of each soil tube was immersed in water (to obtain soil bottom end just 

by touching water surface) by using three qualities of water (tap water of 1.85 dS m
-1

, 

mixed water of 6.22 dS m
-1

 and drainage water of 10.48 dS m
-1

) in order to measure 

the height of water (cm) rising by the capillary action at time of measurement 

(minute). The obtaining data can be used to calculate water velocity by capillarity (cm 

h
-1

) for each water quality, soil texture and Bitumen treatments. 

  Appropriate primary physical and chemical properties of three soils and of water 

qualities were determined (Table1) according to the procedures described by [12] and 

[13]. The data clearly showed that there are differences in properties between soil 

textures and between water qualities. 

  The Bitumen emulsion has no-fixed chemical structure, and the specific gravity 

values is 1.01 g cm
-3

, viscosity is 2.40 centipoise, pH =7.8 and EC=0.3 dS m
-1

. 

 

Table (1): The primary properties of physical and chemical analysis of soil textures 

and water qualities. 

Physical-Chemical 

Analysis   

Measurement 

Units 

Soil texture 

Clay Sandy Loam Sand 

pH  7.9 7.7 7.5 

EC dS m
-1

 4.14 3.11 2.43 

Co3
-2

 ppm 0.0 0.0 0.0 

HCO3
-1

 ppm 16.50 10.50 8.30 

Cl
-1

 ppm 60.30 43.50 22.80 

Na
+1

 ppm 37.00 19.91 12.54 

Clay  

gm Kg
-1

 

475.43 84.34 37.10 

Silt 321.25 217.17 50.25 

Sand 203.32 693.49 912.65 

Field capacity gm gm
-1

 0.3060 0.2210 0.1830 

ρs Mg m
-1

 2.65 2.68 2.69 

ρb Mg m
-1

 1.32 1.44 1.56 

Porosity  0.5019 0.4627 0.4201 

MWD mm 0.82 0.18 Nil 

Water analysis Units Tap water Mixed water Drainage water 

pH  7.0 7.5 8.0 

EC dS m
-1

 1.85 6.22 10.48 

Cl
-1

 ppm 0.0065 0.0425 0.0800 

Na
+1

 ppm 60 370 700 

 

 

 

 

 

 

Results and discussion 
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Statistically at each Bitumen treatment, the differences in capillary rise values 

between the treatments of soil textures, water qualities, time of measurements and the 

possible interactions within the treatments were highly significant at P=0.001 (Table 

2). There is an increase in the cumulative capillary rise values with time of 

measurement for all water qualities in each soil and Bitumen treatments (Figure 1 and 

2). All graphs showed highest, intermediate and lowest trend for tab, mixed and 

drainage water quality treatments, respectively. In both treatments with and without 

Bitumen, increases of salts concentration in the water caused decreases in the 

capillary action of water rising in the soils throughout the time of measurements. This 

can be attributed to the fact that the solute potential of the water declines with the 

increase of salts concentration, the negative part of the salt holding the positive 

molecular part of water which causes a reduction in the solute potential of the water 

[14]; [15]. 

 

Table (2): Variance analysis (F values) of capillary water rise data for dependent 

variables. All values are significant at P=0.001.   

Source Without Bitumen With Bitumen 

Soil texture (A) 208653.94 ** 56189.25 ** 

water quality (B) 6933.40 ** 7201.28 ** 

Time(C) 29402.56 ** 103977.44 ** 

A*B 556.60 ** 98.24 ** 

A*C 3149.81 ** 2814.86 ** 

B*C 63.28 ** 144.81 ** 

A*b*C 26.35 ** 16.10 ** 

R. squared 1.00 1.00 

 

At the untreated soil treatments with Bitumen, the sandy loam soil, gave highest 

values of capillary rise at the start and the end of the experiment (Figure 1). The mean 

values of capillary rise for the clay, sandy loam and sandy soils are 2.36, 19.30 and 

17.54 cm. at the start (after 10 minutes) and 40.19, 73.87 and 35.24 cm. at the end 

(after 90 hours), respectively. These results are coincided with those obtained for the 

water quality treatments at each soil texture. 

