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Abstract: 

This study aims to find out the effect of shape, size of pores on saturated 

hydraulic conductivity. Ten pedons were selected from the north of Iraq; five pedons 

were selected from Sulamani province: Bakhteari forest, Bazian, Choesoor, Kanakow 

and Sarsank was from Duhok province. While in the middle sites, five pedons were 

selected from Baghdad, two from college of agriculture, Al-Tarmia, and Al-Raeed 

experimental station, the last pedon from Al-Anbar province – Al-Husaenia. Disturbed 

and undisturbed soil samples were taken from surface and subsurface horizons from 

each pedon. Some chemical and physical properties were determined, which include 

texture, carbonate minerals, free iron oxides, organic matter, bulk density, porosity and 

hydraulic conductivity. Also they were used for micro morphological characterization as 

thin section and scanning electron microscopy. The results indicated that the highest 

value of saturated hydraulic conductivity of the northern sites were 77.73cm.hr
-1

 at P4A1 

(north), the lowest value was 0.47 and 0.47 cm.hr
-1

 observed in surface and subsurface 

horizons of P3 . The high value of middle sites was 9.89 cm.hr
-1

 in P9A1; the lowest value 

was 0.89 cm.hr
-1 

in P8C1. Micro morphological characterization showed variation in the 

shapes and size of pores for all studied horizons. Also, they showed coating and filling 

material affecting the pores. The dominant shapes were channels, chambers, voids. The 

results show that there are differences in shapes and size of pores between north and 

middle sites, where the dominant shapes of pores in middle sites were chamber and 

packing. The results showed the existence of free iron oxides which increased MWD and 

bulk density and decrease hydraulic conductivity and porosity; also it's forming type of 

shape as small chamber. Organic matter forms meta vughs which make the hydraulic 

conductivity high because this type of shape is more stable. 

 

Keywords: hydraulic conductivity; shape and size of pores; micro morphological; scanning 

electron microscopy 

I. Introduction:  

               Hydraulic conductivity is one of 

the most important soil physical properties 

for determining infiltration rate, irrigation 

and drainage practices, and other 

hydrological processes [1,2]. Some soil 

physical characteristics that influence the 

hydraulic conductivity are the total 

porosity, pore size distribution and 

geometry of the soil.  Any factor effects 

arrangement, size distribution of soil 

pores, will have an effect on hydraulic 

conductivity [3]. Hydraulic conductivity is 

dependent on total porosity, pores-size 
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distribution, tortuosity and the ratio of the 

average length of the pore passage and 

total porosity [4, 5].  

        Soil thin section analysis and dye 

application in intact soils are the most 

common techniques for studying soil 

structure, porosity, and transport 

parameters [6, 7, 8]. The application of 

image analysis techniques to determine 

pore characteristics and soil structure in 

thin section has become an indispensable 

tool for research in soil science [9]. The 

characterization of the porous network 

from the image analysis of soil thin 

section allows an independent and direct 

evaluation of the water dynamic in a 

structured soil [10, 11]. This technique has 

been used to measure the pore size 

distribution in the various soil horizons 

[12] to characterize the orientation, shape, 

and size of different pores [13], and to 

quantify dye transport in preferential flow 

pathways [14, 15]. Shape and size of pores 

and void regulation are responsible for 

water movement among soil material, is 

vary important in soil format [16].  

        Pore system with micropores and 

their impact on saturated hydraulic 

conductivities were previously explored by 

[17] Soil porosity is usually examined on 

thin section, using various image analysis 

techniques [18]. The objective of this study 

was to investigate the effect of cementing 

materials (e.g. carbonate minerals, free 

iron oxides and organic matter) on 

saturated hydraulic conductivity as 

reflected with total soil pores and micro 

morphological characteristics.  

 

II. Material and Methods: 

         Soil samples were collected from ten 

different locations from Iraq. These 

samples were varying in their: (i) 

carbonate minerals, (ii) iron oxides, and 

(iii) organic matter. Ten soil pedons were 

excavated from these ten locations:  

Pedon No.1 Kanakaw – Suleimaniya  

province 

Pedon No.2 Bakhtyari forest – Suleimaniya 

province 

Pedon No.3 Chowsoor – Suleimaniya 

province 

Pedon No.4 Bazian – Suleimaniya province 

Pedon No.5 Sarsang – Duhok province 

Pedon No.6 College of Agriculture – Baghdad 

province 

Pedon No.7 College of Agriculture – Baghdad 

province 

Pedon No.8 Al- Raid Experimental station – 

Baghdad pro. 

