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Abstract 

Soil is important for supporting plants and supplying food, fibres, drugs and other 
things of human need as well its ability to filter water and recycle wastes. Soils are 
independent natural bodies, each with a unique set of properties, resulting from a rare 
combination of climate, living matter, parent material, and age of the landforms etc. 
The properties of each soil, as expressed by a soil profile through the different 
horizons, reflect the combined effect of the genetic factors responsible for the 
development of that soil. Thus, soil consists of horizons near the Earth’s surface that 
have been altered by physical, chemical and biochemical processes in contrast to the 
underlying parent material that remains unaltered. Although it is difficult to define 
the depth of the lower boundary as the depth of soil may vary depending on soil 
forming factors and processes, a depth of 200 cm is a limit for lower boundary of 
soil. The main objective of classifying soils is to establish hierarchies of classes that 
clarify the relationship among soils and the factors responsible for their formation. 
Soil classification is also a mean of communication between the scientists working 
on different aspects of soils around the globe. For example, soil survey classes are 
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needed that can be grouped or sub-divided to make predictions about soil response 
to management and manipulation activities. 

Keywords: Classification, Soil Taxonomy, Soil orders, Soil series, Groups, USDA 
classification 

3.1. Introduction 

It is vital to accept a formal system of soil classification and description, in order to 
determine the different materials found in soil investigation. Soil classification is the 
categorization of soil into classes or groups with similar features and theoretically 
similar behaviour. There are mainly two types of soil classification (i) technical 
classification, which is for specific and practical purpose; (ii) natural classification, 
in which grouping of soil is made based on many natural properties. All features of 
population in natural system of soil classification are considered and various classes 
are defined and segregated based on those features. Soil taxonomy is defined as a 
process of categorizing, describing and naming the soils. Like the taxonomy of living 
organisms, soil taxonomy is formulated to make it easy so that people can 
communicate data about various kinds of soils, their properties, how these are used, 
and what are the areas where these are located. 

3.2. Systems of Soil Classification 

Soil classification gives generalized information about the generalized behavior and 
nature of soils belonging to a region or location. It also gives scientists, engineers, 
and agriculturists, information about the kind of soils. There are many classification 
systems that classify soils into different categories. Different countries have different 
classification parameters and classification standards that divide soils into different 
categories based upon their physical and chemical properties. In the USA, the 
Unified Classification System and AASHTO Classification system are very popular. 
The Natural Resources Conversion Service is another classification system that 
works exclusively for agriculture. The details of the different classification systems 
are discussed below: 

3.2.1. AASHTO classification system 

In 1929, the Bureau of Public Roads proposed a classification system for soils. This 
system was developed by Hogentogler and Terzaghi (1929) and now is known as the 
AASHTO soil classification system. This classification system considers the 
Atterberg Limits and particle size while categorizing soils into seven different groups 
namely A1, A2, and so on, ending at A7. This system is used for designing highways 
and it gives a clear idea about roadway pavement characteristics based upon the soil 
beneath the surface of road. 
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3.2.2. Unified soil classification system (USCS) 

The Unified Soil Classification System was developed by Cassagrande in 1948 
which categorizes soils into different groups, like well graded soils, poorly graded 
soils, organic soils, and many other types. It is used by geotechnical engineers to 
determine particle size distribution and texture of soils. Each type of soil is 
characterized with a two-letter symbol, the first letter defining the type of soil and 
the second letter designating its quality in terms of plasticity and grading. For 
instance, if more than 50% of soil passes through a 0.075 mm sieve it belongs to the 
fine-grained group. If the soil has a liquid limit less than 50 it will be termed as ML 
or CL meaning silt or clay with low plasticity. If the soil is organic in nature, it will 
be simply termed as OL (both for silt and clay). 

3.2.3. USDA classification system 

The United States Department of Agriculture (USDA) classification system, known 
as Soil Taxonomy, developed by the Natural Resources Conservation Service, 
categorizes soils from an agricultural perspective (Soil Survey Staff 2003). In Soil 
Taxonomy, all soils are divided into 12 different Orders based on factors such as 
topographical conditions, water table, time of soil formation, vegetation, etc. 

3.2.4. Canadian system of soil classification 

Canadian system of soil classification is mainly used in Canada. Because of their 
cold climate, in this classification system provision is not made for the soils of 
thermic and warmer soil temperature regimes and the soils in torric and xeric soil 
moisture regimes. This system is strengthened by its classification of the cold soils 
and salt-affected Canadian soils (Soil Classification Working Group 1998) 

3.3. Soil Taxonomy – A System of Classification 

Soil taxonomy is based on measureable and definable soil features; therefore, it is 
based on morphological system of taxonomy but with strong genetic information. It 
is a hierarchical system with six categories, i.e., order, suborder, great group, 
subgroup, family and series, starting from the lowest to the highest category. 

3.4. Diagnostic Soil Features 

Some important criteria which are used as backbone for classification are the absence 
or presence of certain diagnostic horizons and specific soil features. 

3.4.1. Diagnostic epipedons or surface horizons 

Epipedons are made at the surface and are noticeably darkened by organic matter 
(OM). An epipedon is not the synonym of A horizon as it could also comprise part 
or all the B horizon. Out of the seven epipedons recognized, only two (mollic and 
ochric) have been recognized in Pakistani soils. 
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3.4.1.1. Mollic epipedon 

In this type of epipedon, fine stratification is not present. It has dark colour with the 
Munsell colour of 5 or lower when dry and 3 or lower when moist with chroma of 3 
or lower when moist. It has a thickness of more than 18 cm and massive hard 
structure is not present. It has 1% or more organic matter while more than 50% base 
saturation and above 250 mg P2O5 kg-1 soil soluble in 1% citric acid. 

