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INTRODUCTION

Soils play a vital role in the quality of our environment. For example, soil impacts the quality
and quantity of our food, and serves as foundation of our structures, as well as interact with
the hydrosphere and atmosphere. Soil can be aesaurgink, or an interacting medium for
many nutrients, as well as contaminants that impact humans, plants, wildlife, and other
organisms. An understanding of soil properties and processes is therefore critical to the
evaluation of the criteria to be adegtfor the soil management. The objective of the course

is to be aware of chemical and biological reactions that may influence the behaviour of
contaminants according to the different soil types and properties. Because soil is important
forcultivation andagricultural production, soil fertility and productivityare important issues

to address. Detailed pedological knowledge isuseful for land evaluation purposes, i.e. the
classification in fertileproductive soils and less valuable soils. Soils are an inpagtal
oflandscapes and the knowledge of the distribution of different soilshelps to preserve a high
standard in environmental quality. Forexample, site specific management cannot be
developed without

detailed knowledge of soils. Critical sites, e.g. shalldll slope soilsprone to erosion and
leaching of nutrients, can be identified usingpedology. Soil surveys furnish basic inputs to
soil conservationplanning and provide information used in equations for predictingsoil loss
and water pollution under varistmanagement practices ondifferent soils.

Prerequisites
The background knowledge from biology, chemistry, biochemistryand geology is required.

WHAT YOU WILL LEARN IN THIS COURSE

The course consists of modules in units and a course guide. Thiscoursteligigleu briefly

what the course is about, what coursematerials you will be using and how you can work with
thesematerials. In addition, it advocates some general guidelines for theamount of time you
are likely to spend on each unit of the course inota@omplete it successfully.It gives you
guidance in respect of your Tutbtarked Assignmentn the assignment file. There will
beregular tutorial classes that are related to the course. It is advisable foryou to attend these
tutorial sessions. The couradll prepare you forthe challenges you will meet in the field of

soil pedology andclassification.

COURSE AIMS

The aim of the course is not complex. The course aims to provide youwith an understanding
of soil Survey and Land Evaluation; it also aimstovile you with solutions to problems

with soil classification inthe field.

COURSE OBJECTIVES
To achieve the aims set out, the course has a set of objectives. Eachunit has specific
objectives which are included at the beginning of theunit. You should read these objectives



before you study the unit. Youmay wish to refer to them during your studidok on
yourprogress. You should always look at the unit objectives aftercompletion of each unit. By
doing so, you would have followed theinstructions in the unit.Below are the comprehensive
objectives of the course as a whole. Bymeeting these objeggmesshould have achieved

the aims of the

course as a whole. In addition to the aims above, this course sets toachieve some objectives.

Thus, after going through the course, youshould be able to:
AExplain thevalues, purpose and types of soil survey

ACarry out assemblage of maps, photos and imageries

AcCarry out soil morphological investigations

AExplain Laboratory determinations and soil correlations
AcCarry out Soil Survey Report writing and interpretative reports
AcCary out Land Evaluations

WORKIN G THROUGH THE COURSE

To complete this coursgou are required to read each study units,read the textbook and other
materials which may be provided by theNational Open University of Nigeria. Each unit
contains selassessmentexercises and at certain poirttee course you would berequired to
submit assignment for assessment purpose. At the end ofthe course there is a final
examination. The course should take you atotal of 17 weeks to complete. Below you will find
listed all the

components of the coursehat you have to do and how shouldallocate your time to each unit

in order to complete the course ontime and successfully.The details that you spend a lot of
time to read. | would advise thatyou avail yourself the opportunity of attending the tutorial
sessbnswhere you have the opportunity of comparing your knowledge with

that of other people.

THE COURSE MATERIALS
The main components of the course are:

1. The Course Guide

2. Study Units

3. References/Further Reading
4. Assignments

5. Presentation Schedule

STUDY UNITS
The study units in this course are as follows:

Module 1: Definition, Description, Purposeand kinds of Soil Survey
Unit 1: Definition andDescriptionof Soil Survey

Unit 2: Purpose of Soil Survey

Unit 3: Kinds of Soil Survey

Unit 4: Uses oboil survey reports

Module 2: Soil Maps, Mapping Processes and Mapping Units



Unit 1: Soil Maps
Unit 2: Mapping Processes
Unit 3: Mapping Units

Module 3: Soil Morphological investigations

Unit 1: Soil horizons and Boundaries

Unit 2: Soil Colour

Unit 3: Soil Texture

Unit 4: Soil Structure

Unit 5: Soil Consistence, Root abundance, pH and Effervescence and Special features

Module 4:Laboratory Analysis, Soil Survey report writing, Interpretative reports
Unit 1: Laboratory Analysis

Unit 2: Soil Survey Reports writing

Unit 3: Interpretative reports

Module 5: Land Evaluations

Unit 1: The nature and principles of land evaluation
Unit 2: The Concept of Land Evaluation

Unit 3: Land Suitability Classification

Unit 4: Procedures for Land Evaluation



Module 1: Definition, Description, Purpose Methods Kinds and Use s of Soil Survey

Unitl: Definition andDescriptionof Soil Survey
Unit 2: Purpose of Soil Survey

Unit 3: Methods of Soil Survey

Unit 4: Kindsof Soil Survey

Unit 5: Users of Soil Survey

Unit 1: Definition and Description of Soil Survey

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Important Facts to know
3.2  Definition of Soil Survey
3.3  Description of soil survey

4.0 Conclusion

5.0 Summary

6.0 TutorMarked Assignment

7.0References/Further Reading

1.0 INTRODUCTION

Soil surveyis a systematic study of the soil of an area including classification and mapping
of the properties and the distribution of various soil ungstematic soil survey has been
carried out for over one hundred years. As in other applied sciences, conceptual and
technological advances are making soil survey more reliable, cheaper and S8sdful.
surveyis of great significance for any nation toopide an inventory of the national soil
resource so that public policies may be more wisely planned and executed. They form an
important aspect in worldwide programmes for developaignallandus@lansThe basic
objective of soil surveys is the same &rkinds of land, but the number of map units, their
composition, and the detail of mapping vary with the complexity of the soil patterns and the
specific needs of the users. Thus, a soil survey is designed for the soils and-tbiateail
problems othe area. Soil surveys increase general knowledge about soils and serve practical
purposes. They provide soil information about specific geographic areas needed for regional
or local land use plans. These plans include resource conservation for farnaemesy
development of reclamation projects, forest management, engineering projects, as well as
other purposes.

2.0 Objectives



At the end of this unitstudentshould be able to:
- understand fully the definitions of soil survey
- understand the concept of soil survey
3.0 Main Contents
3.1: Important facts to know

1 Soil surveyis a systematic study of the soil of an area including classification and
mapping of the properties and the distribution of various soil units

1 Soil Survey isa systematic examination, description, classification, and mapping of
the soils in a given area

1 Soil surveyis of great significance for any nation to provide an inventory of the
national soil resource so that public policies may be more wisely planned and
executed

1 Soil survey is designed for the soils and the-szldted problems of the area.

1 Soil surveys increase general knowledge about soils and serve practical purposes

3.2: Definition of Soil Survey

According to Brady and Weil (1996), Soil Surveyfisa syst emati c examinat
classification, and ma p pSoih gurveg doil mappag isstbei | s i n
process of classifyingoil typesand other soil properties in a given area andeayemding

such information. Soil surveyis a systematic study of the soil of an area including
classification and mapping of the properties and the distribution of various sail units

Sources of informatian in soil survey
Soil Surveyapplies the principles @il scienceand drawsnformationheavily from

1 Geomorphology

1 Theories ofoil formation
1 Physical geography

1 Analysis ofvegetation

1 Land usepatterns

Also, Sources offimary data for the soil survey are usually by

1 Field samplingand
1 Remote sensing

Remote sensing principally usasrial photographybutLiDAR and other digital techniques
are steadily gaining popularity. In the past, a soil scientist would takecbprels of aerial
photography, topsheets, and mapping keys into the field with them. Today, a growing


https://en.wikipedia.org/wiki/Soil_type
https://en.wikipedia.org/wiki/Soil_science
https://en.wikipedia.org/wiki/Geomorphology
https://en.wikipedia.org/wiki/Pedogenesis
https://en.wikipedia.org/wiki/Physical_geography
https://en.wikipedia.org/wiki/Vegetation
https://en.wikipedia.org/wiki/Land_use
https://en.wikipedia.org/wiki/Remote_sensing
https://en.wikipedia.org/wiki/Aerial_photography
https://en.wikipedia.org/wiki/LiDAR

number of soil scientists bringraggedized tablet computandGPS into the field with
them. The tablet may be loaded with digital aerial photos, LiDARpg@phy, soil
geodatabases, mapping keys, and more.

3.3 Description of Soil Survey

A soil survey describes the characteristics of the soils in a given area, classifies the soils
according to a standard system of taxonomy, plots the boundaries of tt@hsoitsap, stores

soil property information in an organized database, and makes predictions about the
suitability and limitations of each soil for multiple uses as well as their likely response to
management systems. The information collected in a saégurelps in the development of

land use plans and can be used to evaluate and predict the effects of land use on the
environment.

Soil survey soil mappingis the process of classifyirsgil typesand other soil properties in a
given area and geencoding such information.

The termsoil surveymay also be used to describe the published results. Wnibed States

these surveys were once published in book form for individual counties byatiomal
Cooperative Soil Surveyloday, soilsurveys are no longer published in book form; they are
published to the web and accessedN&®CS Web Soil Survewhere a person can create a
custom soil survey. This allows for rapid flow of the latsl information to the user. In the

past it could take years to publish a paper soil survey. Today it takes only moments for
changes to go live to the public. Also, the most current soil survey data is made available on
theDownload Soils Datéab atNRCS Web Soil Survefor high end GIS users such as
professional consulting companies and universities.

4.0CONCLUSION

Soil surveys increase general knowledge about soils and serve practical purposes. They
provide soil information about specific geographic areas needed for regional or local land use
plans. These plans include resource conservation for farms and ranches, development of
reclamation projects, forest management, engineering projects, as othiéapurposes.

5.0SUMMARY

Soil survey soil mappingis the process of classifyirsgil typesand other soil properties in a
given area and geencoding such informatiohe informationin a soil survey can be used

by farmersandrancherdo help determine whether a particular soil type is suited
for cropsor livestockand what type ofoil managemenmnight be required.

An architector engineemight use the engineering properties of a soil to determimegher it

is suitable for a certain type of construction. A homeowner may even use the information for
maintaining or constructing their garden, yard, or home.

6.0TUTOR-MARKED ASSIGNMENT
1. Give three definitions of Soil survey
2. Mention four sources that soilrsey draw information from


https://en.wikipedia.org/wiki/Rugged_computer
https://en.wikipedia.org/wiki/GPS
https://en.wikipedia.org/wiki/Soil_type
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/National_Cooperative_Soil_Survey
https://en.wikipedia.org/wiki/National_Cooperative_Soil_Survey
http://websoilsurvey.nrcs.usda.gov/app/
http://websoilsurvey.nrcs.usda.gov/app/
https://en.wikipedia.org/wiki/Soil_type
https://en.wikipedia.org/wiki/Farmer
https://en.wikipedia.org/wiki/Rancher
https://en.wikipedia.org/wiki/Agronomy
https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Soil_management
https://en.wikipedia.org/wiki/Architect
https://en.wikipedia.org/wiki/Engineer
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3. Briefly describe soil survey
4. Who are the users of soil survey information?
5. Outline two major sources of primary data in soil survey

7.0REFERENCES/FURTHER READING

Soil Survey Staff (2017). Soil Survey Manual, published by Un8e&ates Department of
Agriculture.

Brady, M.C. and Weil, Ray R. (189 The Nature and Properties
ofSoilsllned. New Jersey: Prentidtall.
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Unit 2: The Principles and Purpose of Soil Survey
CONTENTS
1.0Introduction
2.0Objectives
3.0 Main Content
3.1 Important Facts to know
3.2  The Principles of Soil Survey
3.3  The Purpose of Soil Survey
4.0 Conclusion
5.0 Summary
8.0 Tutor-Marked Assignment
7.0References/Further Reading

1.0 INTRODUCTION

In any country that has developed a soil survey report or soil rhap;dntrol of soil surveys

is usuallythe responsibility ofan agency (such as the Ministry of Agriculture)y. is the

United State Department of Agriture (USDA) A Memorandum of Understamd) is
reachedbetween the controlling agency and other agenihat may have interest in the
conduct of surveys or may wish to participate in a given soil survey. The publication ofsoil
survey reports, including maps, in a standard seugdesagainstthe loss or misplacement

of important soil survey information andusually a part of the soil survey
programmelhepractical purpose of soil survéy to enable more numerous, more accurate
and more useful predictions to be made for specific purposes thda ltave been made
otherwise i.e., in the absence of locaigpecific information about soil3.0 carry out a soil

map, the units to be mapped are usually properly defined. Mapping may be carried out
directly if the purpose of the survey is narrowly speavhile soil properties relevant the
purpose are known. If, however, the purpose is broad, then the soils are usually classified and
mapped according to observable properties such as morphology, while other properties are
measured as representative skngb each morphological group.

Steps that will enhance the achievement of the purpose of soil survey are:

1 determine the pattern of the soil cover;

divide this pattern into relatively homogeneous units;

1 map the distribution of these units, so enabtimg soil properties over any area to be
predicted

=a
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1 characterize the mapped units in such a way that useful statements can be made about
their land use potential and response to changes in management.

2.00BJECTIVES
At theendof this unit, studentshouldbe able to;
- Understandhe principlesof soil survey
- Understandhe purposeof soil survey

3.0 MAIN CONTENT
3.1 Important Facts to know

1 There is a need to expand the work of the laboratory so that certain
investigations of special importance to the sailvey can be made.

1 In the face of conflicts over potential land use, soil surveys at various levels
may be needed to provide pertinent information about the comparative
suitability of the kinds of soils for farming, range, forestry, housing

1 Priorities for soil survey areas require consideration of factors such as the
acuteness of the need for soils information

1 Training of local personnel at various levels to carry out all phases of soil
surveys should be regarded as a continuing part of theédomgprogamme

1 The purpose of soil surveyboth fundamental and applied

3.2  The Principles of Soil Survey

1. Draws heavily form soil propertiesSoil survey works usually include clay
mineralogy and certain phases of soil chemistry and physics, as well as
information on improved methods for the dispersion of tropical clays; the cation
exchange capacity of clay fractions; the mineralogy of soil horizons; the
infiltration, movement, and availability of water in different kinds of soils; thin
sections and the behaviocafrnutrients.

2. Provision of vital information: In the face of conflicts over potential land use,
soil surveys at various levels may be needed to provide pertinent information
about the comparative suitability of the kinds of soils for farming, range,
forestry, housing, etc. It may be advisable to @awitfor some of this work with
outside sources, as long as the standards of mapping adopted by the Soil Survey
Unit are followed so that the survey will contribute to litveg-rangesoil survey
programme.

3. Need for soil information:Priorities for soil surey areas require consideration
of factors such as the acuteness of the need for soils information, the benefits to
be derived, the number of people involved and their ability to make direct use
of the information, and the problems faced by the soil suteeyn. It is
suggested that the responsibility for decisions on these priorities be assigned to
the proposed Land Use Committee.
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4. Training: Training of local personnel at various levels to carry out all phases of
soil surveys should be regarded as a commupart of the londerm
programme.This can be achieved throudgllowships and attendance of soll
conferences

5. Approximations: The 7th Approximation scheme of soil classification appears
to be the most satisfactory system of soil classification tobesause the
categories are defined precisely, and yet there is flexibility to permit a change if
they are needed.

6. Correlations:The results of fertilizer applications need to be correlated with the
kinds of soil on which they were made so that the information will have wider
application through the use of teebsequergoil maps.