      Treating the soils with Bitumen emulsion caused clear changes in the capillary 

action of each soil texture (Figure 2). The capillary rise values in the clay soil 

increased at the start and decreased at the end time of measurement. In the sandy loam 

soil, the values decease at both starting and ending time of measurement, while in the 

sandy soil, the values decrease at the start and increase at the end time of 

measurement. These differences in results can be attributed to the development in soil 

structure units and the changes in pore sizes distribution of each soil which occurred 

due to the differences in response of each soil texture to the effect of Bitumen 

emulsion in binding of soil particles together [16]; [17] .[8] revealed that all soil 

conditioners irrespective of their concentrations significantly increased the number of 

micro-pores in the sandy loam soil which were accompanied by a decrease in the 

number of macro-pores. 
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Figure (1): The relationship between the cumulative capillary rise of water (cm) and 

time of measurement (log time) in minute for clay, sandy loam and sandy soils 

without Bitumen. RLSD at (P> 0.01) = 0.286. 
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Figure (2): The relationship between the cumulative capillary rise of water (cm) and 

time of measurement (log time) in minute for clay, sandy loam and sandy soils with 

Bitumen. RLSD at (P> 0.01) = 0.178. 

      However significant differences were found in RLSD analysis at P=0.01 in the 

total mean of data of rising water by capillary action within the treatments of soil 

textures (Figure 3 & 4) and water qualities (Figure 5 & 6) of the treatments without 

and with the application of Bitumen emulsion, respectively. The clay soil and the 
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drainage water revealed the lowest data; and the sandy loam soil and the tap water 

gave the highest values; while the sandy soil and the mix water have the intermediate 

data within the experiment treatments. High concentrations of sodium in irrigation 

water can result in the degradation of soil structure; this will reduce water infiltration 

and penetration into the soil surface and down the soil profile; as well as slow down 

the capillary rise of water to the soil surface [2]; [18]. The main harmful effect of 

saline water on degradation of soil structure could be reduced to the minimum by 

adding the Bitumen emulsion to the soils. 

 

 
 

Figure (3): Effect of soil texture on water capillary rise values (cm) of treatments 

without Bitumen. RLSD at (P > 0.01) = 0.599.  

 

 
 

Figure (4): Effect of soil texture on water capillary rise values (cm) of treatments with 

Bitumen. RLSD at (P > 0.01) = 0.309. 

  

 
 

Figure (5): Effect of water quality on water capillary rise values (cm) of treatments 

without Bitumen. RLSD at (P > 0.01) = 0.243. 
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Figure (6): Effect of water quality on water capillary rise values (cm) of treatments 

with Bitumen. RLSD at (P > 0.01) = 0.309. 

      The mean values for all capillary rise data despite of the effect of treatments, 

indicated an increase in the trend of cumulative capillary rise values throughout the 

time of  measurements in both treatments without and with Bitumen application 

(Figure 7 and 8). The discrepancies in water capillary rise values were more or less 

similar in both graphs with and without Bitumen. The application of Bitumen cause 

large reduction in values at the start and end of the capillary rise. The start and end 

values for the treatments without Bitumen were 13.07 and 49.77cm and for the 

treatments with Bitumen were 3.91 and 43.47cm, respectively. In general, the 

reduction percentage values were 70.08% at the start and 12.66% at the end of the 

measurements. Using the Bitumen emulsion as an evaporation inhibitor on a sandy 

soil resulted in a decrease in the evaporation rate by 40% under field conditions, 

which is related to the improvement of soil structure stability (increase of micro-pores 

and decrease of macro-pores of soil) and soil water retention. [4].      

      T-test analysis resulted in a significant differences in capillary rise values between 

the treatments without and with Bitumen, (i.e. T-value =14.54). This is related to the 

direct effect of Bitumen emulsion in improving soil aggregate stability and sizes of 

which have consequently a dramatically effect on the continuity and distribution of 

pore sizes in the soils [4;16]. 

 

 
 

Figure (7): The relationship between time of measurement (log time) in minute and 

cumulative capillary rise of water values (cm) of treatments without Bitumen. RLSD 

at (P > 0.01) = 0.165. 
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Figure (8): The relationship between time of measurement (log time) in minute and 

cumulative water capillary rise values (cm) of treatments with Bitumen. RLSD at (P > 

0.01) = 0.165.  

