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Abstract 

Six soil profiles of Egypt cultivated sugar cane, citrus and crops were investigated in order to 

study the micro-morphological features of Vertisols. Undisturbed soil samples were collected 

from the studied profiles to prepare thin section for the micromorphological study. The thin 

section were examined by polarized microscope (Zeiss) and described. From the description 

of the thin sections of the studied Vertisols profiles it could be concluded that the general 

micromorphological characteristics are as follows: 

Microstructure: most of the studied soils have moderately to strongly developed structure. 

Coarse materials: dominant micro grains and some meso and macro grains. 

Fine materials: dominant clay, medium and fine silt mixed with organic matter in the surface 

layer and mixed with amorphous in the deep layers. Organic materials: several types of 

organic constituents could be observed in the thin section of the studied Vertisols. C/F related 

distribution: the main type of distribution pattern in the studied profiles is porphyric. Voids: 

dominant large vughs and chambers, some few vesicles and few short planes. Pedofeatures: 

many kinds of pedofeatures could be observed in the thin sections of the studied soils 
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Introduction 

 

           Great attention has been paid by soil scientists and agronomists, all over the world, to 

the study of heavy clay soils which are well known as "Vertisols". According to Soils Survey 

Staff (1985), this type of soils covers about 50 % of the cultivated area in the Nile Valley and 

Delta. These Vertisols can be derived from wide range of parent materials such as alluvium, 

limestone, sandstone and basalt. Many of the soil scientists, who worked on Vertisols in 

various countries, have paid attention to the description of thin section and identification of 

the pedological features which are dominating under these conditions. However in this paper 

relatively recent contribution well be reported particularly those were carried out on the soils 

of Egypt. El Kady (1970) in his study on the clay soils of Edfina in the Delta region found 

that soil materials are homogeneous through the soil profile owing to the prophyrilic aspect 

and presence of quarts and feldspars as the major skeleton grains. He stated that the plasmic 

fabric is argillasepic. In the alluvial soils of the Nile Delta, the most common pedological 

features were the iron and lime nodules both orthic and herited. Wahdan (1974) added that 

cutanic iron and iron-manganese compounds around voids. Labib et al (1980), pointed out 

that the poor drainage conditions in the clayey soils in the northern part of the Delta, resulted 

in the presence of diffuse and irregular Fe-Mn nodules. El-Husseiny and EL-Saadani (1993), 
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studied the micromorphological characteristics of the alluvial soil in the eastern part of the 

Nile Delta. They found that the microstructure of the alluvial soils was highly developed 

since it had reached the primary structure level. For the characteristics of Vertisols, particle 

size distribution  on the Vertisols of the Logone valley, with clay content reaching up to 63%. 

The predominance of fine particles is common to many vertisols (Azinwi, 2012 and Azinwi 

et al., 2011) and is consistent with the formation of special features mentioned above and 

generally observed in Vertisols such as gilgaï, crack dessication, slickensides. The exchange 

sites of the CEC of Vertisols are mainly occupied by calcium and magnesium as it is 

generally the case in neutral vertisols (Djoufac et al., 2006; Azinwi et al., 2011; Azinwi, 

2012). The pH value  and organic matter content of Vertisols are slightly. Such values of pH 

and organic matter are generally mentioned in vertisols formed on alluvial materials in 

tropical zone (Aydinalp, 2001; Nguetnkam, 2004; Azinwi et al., 2011; Djoufac et al., 2006; 

Temga, 2008). In this point Temga et al. (2015) reported that Vertisols of the Logone Valley 

have been characterized on morphological, physic chemical, mineralogical and geochemical 

point of viewThese studies show that those vertisols are characterized by dark color, clayey 

texture, massive structure, deep, open superficial desiccation cracks and micro-reliefs 

(gilgaï). They are constituted mainly by smectites associated to some amount of kaolinite, 

illite, quartz and feldspars, and they display high content in SiO2 (61.07 – 77.78 %), average 

content in Al2O3 (7.08 – 15.54) and low amount in Fe2O3 (1.78 – 6.92).The objective of the 

present work is to study the micro-morphological features of Vertisols through the 

examination of soil thin sections under the polarizing microscope 

Materials and Methods 

 