3.3  The Purpose of Soil Survey
The practical prpose of soil survey is to enable more numerous and accurate prediction to be
made about soils. In order to achieve the purpose of soil survey, it is necessary to know the
type and patterns of soil cover as well as determine its types in a relatively droonsgunit.
This will guarantee the proper mapping of the distribution of the units and accurate prediction
of soil properties of the studied soils. The mapped soils will also be adequately characterized
in such a way that useful statements can be made Hi®potentials of such soils in terms of
land use and response to any change in manageiit@ntpurpose of soil surveig both
fundamental and applied.

Fundamental:
Soil surveys help iexpandingourknowledgend understanding of different soils, ragards
their properties, genesis, and classification for sustainable development are concerned.

Applied:

Soil surveys and soil mager the sole purpose ahaking predictions about the behavior of
different soils for agriculture, forestry, engineeringhan development, recreation, ette
following are the applied purpose of soil survey;

1. Transferring technology by correlating the characteristics of soils of known behavior
and predicting their adaptability to various use and productivity under set of
management practices. Thesepredidioran also be used to make practical
recommendations for the management of degraded soils.

2. Providing information needed for developing optimum land use plans and for
bringing new areas under irrigation and drainaggworks. They also help in
evaluating suitability of soils for irrigation and or agricultural crops and a variety of
other uses.
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Delineating the degraded soils, such as saline alkali, waterlogged or flood prone,
water and wind eroded argb-called wasteinds and in suggesting soil and water
conservation measures, to ameliorate these. soils

Land settlement, rehabilitation, tax appraisal, locating and designing highways,
airports and other engineering structures and in public sanitation's works.

Delineating diseasmfested areas and may provide indirect help in controlling the
diseases, for instance, delineating schistosomiasis disease infested areas in south east
Asia. The zinc deficiency in human beings, especially children, has been reldased to
deficiency is sandy soils of Punjab(India).

In short, soil surveys add to the growingalth of knowledge about the soils of a
country for developing and optimizing land use of an area.

Soil survey report will help the pedologistin the following areas;

= =4 4 4

To classify soils into weltlefined mapping units i.e. soil series, phases etc.

To shows their distribution in the field on the map.

To find out the best us# soils

To predict their performance under different management practices i.e. yieldpsf
under different management practices.

3.3.1Specialpurpose and generalpurpose soil surveys

Special purpose surveysfor a single weHdefined objective. The classicexample is

an irrigation project. Another example is conservaboentedfarmplanning. The
advantage of a specipurpose survey is that we know theproperties of interest for the
special purpose and can concentrate on mappingthese, so that the mapping is more
rapid and can be done with leslglledmappers (i.e., not just trash@edologists). But,

we may not record properties

that are vital for other uses.Example: Brazilian system for directly mapping the
physical environment.

General purpose surveysprovide the basis for a variety of interpretations forvarious

kinds of uses, pesent and futur e, i ncluding s ome
advantage is that the survey can baiged for many purposes. Thedisadvantage is

that the survey isnodt ideal for any purp
Exampl e: 0 g esmreeysapltel 970 applediosgeoGndater contamination

studies.The trend has been towards gefmrglose surveys, sponsored on
a0Ospecul atived basis coordinated by a naf
Soil Conservation Service has formed a NaldBooperative Soil Survey).However

in countries with less resources and immediate needs, the specialpurposesurvey
prevails.
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4.0 CONCLUSION

Soil survey works usually include clay mineralogy and certain phases of soil chemistry

and physics, as well as imfoation on improved methods for the dispersion of tropical

clays; the cation exchange capacity of clay fractions; the mineralogy of soil horizons; the
infiltration, movement, and availability of water in different kinds of sdilse purpose

of soil surveyis both fundamental and applie8pecial purpose survewsefor a single
well-defined objective. General purpose surveysprovide the basis for a variety of
interpretations for various kinds of uses, present and future, inclsdmgne we canao
anticipate now.

5.0SUMMARY

In the face of conflicts over potential land use, soil surveys at various levels may be
needed to provide pertinent information about the comparative suitability of the kinds of
soils for farming, range, forestry, h&ing Priorities for soil survey areas require
consideration of factors such as the acuteness of the need for soils informiatinimg

of local personnel at various levels to carry out all phases of soil surveys should be
regarded as a continuing pafttbe longterm programmeThe purpose of soil survey are
both fundamental and applied

6.0TUTOR-MARKED ASSIGNMENT
1. Discuss briefly five principles of soil survey
2. Briefly explain five applied uses of soil survey information
3. Distinguish between single purpose a@@heralpurpossoil survey

7.0REFERENCES/FURTHER READING
Dent, D. & Young, A. 1981Soil survey and land evaluation.ondon,England:
George Allen & Unwin. S592 .14.D41 Mann
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Unit 3: Methods of Soil Surveys
CONTENTS
1.0 Introduction
2.0 Objectives
3.0Main Content
3.0 Important Facts to know
3.1 Methods of Soil Survey
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0INTRODUCTION

Soil survey is a complex processroapping a parcel of landscape. Soil survey is necessary
because of variability or changes experienced in soils from time to time. Such changes may
be gradual in vertical or horizontal directions. Changes in a particular soil property may not
necessarily imply changes in another thereby resulting in an identical combination in a
particular landscape. However, there are methods involved is soil survey actilitesse
methods include prBeld, field and posfield activities. Prefield Preparations: These
include, collation and study of existing data of the area i.e. maps, reportshexgte and
analytical data, general field reconnaissance, aerial photo assemblage and interpretation, and
design and planning of field survey. Field Survey: Activities ineJusbil mapping operation

and land evaluation operation. The soil mapping operation involves identification and
classification of the soil types present in the area, and surveying their distribution, leading to
the production of a soil map. The land evélua operation includes field activities for
assessing the potentials of the various soils for a range of alternative types of land use, and
the identification of possible development hazards

2.0 OBJECTIVES
At the end of this unit, students shoulddi®e to understand;

- Prefield preparation
- Field Operations
- Postfield operations
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4.0MAIN CONTENTS
4.1 Important facts to know

1 Prefield Preparations include, collation and study of existing data of the area
i.e. maps, reports, topsheets and analyticaldata, general field
reconnaissance, aerial photo assemblage and interpretation, and design and
planning of field survey.

1 Field Survey activities include, soil mapping operation and land evaluation
operation. The soil mapping operation involves identifarati and
classification of the soil types present in the area, and surveying their
distribution, leading to the production of a soil map.

1 Post Field Operations: Aerial photo interpretation is revised in the light of
field observations. The soil samples colédl are anaked. The data aralso
analyed.

3.2: Methods of Soil Survey
3.2.1 Prefield Preparations

Prefield Preparations include, collation and study of existing data of the area i.e. maps,
reports, topesheets and analytical data, general frelcbnnaissance, aerial photo assemblage
and interpretation, and design and planning of field survey.

3.2.2 Field Operations
There are two methods of field survagmely; Free survey and Grid survey

1. Free Survey:In the Free Survey,the surveyor uses higednt of the objectives of
the survey and all the available aerial photos and ground evidence to locate profile
pits of the most useful and representative sites. The number of the profile pits depends
on the requirements of the survey and the complexitthefsoil pattern. The free
survey is only feasible in fiopend areas,
lot of observable field marks and taking auger borings in relation to every change of
vegetation or edaphic features. Aerial photo integtien will be of immense help in
this method.

2. Grid Survey:Here,observations are made at regular intervals alongdetermined
traverses in the survey area. This method is especially useful for large scale high
intensity detailed surveys and intensiveveys. However, there is no alternative to
grid survey for areas under forest or broken topography where accessibility is difficult
and areas where adequate aerial photos or topo sheets are not available. It is generally
employed in dense forests and svpamvhere photo interpretation is often of limited
usefulness and there is no way of findin
6rigid gridd pattern of cut traverses i
regularly spaced straight traverses. T survey is very tedious, expensive, and
time consuming because it takes a lot of time cutting traverses through the forest,
chiseling or augering at regular intervals.
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Advantages of grid system includge

a. traverses provide access between roads idehse forests

b. sampling points along the traverses can be located and mapped with accuracy

c.the direction of the traverses can be
of the country,

d. the greater part of the field survey can be carried out by soil survey assistants
with minimum supervision by the surveyor

e. the traverse grid provides a uniform sampling point within which it is very
unlikely that important soil types will be overlooked.

3.2.2.Field Observations

Field observations include the followinggisprofile observationsvhich include description

of the environment, general information on the soils and brief and detailed profile
descriptions. Others include brief descriptions aldssification of chisel holes, site
descriptionsi including vegetation / lanrdse, slope measurement, drainage and geology.
Also, detailed descriptions of modal soil profiles and sampling for laboratory analysis must
be carried out. Soil mapping operatoimvolve, identification and classification of the soil
types, their distribution and production of a soil map.

3.2.3Post Field Operations

Aerial photo interpretation is revised in the light of field observations. The soil samples
collected are anakhed.The data are anald. The survey report is written.The unit of
mapping is usually the soil series.

5.0CONCLUSION

Soil Survey methods include pfield, field and posfield activities. Prefield Preparations:

These include, collation and study of existohega of the area i.e. maps, reports, tepeets

and analytical data, general field reconnaissance, aerial photo assemblage and interpretation,
and design and planning of field survey. Field Survey: Activities include, soil mapping
operation and land eugtion operation. The soil mapping operation involves identification

and classification of the soil types present in the area, and surveying their distribution,
leading to the production of a soil map.

6.0 SUMMARY

Prefield Preparations include, collation amstudy of existing data of the area i.e. maps,
reports, topesheets and analytical data, general field reconnaissance, aerial photo assemblage
and interpretation, and design and planning of field survey. Field Survey activities include,
soil mapping operan and land evaluation operation. The soil mapping operation involves
identification and classification of the soil types present in the area, and surveying their
distribution, leading to the production of a soil map. Post Field Operations: Aerial photo
interpretation is revised in the light of field observations. The soil samples collected are
analyzed. The data are also analyzed.



19

7.0TUTOR-MARKED ASSIGNMENT
1. What are the préield preparations, Field and pe#ld operations in soil survey?
2. Explain in detds, free and grid surveys
3. What are the advantages of grid survey?
4. What are the observations in the field during soul survey activities?

7.0REFERENCES/FURTHER READING

Hudson, B.D. 1992. The soil survey as a paradigized science. Soil ScienSeciety of

America Journal 56:83841.

Schoeneberger, P.J., and D.A. Wysocki. 2012. Geomorphic Description System, version 4.2.
USDA Natural Resources Conservation Service, National Soil Survey Center, Lincoln,
NE.

Soil Survey Division Staff. 1993. Soil sey manual. U.S. Department of Agriculture
Handbook 18. Natural Resources Conservation Service.
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1.0INTRODUCTION

Soil surveycanbe classifiedbasedon; purposeof the survey,regularity of observatiorand
scaleof mapping.Soil surveycanbe specialpurposeor generalpurposewhenit is classified
basedon purposeof survey. When soil survey is classified basedon the regularity of
observation threekinds of soil surveyare recognizednamely; free survey,rigid grid and
flexible grid surveys Whensoil surveyclassificationis basedon scaleof publishedmap,we
havesevenkinds of soil surveynamely;compilation,integratedsurvey,exploratorysurvey,
reconnaissanceurvey,semtdetailedsurvey,detailedandintensivesurveys.

2.00BJECTIVES
At theendof this unit, studentshouldbeableto know;
- Differentclassificationsf soil survey
- Kinds of soil survey

3.0MAIN CONTENT
3.1lImportant factsto know
1 Soil surveyaregenerallyclassifiedbasedon purposeof soil survey,regularity
of observatiorandscaleof mapping
1 Threekinds of soil survey basedon regularity of observationinclude free
survey,rigid grid andflexible grid surve\s.
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1 Basedon scaleof publishedmap,we havesevenkinds of soil surveynamely;
compilation, integrated survey, exploratory survey, reconnaissancsurvey,
semidetailedsurvey,detailedandintensivesurveys.

3.2Kinds of Soil Survey

Soil surveyhasbeenclassifiedbasedn;

1. Purpose: This could be special purposeor general purpose.Whereasspecial
purposesoil surveyis done for specific purposein mind e.g. is survey for
irrigation or survey for guava plantation, generalpurposesoil surveyis done
mainly to addto the alreadyexising inventoryof soil information.

2. Regularity of observationin regularity of observationthe following kinds of
soil surveyareobtained;

i. Freesurvey:in thiskind, thereis norigid patternof observation

il. Rigid grid survey:examinationsof soil propertiesare done at regularor
predeterminedhterval.

iii. Flexible grid survey:this is a combinationof both free surveyandrigid
grid survey.

3. Scaleof mapping: we haveseverkindsof soil surveyin this categorynamely;

I. Exploratory Survey: theseare the kind of soil survey meantto identify
forms of developmenthat are physically possiblewithin large regionsof
thecountry.Scaleis usuallyl: 2,000,000" 1:1,500,000

il. Compilation:theseare soil mapsproducedin abstractionfrom other soil
surveyswith a scaleof usually 1:1,000,000 or smallerThe National Soill
Map of Nigeria belongs to this category

iii. Reconnaissancesurvey: these are mostly based on remote sensing
especially aerial photo imagery. Scale is usually 1: 250,000 although
smallerscaleshavebeenused.

iv. Integratedsurvey:this is known asland systemsurveywhich is basedon
mappingthe total physical environments Landformsare mappingunits.
Scaleis 1:250,0000r smaller.

V. Semidetailedsurvey:in this type of survey,we have a combinationof
remotesensingand field work with scalesvarying between1:50,000to
1:100,000.

Vi. Detailed survey: this is carried out through field examinationwith pre

determined numbers of observationspoints or spacing. Scale varies
betweenl: 10,000to 1: 25,000.

Vil. Intensivesurvey:intensivesurveyusuallyinvolvesrigid grid approach.e.
number of observationspoints and spacing of observationare pre-
determinedScaleof mappingvariesfrom 1:1000to 1: 10,000(Soretireet
al., 2012)

3.2.1 Procedurefor a Detailed Soil Survey
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1. Soils are grouped into units possessing certain common physical properties and also
morphological properties, which can be readily recognized in the field.

2. Physical and morphological properties are textstejcture, colour, pH, carbonate,
natural vegetation, slope, erosion, depth of soil, natural vegetation etc.

3. The soil units are usually defined on the basis of the abwrgioned characteristics
of the surface soll, soil depth, slope and erosion andoihprsfile. The soil units are
the soil series. Cadastral (village) maps are the base maps (Scale 1: 10,000 to 1:
5,000).

4. Select a convenient starting point like a bench mark, or building or pond, or anything
in the field and identify the same on the cgtda map (1: 10,000 to 1:5000).

5. The Soil Surveyor moves up or down the slope because usually the soil properties
change in that direction.

6. Start walking down the slope from the starting point and continue observing the
natural vegetation, slope of the tHsoil erosion, soil depth, soil colour, texture, by
feeling the Soil; pH with the help of universal indicator; and carbonate with the help
of dilute acid at an interval of about 100 to 200 metres.

7. As you are walking down the slope and studying these giepeyou suddenly find
that a number of soil characteristics change; For example, slope erosion, soil depth,
colour, texture etc. Then, follow the line of change in the soil propertiesand demarcate
it. This is the boundary between the soil units A and B.

8. Resume walking down (Traversing) the slope till you again find that number of soil
characteristics change. Follow the line of change of soil properties between the soil
units B and C and demarcate it on the field. In a similar way, find out and demarcate
the boundaries between soil units C and D, D, and E and so on.

9. Then dig profiles in each of the soil units A, B, C, D and E the number of profiles
depend on the relative area of the soil units.