Pedon No.9 Al- Tarmai –Baghdad province 

Pedon No.10 Al- Husainia / Al – Anbar 

province 

All pedons were morphologically 

described according to [19]. Twenty 

surfaces and subsurface soil samples were 

taken including disturbed and undisturbed 

soil samples from each horizon.  Disturbed 

soil samples were air- dried and passed 

through a sieve of 2000 µm to determine 

chemical, physical, micromorphological 

and clay minerals and 4000- 9000 µm 

sieve to determine aggregate stability 

parameters. Some chemical and physical 

characteristics are presented in Tables 1 

and 2. Laboratory determination of Ksat 

was done using the constant head method 

as described by [20]. Thin section for soil 

materials, has been done according to [16] 

method, (all the work had been 

accomplished in the Faculty of Science- 

Baghdad University- Department of Earth 

Sciences). Preparation of clay sample for 

X-ray analysis according to [21]. Organic 

matter was determined by method of [22]. 

Calcium carbonate minerals (CaCO3) were 

determined by hydrochloric acid (3N), 

using the calcimeter procedure [23] Total 

free oxides were extracted using the CBD 
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(citrate- bicarbonate - Na-dithionite), 

according to [24]. The same thin sections 

slides were examined by Scanning 

Electron Microscopy (SEM) at the 

laboratories of Earth and Environment 

School, University of Western Australia.  

Statistical analysis was estimated by [25]

Table.I: Some soil chemical characteristics of the studied pedons.  

 

Pedon Horizo

n 

EC 

(dS.m
-1

) 

pH Ca
+2

 Mg
+2

 Na
+

 K
+

  

 

Ca
+2

/Mg
+2

 
(Cmol. l

-1
) 

P1 A1 0.55 8.40 0.62 1.25 0.02 0.01 0.50 

B 0.54 8.25 0.51 0.11 0.08 0.01 4.60 

P2 A1 0.40 7.89 0.70 0.20 0.02 0.01 3.50 

B 0.32 7.61 0.70 0.22 0.19 0.01 3.20 

P3 A1 0.25 8.33 0.87 0.30 0.05 0.21 2.90 

Bt 0.57 8.02 0.51 0.11 0.08 0.04 4.60 

P4 A1 0.27 8.24 0.57 0.05 0.03 0.16 11.40 

Bk 0.82 8.03 0.82 0.60 0.30 0.01 1.40 

P5 A 0.44 8.00 0.71 0.23 0.02 0.05 3.10 

Bk 0.30 8.43 0.51 0.35 0.03 0.01 1.40 

P6 A1 1.30 8.40 5.10 2.70 1.20 0.80 1.90 

C1 3.70 8.05 1.60 1.10 0.50 0.30 1.40 

P7 A1 19.30 7.39 53.00 45.80 95.10 0.10 1.16 

C1 7.00 7.35 22.10 29.30 18.40 0.30 0.75 

P8 A1 28.13 7.71 69.50 60.10 150.10 1.00 1.16 

C1 5.90 7.80 24.30 16.50 17.20 0.50 1.47 

P9 A1 0.91 8.41 4.00 2.60 1.80 0.01 1.54 

C1 0.52 8.37 2.00 2.50 0.90 0.01 0.80 

P10 A1 0.60 8.16 0.72 0.43 0.311 0.01 1.67 

C1 0.70 8.33 0.67 0.36 0.23 0.01 1.86 
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    Table.II: Particle size distribution for the studied pedons. 

Ped

on 

Horiz

on 

Particle size distribution   (with 

CaCO3)  g. kg
-7 

Particle size distribution  (without CaCO3)   

 g.kg
-1 

Clay Silt Sand Texture 

Class 

Clay Silt Sand Texture 

Class 

P1 A1 556.2 

 

41193 5493 C 56294 41695 5794 C 

B 51391 

 

45193 3596 C 62191 43495 4696 C 

P2 A1 31394 

 

37191 71691 Si L 55791 41191 5195 C 

B 41191 

 

31391 72195 Si C L 51791 41793 3696 C 

P3 A1 74595 

 

24295 64297 S L 27297 25397 54491 SCL 

Bt 73197 

 