3.4.1.2. Umbric epipedon 

Fine stratification is not present. It is like mollic epipedon except that its base 
saturation is less than 50%. 

3.4.1.3. Anthropic epipedon 

It is also like mollic epipedon but contains above 250 mg P2O5 kg-1 soil soluble in 
1% citric acid. It is not considered in terms of base saturation. 

3.4.1.4. Plaggen epipedon 

In this type of epipedon, artifacts are present. It is a human-made horizon generated 
by long-term application of manure. It is more than 50 cm thick. Its colour and 
organic C content vary depending on the source of materials used for manuring. 

3.4.1.5. Ochric epipedon 

In ochric epipedon, rock structure and fine stratification are absent. It is not like 
mollic, umbric, anthropic, plaggen or histic epipedon. 

3.4.1.6. Melanic epipedon 

Melanic is a thick horizon which occurs at or close to the soil surface with high 
contents of of organic carbon present with the aluminium-humus complexes. It has 
the properties of low bulk density and high phosphate retention. 

3.4.1.7. Histic epipedon 

Histic epipedon has a thin structure where organic matter is dominant if it is not 
ploughed. And if it is ploughed and other mineral material is mixed with it, it has 
above 12-18% organic C based on clay content and it remains saturated for minimum 
of 30 successive days during some period of a year, unless it is artificially drained. 

3.4.2. Diagnostic subsurface horizons 

Subsurface horizons are formed underneath the surface horizons. Often, subsurface 
horizons are exposed to the surface if the surface of profile is eroded 

3.4.2.1. Agric horizon 

Agric horizon is formed under cultivation and contains illuvial silt, clay and humus. 
Organic matter, clay and silt are present as mixture. Worm channels and similarly 
ped surfaces are potentially coated with the dark coloured mixture of clay and silt. 
However, the coatings have a lower colour value and chroma compared to the soil 
matrix itself. 
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3.4.2.2. Argillic or natric horizon 

Argillic horizon is formed under an eluvial horizon and contains illuvial clay. The 
horizon is at least 15 cm in thickness. The clay content increases vertically within a 
distance of 30 cm. Argillic horizon has ~ 3% more clay than the surface horizon if 
the surface horizon has < 15% clay content. Natric horizon like argillic except it 
contains > 15% exchangeable sodium. 

3.4.2.3. Calcic horizon 

Calcic horizon has accumulation of calcium and magnesium carbonates and has a 
thickness of ≥15 cm. By volume, it has 5% secondary carbonate concretions or soft 
powdery forms. The 15% lime requirement is waived off in case of coarse texture 
(i.e., sandy or coarse loamy). 

3.4.2.4. Albic horizon 

Albic horizon is free iron oxides, and clay is removed. It is ashy white in colour 
because of the dominance of primary sand and salt particles. It may lie above a 
spodic, argillic or natric horizon. 

3.4.2.5. Sombric horizon 

Sombric horizon is formed under free drainage conditions by the illuviation of humus 
not associated with sodium or aluminium. This horizon is dark in colour and it has 
base saturation value of <50%. It is not underlined by albic horizon. 

3.4.2.6. Spodic horizon 

Spodic horizon is composed of illuvial accumulation of active amorphous materials. 
The active amorphous materials are made up of organic matter and aluminium with 
or without iron. It underlies an O A, Ap or E horizon. 

3.4.2.7. Duripan 

A horizon cemented by silica into a subsurface hardpan is known as duripan. It is 
firmly cemented and therefore restricts soil management. The pan shows evidence of 
accumulation of opal or other forms of silica such as laminar caps, partly filled 
interstices etc. The fragments of duripan do not slake even after soaking for long time 
in water or HCl. 

3.4.2.8. Oxic horizon 

Rock structure or sesquioxide coated lithorelics make less than 5% of oxic horizon. 
It has highly weathered minerals (kaolinite, smectite, vermiculite) and the cation 
exchange capacity value is also low. The minimum thickness of this horizon is 30 
cm and its clay content is higher compared to the surface horizon (i.e., less than that 
necessary to be defined as an argillic horizon). 

3.4.2.9. Kandic horizon 

It is a horizon, which has low activity clays i.e., <16 cmolc kg-1 clay., and it also 
meets the clay increase needs of an argillic soil horizon. 
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3.4.2.10. Cambic horizon 

The texture of cambic horizon is loamy fine sand, very fine sand or even finer, with 
weak development of colour and structural features that do not express it as a mollic 
or umbric epipedon. 

3.4.2.11. Salic horizon 

The thickness of salic horizon is at least 15 cm and has salt accumulation, which is 
more stable than gypsum. It has 2 % or more salt content and has 60% or more salt 
contents. 

3.4.2.12. Sulfuric horizon 

Sulfuric horizon is made up of minerals (e.g., iron oxides) and organic matter with 
pH less than 3.5 and it contains jarosite mottles. 

3.4.2.13. Fragipan 

It has fragile sandy or loamy subsurface horizon which may have cambic, argillic, 
spodic or albic horizon. It has very low organic material and high percentage of bulk 
density compared to overlying horizon or horizons  and it is cemented when it 
becomes dry but it is brittle when it is moist (Rashid and Memon 2001). 

3.5. Other Diagnostic Soil Features 

There are some other diagnostic soil features in addition to the above discussed 
horizons; these are also used to classify soils. 