10. Study profiles, the characteristics of which become the basgientifying soil series.

If the characteristics of the profile in soil units A, B, C, D and Eare different then the
sdl units A, B, C, D and E become the soil series A, B, C, D and E. Then a soil
survey report is written, describing the soil series g@maviding other useful
information about the area.

4.0 CONCLUSION

Purposeof soil surveyhasto do with specialpurposeor generalpurpose Whereasspecial
purposesoil surveyis donefor specificpurposein mind generalpurposesoil surveyis done
mainly to addto the alreadyexistinginventoryof soil information Threekinds of soil survey
basedon regularity of observationinclude free survey,rigid grid andflexible grid surveys.
When soil surveyclassificationis basedon scaleof publishedmap,we have sevenkinds of
soil survey namely; compilation, integrated survey, exploratory survey, reconnaissance
survey,semtdetailedsurvey,detailedandintensivesurveys.

5.0SUMMARY
Soil survey has been classified basedon; Purposecould be special purposeor general
purpose.Regularityof observationinclude free survey,rigid grid and flexible grid surveys
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while basedon scale of published map, we have sevenkinds of soil survey nanely;
compilation, integrated survey, exploratory survey, reconnaissanceurvey, semidetailed
survey,detailedandintensivesurveys

6.0TUTOR-MARKED ASSIGNMENT

1. Classify soil survey based parpose, regularity of observation and scale of
published map

1. Mention and briefly explain seven kinds of soil survey based on scale of mapping

2. State the procedures involved in detailed soil survey

3. Carefully explain the method of soil survey

7.0REFERENCES/FURTHER READING

Soretire, A.A., Azeez, J.OAjiboye, G.A., Busari, M.A. (2012). Principles of soil Science.
Uniaab.edu.ng/opencourseware/principleofsoilscience.pdf
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1.0 INTRODUCTION

The usefulness of soil survey depends on two major fadtwesaccuracy with which soil
properties are mappethdhe relevance of thogaoperties to the purpose of the survelye
usefulness of any particular purpose depends on the degree of correlation between soll
propertieghat are relevarb the purpose on which the map is basll characteristics that

can be measured by hand dahigh observable changes are easier and cheaper to map
compared to those that required laboratory anafisissurvey information can be used by

the following; farmers, agricultural advisory staff, research workers, foresters, planning
agencies, developmearganizations, engineers and private investors.

2.0 OBJECTIVES
At the end of this unit, students will be ablaaow;

- Those that use soil survey information
- The different uses that soil survey information can be put into

3.0 MAIN CONTENT
3.1 Users ofSoil Survey
1. Farmers:In practice, most farmers make little or no use of soil survey information as
they may already have a better knowledge of their soils compared to whatever any
soil surveyor may have to offéfhe view of farmers on their own sodse $rongly
oriented towards significant management characteristicl as;
I. Texture (heavy and light land when ploughed)
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il. Drainability (wet lands)
iii. Nutrient retention (hungry soil)
V. Structural condition of top soil (tilt and heart)

Arable farming is a kind of land use in which soil survey is mostly directed and it is
expected that mains users are farmers. The use of soil survey in arable farming is very
necessary especially with the introduction of new technology (e.g. sprinkigtion)

or when use of new parcel of land is to be considered. In either of these situations,
mistakes may be very costly and can be averted in adbgneeans of a soil survey
information.

Researchers Agricultural research work should be related to the climatic and soil
condition for which it is carried out. This is practiced in an applied research such as
fertilizer response and crop variety trials as well as other kinds of field
experimentation likeélisease resistance.

. Agricultural advisers (Extension agents) Extension agents are key users of sall
survey information in many countries of the world, e.g. is Agricultural Development
and Advisory Services (ADAS) in Britain. In developed countries, sailvey
organizations work with extension agents in order to satisfy their needs. Advisory
staff conduct experiments from one farm to another as well as introduction of new
innovations derived from research

Forestry workers: forestry is one of the majarses of rural lands and often under the
government regulationg.here are many analogies with the needs of arable farming
such as; tree species, like cropmy vary in their soil preferences as well as
tolerances. A very important feature is the ldegn nature of forestry, therefor
making the initial matching of species to site very critical. Soil survey is the basis for
layout once a forest reserve is acquir€tis will enable proper planning, planting
and management.

Planning Agencies:planners are concerned with decisions over changes between
kinds of use, such as rough grazing to forestry and arable to urban. This is in contrast
to the task of farmers, foresters and agriculturalist who only operate within the context
of a limited rang of usesConsidering the constraints at which land use changes are
made in developed countries, there is need to access suitability of land for specific
purposes. For large changes in land use, it is required thabviienenental impact
assessment beedelopedwhich will include an appraisal of soils and their likely
response to proposed changes.

Development organizationsin developing countries, the call for soil survey comes
from the agencies responsible for rural land development. Some international
organizations such as World Bank, Food and Agricultural Organizations (FAO),
national overseas aid organizations as well as national and sometimes regional
government agenciesise soil survey information as basis for developmental
activities.

Engineers: dthough the use of soil survey information by Engineers is new, it is
gradually becoming widely knownSoil survey information guide engineers in
aspects of road alignments, foundatiamsl in sewage disposal facilities. It has also
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been established thairae key engineering properties relating to several constructions
are soil type related. Such properties are; shear strength, plasticity, hswmdl|
characteristics as well as corrosivity to steel and concretes.

8. Private investors: Banks and other financial organizations use soil survey
information as basis for granting loan facility peivate investorg(farmers etc.).
Although sometimes sucbredit agencies prefer using anthe-spot accessarsually
highly experienced persowhose judgement may be more trusted by the agency.

4.0 CONCLUSION

Soil survey information is used widely, farmers, extension agents, engineers all use soil
sirvey information. In developing countries, the call for soil survey comes from the agencies
responile for rural land development. Some international organizations such as World
Bank, Food and Agricultural Organizations (FAO), national overseas aid organizations as
well as national and sometimes regional government agencies use soil survey infoasation
basis for developmental activities.

5.0SUMMARY

Users of soil survey information include; Researchers, foresters, farmers, engineers,
extension workers, planning agencies, development organizations and private sectors. In
practice, most farmers make little or no use of soil survey information as thewlready

have a better knowledge of their soils compared to whatever any soil surveyor may have to
offer. However, he use of soil survey in arable farming is very necessary especially with the
introduction of new technology (e.g. sprinkler irrigation)adren use of new parcel of land is

to be considered. In either of these situations, mistakes may be very costly and can be averted
in advance by means of a soil survey information.

6.0TUTOR-MARKED ASSIGNMENT
1. How does soil survey information benefit Enginesnd forestry workers?
2. Who are the key users of soil survey information?
3. Discuss in details how soil survey information could be used by development
organizations in developing countries.

7.0REFERENCES/FURTHER READING

Dent, D. & Young, A. 1981Soil survg and land evaluationLondon, England: George
Allen & Unwin. S592 .14. D41 Mann
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1.0 INTRODUCTION

Soil mapping is the process of delineating natural bodies of soils, classifying and grouping
the delineated soils into map units, and capturing soil property information for interpreting
and depicting soil spatial distribution on a map. The soils and Itiseeus areas (e.g., Rock
outcrop) in a survey area are in an orderly pattern that is related to the geology, landforms,
topography, climate, and natural vegetation. Each kind of soil and miscellaneous area is
associated with a particular kind of landforon with a segment of the landform. Soil
scientists delineate these repeating patterns of landform segments, or natural bodies, on a
map. Throughobserving the soils and miscellaneous areas in the survey area and relating
their position to specific segments of the landform, a soil scientist develops a concept, or
model, of how they formed. Thus, during mapping, these models enable the soiltsimentis
predict with considerable accuracy the kind of soil or miscellaneous area on the landscape
(Hudson, 1992).

2.0 OBJECTIVES
At the end of this unit, students should be able to;
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- understand what soil mapping is all about

3.0 MAIN CONTENT
3.1 Important facts to know

1 Soil mapping is the process of delineating natural bodies of soils, classifying
and grouping the delineated soils into map units, and capturing soil property
information for interpreting and depicting soil spatial distribution on a map.

1 Soil scientists deeate the repeating patterns of landform segments, or
natural bodies, on a map.

1 Throughobsenation ofthe soils and miscellaneous areas in the survey area
and relating their position to specific segments of the landform, a soil scientist
develops a corapt, or model, of how they formed.

1 During mapping, these models enable the soil scientist to predict with
considerable accuracy the kind of soil or miscellaneous area on the landscape.

3.2 Soil Mapping

Soil mapping can be defined as the process of delineating natural bodies of soils,
classifying and grouping the delineated soils into map units, and capturing soil property
information for interpreting and depicting soil spatial distribution on a n¥dpe
repetitive patterns imprinted in soils by the doilming factors can be observed at scales
ranging from continental to microscopic. These patterns are the basis for soil
identification and mapping at different scales. A system of terminology, definitmals
operations can be ascribed to the various scales. Hierarchical systems of classes and
subclasses are established to produce groupings at the different scales. Commonly,
individual soils on the landscape merge into one another as their charactgredically
change. To construct an accurate soil map, however, soil scientists must determine the
boundaries between the soils. Some boundaries are sharp, where soils change over a few
meters, while others are more gradual. Soil scientists can observa limiyed number
of pedons. Nevertheless, these observations, supplemented by an understanding of the
soil-vegetatioAlandscape relationship, are sufficient to verify predictions of the kinds of
soil and to determine their boundaries.

3.3CONCLUSION
The different kinds of soil used to name soil map units have sets of interrelated properties
thatcharacteristic of soil as a natural body. This definition is intended to exclude maps
showing the distribution of a single soil property such as texture,, sdopepth, alone or
in limited combinations; maps that show the distribution of soil qualities such as
productivity or erodibility; and maps of sdibrming factors, such as climate, topography,
vegetation, or geologic material.A soil map delineates aveaspied by different kinds
of soil, each of which has a unique set of interrelated properties characteristic of the
material from which it formed, its environment, and its history. The soils mapped by the
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NCSS are identified by names that serve as nefee to a national system of soil
taxonomy.

5.0 SUMMARY

Soil mapping can be defined as the process of delineating natural bodies of soils, classifying
and grouping the delineated soils into map units, and capturing soil property information for
interpretingand depicting soil spatial distribution on a map. Soil scientists delineate these
repeating patterns of landform segments, or natural bodies, on a map. Through observing the
soils and miscellaneous areas in the survey area and relating their positioecifec sp
segments of the landform, a soil scientist develops a concept, or model, of how they formed.
Thus, during mapping, these models enable the soil scientist to predict with considerable
accuracy the kind of soil or miscellaneous area on the landscape.

6.0TUTOR-MARKED ASSIGNMENT
1. Define Soil mapping
2. Explain in detains what you understand by soil mapping
3. Explain how soil scientist develop the concepts and models on how specific segments
of landforms are formed.

7.0REFERENCES/FURTHER READING

1. Hudson, B.D.1992. The soil survey as a paradipased science. Soil Science
Society of America Journal 56:833!1.
2. USDA Natural Resources Conservation Servidgtp//www.nrcs.usda.gov
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1.0 INTRODUCTION

In most casesthe resulifboth soil surveysand studies derived from them are expressed in
the form of maps indicating thedistribution of different recognized units and their
relationships. Pedological andnrpedological soil maps include a vast variety of forms, but
these can be distingshedby the density and precision of their detail, their scale, and their
legend(Aubert and Tavernier, 1972).

2.0 OBJECTIVES
At the end of this unit, students should be able to;
- Different kinds of maps as a function of the density and precision of detai
contained in their information
- Different kinds of maps as a function of scale
- Different kinds of maps as a function of their objectives

3.0 MAIN CONTENT
3.1 Important facts to know
1 Maps could be as a function of density and precision of detail ofitii@mation
1 There are three levels of cartography distinguished on the basis of precision, as
the abovementioned type of map is rarely encountered
1 A common classification of soil maps is as a function of their field scale
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1 Maps may be created as a funotaf their objectives

3.2TYPES OF SOIL MAPS

A. Maps as a function of the density and precision

Inregions, where essentially no valuable surveys of terrestrialresources exist, maps of the
Aprobabled distribution of principal soi l
on soil formative factors (geologic deposits, climate,topography, aml\agetation), can be
compiled. These maps do not have definitesignificance except at theo$csjathesis
(1:1,000,000 to 1:5,000,000), or at mediumscales (1:200,000 to 1:500}@).arethree

levels of cartography distinguished on the basis ofigimt

1. Reconnaissance map$hese are based on observations and results obtained
fromtraverses conducted throughout the study region and on known elements of
factors offormation, as well as relationships which have been established during the
course oftheinvestigation between the observed soils and those diverse factors in
particular,at the end of the study of the toposequences formed over the principal
parent rocks ofthe area. The soil map of France at the scale of 1: 1,000,000 conforms
to this definitionat least for the majority of the country.

2. Semidetailed mapsSuch surveys are carried out using traditional procedures, butthe
precision of observation, at least theoretically, corresponds to one observation of the
map.

3. Detailed mapsThese maps are thmesult of very precise, detailed studies. The
level of precision necessary for this category is minimally four observations for
eachcm?2 of the map.Such limits of precision are very theoretical, and are hard to
apply to practicalsituations since calculasasf the gain in precision are difficult (the
coefficient bywhich it would be necessary to divide the preceding recommendations
or multiply theenvisaged surfaces for a known point) due to the use of aerial
photography andadditional satellite imagemfhe wse of these modem techniques
permits greater rapidity and moredetail in establishing the limits between the map
units, it certainly needs to be supportedby numerous traverses and observations of the
soils.

B. Maps as a function of scale

Another commonhabit is the classification of soil maps as a function of their field
scale.However, it should be remembered that field work is often undertaken at a scale that
isat least double, and preferably quadruple to, that at which the map is published.
(Forexample in France the field scale is 1:25,000for a 1: 100,000published map).
Classificationon this basis has different potential possibilities and significance for the use
ofthese documents.

1. Small scale mapdMaps at the scale of 1:1,000,000 or smaller pergenera
interpretations. As such they are of great didactic value since they permit the performanceof
interesting geographical studies of soils in either diverse regions or on severalcontinents, and

t

\
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allow useful extrapolations about the consequences dfdaa, inparticular agronomic use.
According to our conception with respect to the Frenchclassification system, the legends of
such maps can include classification levels as low

as subgroups with their associated phases, and can even distinguish thiese fami

which have particular importance.

2. Medium scale maps Scales of 1:50,000 or 1:100,000 are correlated with mapsdesigned
for regional planning. These in effect serve as a base for prospective work. InFrance, those at
1:100,000 have been retained siynppecause of the time and effortinvested; those at
1:50,000 are more interesting in terms of their applications. Intropical countries a scale of
1:200,000 as in the soil map of Bossangoa (Boulvert, 1974)or 1:500,000 in the map of Upper
Volta (Fauck, 1977)is more commonly utilizednthe legend of these maps the soil families

as distinguished by the lithographicnature of the parent material can be indicated, even as can
be soil series that generallycorrespond to significant gradations of soil deftile fand use,
especially if it isprincipally agricultural.

3. Large scale mapsAt scales larger than 1:50,000, the soil map permits
practicalapplications for local development planning and area development. Soil series,
andeven phases of those characterizby different erosion intensities or internal
drainageconditions, are distinguished on the legends of these maps.Even if these two general
methods of soil map classification are clearly different,their results nevertheless partially
overlap. For examplenaps at a scale of 1. 1,000,0000r at smaller scale are in general types
of reconnaissance maps if they are not reallyderived from a synthesis of more detailed maps,
such as those at the 1:200,000 orl: 100,000 scales. Similarly, maps at larger scales are n
always reconnaissance maps;rather they are more often detailed maps.