      The analysis of variance (F values), of the data for the treatments without 

Bitumen, indicated significant differences in water velocity values between treatments 

of soil textures, water qualities and times of measurement; the bidirectional 

interactions within soil textures and times of measurement and also within water 

qualities and times of measurement were significant only, (Table 3). While the data 

for the treatments with Bitumen indicated significant differences in values between 

the treatments of soil textures and between times of measurement only; all the 

possible interactions within the treatments were not significant. 

 

Table (3): Variance analysis (F values) of water velocity data for dependent variables. 

* Values are significant at P = 0.05, ** Values are significant at P=0.001 and ns. are 

not significant values. 

Source Without Bitumen With Bitumen 

Soil texture (A) 357.08 ** 4.28 ** 

Water quality (B) 4.55 * 2.39 
ns

 

Time (C) 295.13 ** 21.57 * * 

A*B 0.88 
ns

 0.97 
ns

 

A*C 50.64 ** 1.46 
ns

 

B*C 2.00 ** 1.21 
ns

 

A*B*C 1.27 
ns

 0.98 
ns

 

R. squared 0.960 0.622 

       The calculated data for the water velocity in (cm h
-1

) for all the experiment 

treatments revealed differences in values with almost identical trends, it seems that, 

the untreated soils gave higher values than those soils treated with Bitumen (Figure 9 

and 10). There are decreases in values with increasing time until reach nearly constant 

values at end time of measurement. [11;19] and [9] found that the average upward 

water velocity and water infiltration rate were high at the beginning, but on the long 

run it gradually decreases until they reached an approximately constant rates. 

      Examination the velocity results in Figures (9) and (10) of water quality 

treatments for each soil texture indicated that, in general, there is an increase in 

variations between trends with the decrease of time of measurement. On the other 

hand, natural soils untreated with Bitumen showed less variations in trends of water 

velocities between the water qualities treatments as compare with Bitumen-treated 

treatments. This can be attributed to the differences in response of soil textures to the 

effect of Bitumen emulsion in binding soil particles together to introduce soil 

aggregates of variant sizes with each soil texture [16;4].  
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The developed aggregate sizes may produce significant differences in water velocity 

movement between soils. In the clay soil, the Bitumen amendment increases the 

macro-pores sizes and decreases the micro-pores sizes, whereas, in the sandy loam 

and sandy soils the vice versa occurs, i.e. the amendment decreases the macro-pores 

and increases the micro-pores, these phenomena could alter the hysteresis of each soil 

in different ways, which can directly affect the upward and downward movements of 

water in the soils [20;21]. 

      In both Bitumen treatments, large differences in water velocities were recorded 

between the start and end values of each soil texture and water quality treatments. The 

water velocity values at the start were greater than those of the end in all experiment 

treatments, and the discrepancies in values between soil textures were much higher 

than those between water quality treatments. The speculations of these results 

revealed that the pores size distribution of soil are the main part of soil which can be 

affected by soil conditioners or soil management which are considered as a limiting 

factor of how water moves through the soil [22;23]. At the bottom of the soil columns 

(near the water source) water rises more rapidly in the sandy soil where the capillary 

conductivity of the larger pores is greater than the clay soil which has smaller pores 

and attracts water more strongly than the large sandy soil pores, but transmits it more 

slowly. [24] indicated the rate of water movement and the amount of water retention 

are related to the pores and particles sizes distribution in the soils. 

      However, the application of Bitumen to the soils caused a clear decline in the 

starting water velocity values of sandy loam and sandy soils for all water quality 

treatments, whereas, the clay soil showed incline in starting velocity values. The 

values at the end of the measurements of the Bitumen treatments indicated a decrease 

in values of clay and sandy loam soils and an increase in the values of sandy soils at 

all water quality treatments as compared with the treatments without Bitumen. Factors 

which influence mechanism of water movement through the soil include soil texture, 

structure, organic matter, bulk density, and any condition that affects sizes and shapes 

of pores in the soil, like tillage, compaction, residue, decayed root channels, worm 

holes and soil conditioners [24;25]. 

      The results in Figures (9 and 10) also declare that the tap and drainage water 

qualities have the highest and lowest velocities of water in both treatments without 

and with Bitumen, respectively, while, the mixed water quality has the intermediate 

values. In general, the total mean values of water velocities for all treatments at the 

start and the end of measurements were 78.41 and 0.55 cm h
-1

 for treatments without 

Bitumen and 23.48 and 0.48 cm.h
1
 for treatments with Bitumen, respectively.  