3.5.1. Abrupt textural change 

It is defined as textural change from an albic or ochric horizon beneath argillic 
horizon within 7.5 cm or less. Clay contents usually lower than 20%. 

3.5.2. Andic soil properties 

The materials in Andic soils are volcanic glass in the form of silt size particles with 
lower than 25% organic C. Their bulk density is 0.9 g cm-3 measured at 33 kPa water 
tension or lower and the amount of phosphate retention is ≥ 85%. 

3.5.3. Durinodes 

Durinode soils are lightly cemented to the indurated nodules. This cementation is 
caused by microcrystalline forms of SiO2. They are not slaked in water. 

3.5.4. Gilgai 

This is micro-relief type of clayey soils with increased expansion co-efficient with 
changes in the moisture content. 
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3.5.5. Slickensides 

Slickensides are grooved and polished surfaces which are produced by one soil mass 
sliding verses another one and some other diluents. Slickensides aregenerally present 
as dark red mottles in polythene or platy patterns. 

3.5.6. Permafrost 

Permafrost is a soil layer in which temperature is 0°C perennially or lower all the 
year. 

3.5.7. Lithic contact 

It is expressed as the contact coherent and soil beneath the material which is 
sufficiently hard to do it by hand digging with a spade impractical but it might be 
scrapped or chipped. 

3.5.8. Paralithic 

It is like a lithic contact excluding the coherent materiallying beneath it; paralithic 
contact has Moh’s scale hardness of lower than 3 (Razzaq and Rafiq 2001). 

3.6. Nomenclature 

The nomenclature system was developed by classical linguists J.L. Heller, and A.L. 
Leemans. This was developed, so that each class had a name that was mnemonic – 
that is, to help remember, and to know about the properties of different soils of each 
class. The name also defines a class so that one can determine both the category of 
the classes and the higher categories of classes to which it relates. The following 
aspects are considered while establishing the nomenclature in soil taxonomy: Each 
taxon needs a name to be used in speech; a very good name easy to pronounce, is 
typical in meaning and short as it is helpful if taxon name indicates its location in the 
classification. Above the series category, each taxon name reflects its class, in all 
other categories of which it is a member. Soil series name specifies just the category 
of series hence a series name might be considered as a series but it does not elaborate 
the order, suborder, great group, subgroup, or family. 

3.7. Categories of Soil Taxonomy 

A category of soil taxonomy is defined as a group of classes which is nearly at the 
same level of abstraction and generalization and which includes all the soils on Earth. 
Soil taxonomy consists of six categories (Fig. 3.1). In the order of descending level 
and ascending number of classes, these categories include: order, suborder, great 
group, subgroup, family, and series. It is considered that soil taxonomy is a kind of 
categorizing phenomenon. In the highest category, i.e., order, soils of the Earth are 
arranged or sorted into a small number of classes. The process of sorting soils must 
be distinct to make it eloquent for our objectives. When differentiation is made for 
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all the soils into a small number of classes (12 orders), each order becomes 
heterogeneous compared to the properties which are not recognized in the process of 
sorting. The order ranking may offer enough information about properties of soil as 
obtained from classifying a soil at the lowest taxonomic level (Schaetzl and 
Anderson 2005). This is main benefit of multi-categoric classification system to 
convey sufficient information. For sorting in the next category, it is required to 
decrease the heterogeneity which is low in suborder. 

The process of sorting is continued in the remaining soil taxonomy categories going 
down to soil series level. The soils within a soil series have similar properties and are 
approximately homogeneous and can be easily understood. These categories of soil 
taxonomy are discussed below: 

3.7.1. Order 

It is the highest level and most generalized category of soil taxonomy system. All 
sort of soils around the globe belong to any of the 12 orders of Soil Taxonomy 
system. The presence or absence of diagnostic features or soil forming processes 
differentiates soils in these 12 orders. 

3.7.2. Suborder 

Suborders helps in differentiating the soils within an order because of effects of soil 
temperature, soil moisture and chemical or textural characteristics. In World total, 
there are 64 suborders. Fourteen sub orders have been documented in Pakistan 
(Ahmad and Amin, 1986). 

3.7.3. Great group 

It is helpful to differentiate soils within in a suborder because of presence of horizons 
or other characteristics. These differences segregate the soils which have the 
following common features, i.e., close similarities in kind, arrangement, and degree 
of expression of horizons. However, thin soil surface horizons have some exceptions 
that could be mixed by ploughing the soil or damaged by the process of erosion and 
transitions of some horizons to other great groups may occur. Types and number of 
suborders within an order change with various orders. In total, there are more than 
300 great groups (Larson et al. 1980). 

3.7.4. Subgroup 

Each great group is categorized into subgroups which are of three types: (i) typic 
subgroups within a great group elaborates the core idea of any great group, (ii) those 
having the intergrading features of another order or suborder or great group, (iii) 
those having distinct properties which separate them from others that are neither 
intergrades nor typical. In total. there are approximately more than 2,400 subgroups. 
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3.7.5. Family 

Soils are differentiated within a subgroup due to the soil properties which are vital to 
plant growth or engineering aspects. The soils are categorized within a subgroup with 
similar chemical or physical properties. These properties provide us the important 
descriptive information, such as aeration and retention and movement of water, 
particle size, calcareousness, temperature, soil depth, slope, consistence, cracks, 
texture, mineralogy, pH etc. In some cases, features and properties of soils are 
considered without their importance as indicators for the process of soil formation. 
The soils belonging to a soil family are similar in their management requirements. 