C. Maps as a function of their objectives

1. Pedological mapd.heoretically, for pedological maps, the kinds of maps andlegends
follow the rules of the precision and level of inforroat as a function of theirscale as given

in the beginning of the second part of this paper. The legend is linked asnarrowly as possible
to a soil classification system, as for example, the morphogenetic(soils map of France) or
morphological (soil map ohe U. S.) classification systems.

2. Regionalplanning mapslin the last several years, it has become increasingly more

apparent that representation of the milieu at a medium scale (1: 100,000 or
1:200,000isinsufficient as a basis for regional planning. Thebal characterization of the
evolutionof diverse soil types, their distribution, and even their relationships with
variousfactors will not suffice for a general description of the milieu for expressing the
generalpossibility of its useThus, various athors have attempted to accomplish the
objectiveat this level by presenting maps that are both pedological and morphogenetic.
Without remaining at the initial stage of French soill maps where
geomorphologicaldescriptions do not appear except in the formcagssory maps at a
smaller scale, nor
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proceeding to the morphogenetic maps in which soil characteristics appear only in a
secondary form, the methodology ofBeaudou and Chatelin (1976) can be followed:
Adescription of the pedological regions,followed bylplegical soil landscapes, and finally
functional segments orelements of toposequences and catenas of soils. Eschenbrenner and
Badare (1975)used schematic drawings to describe and explain morphogenetic landscapes of
thenorthern Ivory Coast.

In this method, the landscapes are defined by the presence of -characteristic
morphologicalelements: inselbergs, residual relief, buttes (which are generally cuppedwith
ironstone), the remains of plateaus, derived forms more or less flattened orconvex with, an
appearancef the slopes of lower bottoms, and njpsint values.Landscapes are also defined

by the relative importance of soils at the level of thesubgroup and their associated phases, and
even of the families.Maps of grouped morgsedological landscapes have beenstructed

at the scaleof 1:200,000; but each of them is supplemented by a pedological detailed map, at
thescale of 1:50,000, which is representative of a typical landscape, and by
correspondingairphotos.

3. Maps of agronomic application As has been pwiously stated, maps of
agronomicapplications can be very different, both in their detail and scale, but they must be
basedon a soils map established on an identical or larger scale.

i.  Maps of soil resources are established at smaller scales (such &0thenap of
Upper Volta), and they are analytical in nature. They include delineation ofagro
climatic zones and emphasize texture, primarily that of the surface horizon, butalso
that ofthe lower horizon to the extent that it affects plant performance.
Taxonomicunits are indicated with respect to the principal kinds of improvements
proposed forvarious characteristic features: drainage conditions, actual water
consumption, organicmatter content, exchangeable bases, physical properties
(particularly unfavorbleones), and the presence of toxic elements.Some subunits are
defined by the association of different ¢
map, as this had been indicated in the units of thepedological map.In northern
climatic zones, cultivatdé lands have been separated into areas suitablefor dryland
and irrigated agriculture and rangelands. On the map itself, a table wascompiled that
indicated the order of the units and subunits as assembled on thepedological map, and
these units were givenalues characteristic of the various landuses for each of the
retained fertility factors.

ii. At medium and detailed scalegl:100,0009r larger, synthesized maps of
optimumagricultural utilization or suitability for cultivation are assembled. The
| egendincludes units of #Auniversal agri c.
as afunction of the soil characteristics themselves (their type of evolution, parent
material.depth, etc.) and also as afunction of their environment, slope, degree of
erosion, etc.The most interesting systespreviously mentioned, indicates for each
unit of land the relative fertility for each of theprincipal kinds of use or possible
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cultivation groupings, and the principal forseenimprovements. It is of course
indispersable that these documents be prepared withcollaboration of an agronomist.
An example is given by the management maps compiled for theplatgau
steppesof Algeria which were prepared by Pouget (1977) in collaboration with
geomorphologists,botanists, amgronomists. The maps include recommendations
and forseenmanagement atite potential yield of forages.

iii.  Maps of cultivation constraints have been rarely established by Frenchpedologists, as
many of the previous map types include in their taxonaiegcr p t rcoogtradinss
such as dAutilizable depthod or wvarious
maps have been made for the northern Cameroons by P. Brabant thatanalyze depth,
texture, profile differentiation, insufficiency or excess of availabtewand degree
and danger of erosion. They have al so

ot

be

the Management of the Hills of Gascogne.

slope and the depth of usable land, and extreme textures, the excess oitslcare
materials and any fertility or chemical insufficiencies.

iv.  In France, purely thematic maps are also established at very detailed scales with
regard to drainage operations (various working groups of INRA), or for
particularirrigated cultivationgOrganization for the Management of LowRhone
Languedoc).The maps compiled at very small scales (1:1,000,000 or 1:5,000,000)
concerning thedangers of desert formation and the degradation of soils

4.0CONCLUSION

Inregions, where essentially no valuable syssof terrestrial resources exist, maps of the
Aprobabled distribution of principal soi l
on soil formative factors (geologic deposits, climate, topography, and even vegetation), can
be compiled. Anothecommon habit is the classification of soil maps as a function of their
field scale. However, it should be remembered that field work is often undertaken at a scale
that is at least double, and preferably quadruple to, that at which the map is pubkshed. (
example, in France the field scale is 1:25,000 for a 1: 100,000 published magy. of
agronomic applications can be very different, both in their detail and scale, but they must be
based on a soils map established on an identical or larger scale.

5.0 SUMMARY

Maps could be as a function of density and precision of detail of their inform&here are
three levels of cartography distinguished on the basis of precision, asthenadavened
type of map is rarely encountergdl common classification of soil maps is as a function of
their field scale anthaps mayalsobe created as a function of their objectives.

6.0TUTOR-MARKED ASSIGNMENT
1. Classify soil maps under the following headings
I. Maps based obBensity and Precision
il. Mapsbased on scale

t
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iii. Maps based on their objectives
2. Explain in details, mapf agronomic applications
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1.0INTRODUCTION
A soil mapping unit can be defined as a collection of soil delineations (on the map) that

comprise similar soils or soil combinations (depending on the scale of the survey and the
intricacy of the soil patternpoil maging units are designed to efficiently deliver soll
information to meethe need ofiserand for effectivemanagement and land use decisions.
Mapping units can appear as individual areas (i.e., polygons), points, or lines on Banhap.

map unit differs in somm respect from all others in a survey area and is uniquely identified on

a soil map. Each individual area on the map dekneation A map unit is a collection of

areas defined and named the same in terms of their soil components, miscellaneous areas, or
both (components and miscellaneous areas are described below). Each map unit differs in
some respect from all others in a survey area and is uniquely identified on a soil map. A map
unit description is a written characterization of the component withmag unit and the
relationship of one map unit to anoti#erdelineation of a map unit generally contains the
dominant components in the map unit name, but it may not always contain a representative of
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each kind of inclusion. A dominant component is represeim a delineation by a part of a
polypedon, a complete polypedon, or several polypedons.

2.0 OBJECTIVES

At the end of this unit, students should be able to understand;
- What mapping unit is all about
- Different types of mapping units

3.0 MAIN CONTENT
3.1 Important facts to know
1 A soil mapping unit can be defined as a collection of soil delineations (on the map)
that comprise similar soils or soil combinations.
1 Soil mapping units are designed to efficiently deliver soil information to meet the
needof user and for effective management and land use decisions.

1 Each map unit differs in some respect from all others in a survey area and is uniquely
identified on a soil map.

1 A few delineations of some map units may not contain any of the dominant
componentsnamed in the map unit description, but contain very similar soils.

1 The kinds of map units used in a survey depend primarily on the purposes of the
survey and the pattern of the soils and miscellaneous areas in the landscape.

1 It must be rememberetthat soil interpretations are made for areas of land and the
most useful map units are those that group similarities.

3.2 Mapping Unit

A map unit is a collection of areas defined and named the same in terms of their soil
components or miscellaneous areas or both. Each map unit differs in some respect from all
others in a survey area and is uniquely identified on a soil map. Map ursistaafnone or

more components. An individual component of a map unit represents the collection of
polypedons or parts of polypedons that are members of the taxon or a kind of miscellaneous
area. Classes of miscellaneous areas are treated the same tagasoil soil surveys. A
taxonomic unit description describes the ranges in soil properties exhibited in the polypedon
for the maps in a survey area that are referenced by that taxonomic unit.

Soil boundaries can seldom be shown with complete accuraayilanaps, hence parts and
pieces of adjacent polypedons are inadvertently included or excluded from delineations.A
few delineations of some map units may not contain any of the dominant componentsnamed
in the map unit description, but contain very simgails. In most survey areas there are a
few soils that occur as mappable bodies, but they have very limited total extent. They are
normally included with other map units, if, for all practical purposes, interpretations are the
same

Aggregated data captutke ranges of various physical and chemical properties of soil map
units as a whole and individual soil map unit components. They include the descriptions of
each soil map unit and map unit component; the detailed physical, chemical, and
morphological atibutes of each soil; and descriptions of the relationship of one soil map unit

to another on the landscape. Aggregated soil property data generally are the data used to
generate interpretive ratings for each map unit and its components.
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3.2.1 Types of maping units
The following types of mapping units
a) Single Maing Unit
- Consociation: A mapping unit dominated by a single soil series and containing less
than 25% inclusions of minor soils.
b) Compound Mapping Units
- Association: A mapping unit consisting of two or more soil taxa (series)
geographically associated in a characteristic recurring pattern. It contains less than
25% inclusions of minor soils.

- Complex: Similar to association but the constituent soil taxa occur in surch
intricate pattern or are so small in area that it is not possible to map them separateiy,
even at the scale of the sample area survey. The pattern and proportions of soil taxa
are somewhat similar in all areas. A complex contains less than 25% insludion
minor soils.

- Undifferentiated: A mapping unit consisting of two or moreilstaxa e.g. series that
are not consistently associated geographically but are included in the map unit
because use and management are the same or very similar. Soil taxa occur in variable
proportions in various soil delineations representing the mappihg un

3.3 Aggregated Datan Soil Map Units

Aggregated data are developedputting togethethe various pieces of point data that have
been collected during the soil survey and referenced to a particular soil map unit or map unit
component. Values for a particular soil property are commonly expressed as a range.
Depending on mapping scale, maptwesign, and the level of specificity of data needed for

the purpose of the soil survey, the upper and lower limits and, in most cases, a representative
value (RV) of the range of each soil property need to be stored in the database (e.g., clay
contentranges from 18 to 27%, with an RV of 22%). The representative value is the value
most likely to be found for a particular soil property and is useful in computerized
interpretive models. The RV can be determined by summarizing the values recorded on the
individual pieces of point data. Tacit knowledge from individual soil mappers can be used to
augment recorded point data measurements.

The physical, chemical, and morphological properties of the soils included in the aggregated
data generally are most or afithose that are included in the point data. They should include
any properties that are used to generate interpretive ratings. Values for many physical and
chemical soil properties of a particular soil map unit or map unit component commonly vary
from one topographic position to another, or from one geographic location to another, within
a particular map unit or even a single delineation of a map unit. Properties can also vary from
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one time of the year to another, from year to year, and from one laBohdéee management
system to another. The database must have the capability to record this variability.

Aggregated data may represent map units that cover a particular geographic area at different
map scales, for example, 1:12,000 or 1:24,000 and alsd,00® or 1:250,000. The

di fferences in scale may represent a ndetai l
map of the same area. Map unit design and the respective map unit components will generally
differ between the larger (e.g., 1:24,000) anwhller (e.g., 1:250,000) map scales.

4.0 CONCLUSION
Mapping units are conceived during the aepilabto interpretation stage when API units are

delineated on the basis of supposedly-ssdted characteristics of the photo steiraage.

The API units ee subsequently transformed into regular soil mapping units during the
reconnaissance andample area surveys. Soil mapping units comprise soils or soil
combinations which in turn represent series concepts (by meeting the specific requirements of
these cooepts). In the literature such defined concepts are often referred to as taxonomic
units, taxonomic classes or, shortly, taxa as they all belong to a larger taxonomic framework
developed for soil classification purposes.

5.0 SUMMARY
A delineation of a mamnit generally contains the dominant components in the map unit

name, but it may not always contain a representative of each kind of inclusion. A dominant
component is represented in a delineation by a part of a polypedon, a complete polypedon, or
severalpolypedons. A part of a polypedon is represented when the phase criteria, such as a
slope, requires that a polypedon be divided. A complete polypedon is present when there are
no phase criteria that require the subdivision of the polypedon or the festhreged by the
individual polypedon do not cross the limits of the phase. Several polypedons of a component
may be represented if the map unit consists of two or more dominant components and the
pattern is such that at least one component is not conignout occurs as an isolated body or
polypedon. Similarly, each inclusion in a delineation is represented by a part of a polypedon,
a complete polypedon, or several polypedons. Their extent, however, is small relative to the
extent of the dominant compantés)lt is important that all major soils of the area are
presented in the various mapping units in a way that their geographic setting in relation to the
overall soil pattern is clearly shown. This is one of the main reasons why the structure of the
soil map legend is based on physiography and lithology

6.0 TUTOR-MARKED ASSIGNMENT
1. Define a mapping unit
2. Give the two major types of mapping units
3. Explain the following terms as relate to mapping units
- Consociation
- Association
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- Complexes
- Undifferentiated
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1.0 INTRODUCTION

Remote sensing is the acquisition of information about an object or phenomenon without
making physical contact with the object. The advancement of remote sensing technology is
key in conducting efficient soil surveys aadil mapping. Recent technologicadlvances in
satellite remote sensing have helped to overcome the limitation of conventional soil survey,
thus providing a new outlook for soil survey and mapplRegmote sensing has proved to be

an important part of soil survey and mappiBgil propertieghat have beenmeasured using
remote sensing approaches include mineralogy, texture, soil iron, soilmoisture, soil organic
carbon, soil salinity and carbonate content. In sparsely vegetated areas,successful use of
space borne, airborne and in situ measergsusing optical, passive andactive microwave
instruments has been reportdd. densely vegetatedaredswever soil data acquisition
typically relied on indirect retrievals using soil indicators, such asplant functional groups,
productivity changes, anBllenberg indicator valueOptical remote sensing helps in the
mapping of properties like land cover, land type, vegetation and soil moisture. Thermal



40

infrared remote sensing is commonly used to estimate moisture and salinity. Visual image
interpretationtechnique helps in the identification and mapping of soil elements like land
type, vegetation, land use, slope and relief. Microwave remote sensing is a new and effective
technique for mapping of soil moisture and salinity which is being commonly usay. tod
Hyperspectral remote sensing is another recent method which is applied in soil salinity
mapping as well as identification and mapping of minerals in the soil.

2.0 OBJECTIVES
At the end of this unjtstudents will be able to;

- Understand what Remote Sensing is all about
- Know different remote sensing methods for soil survey and mapping

3.0 MAIN CONTENT
3.1 Important facts to know

1 Remote sensing is the acquisition of information about an object or phenomenon
without making phgical contact with the object.

1 Recent technological advances in satellite remote sensing have helped to overcome
the limitation of conventional soil survey, thus providing a new outlook for soll
survey and mapping.

1 Soil properties that have been measursshg remote sensing approaches include
mineralogy, texture, soil iron, soil moisture, soil organic carbon, soil salinity and
carbonate content.

1 Optical remote sensing helps in the mapping of properties like land cover, land type,
vegetation and soil moigteL

1 Thermal infrared remote sensing is commonly used to estimate moisture and salinity.
Visual image interpretation technique helps in the identification and mapping of soil
elements like land type, vegetation, land use, slope and relief.

1 Microwave remote sensing is a new and effective technique for mapping of soil
moisture and salinity which is being commonly used today.