61191 25194 Si L 25497 51395 75293 Si L 

P4 A1 56196 

 

41694 3191 C 61191 45193 4391 C 

Bk 52191 

 

41191 1194 C 67197 45194 2296 C 

P5 A 31493 

 

47792 21593 C L 54392 71491 21291 C 

Bk 1591 

 

25393 63191 S L 41197 74592 31191 SC  

P6 A1 47293 

 

51192 71193 Si C L 41492 35697 71191 Si C L 

C1 46492 

 

33492 71491 Si C L 42491 31194 71191 Si C L 

P7 A1 41194 

 

37695 71392 Si C L 41391 32291 71296 Si C L 

C1 42491 

 

51391 71795 Si L 41797 34191 76192 Si C L 

P8 A1 22191 

 

61194 71197 Si L 21592 53395 76193 Si C L 

C1 27193 

 

51194 27193 Si L 26191 52791 21195 Si L 

P9 A1 25195 

 

41194 46492 C L 21394 34696 21197 C L 

C1 71196 

 

55194 21195 Si L 21392 31191 22692 C L 

P10 A1 74791 21194 51195 S L 74591 21593 51196 S L 

C1 75293 43694 503.5 L 75395 43791 501.5 L 
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III. Result and Discussion:  

         Table 3 shows the hydraulic 

conductivity values for all studied sites. It 

well know that hydraulic conductivity 

depends strongly on texture and pore size 

distribution, however in some sites had 

similar texture but differ in Kast. This may 

be attributed to other factors such as 

cementing agents and their interaction. 

Consequently, they also affect shape, size 

and distribution of pores. The highest 

values of Kast in studied sites were 77.73 

and 3.77 cm.hr
-1

 recorded in surface and 

subsurface horizons of P4 pedon, 

respectively. While the lowest value was 

0.47 cm. hr
-1

 observed in surface and 

subsurface horizons of P3. The reason of 

upturn value in P4A1 was the effect of 

organic matter content which led to 

decrease the bulk density and lower 

porosity, MWD and GMD (Tables 3&4), 

and cause to many differences in shapes of 

pores (Fig. 4 Plate P4A1). While, the 

decrease of Kast in P3 was due to free iron 

oxides content, casing to developed soil 

structure, and increasing of MWD and 

GMD, at the meantime bulk density was 

increased with decreasing in porosity of 

the surface horizon. It also, increases the 

bulk density in subsurface horizon, with a 

decrease in MWD and a decrease in 

porosity as compared with the surface 

horizons. The decrease in Kast might be 

attributed to the role of free iron oxides 

which in turn reduces and closes pores, 

that contributes to consolidation [26] Also, 

[27] showed that deposition of iron oxides 

in narrow necks of conducting pores 

reduced the soil’s hydraulic conductivity.  

The low Ksat values in P3 attributed to low 

Ca
2+

/Mg
2+

 ratio. The low Ca
2+

/Mg
2+

 ratio 

and high contents caused dispersion in P3. 

Saturated hydraulic conductivities of P3 

were lower than these of P4. Of is most 

probably due to low Ca
2+

/Mg
2+

 ratio in P3. 

This was well matched to results of [28] 