3.7.6. Series 

Soil morphological features differentiate soil series. It is considered the lowest 
category which has greater than 19,000 series that have been devised in the USA 
(USDA, 2014). Up till 2009 in Pakistan there are 890 soil series have been identified 
(Amin et al. 2010). The procedure employed to differentiate soils between series is 
usually similar to those which is used in classifying soils for other (higher) categories, 
however the range allowed for one or multiple features within a soil series is the 
smallest compared to range allowed in higher categories (Soil Survey Staff 1999). 

 

Fig 3.1 The flow chart of the US Soil Taxonomy Soil Classification system 

3.8. Formative elements 

Each order name contains a formative element derived from Latin and Greek 
indicating characteristics of order followed by vowel and ending with sols (Table 
3.1: Brady and Weil 2002) 
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Table 3.1 Soil orders with formative elements and pronunciation  

Order Formative element Pronunciation 

Entisols Ent Recent 
Inceptisols Ept Inception (beginning) 
Alfisols Alf Pedalfer (Clay Accumulation, B Horizon) 
Spodosols Od Greek Spodous (Wood Ash) 
Ultisols Ult Ultimate (Loss) 
Oxisols Ox Oxide 
Gellisols El Jelly (Freeze) 
Histosols Ist Histos (Tissue) 
Vertisols Ert Invert (Cracks, Swelling Clays) 
Andisols And Ando (Black Soils) 
Mollisols Oll Mollis (Soft) 
Aridisols Id Aridus (Dry) 

3.9. Soil Orders 

3.9.1. Gelisols 

Gelisols (from Latin gelare, "to freeze") have extremely cold climates with 
permafrosting feature nearly 2 meters above the soil surface. Geographically, 
Gelisols are limited to high latitude. Gelisols support only ~0.4% of total population 
in the world due to their cold weather. The decomposition of organic matter proceeds 
slowly due to low temperature. Hence, most Gelisols deposit huge concentration of 
organic C, just the wetland soils have more organic material. Gelisols occurring in 
the dry areas of Antarctica are excluded as they are present in a desert system with 
less or no vegetation, thus having low levels of organic C. 

3.9.2. Histosols 

Histosols (from Greek histos, "tissue") consist of organic matter mainly and are 
called as peats and mucks. These soils have at least 20-30% of organic matter by 
weight with greater than 40 cm of thickness. Most of these soils are developed in 
settings like wetlands in which restricted flow inhibits the breakdown of organic 
matter, allowing it to accumulate with passage of time. Histosols are become more 
productive when drained as this process promote decomposition of organic material. 
The physical properties of these soils limit their use for engineering purposes. 

3.9.3. Andisols 

Andisols is derived from the word ando meaning “black soil”. These soils are formed 
due to volcanic activities. Colloidal weathering outputs are dominated such as 
imogolite, allophane and ferrihydrite which make them different from other orders. 
Therefore, these soils have unique physical and chemical characters with high water 
holding capacity and the capacity to 'fix' huge amounts of phosphorus.  
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3.9.4. Oxisols 

Oxisols (derived from French word meaning “oxide”) are present in the inter-tropical 
areas of the planet and are highly weathered soils. Excess amounts of Fe and Al 
minerals are present in these soils. They cover an ice-free area of 5-7.5% of the Earth. 
These soils are categorized by low nutrient status, extremely low fertility as in these 
soils more leaching of nutrients occurs and clay size particles mainly have Fe and Al 
oxides instead of Ca, Mg or K. The addition of lime and fertilizers can make these 
soils productive. 

3.9.5. Spodosols 

Spodosols (from the Greek spodos, meaning “wood ash”) are soils of acidic nature 
featured by humus accumulation in subsurface that is complexed with Fe and Al. The 
Spodosols are usually formed from the coarse-textured materials with a light 
coloured and leached E horizon covering a reddish-brown spodic horizon. This 
phenomenon that forms horizons is called as podzolization. 

3.9.6. Entisols 

Entisols are soils of recent origin. The main feature in these soils is that they are 
formed by unconsolidated material, excluding an A horizon with generally no genetic 
horizons. These soils are identified by large diversity, inland use and environmental 
settings. Entisols exist in rocky and steep settings. Shore deposits produce habitation 
and cropland for many people globally in large river valleys. This is the most widely 
distributed soil order present on ~16% of ice-free area of land (Brady and Weil, 
2002). 

3.9.7. Vertisols 

Vertisols (origin from Latin word verto, meaning “turn”) are clay-rich soils that have 
ability to shrink and swell with a change in their moisture content. Wide cracks are 
formed during dry conditions as the volume of soil is reduced. The volume of soil 
increases when the clay in these soils absorbs moisture. Well developed and distinct 
horizons are not formed due to the swelling and shrinking process of these soils. 
Vertisols generally comprise ~2.5% area in the world (Brady and Weil, 2002). 

3.9.8. Aridisols 

Aridisols (origin from Latin word aridus, meaning “dry") are calcium carbonate 
containing soils present in arid regions of the world, with subsurface development in 
some horizons. Aridisols contain clays, silica, salts, calcium carbonate and gypsum 
accumulated in them. Aridisols cover ~12% of ice-free area of the land. These soils 
are good for range, recreation and wildlife. Due to the dry climate, they cannot be 
used for agricultural activities unless water is available for irrigation. 
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3.9.9. Ultisols 

Ultisols are acidic in nature and are leached soils with low fertility. They are present 
in temperate and humid regions, naturally prevalent in stable and older landscapes. 
Primary minerals are extremely weathered and leaching of much of K, Mg and Ca 
have occurred from these soils. Ultisols have high acidity and low amount of plant 
available K, Mg and Ca. These soils are unfit for agriculture, without heavy 
investment on their acidity and fertility management by way of liming and 
fertilization. 