1 Hyperspectral remote sensing is another recent method which is applied in soil
salinity mapping as well as identificati and mapping of minerals in the soil.
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Figure 1. 2009 Cropland Data Layers, Released January 11, 20(®AO, 2010)

3.2 Different Remote SensingMethods in Soil Survey and Mapping

1. Optical Remote Sensing

The surface features reflected on sateliitage provide enough information to accurately
delineate the boundaries which is accomplished effectively through systematic interpretation
of satellite imagerieOptical remote sensing has been used to monitor various properties of
soil like land coverjand type, vegetation and even soil moisture. Optical remote sensing
provides a quantitative measure of surface reflectance, that is, the reflected radiation of the
sun from the Earthos surface, which tice rel at
size and moisture content influence soil reflectance primarily through a change in average
surface reflectance, and produce only broad spectral expression (Irons et al., 1989). Optical
remote sensing is the most commonly used for soil moisture éstimhbiu et al. (2003)
analyzed 18 different soils that represent a large range of permanent soil characteristics and
investigated the potential of estimating soil moisture from reflectance measurements in the
solar domain.

2. Thermal Infrared Remote Sensing

The thermal infrared remote sensing is commonly used to estimate moisture and salinity.
Thermal infrared remote sensing measures the thermal emission of the Earth with an

el ectromagnetic wavelength region bestiraveen 3
content is mainly measured by the thermal inertia method and the temperature/vegetation
index method (Wang and Qu, 2009). Thermal infrared remote sensing is also commonly used

to detect salaffected areas from the relationship between crop watsssand temperatures

of the crop canopy (Metternicht and Zinck, 2003). Although thermal infrared remote sensing
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has many scopes, the potential use of thermal systems for soil monitoring appears to be little
investigated.

For the reflected solar radiatiotihe most importantcharacteristics of a soil that determine its
reflectance properties ar8ynita 201%

Moisture: increasing soil moisture content decreases the reflectance in the water
absorptionbands but also in the remaining bands due to the internal reflections
within the water filmcovering the soil particles; thus wet soils appear darker (less
reflective) than dy soils.

Organic matter: increasing organic matter content gives darker (less reflective)
soils;

Texture: sandy soils are more reflective than clay soils;

Surface roughnessdecreases in surface roughness slightly increase reflection: an
example isthe development of soil crust;

Iron content: increasing the content of iron oxide corresponds for many soils to a
change incolour towards their characteristic bre#t colour, whib implies an
increased reflection ionin the red and a decrease in.green

Some of the following problems can occur while mapping Soil from thermal remotely sensed

data:
i

Vi.

Vii.

Identifying, categorizing and mapping soils can be a complex procedure which in
many caesis based on soil properties that are not even visible to the naked eye
and require field orlaboratory analyses (e.g. pH).

Soil is a complex thredimensional body. The majority of remote sensing systems
onlycharacterize the surface or, in optimum caodg, shallow depths of soils.In
many cases, thesurface characteristics may not be representative of the deeper soil
body (e.g. soil organiccarbon concentration decreases with depth).

Soil properties can vary dramatically both spatially and temporallyimétsmall

area.

The upper surface can be subject to frequent alteration by tillage, precipitation,
erosion,crusting and other surface processes.

Vegetation coverage obscures most soils for most or allthe time. Soil subjected to
arable cultivation will beexposed after ploughing. Soil undernatural vegetation
may never be exposed.

The signal recorded by sensor is the result of a combination of several soll
properties (whichare frequently interlinked). Such mixtures often mask the signal
from a feature undervestigation.

The spectral resolution of sensors is not suitable for mapping soil characteristics
(i.e. notcovering diagnostic regions of the spectrum, focused on observing
vegetation).

3. Visual Image Interpretation

Visual interpretation is based on shape, size, tone, shadow, texture, pattern, site and
association. This has the advantage of being relatively simple and inexpensive. Soils
are surveyed and mapped, following a three tier approach, comprising interpretatio
of remote sensing imagery and/or aerial photograph (Mulder, 1987), field survey
(including laboratory analysis of soil samples) and cartography. This technique helps
in the identification and mapping of soil elements like land type, vegetation, land use,
slope and relief. Interpretation of aerial photographs have also been used in soil
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salinity mapping, especially coloimfrared photographs in which barren saline soils
(in white) and saistressed crops (in reddish brown) can be easily discriminated from
other soil surface and vegetation features (Rao and Venkataratnam, 1991

4. Microwave Remote Sensing
Microwave remote sensing is an effective technique for mapping of soil moisture and
salinity, with advantages for alleather observations and soptiysics. It presents
advantages in special soil conditions, such asa$i@tted areas (Taylor et al., 1996),
sandy coastal and desert zones, waterlogged areas, and places with irregular micro
topography such as puffy crusts and cloddy surfatbere aretwo methods of
microwave sensingactive microwave sensing and passive microwave sensing. Great
progress has been made in mapping regional soil moisture with active microwave
sensors. In active microwave methods, a microwave pulse is sent and recawed. T
power of the received signal is compared with which was sent to determine the
backscattering coefficient of the surface, which has been shown to be sensitive to soil
moisture (Wang and Qu, 2009). The most common imaging active microwave
configuration isthe synthetic aperture radar (SAR), which transmits a series of pulses
as the radar antenna traverses the. Active sensors, although having the capability to
provide high spatial resolution in the order of tens of meters, have a poor resolution in
time with repeat time excess of 1 month.
On the other hand, the space borne passive systems can provide spatial resolutions
only in the order of tens of kilometres but with a higher temporal resolution. Passive
microwave remote sensors can be used to monitoacgiigoil moisture over land
surfaces (Wigneron et al., 2004). These sensors measure the intensity of microwave
emission from the soil, which is proportional to the brightness temperature, a product
of the surface temperature and emissivity (Wang and Q09)2@Because of the
differential behaviour of the real and imaginary parts of the dielectric constant of soil,
microwaves also are efficient in detecting soil salinity. While the real part is
independent of soil salinity and alkalinity, the imaginary psrhighly sensitive to
variations in soil electrical conductivity, but with no bearing on variations in
alkalinity. This allows the separation of saline soils from others.

5. Hyperspectral Remote Sensing

Recent developments in hyperspectral remote sensifgy the potential of
significantly improving data input to predictive soil models. The key characteristic of
hyperspectral imagery data is the high spectral resolution that is provided over a large
and continuous wavelength region. Each pixel in a hpeetsal image is associated

with hundreds of data points that represent the spectral signature of the materials
within the spatial area of the pixel. The result is a tuliegensional data set that has

two axes of spatial information and one axis of spédmformation The high
resolution of hyperspectral imagery makes it possible to uniquely identify different
materials at the earth's surface. The large number of spectral bands permits direct
identification of minerals in surface soils. Clark and Sway896) mapped over 30
minerals using hyperspectral sensor, Airborne Visible/Infrared Imaging Spectrometer
(AVIRIS) at Cuprites, Nevada. AVIRIS measures a contiguous spectrum in the
visible and neamfrared, and thereby better characterize atmosphericsarfdce
properties Rimjhim et al., 20138

6. Airborne topographic Lidar
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Light Detectionand Ranging (lidar) is an emerging geospatial technology that is
improving our characterization of terrestrial landscapes. Advantages over other forms
of remotely senskdata include spatial data collected in 3D,-g=ferenced during
acquisition, and ability to classify 3D elements within point clouds into-destmned
surface features and abeserface features (Renslow, 2012). Improved
represent at i onwfacey burfatehfeatur& atnudtured and reflectance
intensity allow broad use of lidar technology for mapping terrain derivatives and
landscape conditions critical for soil investigations. High horizontal and vertical
accuracy allow mapping of terrain feega that contribute to our knowledge of soil
properties and dynamic processes across multiple scales. At a suitable resolution, lidar
helps to identify subtle topographic controls on soil variability traditionally missed at
coarser scales. Topography cotgrwater redistribution on the landscape, which in
turn controls pedogenesis over geologic time and subsequent soil distribution across a
landscape. These scientific concepts are not new to soil resource inventories.
However, data such as lidar and th&eotaforementioned tools provide spatially
explicit representations of soils and soil processes in a quantifiable format. Digital soil
mapping processes quantify and capture soil patterns determined by topography,
parent materials and other soil formingcttars (McBratney et al., 2003) and this
information in a digital format for computéased applicationSunita, 2016)

3.3Components of Remote Sensing

The major critical component for any remote sensing progranreigable ground truth
information. Without ground data to identify land cover categories, to train the classifier and
validate the output image products, it is impossible to run a defensible program that provides
reliable results. Ground truth is mentioned filsgcause it must be seriously considered
before initiating plans for any remote sensing application. Secondly, a source of satellite
imagery is required. There are many sources of satellite imagery which vary considerably in
cost, as well as, spatial, termph spectral and radiometric resolution. Finding an imagery
source that also provides a guarantee of future continuity is an important consideration, since
once a program has been researched and implemented, it becomes more difficult to transition
to anoher satellite. Thirdly, using remotely sensed data requires a sizable investment in
Information Technology (IT) resources. However, with the speed of computers continuing to
increase and the price of disc storage on the decline this has become much dess of
hindrance.

3.31 Ground Truth

NASS has two sources of field level crop information for ground truth, its own June Area
Survey (JAS) and the USDA Farm Service Agency (FSA). NASS collects the June Area
Survey (JAS)segment data and the FSA collects ClLiygpo data. The scope of the FSA
CLU program iscomprehensive including all states and extensive coverage of major crops.
The program is run at thecounty level in over 2,300 FSA county offices. There are two
important differences between JAS andFSA datgyasnd truth, in the CDL program. First,
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the JAS data requires manual digitization ofindividual segments by NASS staff or
cooperators while the FSA data does not. The individual polygonboundaries of the JAS
segments are regularly digitized to support shevey but the individual fieldswithin each
segment require additional digitization.The FSA CLU polygon data are digitizedand crop
specific attribute data collected in the FSAcounty offices as part of a standardized GIS layer
that collects information onllafields in FSAprograms on a near real time basis for
compliance and administration purposes (Mueller et al., 2009). A second difference is that the
coverage of major cropsprovided by the FSA are more comprehensive than thé0lbOne
square mile aregegmentsincluded in the JAS data, approximating full coverage in major
speculative states.

NASS June Agricultural Survey (JAS) data still
used for acreage estimation

Figure 2. FSA CLU polygon data overlaying an Advanced Wide Field Sensor image

However, there are several shortcomings to using the FSA dataappstximately fifty

percent of CLU polygons include more than one crop type per CLU while JAS segments are
digitizedto the field (Craig, 2005). In order to use the FSA data, CLUs with mixed crop types,
except certaindouble crops such as winter wheat felibly soybeans, are excluded from the
ground truth. Second,specialty crops are not well represented in the FSA data leading to a
bias toward Aprogram crops?o, forwhich f ar me
polygons are attributed each year (Muedieal., 2009).

Fortunately, these shortcomings are greatly overshadowed by the sheer volume of crop data
available from the FSA CLU program. Being a comprehensive agricultural data set that
requiresminimal preparation and can be updated multiple timeésgdilre growing season
greatly outweighsthe disadvantages. Using the FSA CLU and 578 attribute data for training
has dramatically increasedthe volume and timeliness of available ground truth and thereby
increased the scope, efficiency andaccuracy of teeatipnal CDL program.

3.32 Imagery

In the late 1990s, NASS used both Landsat TM and ETM+ data with a 30 meter spatial
resolution inCDL production. The Landsat sensors have a 185 km swath; seven spectral
bands including a visibleblue, visible green, bisired, near infrared red (NIR), two mid
infrared (MIR) bands and a thermalband; a 16 day repeat and 8 bit quantization. The
synchronization of the two sensors to achieve an 8day repeat cycle was appropriate for
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acquiring crop information during the gravg season. Landsatdata were purchased and made
avail able to NASS via the USDAOGs Foreign Agr
satellite image archive (SIA) for the purpose of coordinated purchases of satelliteimagery for

the entire Department @éfgriculture (Craig, 2009).

Figure 3. IRS Resourcesat 1 Advanced Wide Field Sensor (AWIFS) Imagery acquired
onAugust 2, 2009. Acquisition descriptions include path/row/quad information. The
brightlycolored quads are those used in CDL processing.

On May31, 2003, the Landsat 7 ETM+ sensor experienced an anomaly in its scan line
corrector. At the time, the imagery was considered unusable by NASS and the CDL program
experienced a 50% reduction in the inventory of available satellite imagery. In 2004 the
USDApurchased imagery, for evaluation purposes, from the Indian Remote Sensing Satellite
(IRS)RESOURCESATL launched in October of 2003. The moderate spatial resolution (56
meter) AdvancedWide Field Sensor (AWIiFS) data were selected for evaluation asitatsub

for Landsat imagery inCDL production. NASS conducted investigations to assess the
effectiveness of AWIFS data for cropacreage estimation including: Nebraska, 2004 (Boryan
and Craig, 2005); Arkansas (Delta Region);Nebraska, 2005 and CoincidenesStudi
(Arkansas, lllinois, lowa) 2005 (NASS, 2006; Seffrin, 2007;Johnson, 2008) after which time
NASS decided along with its partner, FAS, to purchase AWIFS dataexclusively for the
USDAG6s SI A, I nternati onal Productions Assess
In 2006, NASS began iy AWIFS data as the primary source of imagery. The AWIFS
sensoroffers a moderate spatial resolution (56 meter); a large swath width (720 km),
appropriate spectralcharacteristics for agriculture monitoring and a rapid revidity (5
repeat) capability. T 56 met er spati al resol ut imetarsist houg
sufficient for the accurate identificationof large homogenous crop fields (NASS, 2006).
Additionally, the full swath width of 720 kilometers,when using both camera A and B
acquisitiors, provides an excellent opportunity for large areacoverage with single day
acquisitions. AWIFS offers four spectral bands that closely resemble the mostuseful of
Landsat 5 TM and Landsat 7 ETM+. The sensor acquires data in the visible green, visible
red, near infrared (NIR) and short wave infrared (SWIR) bands. Tuay5temporal
resolution ofAWIFS is a significant improvement from thedky revisit of Landsat 5 TM
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providing theopportunity for abundant nearly cloud free imagery collected throughout the
growing season.From the 2002008 growing seasons, AWIFS was collected from April 1
through the month

of October. Acquisitions were excluded based on a 50% cloud cover criteria. Fortunately,
with newsoftware a large volume of satellite imagery and angitlata could be used in the
classificationprocess. In 2006, Moderate Resolution Imaging Spectroradiometer Data
(MODIS) 16day NormalizedDifference Vegetative Index (NDVI) composites began to be
used in the classification process. With its250 meter spasalution, MODIS could not
replace AWIFS but was useful when collected duringthe late fall over specific states where
the winter wheat crop was beginning to emerge.In 2009, NASS regularly supplemented
AWIFS data with Level 1T (terrain corrected) Landséiband Landsat 7 ETM+ data for
CDL production, as the entire USGS Landsat Data Archive becameavailable for public
consumption, at no charge (USGS, 2005). The Landsat data were downloaded from

Glovis (http://glovis.usgs.ggv Post processing steps includednverting the data from
GeoTIFF toERDAS Imagine image (.img) format, reprojecting from Universal Transverse
Mercator (UTM) toAlbers, resampling from 30 to 56 meters using cubic convolution (CC)
resampling method, andmosaicing same day acquisitions.

During the 2009 CDL season, AWIFS experienced technical problems includingtaah

data recorder failure and degraded solar panel capacity. Further, increased competition from
international customers reduced the availability of AWIFS data for purchaséheviarS. by

the FASarchive. Fortunately, the freely available Landsat data were available for use as a
source ofsupplemental imagery. The CDL program would not have been able to meet all
program deadlines, aswell as, expand its scope to include theifgitycenterminous states
without the use of Landsat data.