who found that low Ca
2+

/Mg
2+

 ratios and 

high Mg
2+

 contents causing dispersion in 

soils. Results in Tables 1 and 3 showed 

that subsurface horizon in P4 had low 

Ca
2+

/Mg
2+

 ratio (1.36) than surface horizon 

(11.4), whereas saturated hydraulic 

conductivity of the surface horizon (77.73 

cm.hr
-1

) was 60 to 70 times higher than 

these of the subsurface horizon (3.77 

cm.hr
-1

 ).  Some differences been in Ksat 

between surface and subsurface horizons 

in P1, the values were 9.89 and 2.07 cm.hr
-

1
, respectively, reflected the effective of 

MWD which was higher in surface 

comparing with subsurface horizon, in 

addition to the role of root system of 

vegetation. Result showed that value of 

Ksat in surface horizon of P2 was low and 

increased with depth, recorded 1.41 and 

5.65 cm.hr
-1

, respectively. The increase in 

Ksat of subsurface horizon was due to 

calcium carbonates content which led to 

increase in MWD, GMD. Organic matter 

content has been higher in surface horizon 

in than the subsurface horizon and having 

close values of bulk density, MWD, and 

porosity. The interaction between clay 

minerals and organic matter led to swelling 

of clays, which in turn led to decrease in 

Ksat; therefore clay minerals have been 

analyzed by XRD analysis. Fig.11 showed 

the dominant clay mineral was smectite as 

detected from peaks at (14.79, and 16.69 

A˚) in Mg-saturated-air dry and ethylene 

glycol treatments, respectively. While, the 

(14.79 A˚) peak was disappeared when 

saturated samples with K
+
–and heated to 

(550C˚). These results approved that 

smectite was a dominant mineral in clay 

fraction of studied soils. The swelling 

ability of smectite in these soils caused to 

reduce size of pores and changing their 
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shapes, which in turn decreased the Ksat. 

Hence, channel type of pores was common 

in surfaces horizons, exposing them to 

more precipitation of calcium carbonates 

and clay particles which closes them and 

decreases water movement (Fig.2 plat 

P2A1). 

Table.III:  Mean Weight Diameter (MWD), Geometric Mean   Diameter (GMD), Bulk 

Density (ρЬ), Total Porosity (ƒ) and Hydraulic Conductivity (Ksat) of studied pedon. 

 

Pedon Horizon MWD 

(mm) 

GMD 

mm)) 

ρЬ 

(Mg.m
-3

) 

ƒ 

(%) 

Ksat (cm.hr
1-

) 

P1 A1 2.24 0.92 1.44 44.54 9.89 

B 0.50 0.61 1.35 47.95 2.07 

P2 A1 1.62 0.91 1.37 47.39 1.41 

B 1.84 1.15 1.39 46.68 5.65 

P3 A1 3.52 1.22 1.49 43.63 0.47 

Bt 1.40 0.84 1.41 46.7 0.47 

P4 A1 2.45 1.13 1.19 54.07 77.73 

Bk 1.18 0.84 1.55 40.44 3.77 

P5 A 1.63 0.88 1.26 51.67 12.72 

Bk 6.10 2.03 1.32 49.17 32.98 

P6 A1 1.35 0.82 1.29 50.56 5.18 

C1 2.14 0.92 1.49 42.71 5.65 

P7 A1 0.34 0.52 1.34 48.37 2.12 

C1 0.29 0.51 1.44 44.79 1.65 

P8 A1 0.23 0.47 1.51 42.1 2.07 

C1 0.19 0.45 1.54 41.63 0.98 

P9 A1 2.92 1.14 1.19 54.79 9.89 

C1 2.05 0.84 1.27 51.14 1.27 

P10 A1 1.7 0.78 1.46 44.75 3.95 

C1 1.51 0.88 1.51 42.86 2.51 

North Sites (mean) 2.25 1.05 1.38 47.22 14.72 

Middle Sites(mean) 1.27 0.73 1.40 46.37 3.53 

LSD 0.49 0.12 0.04 1.61 6.55 
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Table.IV:  Calcium carbonate (CaCO3), Iron oxides (Fe2O3) and Organic matter (OM) content 

of studied pedon. 

 Pedon Horizon CaCO3  Fe2O3  O.M  

g.kg
-1

 

P1 A1 56.0 6.90 9.0 

B 103.4 8.72 7.6 

P2 A1 163.2 2.15 19.4 

B 215.6 1.05 5.5 

P3 A1 163.0 13.37 4.1 

Bt 192.0 13.62 3.4 

P4 A1 64.3 5.43 27.6 

Bk 162.0 8.49 8.6 

P5 A 193.0 6.56 11.4 

Bk 394.0 3.36 7.6 

P6 A1 231.0 1.12 15.2 

C1 247.0 1.52 7.6 

P7 A1 220.0 1.22 4.8 

C1 246.0 1.05 3.8 

P8 A1 196.0 1.31 3.8 

C1 218.0 1.46 2.1 

P9 A1 185.0 0.87 17.3 

C1 202.0 1.22 7.9 

P10 A1 181.0 1.94 2.1 

C1 215.0 2.51 1.9 

North Sites(mean) 170.65 6.97 10.42 

Middle Sites(mean) 214.10 1.42 6.65 

LSD 26.42 1.16 2.51 

 

         From data mentioned above, we 

notice that Ksat value was higher in 

subsurface than surface horizon in P5, the 

recorded values were 32.98 and 12.72 

cm.hr
-1

, respectively. In this case we might 

attributed the effect of calcium carbonates 

on soil separates by making aggregates 

strong which improves and increases of 

MWD, GMD and strengthen  pores 

structure  with different shapes of them as 

compared with surface horizon.  The 

surface and subsurface horizons of P6 were 

similar in Ksat values, where the values 

ranged from 5.18 to 5.65cm.hr
-1

, 

respectively. The difference in values of 

Ksat was due to effect of calcium 

carbonates on MWD, and GMD especially 

in subsurface horizon, the mater that led to 

pores from the kind chamber with many 

differences sizes (Fig.6 plate, P6C1). 