      The results concluded that the application of Bitumen emulsion caused a reduction 

in the velocity of water qualities in all soil texture treatments. These finding of results 

revealed that the penetration of Bitumen into the soil and its improvement to the soil 

structure were not affected by the salt level present in the water qualities.  

      These results was opposed to those found by [26; 7] on the distributions of 

Polyacrylamide (PAM) in the soil profile, where, their results showed that the 

penetration of PAM into the soil profile was affected by salts concentration of 

irrigation water, soil texture, initial soil water content, water application method, and 

other factors.         
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Figure (9): The relationship between velocity of water (cm h
-1

) and time of 

measurement (log time) in minute for clay, sandy loam and sandy soils without 

Bitumen. RLSD at (P > 0.01) = 6.10 
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Figure (10): The relationship between velocity of water (cm h
-1

) and time of 

measurement (log time) in minute for clay, sandy loam and sandy soils with Bitumen. 

RLSD at (P > 0.01) = ns. 

      Regardless the individual effect of each experiment treatment, the variations in 

total mean values of water velocity between soil textures (Figure 11 & 12) were much 

higher than those between water qualities (Figure 13 & 14) for the treatments without 

and with application of Bitumen, respectively. The total mean values of treatments 

without Bitumen application have significant differences in RLSD = 3.50 at P=0.05 

between soil textures (Figure 11). The differences in total mean values of water 

velocity between water qualities treatments were not significant (Figure 13). The 

highest values in the experiment treatments without Bitumen were recorded in the 

sandy loam soil and tap water treatment; the lowest values were recorded in the clay 

soil and drainage water treatment; while the sandy soil and mix water treatment 

introduced intermediate values. Pore size is one of the most fundamental soil 

properties affecting water movement through the soils; the rate at which water moves 

through soil is primarily a function of soil texture and soil structure; where larger soil 

pores, such as in sand, conduct water more rapidly than smaller pores, such as in clay. 

However, at long term, water eventually rises higher in the clay soil where the pores 

are smaller and closer together. 

       The addition of Bitumen to the soils changed the structure behavior of each soil 

texture toward the movement of water qualities by capillary action (Figure 12 and 14). 

Despite of the individual effect of each treatment, the velocity of water was decreased 

in all soil textures and water quality treatments by the application of Bitumen 

emulsion to the soil. However, an exception was observed in the clay soil which 

showed a little increase in values. 

      The water velocity values indicated significant differences between soil textures 

(RLSD=5.43 at P=0.05) and non-significant differences between water quality 

treatments. The greatest decrease occurred in the sandy loam soil and the tap water 
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due to the addition of Bitumen emulsion compared with those treatments without 

Bitumen. This may indicate that the direct effect of Bitumen emulsion in improving 

soil structure and pores size distribution caused a reduction in upward movement of 

saline water by capillary action, which resulted in small variations in water velocity 

values between water quality treatments. [27] found that the presence of coarse stable 

aggregates which formed by the Bitumen in the soil breaks the capillary continuity of 

the soil and hinders water movement from deep layers to the site of evaporation. 

 
Figure (11): Effect of soil texture on velocity of water values (cm h

-1
) of treatments 

without Bitumen. RLSD at (P > 0.01) = 2.02. 

 
Figure (12): Effect of soil texture on velocity of water values (cm h

-1
) of treatments 

with Bitumen. RLSD at (P > 0.01) = 2.5. 

 
Figure (13): Effect of water quality on velocity of water values (cm h

-1
) of treatments 

without Bitumen. RLSD at (P > 0.01) = 2.2.  

 
Figure (14): Effect of water quality on velocity of water values (cm h

-1
) of treatments 

with Bitumen. RLSD at (P > 0.01) = 2.1. 

      Moreover, the total mean values of water velocity for the treatments without 

Bitumen application exhibit large decrease in trend with the increase in time of 

measurement (Figure 15). The highest and lowest values were 78.41 and 0.55 cm h
-1

 

at the start and end time of measurement, respectively .The RLSD value (3.5) 
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indicated significant differences at P=0.05 in water velocity values with time of 

measurement.  