3.9.10. Alfisols 

Alfisols have comparatively high native fertility and are moderately leached soils. 
Alfisols are mostly present in temperate humid and subhumid regions of the world. 
Alfisols comprise ~10.1% of the world ice-free area. They occupy 8350 km2 of the 
land area in Pakistan. (Rafiq, 2001). 

Clays are accumulated under the subsurface horizon of Alfisols and are usually 
present under forest. The world’s 17% population is supported by Alfisols. Alfisols 
are productive both for agriculture and silviculture because of favorable climate and 
high native fertility. 

3.9.11. Inceptisols 

Inceptisols (origin from Latin word inceptum, "beginning") are soils which have least 
horizon formation. These soils are more developed compared to Entisols, but many 
features are absent that are present in soils of other orders. They are commonly 
present on comparatively young geomorphic surface steep slopes, surfaces, and with 
resistant parent materials. Inceptisols are present over an estimated 15% the world 
ice-free area. A huge percentage of these soils is present in mountainous regions 
which are used for recreation, watershed and rangeland purposes. Inceptisols support 
almost 20% of the population of the world – the highest percentage amongst all soil 
orders (Windwolf, 2016). 

3.9.12. Mollisols 

Mollisols (origin from Latin word mollis, "soft") are grassland environment soils. 
Dark and thick surface horizon is their characteristics. These are due to the addition 
of organic matter. Mollisols are mainly present in the middle latitudes such as in 
Great Plains of the USA. They occupy globally ~7.0% of ice-free area of the Earth. 
These soils are one of the very important and productive soils of land area and are 
widely used for agriculture. 

3.10. Suborders 

Suborders are mainly differentiated based on difference in soil moisture regimes or 
some dominant soil horizon or properties. In Pakistan, only 14 suborders have been 
recognized, including Orthids, Argids, Aquents, Fluventus, Orthents, Psamments, 
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Ustalks, Udalfs, Ochrepts, Usterts, Torrerts, Udolls, Ustolls and Borolls (Rafiq, 
2001). 

3.11. Great Groups 

Great groups are subdivisions of suborders, mainly based on soil features and soil 
horizons. There are > 300 great groups which are currently recognized in soils 
worldwide. Some of the salient properties used in identifying great groups include 
the kind, arrangement and degree of expression of horizons, and base status. 

In Pakistan, 21 great groups have been recognized, namely Camborthids, Haplargids, 
Calciorthids, Natargids, Salorthids, Torrifluvents, Ustorthents, Torripsamments, 
Ustochrepts, Eutrochrepts, Haplutstalts, Natrustalfs, Chromusterts, Torrets, 
Hapludolls, Haplustodolls and Haploborolls (Rafiq 2001). 

3.11.1. Subgroups 

Subgroups are subcategories of great groups. There are more than 2400 subgroups 
worldwide (USDA 2014). 

Subgroups are of three types: 

1) Typic – it represents the central concept of great groups. 

2) Those that have properties intergrading to another order, suborder, or great 
group, 

3) Those having some properties that differentiate them from other subgroups. 

• Typic Camborthids: It represents typic subgroup of Camborthids. 
These soils have minimal horizon development for Aridisols. In 
general, these are the soils that have developed on most recent deposits 
or eroded soils. 

• Xerollic Camborthids: It represents Camborthids with the xeric (dry) 
moisture regime. 

• Typic Torrifluvents: It represents soils with the central concept of 
Typic subgroup of Torrifluvents. 

• Udic Haplustalfs: Soils that are like Typic Haplustalfs, however they 
have Udic moisture regime. 

• Typic Ustochrepts: It represents soils in the Inceptisols soil order with 
the central concept of Ustochrepts. 

3.12. Families 

Soil families within a subgroup are divided on those properties of soil which are 
important for plant growth and engineering purposes. These properties include 
particle size, soil mineralogy, calcareousness, soil pH, temperature, soil depth, slope, 
consistence and cracks. 
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3.13. Series 

Soil series are separated based on morphological features of soils. They are 
recognized using the following criteria (Soil Survey Staff, 1951): 

• Parent material (texture and mineralogy) 

• Kind, thickness and arrangements of soil horizons 

• Colour of B horizon or subsoil 

• Texture of B horizon or subsoil 

• Structure of B horizon or subsoil 

• Consistence of B horizon or subsoil 

• Pores in the B horizon 

• Soil reaction (pH) 

• Calcareousness, contents of carbonates 

• Types of salt and salt content 

• Organic matter content 

3.14. Soil Orders and Sub groups in Pakistan 

Among the 12 soil orders recognized in Soil Taxonomy (Soil Survey Staff 1951), 
soils belonging to only six orders occur in Pakistan. The type and extent of soil 
groups found in Pakistan are given in Table 3.2. Some salient soil profiles found in 
Pakistan along with the identified series and the area landscape are also shown in 
Fig. 3.2 to Fig. 3.14. 

3.14.1. Aridisols 

Aridisols occur in arid and semiarid climates. Soils of this order have salic, cambic, 
calcic and argillic diagnostic horizons. The soil groups within Aridisols are 
Camborthids, Haplargids, Calciorthids, Natargids and Salorthids. 

3.14.2. Entisols 

The soils of this order lack any soil profile development, except for some 
humification and homogenization in the surface horizons. The soil groups of this 
order include Torrifluvents, Ustifluvents, Torripsamments and Ustipasamments. 