Results showed that related to Ksat for P7 

and P8, was higher in surface horizons than 

subsurface horizons and values were 2.12, 

1.65 and 2.07, 0.98 cm.hr
-1

, respectively. 

These sites are having close around values 

of bulk density, porosity, MWD, and GMD 

that reflects on Ksat.  
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          Results showed that values of Ksat in 

P9 were higher in surface horizon than 

subsurface horizon, values were 9.89 and 

1.27 cm.hr
-1

, respectively that was due to 

organic matter content, in addition to the 

tillage management, that led to decreasing 

the bulk density and increasing the 

porosity, MWD, and GMD as compared 

with subsurface horizon that aid to 

moderate of pores distribution and formed 

type of the chamber shapes pores (Fig 9 

plate, P9A1), consequently reflects on Ksat. 

While values of Ksat for P10 were 3.95 and 

2.51 cm.hr
-1

 observed in surface and 

subsurface horizon, respectively that was 

due to the increase in MWD, GMD and 

bulk density and the porosity and increase 

due to the effect of calcium carbonates on 

them and the porosity was decreased by 

precipitation of calcium carbonates and silt 

led to close and consolidation. In general 

the result in Table 3 displays that the 

values of Ksat for north sites were higher 

than middle sites, also we can noticed from 

data, the content of north sites of organic 

matter and free iron oxides were the 

highest and lowest in calcium carbonates 

content as compared with middle sites, 

hence the pedogenic processes of soil are 

higher, the matter that aid to form a great 

porosity and MWD which in turn caused 

many differences in kind of pores shapes, 

where they affect on Ksat.  

          The results of micromorphological 

studies for surface and subsurface horizons 

of all studied pedons can be considered as 

a complementary and support for chemical 

and physical properties. The 

morphological descriptions of thin section 

show the variation in the shapes and sizes 

of pores, that variation between surface 

and subsurface horizons. The podogenic 

processes are responsible for these 

variation, especially for the loose and 

addition of some soil materials.  [29] found 

that the size and shape of pores having 

impact on soil hydraulic are affected by 

coating and filling. Plates of P1 (Fig.1) and 

Fig.12 image of SEM exhibit that shape, 

size, and distribution of pores are different 

between surface and subsurface horizons, 

where the dominant shapes in surface 

horizons were interconnected chamber- 

channel and channels (Fig.1 Plate P1A1), 

Shapes of channels are tubular smooth 

voids with a cylindrical or arched cross 

section which are uniform over much of 

the length. They are mainly root channels 

or biogalleries. These pores shapes were 

strongly and stable and can be attributed to 

the aggregate stability that affected by 

coating of clay and organic matter, hence 

roots system of plants which supported the 

shapes and size of pores that formed and 

reflects on Ksat. While, subsurface horizons 

(Fig.1 plate P1B1), illustrated the existed 

chambers and meta vugh pores shapes 

where these shapes are more or 

equidimensional smooth-walled pores 

interconnected by channels, that depending 

on aggregates stability and cementing 

agents. Hence, this plate shows that the 

aggregates stability was the lowest, these 

pores are exposed to the blockage and 

precipitation which effected by coating and 

filling as well as clay and carbonates 

minerals do, especially in subsurface 

horizons. In case of P2 (Fig.2) and image 

of SEM plates of surface horizon refer to 

the existence of channels and planes 

shapes. Shapes of planes are flat voids, 

accommodation or not, smooth or rough, 

where they are the result of shrinkage 

slipping. Residual mold of plants roots and 

nodules of carbonates minerals are also 

existed. This horizon has lowest Ksat as in 

(Table 3) due to existed minerals of 

smectite groups which in turn cause 

swelling of soil that reduces the size and 

distribution of pores and it also changes 
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shapes, consequently the water movement 