      In general, there are large decreases in values of water velocity with the increase 

in time of measurement (Figure 16). The highest (25.42 cm h
-1

) and lowest (o.48 cm 

h
-1

) values were recorded at the second and at the finishing time of measurement; the 

other values were ranged between these two values. The water velocity values 

indicated significant differences between time of measurement (RLSD = 5.02 at 

P=0.05). 

      T-test for the water velocity values of the treatments without and with Bitumen 

indicated significant differences between the experiment treatments (T-test=8.16). 

This can be attributed to the positive effect of Bitumen as an amendment for 

stabilizing soil aggregates, which in turn, could assist in the control of salt and water 

movement in the soil.  

      The choices of Bitumen to be used as a soil amendment and an inhibitor for 

upward movement of salts in water by capillarity, however, need to be made in 

accordance with the soil texture class to be treated, level of salinity of water table and 

the specific conditions prevailing in the field. 

Figure (15): The relationship between time of measurement (log time) in minute and 

values of water velocity (cm h
-1

) of treatments without Bitumen. RLSD at (P> 0.01) = 

3.5. 

 
Figure (16): The relationship between time of measurement (log time) in minute and 

values of water velocity (cm h
-1

) of treatments with Bitumen. RLSD at (P> 0.01) = 

5.02.             
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Conclusion 

      The results concluded that:  

1. The direct effect of Bitumen emulsion in improving soil structure and pores size 

distribution caused a reduction in upward movement of saline water by capillary 

action, which resulted in great and small variations in water velocity values between 

soil textures as well as between water quality treatments, respectively. 

2. The effect of high concentration of salts on water movement was limited due to the 

active effect of Bitumen emulsion in improving soil structure and altering pore space 

sizes (macro pores to micro pores or the vice versa) dependent on the soil texture. 

3. These results can lead to the hypothesis that the electrical conductivity of water 

table at the threshold level for a variety of soil textures can be used as a general guide 

for selecting the right concentration and type of conditioner in order to solve the 

accumulation of salts on soil surface or limit the effect of capillary action in rising and 

carrying salts in water from water table to the plant root zone in top of the soil profile. 

4. These assumptions need further laboratory and field investigations in order to solve 

the main problem of salts accumulation in the soil profile which has negative 

influence on soil properties and plant production in the arid and semiarid regions. 
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 تأثير اضافو مستحلة الثتيومين في حركو المياه تالخاصيو الشعريو في ترب مختلفة النسجة

 ادي صثاح شافي اله

 لغُ عٍَٛ اٌزشثٗ ٚاٌّٛاسد اٌّبئ١خ, و١ٍٗ اٌضساعٗ, جبِعٗ اٌجصشٖ, اٌعشاق

 المستخلص

ٌجذش اِىب١ٔخ رم١ًٍ اٌزأص١ش اٌعبس ٌذشوٗ ا١ٌّبٖ اٌّبٌذٗ ثبٌخبص١خ اٌشعش٠ٗ فٟ رذ٘ٛس ثٕبء اٌزشة ٚرشاوُ الاِلاح 

ب١ٔى١خ دشوخ ٔٛع١بد ِخزٍفخ ِٓ عٍٝ عطٛدٙب, اجش٠ذ رجشثٗ ٌزم١١ُ رأص١ش أظبفٗ ِغزذٍت اٌجز١ِٛ١ٓ عٍٝ ١ِى

ا١ٌّبٖ ثبٌخبص١ٗ اٌشعش٠خ فٟ صلأس رشة ِخزٍفٗ إٌغجٗ ) غ١ٕ١ٗ, ِض٠جٗ س١ٍِٗ ٚ س١ٍِٗ( ِجففٗ ٘ٛائ١ب ِّٚشسٖ 

% عٍٝ اعبط 1خٍػ ٔصف وً رشثخ ج١ذا ثّغزذٍت اٌجز١ِٛ١ٓ ثزشو١ض  رُ ٍُِ. 2ِٓ خلاي ِٕخً لطش لزذبرٗ 