3.14.3. Inceptisols 

These soils have cambic horizon and mainly occur in humid, subhumid and semiarid 
regions. The groups of these soils include, Ustochrepts and Eutrochrepts. 
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Table 3.2 Soil orders and groups found in Pakistani soils 

Soil Order Sub-order Extent in 

Pakistan (km2) 

Aridisols Argids (Clay) 2559710 
 Calcids (Carbonates)  
 Cambids (Formed with Alluvial fans)  
 Cryids (Cold)  
 Durids (Duripan)  
 Gypsids (Gypsum)  
 Salids (Salty)  
Entisols Aquents (Wet) 177000 
 Arents (Mixed horizons)  
 Fluvents (Alluvial deposits)  
 Orthents (Lack of horizon development and steep 

slope) 
 

 Psamments (Sandy)  
Inceptisols Anthrepts (Human made, High P) 27700 
 Aquepts (Wet)  
 Cryrpts (Very Cold)  
 Udepts (Humid)  
 Usteps (Semi Arid)  
 Xerepts (Dry Summar and Wet Winter)  
Alfisols Aqualfs (Wet) 8350 
 Cryalfs (Cold)  
 Udalfs (Humid)  
 Ustalfs (Moist/Dry)  
 Xeralfs (Dry Summar and Moist Winter)  
Vertisols Aquerts (Wet) 8350 
 Cryerts (Cold)  
 Torrerts (Hot Summar very dry)  
 Uderts (Humid)  
 Usterts (Moist/Dry)  
 Xererts (Dry Summar and Moist Winter)  
Mollisols Albolls (Albic horizon) 6100 
 Aquolls (Wet)  
 Cryolls (Very Cold)  
 Rendolls (Calcareous)   
 Udolls (Humid)  
 Ustolls (Moist/Dry)  
 Xerolls (Dry Summar and Moist Winter)  

Source: Brady and Weil (2002), Rafiq (2001) 
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Fig. 3.2 (a) Sultanpur series soil profile-relatively younger soil with profile 
development to limited depth and horizonation not much conspicuous. Substratum 
comprises unaltered parent material exhibiting depositional stratification (b) 
Sultanpur series landscape-level plain under diversified irrigated cropping. 
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Fig. 3.3 (a) Pacca series soil profile- A double storeyed profile, the upper one 
(Pacca) is similar to Sultanpur soil in development (b) Pacca series landscape-a 
broad basin used for irrigated general cropping 
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Fig. 3.4 (a) Miranpur series soil profile-deep, clayey basin-filled with grey colour 
and weakly expressed vertic characters, cloddy surface due to long rice cultivation, 
(b) Miranpur series landscape-a broad basin, fallow after rice cultivation, no trees 
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Fig. 3.5 (a) Hafizabad series soil profile-very deeply developed with slight 
melanization of the topsoil and strong braunification in the subsoil, (b) Hafizabad 
series landscape-level plain under diversified irrigated cropping
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Fig. 3.6 (a) Lyallpur series soil profile-very distinct colour horizonation. Zone of 
secondary lime accumulation occurs below about 90 cm depth, (b) Lyallpur series 
landscape-level plain. Deep, well aerated root zone reflected in healthy shisham 
(Dalbergia sissoo) trees 
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Fig. 3.7 (a) Bhalwal series soil profile- well humified topsoil resulting from long 
continued manuring, strong braunification of the subsoil, clearly visible calcic 
horizon, (b) Bhalwal series landscape- intensively cropped level plain with healthy 
trees. 
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3.14.4. Alfisols 

These include saline-sodic soils which are non-calcareous or slightly calcareous, 
having argillic horizons. The groups in this order are Hapludalfs, Haplustalfs and 
Natrustalfs. 

 

Fig. 3.8 (a) Bhalwal series soil profile- well humified topsoil resulting from long 
continued manuring, strong braunification of the subsoil, clearly visible calcic 
horizon, (b) Bhalwal series landscape- intensively cropped level plain with healthy 
trees 
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Fig. 3.9 (a) Naziabad series soil profile- development similar to Rasulpur but 
stronger and deeper due to a wetter environment, (b) Wazirabad series landscape- 
mostly tubewell irrigated, partly dry-farmed land 
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Fig. 3.10 (a) Gujranwala series soil profile-very deeply developed soil with well 
humified upper part of solum, (b) Gujranwala series landscape-level plain used for 
diversified irrigated crop production. 
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Fig. 3.11 (a) Guliana series soil profile-very deeply developed soil with distinct 
braunification of the sub-soil. Lighter colour of the surface horizons due to depletion 
of humus through clean cultivation (b) Guliana series landscape-nearly leveled table 
land, tarraced for dry-farmed cropping 
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Fig. 3.12 (a) Pindorian series soil profile-well developed horizon of secondary lime 
accumulation below 150 cm depth formed by leaching from the overlying solum (b) 
Pindorian series landscape-soil conditions favorable for vegetable production. 
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Fig. 3.13 (a) Peshawar series soil profile-soil developed on the piedmont plain 
surface in the Peshawar valley (b) Peshawar series landscape-nearly leveled plain 
under irrigated general cropping. 
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Fig. 3.14 (a) Warsak series soil profile-weak profile development, stratified 
substratum, grey colour inherited from parent material (b) Warsak series landscape-
leveled plain landscape, diversified irrigated crop production. 
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3.14.5. Mollisols 

These soils have a calcium rich organic matter. These are grass land soils containing 
humus rich surface horizon of 60 to 80 cm in depth. Some Mollisols are also present 
in cold mountain regions and the soil groups of these soils include, Hapludolls, 
Haplustolls and Haploborolls. 