3.33 Software and IT infrastructure

3.3.3.1Remote Sensing Classification Software

In 2004, transitioning the CDL program from research to operational status appeared to be in
the realm opossibility. Changes including new imagery, ground truth, image processing and
estimation software were required. Already in place was the FSA CLU data which provided
anexpansive source of agricultural ground truth and required -house digitization, a
significantadvance. Additionally, the JAS segment boundaries could still be used as an
independent data sourcefor regression modeling. Also available were the AWIFS data which
showed promise for large areacoverage at-dmbrepeat cycle. The next step wae
identification of commercial remote sensingsoftware that could perform the functions of
Peditor, N A S-Bodise remateg sensmgmaximum classifier and estimation
software. NASS evaluated ERDAS |Imagi né,6sDefin
Seebdecision tree software. The remote sensing software selected needed to be affordable,
efficient andaccurate. See5 came highly recommended by EROS Data Center researchers and
was used to producethe National Land Cover Database (NLCD) for 2001 aridund tobe

the most appropriate as a replacement for the Peditor maximum likelihood cldbs&fiesr.,

et al., 2004; 2007)

Seeb was the remote sensing classification software used by NASS since 2006 and was the
primary driver of the expansion of the Clprogram. The most important factor was the time
requiredto produce a state wide CDL. Once the See5 method was fully developed, an
experienced analyst couldproduce a state wide CDL, after all pre processing of ground truth,
imagery, and ancillary data wasnplete, within several days. It required one to several
months for the same analyst, using the Peditormethod, to produce a state wide CDL product.
The difference is in large part because See5 is able togenerate a state wide CDL in one
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process incorporatg all input data.Although Peditor was an excellent classifier, there were a
number of limitations that made theclassification process more time consuming. Peditor
operated by creating multiple smallerclassifications. The intersection of Landsat scenes
defif ned fAanalysis districtso (AD). A separat
analysis district. Using the Peditor method, some statesrequired as many as twelve separate
analysis districts which in turn required running twelve separateclassifisaboproduce a

state wide CDL. The individual classifications were merged to create thestate wide CDL.

With Seeb, even though by definition it classifies the intersection of inputs, there is a
techniqueto get around this obstacle so that the entire steggion can be classified in one
process. All inputdata including imagery and ancillary data must be set to a specific map
extent when created.

Consequently, even though all of the imagery does not cover, for example the entire state of
Nebraskaif all othe inputs are set to this specific map extent then See5 categorizes all land
cover within thisregion. This is a tremendous time saver. It takes additional time preparing
the input data, but the timesaved in the classification phase is significant.

Additionally, See 5 provides options which improve the quality and accuracy of the CDL
products. These options include allowing for the ingestion of an abundance of satellite
imagery andother neparametric data sources; incorporating a boosting algorithm irhwhic
the <classifier reviewsthe results multiple
tolerating image noise, such as cloudshaze or even gaps in the imagery and generating
confidence layers which corresponded to the resultingclassifications. LasiNLBD 2001

can be used with See5 for training on non agricultural categoriesand can be combined with
the agricultural training to create a complete training set for the state or

region.

In 2009, NASS used AWIFS, MODIS, Landsat TM and ETM+ data to proihgc€DL

products. Imagery was acquired from the fall of 2008 until late September 2009. Using
imagerycollected over the entire growing season facilitated the separation of crop
phenologies and the accurateidentification of cropland. In some instancea pasdicular

area six or more satellite scenes acquiredthroughout the growing season were used to classify
the land cover. This was extremely useful whenattempting to identify double crops such as
winter wheat followed by soybeans or crops with similarphegies. Peditor could only

ingest a maximum of two scenes of a study area. This was a significant

limitation.

Non parametric data sets such as the USGS Digital Elevation Model (DEM), USGS percent
canopy layer, and USGS percent impervious layer were used 20077 2009 to help

identify nonagricultural categories and separate them from crops. The DEM is most useful in
regions withsignificant topographic variation. Further, crops are most often grown in areas of
low topographicrelief. For example in Missigpi, Louisiana and Missouri a significant
percentage of the agriculturegrown in the region is located in the low lying portion of the
delta. The percent canopy layers helpidentify the forested areas and the percent impervious
layers helps identify urbanfrastructure. Theseraster layers could not be used with Peditor.
Boosting or bagging, in which the classifier reviews the results multiple times to refine or
Apruneo the decision tree, was availabl e wi:i
theliterature (Quinlan, J., 1996). In 2009, ten boosts were generally run to refine the CDL
classification.

Boosting was not available with Peditor. The NLCD 2001 is currently used for training
fornonagricultural categories. The NLCD 2001was released 0620 which time; NASS

began using it for neagricultural sampling. When usingPeditor, an analyst would have to
manually create neagr i cul t ur al ground truth. AExXtr a



49

water, grass, trees, wetlands and many other-agooultural categories, a verytime
consuming process. Additionally, these fAextr
classification or analysis district with Peditor.A tremendous advantage of See5 and
improvement in operational efficiency was itset@nce ofimage noise such as clouds, haze

and the scan gaps in the Landsat 7 ETM+ data. As long as there wasan abundance of clear
imagery overlaying the same location as the image noise, the software seemingly

ignored the bad datmaa Whematusi @go Pedultdr havie
analysisdistricts ADs in which clouds were evident.

3.3.3.2 RSP to ESRI ArcGIS

Starting in 2006 when the FSA CLU data became the primary source of ground truth for the

CDL program, the switch was made fréd"e mot e Sensing Program (RSF
software.ArcGIS was the clear choice as USDA has an enterprise software license and many
staff memberstrained in its use. The preparation of the FSA CLU data was dramatically more
efficient when usingArcGIS tmait was with RSP.Models were written in ArcGIS to merge

the original county FSA CLU shape files into statewide shape files. The shape files were then
Acl eaned, reprojected to Al bers TCibOmaeteasl Ar e a
All of thesesteps, which were relatively time consuming for 48states, were completed on the

CLU polygon data in 2009, prior to the crop season. All of these

processes could not be performed with RSP which was primarily used for digitizing and
editing cropattribute iformation. The JAS segment data required approximately one month,

during the cropseason, for digitizing in the FOs and two weeks for editing by a CDL analyst.

Once the FSA CLU polygons were linked to the FSA 578 attribute data, ArcGIS models were

used to gclude non matching CLUs, separate CLUs into training and validation data sets,

and rasterizethe shape files for use in See5. The ArcGIS models dramatically improved the
efficiency of the processwhereby the most current ground truth could be used grior to
season deadlines. ESRI 6s ArcGI S wasan i mport
guantity of the ground truth available for use inproducing CDLs.

3.3.3.3 Peditor to SAS

From 1997 to 2005, Peditor performed all of the functions of both a resaonsing

classification and estimation software. Once the decision was made to transition from Peditor
to See5,new estimation software was required. SAS was selected as it was widely used within
NASS and hadthe statistical analysis capabilities that NAg§Gined. In 2006, the regression
estimator in Peditor waswell developed and documented (Day, 2002). Consequently, the
identical programs written and run inPeditor were transitioned to SAS.

By 2007, SAS was able to increase the efficiency of estimationimgded help transition
theCDL program from research to operational status. One of the most important advantages
of SAS wasthe ability to interactively review the regression analysis results in IML
Workshop (called Stat Studio inSAS 9.2). This made tlregss of removing outliers and
rerunning the regression modeling less laborintensive for statisticians. Second, the original
format of JAS segment data was formatted in SAS andmade the data easier to use. Third,
results tables in SAS were output in .pdédi and Excel files thatwere easier for NASS
headquarters statisticians to import and analyze than the .ascii tables generated inPeditor.
Another important advantage that occurred during the transition from Peditor to See5 and
SASwas the ability to run estates for the entire state at one time.
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4.0 CONCLUSION
The advancement of remote sensing technology is key in conducting efficient soll
surveys and soil mapping. Recent technological advances in satellite remote sensing
have helped to overcome the limitatiohconventional soil survey, thereby providing
a new outlook for soil survey and mapping. Remote sensing has proved to be an
important part of soil survey and mapping. Soil properties that have been measured
using remote sensing approaches include miogyattexture, soil iron, soil moisture,
soil organic carbon, soil salinity and carbonate content.

5.0SUMMARY

Optical remote sensing helps in the mapping of properties like land cover, land type,
vegetation and soil moisture. Thermal infrared remote sgrisicommonly used to
estimate moisture and salinity. Visual image interpretation technique helps in the
identification and mapping of soil elements like land type, vegetation, land use, slope
and relief. Microwave remote sensing is a new and effectolaigue for mapping of

soil moisture and salinity which is being commonly used today. Hyperspectral remote
sensing is another recent method which is applied in soil salinity mapping as well as
identification and mapping of minerals in the soil.

6.0TUTOR-MARKED ASSIGNMENT

1. Define Remote Sensing

2. List and briefly explain three key components of Remote sensing

3. Mention and Explain the different Remote Sensing Methods used in Soil
Survey and Mapping

4. What are the important characteristics of soils teéermine their reflectance
properties?

5. Give five problems which may occur while mapping Soil from thermal
remotely sensed data.
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Unit 5: Photographsin Soil Survey
CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Important facts to know
3.2 Photograph
4.0 Conclusion
5.0 Summary
6.0 TutorMarked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Photographs are a significant component of soil survey data collection and documentation.
They can illustrate important things about an individual soil or a soil catena in soil survey
reports, scientific journals, textbooks, and periallicThey can be included in any electronic
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presentation of soil survey data to end users. Good photographs provide records and reference
sources of basic soil information. Taking photographs needs to be planned early in the soil
survey. Features such asildings, rivers, roads, railroads, lakes, and field boundaries, and
many kinds of vegetation can be recognized on aerial photographs and serve as location aids.
Cultural features commonly are the easiest features to recognize on aerial photos, but they
generally do not coincide precisely with differences in soils, except in areas with significant
anthropogenic alteration or human interferen€elief can be perceived by stereoscopic
study. Relief features are helpful in locating many soil boundarieseom#p. Topographic

maps also provide insight to relief, slope, and aspect. Relief also identifies many kinds of
landforms commonly related to kinds of soil. Many landforms (e.g., terraces, flood plains,
sand dunes, kames, and eskers) can be identifiedelmated reliably according to their
shapes, relative heights, and slopes. Their relationship to streams and other landforms
provides additional clues. The soil scientist must understand geomorphology to take full
advantage of photo interpretation. Acai@ soil maps cannot be produced solely by
interpretation of aerial photographs. Time and place influence the clues visible on the
photographs. Human activities have changed patterns of vegetation and confounded their
relationships to soil patterns. Thaies must be correlated with soil attributes and verified in

the field.

2.0 OBJECTIVES
At the end of this unit, students should be able to understand;

- The importance of use of photos in soil survey and mapping
- What aerial photography is all about
- Types of photographs in soil survey and mapping

3.0 MAIN CONTENT
3.1 Important Facts to Know
1 Photographs are a viable mapping base in soil survey.
1 Aerial Photography provide important clues about kinds of soil from the shape and
color of the surface and the vegetation.
1 The relationships between patterns of soil and patterns of images on photographs for
an area can be determined. These relationgl@ipse used to predict the location of
soil boundaries and the kinds of soil within them.
1 The soil scientist must understand geomorphology to take full advantage of photo
interpretation.

3.2 Photographs

Aerial photographs were used as the mapping baseost soil survey areas in the United
States during the 20th century. Conventional panchromatic (black and white) photography,
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color photography, and infrared photography were used for remote sensing and as base maps
for the soil survey. Information onéhapplicability of each type of base map and how the
older map products were used is covered in the Bati3Survey ManuglSoil Survey Staff,

1993). Even in the current digital age, the use of aerial photographs remains an effective
means of mapping seiin areas where suitable digital imagery and data layers or the required
skills, resources, or support for digital mapping techniques are not availehbi.
photographs are still a viable mapping base in soil survey. They provide important clues
about kinds of soil from the shape and color of the surface and the vegetation. The
relationships between patterns of soil and patterns of images on photographs for an area can
be determined. These relationships can be used to predict the location of soilrilesusnaltdh

the kinds of soil within them. Aerial photographs using spectral bands not visible to the eye,
such as color infrared, enable subtle differences in plant communities to be observed. Other
spectral bands in the infrared are useful in distinguishiifigrences in mineralogy and
moisture on the soil surface and also have better cloud penetration. These data must be
interpreted by relating the visual pattern on the photographs to soil characteristics found by
inspection on the ground.

3.2.1Contemporary Approach

Digital imagery has replaced photographs as the mapping base in 21st century soil survey.
The ability to overlay multiple imagery resources for comparisons, the ability to quickly
adjust scale, and the use of radtased soil maps ka increased the speed of delivering soll
survey products as well as the variety of products available. Customized soil survey products
are enhanced by the choice of background imagery (e.g., color imagery and topographic
imagery) used to display soil sewinformation.
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interpretationof official soil series descriptions. After Miller and Bu2@%9. (a) Although
the same soilseries in different counties tahnically different soil map units, they are still
constrained bydefinitions set in the official series description.

3.2.2Uses of Photos and Imageries

1. Photographs that include a scale are useful in estimating volume, area, or size
distribution.

2. The omparison of coarse fragments in a soil against photographs of known
guantities of coarse fragments improves the reliability of estimates.

3. Similar photographic standards can be used to estimate volume or size of nodules and
concretions, mottles, roots, @3, and rock fragments.

4. Photographic standards can be used in estimating area or the special arrangement of
surface features and land use.

3.2.3Equipment for Field Useto obtain good photos

1. A goodquality camera is important in obtaining high-quality photos. Digital
cameras are the general norm today. A digital camera allows the image file, along
with its respective metadata, to be stored in a database file system for later use. The
camera needs to provide resolution greater than 8 megapixels (dideasgapixels
is preferred) to produce higluality images. The ability to vary the aperture and
exposure time settings is desirable. Many of the larger jamicitshoot cameras and
35-mm singlelens reflex digital cameras are adequate.

2. A tripod is generally necessary especially at shutter speeds below 1/50 second. It
reduces camera movement and enables the photographer to concentrate on
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composition and focus. A flash is needed in some poorly lighted situations or to
eliminate shadows.

3. A scale that indicaes horizon depth or thickness is importantA scale that does
not contrast greatly with the soil, such as an unvarnished and unpainted wood rule or a
brown or khaki colored cloth tape that is 5 cm by 2 m works well. Large black or
yellow figures at 5&m intervals, large ticks at 1€m intervals, and small ticks at 5
cm intervals complete the scale. A perfectly vertical scale increases the quality of the
photo, in contrast to a tilted scale.

4. A small spatula, kitchen fork, or narrowbladed knife is useful idressing the soll
profile. Paint brushes of various widths and a tire pump can help clean dust from
peds. A sprayer can be used to moisten the profile when necbs$amny a snapshot
is taken

3.2.4Photographing Soil Profiles

To be able to obtain a higjuality photographs of soil profilesaeful planning is essential.
The procedure for photographing soil profiles are as follows:

1. Good Exposure to source of lightA representative site is selected on a vertical cut
face or in an area where a pit canchey large enough for adequate lighting of all
horizons and for the camera to be 1.5 to 2.5 m from the profile. The pit or cut face
should be oriented so that the maximum amount of light will strike the prepared face
at the proper angle when photographedtt® images are generally obtained when
the soil profile is either in full sun or full shade. Subtle differences in soil color are
often more apparent on cloudy days than in full sun. Direct exposure to full sunlight
often results in a washed out image.

2. Significant contrast in structure and colour of horizonsThe profile needs to be
properly prepared to bring out significant contrast in structure and color between the
soil horizons. Beginning at the top, fragments of the soil can be broken off with a
spatuia, kitchen fork, or small knife to eliminate digging marks and expose the natural
soil structure. Dust and small fragments can be brushed or blown away. Moistening
the whole profile or part of it with a hand sprayer helps to obtain uniform moisture
contert and contrast.

3. Capture several shots varying aperture setting&very profile should be
photographed three or four times with different aperture settings, angles of light, and
exposure times.