 Six soil profiles from Kafr El-Sheikh, Gharbia and El-Menofia governorate of Egypt were 

investigated in order to study the micro morphological Features of Vertisols. Undisturbed soil 

samples were collected from the studied profiles to prepare thin section for the 

micromorphological study. Normal (2x2 cm) thin section were prepared according to the 

general procedure elaborated by Stoops (1976) using a mixture of plastic material diluted by 

styrenr and accelerated by catalizer. The impregnation was done under vacuam. The hardened 

material was cut, ground, polished and mounted on a petrographic slide. The thin section 

were examined by polarized microscope (Zeiss) and described according to terminology by 

Stoops (1978) and Bullock et al (1984). 

 

Results and Discussions 

 

 Morphologica features of the six profiles studied vertisols. Morphology is the most important 

feature used to differentiate vertisols from other soil orders (Eswaran et al., 1988). Profiles 

description shows deep solum in most cases, mostly homogeneous with minor variation. 

Distinction of horizons is a quite difficult task and boundaries are diffuse or wavy. The 

plough layer (Ahorizon) differs in depth from few centimeters (i.e.20cm) under vegetables 

cultivation to 40cm under citrus. 

The subsurface horizon as B due to development of structure is not distinguished in most of 

the profiles. Therefore, the exmamined solum is A/C profiles. These Vertisols profiles are 

characterized by blocky structure, however granular structure appeared in the surface layers 

in the soils under sugar cane and vegetables and citrus. In the subsurface layers, the angular 

and subangular blocky with shinny faces and slickensides are very clear. Hubble (1984) noted 
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that the formation of these specific features , characteristics of vertisols, are caused by a 

heavy texture, a dominance of swelling clays in the fine fraction and marked changes in 

moisture content. Such features are already been described in some vertisols in North 

Cameroon (Nguetnkam, 2004; Djoufac et al., 2006; Temga, 2008; Azinwi et al., 2011). 

The major morphological markers of vertisols are gilgai (micro-relief), color, surface 

cracking upon desiccation, and slickensides (USDA (2014). The color of the studied vertisols 

is dark and ranges between dull yellow(10YR4/3) to brownish black (10YR2/2) in the 

Munsell Color Charte. Variations of colour due to the cultivation management. this dark 

colour is due to organic matter, amorphous iron and manganese oxides and high clay content. 

this results is in agreement with those obtained by Wahba (1991) who found that dark colour 

has significant correlation coefficients with total and amorphous iron and manganese oxides 

as well as organic matter and clay contents. 

The presence of gilgai on soil surfaces appeared in two profiles as in citrus or in the 

uncultivated plots. Also the surface cracking due to swelling and shrinking, through wetting 

and drying processes, were observed in the sites which grown with sugar cane and citrus. 

These cracks could not be observed in the profiles under filed crops due to successive 

ploughing, irrigation and other tillage practices. These features have been described in details 

by Abdel Rahman (1987) in some soils of the Nile Delta and Kharga Oasis of Egypt. 

The organic matter contents are generally low <2.0 and appear in the surface layers as fine 

fresh plant roots particularly in the soils under field crops and sugar cane. In the investigated 

soils, the organic matter contents decrease gradually with depth. 

Carbonates precipitation occurred in some profiles as white segregations or concretions and 

give strong effervescence with HCL addition.  

Finally, according to the USDA (2014), three profiles can be classified under the suborder of 

Usterts and the great group of Haplosterts. The chemical data reval that EC of these profiles 

is less than 4dS/m and the morphological description shows also that there is no calcic or 

petrocalcic horizon or Lithic contact. Thus, profiles are evidently belong to the subgroup of 

TypicHaplusterts.The rest of profiles  can be classified under the suborder of Torrerts and the 

great group of Haplotorrerts. These profiles have no salic or gypsic or calcic horizon and clay 

content ranges between 51.85% and 70% and their colours are brownish black to black, 

therefore they are Typic Haplotorrets. 