3.14.6. Vertisols 

Vertisols are clayey soils with the expanding type clay, predominantly 
montmorillonite, and occur in arid and subhumid areas. These are slightly to 
moderately calcareous in nature. The soil groups of these soils include Chromusterts 
and Torrets (Rafiq 2001). 

3.15. Soil Temperature Regimes 

Soil temperature regimes are defined in terms of temperature measured at the depth 
of 50 cm or at para-lithic and lithic contact if it is shallower. In practice, soil 
temperature regimes knowledge is important to: 

1) Identify the development and establishment of definite soils. 

2) Constantly classify and precisely map soils. 

3) Use this knowledge to evaluate the organization soil-plant-water systems. 

The scientists have made great efforts to identify the spatial distribution of soil 
temperature regimes. These geographic factors can be used to estimate soil 
temperature at other locations or to plot soil temperature regime distribution maps. 
Soil classes are defined in low categories based on soil temperature regimes, which 
are described a below. 

3.15.1. Pergelic 

Mean annual soil temperature is lower than 0°C. 

3.15.2. Cyric 

Average annual soil temperature ranges from 0 to 8°C with the mean summer soil 
temperature less than 15°C, if there is no O horizon and less than 8°C, if O horizon 
is present. 

3.15.3. Frigid 

Soils are hot in summer due to the frigid temperature regimes compared to the soil 
with a cryic regime, but it has less than 8°C of average yearly temperature. And it 
has greater than 6°C of average summer (June-August) and winter (December-
February) temperature that exist at the depth of 50 cm or at lithic, para-lithic or densic 
contact. 
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3.15.4. Mesic 

The average temperature of soil is 8°C or may be greater, but less than 15°C and at 
the depth of 50 cm or at lithic, para-lithic contact, the difference between average 
winter and summer temperature of soil is greater than 6°C. 

3.15.5. Thermic 

The average yearly temperature of soil is 15°C or even greater, but less than 22°C, 
and 6°C of average winter and summer temperature is recorded at the depth of 50 cm 
from soil surface or at a densic, lithic, or para-lithic contact, that is shallower. 

3.15.6. Hyperthermic 

The average annual temperature of soil is 22°C or greater and the temperature 
difference between average winter and summer is greater than 6°C either at a depth 
of 50 cm from the surface of soil or at a densic, lithic, or para-lithic contact, 
whichever is shallower. Prefix shows the soil temperature regime below 6°C at the 
depth of 50 cm or at para-lithic, lithic, or densic contact, that is shallower. 

3.15.7. Isofrigid 

The average yearly soil temperature is less than 8°C. 

3.15.8. Isomesic 

Annual temperature of soil is 8°C or greater than but less than 15°C. 

3.15.9. Isothermic 

The temperature of soil is 15°C or greater but not more than 22°C. 

3.15.10. Isohyperthermic 

The temperature regime of these soils is 22°C or greater. 

3.16. Soil Moisture Regimes 

These criteria are defined with respect to the absence or presence of groundwater or 
the water retained at lower than 1500 kPa or 15 bar tension in the control section of 
a soil between the fixed period of a year.  Water is retained very tightly that many 
plants are unable to extract it. When a soil horizon is saturated, the water within is 
retained at tension near to 0 or sometimes at negative pressure. Thus, a horizon is 
recognized dry when water is retained at >1500 kPa tension and horizon is called as 
moist if<1500 kPa, but greater than 0 water tension is present. The soils which are 
saturated with salty or saline water is recognized as salty soils rather than dry soils. 
Different soil moisture regimes are given below: 
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3.16.1. Aqua moisture regime 

 This applies to reducing conditions in the soil indicated by low chroma mottles and 
colours. The soil in this regime is saturated by groundwater or water of capillary 
fringe and the dissolved oxygen is not present. 

3.16.2. Aridic or torric moisture regime 

Greater than half of the time, the moisture control section is dry and is never moist 
for 90 successive days when the soil temperature is above 8°C at 50 cm depth. 

3.16.3. Udic moisture regime 

Soil is not dry in any portion for 90 (cumulative) days. If there is thermic soil 
temperature regime, the soil does not remain dry for 45 successive days. There should 
be three-phase system (solid-liquid-gas) in soil moisture regime control section when 
the soil temperature is higher than 5°C. 

3.16.4. Ustic moisture regime 

The soil is dry for greater than 90 consecutive days but lower than 180 successive 
days or it is moist for greater than 90 consecutive days under a hyperthermic soil 
temperature regime. While the soil is dry for greater than 90 or more cumulative 
days, but it remains moist for greater than half of the time the temperature of soil is 
more than 5° C under thermic temperature regime. 

3.16.5. Xeric moisture regime 

This is characterized by typical Mediterranean climate in which winters remain cool 
and moist and summers are dry and warmer. The soil remains moist in many parts 
for greater than half of the time and the temperature of soil is above 8°C. Soils remain 
moist for more than 45 successive days during the four months after the winter 
solstice and remain dry for greater than 45 cumulative days during 4 months after the 
summer solstice under the thermic temperature regime. 

3.16.6. Soil moisture control section 

This system is 30 cm deep if soil is coarse silty, fine loamy, clayey or fine silty; if 
coarse loamy, then it is 20-60 cm deep and if sandy then 30-90 cm deep. 