through pathways are reduced, they were 

blocked and closed due to clay and 

carbonates minerals particles with coating 

and fillings of amorphous forms of calcium 

carbonates and calcite needles. The 

subsurface horizon was different from 

surface horizon, where plate of P2B1 

showed that the dominant shapes of pores 

is chambers that formed and existed due to 

role and act to the structure, that reflecting 

the role of cementing agent as well as 

carbonates minerals and clays, which is 

affect the pores structures and orientation 

of path ways that resulted in an increase of 

Ksat at this horizon as compared with 

surface horizon. Plates of P3 for surface 

and subsurface horizons (Fig. 3) and 

Fig.14 images of SEM, where the 

dominant shapes were chambers and 

vesicles with moderately size distribution 

of pores in surface horizon (Fig.3 plate 

P3A1), where the existence of iron oxides 

reflects the structure that was shown in the 

values of MWD and GMD to be higher, 

the matter that causes a reduced size and 

disconnected pores. The tubular pores 

decreased values of Ksat. Subsurface 

horizon of P3 (Fig. 3 plate P3Bt) illustrates 

bigger size of pores with lower distribution 

where the dominant shapes were chambers, 

besides, the high content of iron oxides 

that has a role in enhancing structure that 

reflected on the shapes, and size of pores 

through out closing and blocking them, in 

addition to that, silt particles caused 

consolidation which affected the Ksat value 

[30]. 

         The P4 has the highest content of 

organic matter in surface horizon as 

compared with all horizons, where plate 

P4A1 (Fig. 4) and Fig.15 images of SEM 

showed a meta vugh pores and shapes of 

channels, chambers, and compound 

packing types, that could be attributed to 

the organic matter, which contributed 

creating connected and stable pathways, 

hence reflected on aggregate and porosity 

that gave the highest value of Ksat as 

compared with all other horizons. The 

Plate of subsurface horizon (P4B1) shows 

that pores size were smaller and lower than 

pores in plate P4A1, and they were shaped 

in a chamber like pores shape, although the 

iron oxides were nearly high which in turn 

increased aggregation (Tables 3and 4). 

Also it  was reflected on pathways to form 

a none uniform, disconnected, and narrow 

ones, therefore they were facing blockage 

by clay particles and iron oxides through 

out water movement that the HC was 

decreased as compared with surface 

horizon.  

         In plates of P5 (Fig. 5) and Fig.16 

image of SEM the surface horizon has 

been shown by plate P5A1, where the 

dominant shapes were chambers with low 

size distribution, besides the existence of 

carbonate minerals that resulted in forming 

these shapes and size that they might be 

attributed to the cementing agents 

especially carbonate minerals and clays 

which enhance the soil structure, and 

reflected on structure of pores, then after 

affecting the Ksat. The subsurface horizon 

of the same pedon has higher value of Ksat 

than surface horizon, in regard to the 

MWD and GMD where they were the 

highest from other horizons, plate P5BK 

shows existence of carbonates minerals 

that reflected on structure, that formed 

channels and small chambers pore shapes, 

in addition to that, carbonate minerals 

plays an important role to strengthen 

structure of pores and being more stable, 

uniform connected, with strong walls for 

that no precipitation of clay and other 

particles to close pathways among water 

movement occurred [29].  
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        In regard to pales of P6, the surface 

horizon has been a close of pores size 

distribution with subsurface horizon (Fig. 