4. Use notes to describe the profiles and locations clearlyotes should be made
immediately after each photograph is taken to record location and date, complete
description of the subject, time of day, amount and angle of light, camera setting,
method of preparing the profile, and other facts that are not evident phobagraph.
Besides increasing the ways the photograph can be used, good notes provide
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information for improving technique. If possible, a landscape photograph should
accompany the soil profile photograph.

3.2.5Photographing Landscapes

Landscape photogpas illustrate important relationships between soils and geomorphology,
vegetation, land usas well asmanagement. They should be clear and in sharp focus and
have good contrast. Photographs representative of the area being mapped are the most useful.

Procedures that will ensure quality landscape photographing include the following:

1. Lighting: The most important thing in landscape photography is lighting. The best
pictures are made at the time of day and during the time of year when the sun lights
the scendrom the side. The shadows created by this lighting separate parts of the
landscape and give the picture depth. If the sun is at a low angle to the horizon,
shadows are generally amplified and give an image more contrast and depth.
Photographs taken at daday or with direct front lighting can lack tonal gradation and,
therefore, appear flat. Photographs taken on overcast days can have the same problem.
A small aperture should be used to gain maximum depth of focus.

2. The photo composition A good photograplhas only one primary point of interest.
Objects that clutter the photograph (e.g., utility poles, poorly maintained roads and
fences, signs, and vehicles) detract from the main subject. The point of interest should
not be in the center of the photograph.&@ fir ul e of thirdso for
when looking at the scene through the viewfinder. The image area can be visualized
as divided into thirds both horizontally and vertically. The center of interest should be
one of the four points where theseds intersect.

3. Sky should make up less than onthird of the image

The camera should be kept level with the horizon. In addition,

5. landscape photographs should be taken from a variety of angles (e.g., from a kneeling
position, on a ladder, on top of a carlow building, etc.).

»

3.2.6Closeup Photography

Many solil features, such as peds, pores, roots, rock fragments, krotovinas, redoximorphic
features, concretions, and organisms, can be photographed at close range. The minimum
focusing distance for most meeras used in the field allows small features to be
photographed. Many cameras have a buailhacro focus feature that enables focusing within

a few inches. Macro lenses are available for moshB8bcameras. Closgp attachments for
conventional lenses aralso available. As with landscape photography, the lighting angle is
important. Direct front lighting tends to blend texture, separation, and contrast in the
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photograph.Photographing clay films and other minute soil features requires special
equipment ad techniques of photomicrography that are outside the range of this manual.

Metadata
For each photograph, metadata should be recorded, including

the date of the photo,

the geographic location,

a description (caption) of what the image is intended to show,
and a reference to the map unit(s) and

soil components of the area.

®copoTp

4.0CONCLUSION

They can be included in any electronic presentation of soil survey data to end users.
Good photographs prale records and reference sources of basic soil information.
Taking photographs needs to be planned early in the soil survey. Features such as
buildings, rivers, roads, railroads, lakes, and field boundaries, and many kinds of
vegetation can be recognized aerial photographs and serve as location aids. Cultural
features commonly are the easiest features to recognize on aerial photos, but they
generally do not coincide precisely with differences in soils, except in areas with
significant anthropogenic alion or human interference.

5.0 SUMMARY

Digital imagery has replaced photographs as the mapping base in 21st century soil
survey. The ability to overlay multiple imagery resources for comparisons, the ability
to quickly adjust scale, and the useadterbased soil maps have increased the speed

of delivering soil survey products as well as the variety of products available.
Customized soil survey products are enhanced by the choice of background imagery
(e.g., color imagery and topographic imagersgd to display soil survey information.

6.0TUTOR-MARKED ASSIGNMENT
1. Explain the term Aphotoso and fAdigital
2. Mention four uses of photos and imageries to soil users
3. Mention and briefly explain the five procedures involved in photographing a
soil profile
4. Mention five procedures involved in photographing a landscape
5. List the metadata that should be recorded after each photograph

7.0REFERENCES/FURTHER READING
Soil Suvey Division Staff. 1993. Soil survey manual. U.S. Department of Agriculture
Handbook 18. Natural Resources Conservation Service.
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MODULE 3: SOIL MORPHOLOGICAL INVESTIGATIONS

Unit 1: Soil horizons and Boundaries

Unit 2: Soil Colour

Unit 3: Soil Texture

Unit 4: Soil Structure

Unit 5: Soil Consistence, Root abundance, pH and Effervescence and Special features

Unit 1: SOIL MORPHOLOGY

1.0INTRODUCTION

Soil Morphologys the field observable attributes dhesoil within the varioussoil
horizonsand the description of the kind and arrangement of the horiiodsals with the

form and arrangement of soil featur8sil morphology is carried out using a standard peofi

pit by an experienced Pedologist (Soil Surveyor).Parameters usually investigated in soil
morphological investigations include: Depth intervals of horizons yeré&(measured from

the top of the mineral horizons), Horizon boundary characteristics, Soil Colour, Soil Texture,
Soil Structure, pores, Consistence, Roots, pH, effervescence, Special features such as
coatings, nodules, and concretions.

Micromorphology is using micremorphological techniques (e.g. thin sections) and
measurements in the laboratory. Field morphology is the study of soil morphological features
in the field by thorough observation, description and interpretation. Observations may be
refined wth the aid of a hand lens. Simple tests are also used in the field to record salient
chemical properties (e.g. pH, presence or carbonates). In addition, field observations and
measurement may be refined through a range of laboratory analytical procedtiasltide

more sophisticated evaluation of chemical, biological and physical attributes.

However, the quality of field description and sampling ultimately defines the utility of any
subsequent laboratory analyses. A keen eye that call discern speatiices and their
relationship to adjoining features coupled with weellibrated fingers that can distinguish
among relative differences in physical properties of soil material are essential and can only
be acquired and maintained through practicehidourse we will focus morphology.

2.00BJECTIVES

At the end of this unit, student should be able to

1 Know the soil morphological and micraorphological properties of the soil
1 Attempt to identify these properties in the field

3.0 MAIN CONTENT
3.1SoilMorphology

Field morphologybeginswith in situ (field) examination of a soil profile, Field descriptions
are organized by subdividing, in vertical exposure of the soil (soil profile) into reasonably
distinct layers or horizons that differ appreciably frdm horizons immediately above and
below in one or more of the soil features listed below. The delineation of horizons is


https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Soil_horizon
https://en.wikipedia.org/wiki/Soil_horizon

61

necessarily a somewhat subjective processes because changes in soil attributes are often
gradational rather than abrupt. Thus, obsidoundaries between horizons are not always
apparent and their assignment may require integrated assessment of changes in several
attributes before a sensible and defensible delineation can he made. Knowledge of similar
soils and a weltlefined rationaldor the purpose of the description helps considerably in
development of systematic criteria for criteria for defining and delineating horizons.

1.0CONCLUSION

In many soils, differences are expressed by horizonation that lies approximately parallel to
the land surface, which in turn reflects vertical partitioning in the type and intensity of the
various processes that influence soil development. However, there are many exceptions to
this preferred horizontal organizatiddifferences between horizons genera#flect the type

and intensity of processes that have caused changes in the soil. Ideally, we shoultralways

in our descriptions to maintain a link between process and morphology.

1.0SUMMARY

Properties of each horizon are described in the following order; Depth intervals of horizons or
layers (measured from the top of the mineral horizons), Horizon boundary characteristics,
Colour, Texture, Structure, pores, Consistence, Roots, pH, effercesc@pecial features
such as coatings, nodules, and concretions. Also, abdgt or 500g of soil should be taken
from each horizon. Sampling should start from the last horizon to avoid contamination of the
horizon. Properly labeled and taken to a steshtiboratory for analysis.

6.0TUTOR-MARKED ASSIGNMENT
1. What is soil field morphology?
2. Name 5 morphological properties of soil.
3. What is soil micremorphology?
4. What are the precautions to take during sampling using a profile pit?

7.0 References/Further Readlig

Buol, S.W., Hole, F.D., McCracken, R.J., and Southard, R.J., (1997). Soil Genesis and
Classification. Lowa State University Press.
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UNIT 2: HORIZONS AND BOUNDARIES OF SOIL

CONTENTS

1.0 INTRODUCTION

As you observea soil profile pit or aroadside cut, you will see various layers in the soil.
These layers are callsdil horizons whereas therrangement of these horizons in a soil is
known as &oil profile. A pedologistor an experienced soil scientistbserve and describe

soil profilesand soil horizons to classify and interpret the soil for various uses. Soil horizons
differ in a number of easily seen soil properties such as color, texture, structure, and
thickness. Other propertiesay beless visible. Properties, such as chemical amderal
content, consistence, and reaction regsirecial laboratory test3he distinction between a
mineral and an organic horizon is by the organic cadmmtent. Layers which contain > 20

% organic carbon and are not water saturated for periods more than a few days are classed as
organic soil material. If a layer is saturated for a longer period it is considered to be organic
soil material if it has:

O 1% organic carbon and no clay, or
T 018 % organic carbon and O 60 % clay, or
1 127 18 % organic carbon andi®0 % clay.

These properties are used to define types of soil horizons.

Soil generally consists of visually atekturallydistinct layers, which can be summarized as
follows from top to bottom:

0) Organic matter: Litter layer of plant residues in relatively undecomposed form.

Horizons A) Surface soil: Layer of mineral soil with most organic matter accumulation and soil life.

This layer eluviates (is depleted of) iron, clay, aluminium, organic compounds, and other
soluble constituents. When eluviation is pronounced, a lighter coloured "E" subsurface
soil horizon is apparent at the base of the "A" herizon. A-horizons may also be the result
of a combination of soil bioturbation and surface processes that winnow fine particles
from biologically mounded topseil. In this case, the A-horizon is regarded as a
"biomantle".

0 (Organic)
A (Surface)

B (Subsoil)

B) Subsoil: This layer accumulates iron, clay, aluminium and organic compounds. a
process refermed to as illuviation.

C) Parent rock: Layer of large unbroken rocks. This layer may accumulate the more

C {Substratum) soluble compounds

R) bedrock: R horizons denote the layer of partially weathered bedrock at the base of
the soil profile. Unlike the above layers, R horizons largely comprise continuous masses
(as opposed to boulders) of hard rock that cannot be excavated by hand. Soeils formed in
situ will exhibit strong similarities to this bedrock layer.

R (Bedrock)

Fig.5: A soil profile revealing the different horizons (Wikipedia)

There are master horizons (Surface horizons) and are designated by capital letters, such as O,
A, E, B, C, and R., Sub surface horizons and Transitional Horizons

1.00BJECTIVES
At the end of this unit, students should be able to
1 Identify surface diagnostier(aster) horizons


https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/edu/?cid=nrcs142p2_054309
https://en.wikipedia.org/wiki/Soil_texture
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I Know subordinate distinctions with master horizons
1 Identify transitional horizons
1 Know and identify subsurface horizons

3.0MAIN CONTENT

3.1 Important Facts to Know
1. Master horizons (major horizons) are designated by capital lettersasu@h

A, E, B, C,and R.

2. Some O layers may be undecomposed or partially decomposed litter, such as
leaves, twigs, moss, and lichens, that has been decomposed on the surface;
they are either on the top of either mineral or organic soils. Other O lageers, a
organic materials that were deposited in saturated environments and have
undergone decomposition.

3. A horizons are mineral horizons that formed at the surface or below an O
layer, that exhibition obliteration of all or much of the original rock or
depositonal structure (in the case of transported materials).

4. B Horizons have some features such as; An illuvial concentration of silicate
clay, iron, aluminum, carbonates, gypsum, or humus; Removal of carbonates;
A residual concentration of sesquioxides aicate clays, alone or mixed, that
has formed by means other than solution and removal of carbonates or more
soluble salts; Coatings of sesquioxides adequate to give darker, stronger, or
redder colors than overlying and underlying horizons but without appar
illuviation of iron.

5. C Horizons are mineral horizons that are little altered by soil forming
processes. They lack properties of O, A, E, or B horizons.

6. Transitional horizons are layers or the soil between two master horizons
designated as AB, BA, EBBE. The first letter indicates the material of
greatest volume in the transitional horizon. E.g. A/B, B/A, E/B or B/E.

1.2 Soil Horizon and Boundaries

3.2.1 Soil Master Horizons

U O horizons: They are dominated by organic material. Some O layers consist of
undecomposed or partially decomposed litter, such as leaves, twigs, moss, and lichens, that
has been decomposed on the surface; they may be on the top of either mineral or organic
soils. Other O layers, are organic materials that were deposited in satumatedraents
and have undergone decomposition. The mineral fraction of these layers is small and
generally less than half the weight of the total mass. In the case of organic soils (peal,
muck) they may compose the entire soil profile. Organic rich horiadrsh are formed
by the translocation of organic matter within the mineral material are not designated as O
horizons.
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A horizons: Mineral horizons that formed at the surface or below an O layer, that
exhibition obliteration of all or much of the originack or depositional structure (in the
case of transported materials). A horizons show one or more of the following:

1 An accumulation of humified organic matter intimately mixed with the mineral fraction

and not dominated by characteristic properties or the E or B horizon or,

1 Properties resulting from cultivation, pasturing or other similar kinds of disturbance.

7.

=A =4 =4

E horizons: Mineral horizons in which the main feature is loss of silicate clay, iron,
aluminum, or some combination of these, leaving a concentration of sand and silt particles
and lighter colors. The horizons exhibit obliteration of all or much of the origoti
structure.

. B horizons: Horizons in which the dominant features (s) is one or more of the following:

An illuvial concentration of silicate clay, iron, aluminum, carbonates, gypsum, or humus
Removal of carbonates

A residual concentration of sesquid&s or silicate clays, alone or mixed, that has formed
by means other than solution and removal of carbonates or more soluble salts

Coatings of sesquioxides adequate to give darker, stronger, or redder colors than overlying
and underlying horizons but weibut apparent illuviation of iron.

An alteration of material from its original condition that obliterates original rock structure,
that form silicate clay, liberates oxides, or both, and that forms a granular, blocky, or
prismatic structure.

Any combinaion of these.

C horizons: Mineral horizons that are little altered by soil forming processes. They lack
properties of O, A, E, or B horizons. The designated C is also used for saprolite,
sediments, or bedrock not hard enough to qualify for R. the matesanated as C may

be like or unlike the material from the A, E, and B horizons are thought to have formed.

R Layers: Consolidated bedrock (hard bedrock), such as granite, basalt, quarzite,
sandstone, or limestone. Small cracks, partially or totallgdfiwith soil material and
occupied by roots, me frequently present in the R layers.

Subordinate Distinctions within Master Horizons (Letter Suffixes)

Lower case letters are used to designate specific features within master horizons. They are
listed in aphabetical order below:

i

aaHi ghly decomposed organic material. The
(Oa). The rubbed fiber content < 17 % of the volume.

b: Buried genetic horizon. It is not used in organic soils or to identify a buried O master
horizon.

c: Concretions of hard neconcretionary nodules. This symbol is used only for iron,
aluminum, manganese, or titanium cemented nodules or concretions.

d: Physical root restriction. It is used to indicate natural occurring or humanly induced
layers such as basal till, plow pans, and other mechanical compacted zones. Roots do not
enter except along facture planes.