( عُ ٚ لطش 111( أجٛة صجبجٟ ثطٛي )45ٚصٔٙب اٌجبفٗ ٚرشن إٌصف الأخش ثذْٚ ِعبٍِٗ. عجئذ اٌزشة فٟ )

dS m 1.04( عُ. وّب اعزخذِذ صلاس ٔٛع١بد ِٓ ا١ٌّبٖ )ِبء دٕف١ٗ 1.0)
-1

dS m 2.22, ِٚبء خٍػ 
-1

, ِٚبء 

dS m 11.50ثضي 
-1

(, ٚوشسد ج١ّع اٌّعبِلاد صلاس ِشاد. ل١ظ اسرفبع اٌّبء اٌشعشٞ )عُ( خلاي صِٓ 

اٌم١بط )ثبٌذل١مٗ( ٚدغجذ عشعٗ اسرفبع اٌّبء اٌشعشٞ )عُ عبعٗ
-1

( ٌىً اٌّعبِلاد )ثز١ِٛ١ٓ, رشثٗ ٚٔٛع١ٗ 

 .١ِSPSSبٖ(, صُ دٍٍذ ج١ّع اٌج١بٔبد أدصبئ١ب ثأعزخذاَ اٌجشٔبِج الأدصبئٟ 

شد ٔزبئج اٌخبص١ٗ اٌشعش٠ٗ عٕذ عزخذاَ ١ِبٖ اٌذٕف١ٗ ٚاٌخٍػ ٚاٌجضي, اخزلاف فٟ ل١ُ الاسرفبع اٌشعشٞ اظٙ     

ٌٕٛع١بد ا١ٌّبٖ ِع اخزلاف ِعبِلاد اٌزشثٗ ٚاٌجز١ِٛ١ٓ. ار اْ ص٠بدٖ رشو١ض الاِلاح فٟ اٌّبٖ عجت أخفبظب ِع٠ٕٛب 

وّب أشبسد إٌزبئج اٌٝ اْ اظبفٗ ِغزذٍت فٟ الاسرفبع اٌشعشٞ خلاي فزشٖ اٌزجشثخ ٚ ٌج١ّع اٌّعبِلاد. 

اٌجز١ِٛ١ٓ ٌٍزشة عجت أخفبظب وج١شا فٟ ل١ُ الاسرفبع اٌشعشٞ اٌزج١ّعٟ ٚوزٌه فٟ ل١ُ عشعخ دشوخ اٌّبء 

 81.10اٌشعشٞ ٌٍزشة اٌّخزٍفخ عٕذ ثذا٠ٗ ٚٔٙب٠ٗ فزشٖ اٌم١بط ٌٚج١ّع اٌّعبِلأد, ار ثٍغذ ل١ُ ٔغت الأخفبض 

عٕذ ٔٙب٠ٗ فزشٖ اٌم١بط. أٚظذذ إٌزبئج أْ رغ١ٍف ِغزذٍت اٌجز١ِٛ١ٓ ٌذلبئك اٌزشثخ % 12.22% عٕذ اٌجذا٠ٗ ٚ 

ِٓ اٌخبسج ٚٔفبرٖ فٟ داخً رجّعبرٙب ِٚب رجعٗ ِٓ رذغٓ فٟ ٚدذاد ثٕبء ِٚغب١ِخ اٌزشة ٌُ ٠زأصش ثبٌّغزٜٛ 

رفبع ٔغت اٌفشاغبد اٌٍّذٟ اٌّٛجٛد فٟ اٌّبء اٌّشرفع ثبٌخبص١ٗ اٌشعش٠ٗ فٟ اٌزشثخ. ار عجت اٌجز١ِٛ١ٓ فٟ اس

اٌّغب١ِخ اٌىج١شح )اٌّغبِبد اٌجض١ٌخ( عٍٝ دغبة اٌفشاغبد اٌّغب١ِخ اٌصغ١شح )اٌّغبِبد اٌشعش٠خ( ِّب عبعذ فٟ 

 خفط عشعخ اسرفبع اٌّبء اٌّبٌخ ثبٌخبص١خ اٌشعش٠خ فٟ ج١ّع اٌزشة.

عشعخ اٌّبء اٌشعشٞ, ٔغجخ اظبفٗ ِغزذٍت اٌجز١ِٛ١ٓ, ٔٛع١خ ا١ٌّبٖ, اسرفبع اٌّبء اٌشعشٞ, الكلمات الذالو: 

    اٌزشثٗ.

 

 

 

 

 

 

 

 

 

 

 

 