6), where the shapes in plate P6AP were 

complex packing voids and chambers, and 

that could be attributed to the role of 

organic matter, hence plant roots help 

structure in keeping these types of voids 

stable, while the plate of P6C1 has been a 

mixed shapes of voids, that reflected the 

role of structure which reflected the 

cementing agents, where the MWD was 

higher than surface horizon, for that the 

pores are not affected highly by any 

coatings and fillings. The Ksat for both 

horizons were almost similar due to pores 

system and shapes. Plates of P7 and P8 

exhibits close around or proximately 

matched of shapes and size distribution of 

pores (Fig. 7 and 8), where the dominant 

shapes were chambers and irregulars 

chambers, also the values of bulk density, 

MWD and GMD were also close, the 

matter that reflected on aggregates 

stability, therefore is blocking among 

precipitation soil material as well as clay 

or carbonate minerals that resulting in 

closing the pathways which reflected on 

Ksat.  Plate of P9 (Fig. 9), the surface 

horizon has been a close of pores 

distribution with subsurface horizons, 

where the shapes in plate P9AP were 

chambers, could be attributed to the role of 

organic matter, which help the structure to 

keep these types of voids of continuous 

and stable, this increased Ksat as compared 

with subsurface horizon, where the plate 

P9C1 shows the dominant shapes were 

chambers ,channels and inter connected 

channel-chamber, the low content of 

organic matter reflected on structure, 

therefore pores will be closed and 

disconnected due to precipitation soil 

material as silt and carbonate minerals that 

result to close the pathways and in turn 

decrease Ksat. In plate P10 (Fig. 10) shows 

the dominate shapes which were chambers, 

where plate (P10A1) shows the existence 

precipitation of carbonate minerals and 

coating on particles, the matter that 

exposed the pores to the blockage and 

precipitation which effected by coating and 

filling. In the meantime for subsurface 

horizon (plate P10C1), where the 

precipitation of carbonate minerals on the 

inner walls of pores besides, the increase 

of MWD and GMD were due to the 

existence of carbonate minerals that will 

make pathways are disconnected, and 

reflects on Ksat.  

 

 

 
 

Fig. 1: Plate (P1A1) (P1B1) shows the dominant shapes (channel, plane, and inter connected 

chamber-channel), exists clay and (k) carbonate minerals. Plate (P1B1) shows the dominant 

shapes (meta vughs). 
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Fig. 2: Plate (P2A1) shows the dominant shapes (channel), exists (m) mold of plants roots and 

(k) carbonate minerals. Plate (P2B1) shows the dominant shapes (chambers), exists (Fe) iron 

oxides and (k) carbonate minerals. 

 

 
 

Fig. 3: Plate (P3A1) shows the dominant shapes (clear chambers), exists (Fe) iron oxides on 

walls of pores. Plate (P3B1) shows the dominant shapes (chambers), exists (Fe) iron oxides on 

walls of pores. 

 

 

 

 

Fig. 4: Plate (P4A1) shows the dominant shapes (Meta vugh, chambers and compound 

packing). Plate (P4B1) shows the dominant shapes (small chambers). 
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Fig. 5: Plate (P5A1) shows the dominant shapes (chamber), exists clay and (k) carbonate 

minerals. Plate (P5Bk) shows the dominant shapes (chamber and channel), exists (Fe) iron 

oxide. 

   

             
 

Fig. 6: Plate (P6A1) shows the dominant shapes (chambers). Plate (P6C1) shows the dominant 

shapes (chambers). 

   

 
 

Fig. 7: Plate (P7A1) shows the dominant shapes (chambers). Plate (P7C1) shows the dominant 

shapes (vughs). 
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Fig. 8: Plate (P8A1) shows the dominant shapes (chambers). Plate (P8C1) shows the dominant 

shapes (chambers). 

 

 
 

Fig. 9: Plate (P9Ap) shows the dominant shapes (chambers). Plate (P9C1) shows the dominant 

shapes (channel, chambers). 

 

 
 

Fig. 10: Plate (P10A1) shows the dominant shapes (chambers), exists (P) precipitation of 

carbonate minerals and coating on particles. Plate (P10C1) shows the dominant shapes 

(chambers), exists (Q) quartz and (P) precipitation of carbonate minerals and coating on walls 

of pores. 
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Fig. 11:  The X – ray diffraction of clay separation for surface horizon of P2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Image of scanning electron microscopy (SEM) for surface and 

subsurface horizons of P1. 
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Fig. 13: Image of scanning electron microscopy (SEM) for surface and subsurface horizons of P2 
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Fig. 14 Image of scanning electron microscopy (SEM) for surface and subsurface horizons of 

P3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. Conclusions: 

               

        Cementing agents (carbonate minerals, free iron oxides and organic matter) affect on soil 

structure, and this reflects on shape and size distribution of soil pores related on saturated 

hydraulic conductivity. The micro morphological characteristic helps to describe pore 

configuration and explain flow processes, and reveal the common shapes of voids. 

 

 

P4A

1 

P4A

1 

P4B P4B 

Fig. 15: Image of scanning electron microscopy (SEM) for surface and subsurface 

horizons of P4. 
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P5B

k 
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Fig. 16: Image of scanning electron microscopy (SEM) for surface and 

subsurface horizons of P5. 
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