3.17. Land Capability Classification 

The land capability classification categorizes soils according to their suitability for 
cultivation of various kinds of crops. In the soil capability classification, soils are 
usually grouped at these three levels — capability class, subclass, and unit. In land 
capability classification, the largest groups are selected by different number as 1 to 
8. The statistics are indicator of gradually greater boundaries and narrower selections 
for practical work (Sanchez et al. 2003). 
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3.17.1. Class I 

Soils in Class I have few restrictions that limit its use for Agriculture. These soils are 
suitable to a great variety of crop plants and can be used for growing crops, range, 
cultivated woodland, wildlife and pasture. These soils are drained, deep, and are 
simple to work with. Their moisture holding capacity. The local environment of soils 
of this Class I must support many of the field crop production. Soils of Class I may 
be in irrigated zones, if the constraints of arid environment have been removed by 
comparatively permanent irrigation mechanisms. Some of these soils may also 
require initial habituation including leaching of a minor accumulation of dissolved 
salts, leveling to the preferred grade. 

Wet soils having slowly porous sub-soils are not employed in Class I. Soils present 
in Class I for growing crops of different varieties need regular strategic practices to 
sustain yield. These practices can include the use of following strategies: cover crops 
and green-manure, fertilizers and lime, preservation of crops residue and animal 
manure, and arrangements of modified crops (Rafiq 2001). 

3.17.2. Class II 

Soils in Class II require littlemanagement practices, including moderate conservation 
practices. These soils are used for growing crop plants, woodland pasture, wildlife 
feed, range land grasses or cover crops. The exact arrangements of practices differ 
from place to place, provisional to the native climate, the farming systems and 
features of soils. 

3.17.3. Class III 

Choice of growing crops is decreased in soils of Class III and these soils require 
different conservation practices. The soil conservation practices are more difficult 
when crops are cultivated. Soils can be used for growing crops and wood land. Clean 
farming, tillage, timing of embedding, harvesting and choice of crops or combination 
of all these are limited in Class III. The limitations may be due to: slightly sheer 
slopes, water or wind erosion susceptibility or unadorned results of erosion. The crop 
damage is attributed to frequent runoff, subsoil low penetrability, hardpan, bedrock 
depth, claypan or fragipan, that limit the water storage and rooting zone, low water-
holding capacity, moderate salinity. To increase permeability or to stop puddling, 
usually organic solids are supplied to these soils to control wetness. 

3.17.4. Class IV 

Great limitations are present in soils of Class IV which may require careful 
management and choice of proper crop. The limits of soil are greater than Class III 
and crop selection is very narrow. These soils may be used for crop, pastures, range 
lands, woodlands or wildlife feed and shelter. Only two or three crops may be suitable 
for these soils. There is a restriction of growing crops given to high wind and water 
erosion susceptibility, steep slopes, severe effects of erosion, shallow soils, 
unembellished crop damage done by frequent runoffs, low water-holding capacity, 
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severe salinity or severe climate. Occasional cultivation is done in humid areas of 
these soils however, not fit for regular cultivation. 

3.17.5. Class V 

There is no or little threat to these soils by erosion. However, other restrictions exist 
which are impractical to eradicate. Therefore, the use of these soils is mostly 
restricted to woodlands, range lands, pasture or wildlife feed and shelter. Limited 
type of crops can be grown on these soils and usual tillage operations of growing 
crops are restricted as well. Soils are approximately leveled, but few of them are 
frequently flooded by streams, wet or stony and have climate limitations. Lower land 
soils are examples of Class V which are subjected to numerous overflow that lower 
the normal yield of cultivated crop. Due to such limitations, agronomy of the 
common crop is not practicable but pasturing can be enhanced and there is 
expectation to benefit from suitable management practices. 

3.17.6. Class VI 

The Class VI soils have many limitations and cultivation of crop plants is not suited 
in these soils. The wildlife feed, range land or pasture, shelter and woodland are 
decreased due to these limitations. Physical situation of these soils is such that they 
support range lands and pasture if required management practices such as liming 
seeding, contour drainage ditches of water regulator, and fertilizers, water spreaders, 
furrows and diversions are implemented. Continued limits are not modified in these 
soils, such as adverse erosion hazard, steep slope, past erosion effects, low rooting 
zone, stoniness, excessive humidity or overflow, salinity low moisture capacity or 
adverse climate. Crops are not suited for these soils however, these soils can be used 
for range lands, pasture, wildlife or woodland. 

3.17.7. Class VII 

The soils present in Class VII are not suitable to cultivate crops. There are restrictions 
for wildlife, woodland and grazing etc. Range land improvements and pasture are 
impractical to apply in Class VII. They have more unadorned soil limitations than 
Class VI, such as erosion, very steep slopes, stones, shallow soil, salinity or sodicity, 
wet soil, adverse climate, or other limitations which are unsuited to cultivate crops. 

3.17.8. Class VIII 

The soils and landforms present in Class VIII are used for commercial plant 
assembly, recreation, shelter, or wildlife feed or water source. Onsite benefits cannot 
be obtained by crop management, grasses and trees. The profits from watershed 
security, wildlife use or recreation might be possible. Sandy shores, badlands, river 
wash, rock ridge, barren lands and mine tailings are in Class VIII. It is important to 
manage the soils for plant growth in this class for aesthetic purposes or wildlife 
habitat. 
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3.18. Conclusions 

The properties of each soil, as expressed by a soil profile through the different 
horizons, reflects the combined effect of the genetic factors responsible for the 
development of that soil. Thus, soil consists of horizons near the Earth’s surface that 
have been altered by physical, chemical and biochemical processes in contrast to the 
underlying parent material that remains unaltered. Classifying soils is vital to 
establish hierarchies of classes that clarify the relationship among soils and between 
soils and the factors responsible for their formation.  
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