 

 

 Soil micromorphology deals with the identification and description of section under the 

polarizing microscope the interpretation of the obtained observation is very helpful in 

understanding and explaining many soil forming processes as well as several phenomena 

which cannot be expressed through chemical and physical analysis. The terminology and 

descriptive criteria which are explained in details by Bullock et al (1984) has been mainly 

applied. Moreover, the Arabic equivalent of the most applied terms which have been 

translated by Labib (1992) has been taken into consideration. From the description of the thin 

sections of the studied Vertisols profiles it could be concluded that the general 

micromorphological characteristics are as follows: 

 

- Microstructure: most of the studied soils have moderately to strongly developed structure 

and the pedality increase with depth. The dominant structure type is angular to subangular 

blocky and prismatic and large granular 

 

- Coarse materials: dominant micro grains and some meso and macro grains, poorly sorted in 

the surface layers to well sorted in the deep ones and different shapes. 
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Photo 1: fine material at the ground mass X80         Photo 2: Organic residues in large vughs X20  

 

 

 

 

 

   

   

 

Photo 3: Large vughs  X20                                       Photo 4 : Karge planes+ CaCO3 nodules X80 

 

 

 

 

 

 

 

 

 

Photo 5: nudles of Fe+Mn X20                        Photo 6: Rounded nudles of CaCO3 and Fe, Mn X20 

Fine materials: dominant clay, medium and fine silt mixed with organic matter in the surface 

layer and mixed with amorphous in the deep layers. The colour of the ground mass is brown 

to dark brown and yellowish brown, dotted, speckled and cloudy (Photo 1). 
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Organic materials: several types of organic constituents could be observed in the thin section 

of the studied Vertisols. Generally there are many fresh organic residues dark brownish and 

reddish colour in surface layers and many amorphous fine organic materials in deep layers 

(Photo 2). 

C/F related distribution: the main type of distribution pattern in the studied profiles is 

porphyric and in the some cases chitoic in the deep layers. 

Voids: dominant large vughs and chambers, some few vesicles and few short planes in 

surface layers, large vughs and channels and dominant sharp planes in deep layers (Photo 3 

and 4)). 

Pedofeatures: many kinds of pedofeatures could be observed in the thin sections of the 

studied soils such as: 

Calcareous nodules: Vertisols under study are rich in calcite nodules of different size, shapes 

and abundant. Coarse and fine calcareous nodules with sharp boundary (photo no. 5). Some 

of these calcareous nodules, which have relatively sharp boundaries are evidently residues of 

superphosphate fertilizers and not formed in situ as pedofeatures.  

Some large (Fe+Mn) nodules (photo no.6) and many coarse (Fe+Mn) nodules reddish to 

black colour are formed in soil layers subjected to oxidation-reduction conditions. 

Complex dark nodules of CaCO3 + (Fe+Mn) are found in some profiles (photo no.6) 

Many coatings around grains observed in some profiles.  

 

Conclusion 

 

                               The vertisols of Egypt covers about 50 % of the cultivated area in the Nile Valley and 

Delta. These Vertisols can be derived from wide range of parent materials such as alluvium, 

limestone, sandstone and basalt. Through this study the Micro morphological Characteristics 

of Vertisols has been discussed. Accordingly some conclusion can be recorded in the 

following points: 

 - The related distribution between course and fine material described in the thin section is 

chitonic and porphyric. 

- Voids dominant large vughs and chambers, some few vesicles and few short planes. 

Pedofeatures many kinds of pedofeatures could be observed in the thin sections of the studied 

soils. 

It can be recommended that changing the crop rotation and the system of cultivation every 

few years will be very beneficial on improving the hydrphysical conditions of these heavy 

clay soils. Consequently the chemical reactions and nutrient availability will favor the plant 

growth and lead to amebiorate productivity and crop yield. 
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