(@}
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e: Organic material of intermediate decompiasi. This symbol is only used in
combination with an O master horizon with rubbed fiber content betwe&nd07®6 of

the volume.

d: Frozen soil. The horizon must contain permanent ice.

g:Gleying: This symbol is used in B and C horizons to indicate lownshrcolor (< = 2),
caused by reduction of iron in stagnant saturated conditions. The iron may or may not be
present in the ferrous form (e The g is used to indicate either total gleying or the
presence of gleying in a mottled pattern. It is not usdgl horizons, which are commonly

of low chroma, or in C horizons where the low chroma colors are inherited form the
parent material and no evidence of saturation is apparent.

h: illuvial accumulation of organic matter: Used only in B horizon. The h inglican
accumulation of illuvial, amorphous, dispersible organic matter with or without
sequioxide component. If the sequioxide component contains enough iron so that the
color value and chroma exceed 3 additionally a s is used (hs). The organoosequioxide
complexes may coat sand and silt particles, of occur as discrete pellets, or fill voids and
cement the horizon (use of m).

i: Slightly decomposed organic material. Used only in Combination with an O master
horizon to designate that the rubbed fiber contenrt40 % or the volume.

k: Accumulation of carbonates, usually calcium carbonate. Used with B and C horizons.
m: Cementation or induration: Used with any master horizon, except R, where > 90 % of
the horizon is cemented and roots penetrate only througkscréire cementing material

is identified by the appropriate letter.

km: carbonate

gm: silica

sm:iron

ym: gypsum

kgm: both lime and silica

zm: salts more soluble than gypsum

n: Accumulation of sodium: This symbol is used on any master horizon showing
morphological properties indicative of high levels of exchangeable sodium.

o: Residual accumulation of sesquioxides.

P: Tillage or other cultivation disturbance (e.g. plowing, hgefiscing). This symbol is

only used in combination with the master horizon A or O.

g. Accumulation of silica: This symbol is used with any master horizon, except R, where
secondary silica has accumulated.

r: Weathered soft bedrock: This symbol is onged in combination with the master C
horizon. It designate saprolite or dense till that is hard enough that roofs only penetrate
along cracks, but which is soft enough that it can be dug with a spade or shovel.

s: illuvial accumulation or sesquioxides anthanic matter. This symbol is only used in
combination with B horizons. It indicates the presence or illuvial iron oxides. It is often
used in conjunction with h when the color is = < 3 (chroma and value).

ss:Presence of slicken sides. They are fortmgdhear failure as clay material swell upon
wetting. Their presence is an indicator of vertic characteristics.
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U t: Accumulation of silicate clay: The presence of silicate clay forming coats on ped faces,
in pores, or on bridges between samked materiagrains. The clay coats may be either
formed by illuviation or concentrated by migration within the horizon. Usually used ill
combination with B horizons, but it may be used in C or R horizons also.

U v: Plinthite: This symbol is used in B and C horizons that are humus poor and iron rich.
The 5 material usually has reticulate mottling of reds, yellows and gray colors.

U0 w: Development of color and structure. This symbol is used for B horizons that. have
deweloped structure or color different, usually redder than that of the A or C horizons, but
do not have apparent illuvial accumulations.

U x: Fragipan character: This symbol is used to designate genetically developed firmness,
brittleness, or high bulk dengiin B or C horizons. No cementing agent is evident.

U y: Accumulation of gypsum. This symbol is used in B and C horizons to indicated
genetically accumulated gypsum.

U z: Accumulation of salts more soluble than: gypsum. This symbol is used in combination
with B and C horizons.

Note: Arabic numerals can be added as suffixes to the horizon designations to identify
subdivisions within horizons. For example, BBt2 - Bt3 indicated three subsamples of the
Bt horizon.

3.2.2 Transitional Horizons

Transition& horizons are layers or the soil between two master horizons. There are two types
of transitional horizons:

U Horizons dominated by properties of one master horizon that also have subordinate
properties of an adjacent master horizon. The designationtisdognaster horizon capital
letters:

1 The first letter indicates the dominant master horizon characteristics

1 The second letter indicated the subordinate characteristics

For example, an AB horizon indicates a transitional horizon between the A and Bnhorizo
but one that is more like the A horizon than the B horizon. An AB or BA designation can be
used as a surface horizon if the master A horizon is believed to have been removed by
erosion.

U Separate components of two master horizons me recognizable horthen and at least
one of the component materials is surrounded by the others. The designation is by two
capital letters with a slash in between. The first letter designates the material of greatest
volume in the transitional horizon. For example A/BABE/B or B/E.

3.2.3 Diagnostic Subsurface Horizons

The accumulation of substances such as silica, iron, aluminum, carbonate, and other salts can
result in cementer layers, which change the physical, chemical, and biological behavior of the
soil. For examle, a cemented layer retards percolation, and restrict root activity.
Furthermore, the availability of nutrients for plant growth is reduced, i.e., the cation exchange
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capacity is reduced. There are accumulations in the soil which show the enrichmeat of o
substance and / or the depletion of another substance. This can be exprefisgtdstic
subsurface horizons which are listed in alphabetically order below. It should be stressed
that some characteristics can be measured only in the laboratorytandhwofield.

i

C: =4 4 -4 -4

= =

C: =4 =4 A

Agric horizon: This is formed directly under the plow layer and has silt, clay, and humus
accumulated as thick, dark lamallae.

Albic horizon: Typically this is a lightcolored E horizon with the color value > =5 (dry)

or > =4 (moist).

Argillic horizon: It is formed by illuviation of clay (generally a B horizon, where the
accumul ation of <c¢clay is denoted by a | ower
observable unless there is evidence of stress cutans. Requirements to meétian a
horizon are:

1/10 as thick as all overlying horizons

> = 1.2 times more clay than horizon above, or:

If eluvial layer < 15 % clay, then > = 3 % more clay, or:

If eluvial layer > 40 % clay, then > = 8 % more clay.

Calcic horizon: This layer has a secondary accumulation or carbonates, usually of
calcium or magnesium. Requirements:

> =15 cm thick

> =5 % carbonate than an underlying layer

Cambic horizon: This subsurface often shows weak indication of either an argillic or
spodichorizon, but not enough to qualify as either. H may be conceptually regarded as a
signature of early stages of soil development, i.e. soil structure or color development.
Requirements:

Texture: loamy very fine sand or finer texture

Formation of soil sticture

Development of soil color

Duripan: It is a subsurface horizon cemented by illuvial silica-dsy fragments from

more than 50 % of the horizon do not slake in water or HCI but do slake in hot
concentrated KOH.

Fragipan: These subsoil layers amd high bulk density, brittle when moist, and very
hard when dry. They do not soften on welling, but can be broken in the handsy Air
fragments slake when immersed in water. Fragipan genesis as outlined in Soil Taxonomy
is largely dependent all physlgarocesses and requires a forest vegetation and minimal
physical disturbance. Desiccation and shrinking cause development of a network of
polygonal cracks in the zone of fragipan formation. Subsequent rewetting washes very
fine sand, silt, and clagizedparticles from the overlying horizons into the cracks. Upon
wetting, the added materials and plant roots growing into the cracks result in compression
or the interprism materials. Close packing and binding of the matrix material with clay is
responsible fothe hard consistence of the dry prisms. Iron is usually concentrated along
the bleached boundaries of the prisms. It has also been postulated that clay and
sequioxides cements to be binding agents in fragipans.
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Glossic horizon: It occurs usually betweesm overlying albic horizon and an underlying
argillic, kandic, or natric horizon or fragipan. Requirements:

> =5 cm thick

Albic material between 15 % to 85 %, rest: material like the underlying horizon

Kandic horizon: It is composed of low activitylays, which are accumulated at its upper
boundary. Clay skins mayor may not be present It is considered that clay translocation is
involved in the process of kandic formation, however, clay skills may be subsequently
disrupted or destroyed by physical afeemical weathering, or they may have formed in
situ. Requirements:

Within a distance of < 15 cm at its upper boundary the clay content increases by > 1.2
times

Abrupt or clear textural boundary to the upper horizon

A pH 7: lowactivity days with CEC of < 16 cmol/kg and ECEC (effective CEC) of < =

12 cmol/kg

Natric horizon: It is a subsurface horizon with accumulations of clay minerals and
sodium. Requirements:

Same as argillic horizon

Prismatic or columnar structure

> 15 % of the CEC is saturated wiNa’,or :

More exchangeable Nglus M¢f* than C&"

Oxic horizon: Requirements:

> = 30 cm thick

Texture: sandy loam or finer

At pH 7: CEC of < =16 cmol/kg and ECEC of' < =12 cmol/kg (i.e., a high content or 1:1
type clay minerals).

Clay content is more gradual than required by the kandic horizon

< 10 % weatherable minerals in the sand

< 5 % weatherable minerals by volume rock structure (i.e., indicative of a very strongly
weathered material)

Petrocalcic horizon: It is an induratedalcic horizon. Requirements:

At least 1/2 of a dry fragment breaks down when immersed in acid but does not break
down when immersed in water.

Petrogypsic horizon: This is a strongly cemented gypsic horizon. Dry fragments will not
slake in HO.

Placic horizon: This is a dark reddish brown to black pan or iron and/or manganese.
Requirements:

271 10 cm thick

It has to lie within 50 cm of the soil surface

Boundary: wavy

Slowly permeable

Salic horizon: This is all subsurface horizon accumulated by secondary soluble salts.
Requirements:
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1 >=15cm thick

1 Enrichment of secondary soluble salts such (hat electrical conductivity exceeds 30 dS/m
more than 90 days each year

U Sombric horizon: Formed by illuviaion or humus (dark brown to black color) but not of

aluminum or sodium. Requirements:

At pH 7: base saturation < 50 %

Not under an albic horizon

Freedraining horizon

Spodic horizon: This horizon has an illuvial accumulation of sequioxides and/or @gan

matter. There are many specific limitations dealing with aluminum, iron, and organic

matter content, and clay ratios, depending on whether the overlying horizon is virgin or

cultivated.

U Sulfuric horizon: this is a very acid mineral or organic soilzai Requirements:

1 pH<35

1 Mottles are present (yellow color: jarosite)

C: =4 4 A

3.3Boundary

The boundary between the horizons can be described considering the distinctness and
topographyDistinctnessrefers to the degree of contrast between two adjoining horizons and
the thickness of the transition between thdmpographyrefers to the shape or degree of
irregularity of the boundary.

Table 1: Classification of Horizon Boundaries.

Distinctness | Abbreviation Cm

Abrupt A <2

Clear C 215

Gradual G 57 15

Diffuse D >15

Topography | Abbreviation Description

Smooth S Nearly a plane

Wavy W Waves wider than deep
Irregular I Depth greater than width
Broken B Discontinuous

4.0 CONCLUSION

A soil horizonis a layer parallel to theoil surface, whose physical characteristics differ

from the layers above and beneath. Each soil type usually has three or four horizons.
Horizons are definechimost cases by obvious physical features, mainly colour and texture.
There are master horizons (Surface horizons) and are designated by capital letters, such as O,
A, E, B, C, and R., Diagnostic Sub surface and Transitional Horizons. Soil horizons are
identified in the field by careful observation of a standard soil profile pit. The experience of
the observer will go a long way in ensuring accuracy of obtained results.


https://en.wikipedia.org/wiki/Soil
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1.0SUMMARY

O- Horizon(Organic matter Litter layer of plant residues in relatively undecomposed form.
A-Horizons(Surface so)t Layer of mineral soil with most organic matter accumulation
andsoil life. This layer eluviates (is depleted af)n, clay, aluminium organic compounds,

and other soluble constituents. Whedaviationis pronounced, a lighter coloured "E"
subsurface soil horizon is apparent at the base of the "A" horizboriaZons may also be the
result of a combination of sdilioturbationand surface processes that winnow fine particles
from biologically moundediopsoil In this case, the Aorizon is regarded as a "biomantle”.
B-Horizon (Subsoi): This layer accumulates iron, clay, aluminium and organic compounds, a
process referred to dkiviation.

C-Horizon(Parent rock Layer of large unbroken rocks. This layer may accumulate the more
soluble compounds.

R-Layer(bedrocR: R horizons denote the layer of partially weathered bedrock at the base of
the soil profile. Unlike the above layers, R horizons largely comprise continuous masses (as
opposed to boulders) of hard rock that cannot be excavated by hand. Soitifosi@will

exhibit strong similarities to this bedrock layer.

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain what the letters; O, A, E, B, C, and R associated with master horizons stand
for
2. What do you understand by transitional horizons?
Briefly explain what ya know about subsurface diagnostic horizons
4. List and briefly explain 10 distinctive features (letter suffixes) that can be used to
describe master horizon.

w

7.0 REFERENCES/FURTHER READING

https://en.wikipedia.org/wiki/Soil_horizon
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UNIT 3: SOIL COLOUR
1.0 INTRODUCTION

Among other soil physicahemical properties,od color, texture, structure, and consistence

are used to distinguish and identify soil horizons (layers) and to group soils according to the
soil classification system callé&&bi Taxonomy Color development and distribution of color
within a solil profile are part of weathering. As rocks containing iron or manganese weather,
the elements oxidize. Iron forms small crystals with a yellow or red color; organic matter
decomposes intblack humus, and manganese forms black mineral deposits. Colour is also
affected by the environment: aerobic environments produce sweeping vistas of uniform or
subtly changing color, and anaerobic (lacking oxygen), wet environments disrupt color flow
with complex, often intriguing patterns and points of accent. With depth below the soil
surface, colors usually become lighter, yellower, or reddé&e Munsell System allows for
direct comparison of soils anywhere in the world. The system has three compbnen{a
specific color), value (lightness and darkness), and chroma (color intensity) that are arranged
in books of color chips. Soil is held next to the chips to find a visual match and assigned the
corresponding Munsell notation. For example, a browil sy be noted as: hue
value/chroma (10YR 5/3). With a soil color book with Munsell notations, a science student or
teacher can visually connect soil colors with natural environments of the area, and students
can learn to read and record the color, sdieally. Soil colour by Munsell notation is one of
many standard methods used to describe soils for soil survey. Munsell color notations can be
used to define an archeological site or to make comparisons in a criminal investigation. Even
carpet manufacters use Munsell soil colors to match carpet colors to local soils so that the
carpet will not show the dirt (soil) tracked into the house.

2.00BJECTIVES

At the end of this unit students should be able to;

1 Know how colour is impacted on the soil during soil forming processes
1 Know how to use soil colour to determine the soil horizon boundaries in a standard
profile pit.
1 Know how to use the Munsell colour chart to determine soil colours
3.0MAIN CONTENT
3.1Important facts to know

1. Colour reflects an integration of chemical, biological and physical transformations
and translocations that have occurred within a soil.

2. Soil organic matter imparts a dark brown to black color to the soil.

3. Subsoil color reflects nre strongly in most soils the imprint of physicbemical
processes.
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4. Colors associated with minerals inherited from parent materials may also influence
color in horizons that have not been extensively weathered.

5. Soil color can provide information about sold drainage and the soil moisture
conditions of soils.

6. Through the use of the Munsell Soil Color Charts, practitioners from a wide range of
professions can share reliable and consistent information about the color of soils at a
particular site with collagues anywhere around the world.

7. The system of Munsell colour chart has three components: hue (a specific color),
value (lightness and darkness), and chroma (color intensity) that are arranged in books
of color chips.

3.2 Soil Colour

Colour reflects an imfgration of chemical, biological and physical transformations and
translocations that have occurred within a soil. In general, color of surface horizons reflects a
strong imprint of biological processes, notably those influenced by the ecological origin of
soil organic matter (SOM). Soil organic matter imparts a dark brown to black color to the
soil. Generally, the higher the organic, matter content of the soil, the darker the soil. A bright
light color can be related to an eluvial horizon, where sequisxiclEbonates and/or clay
minerals have been leached out.

Subsoil color reflects more strongly in most soils the imprint of physh@mical processes.

In particular, the redox status of Fe and to a lesser extent Mn, strongly influence the wide
variation bund in subsoil color. Soil color can provide information about subsoil drainage
and the soil moisture conditions of soils. In well aerated soif€,i§@resent which give soil

a yellow or redish color. In more poorly drained soils (anaerobic condififmmsgompounds

arc reduced and the neutral gray colors dof e bluishgreen colors of iron sulfides, iron
carbonates, or iron phosphates are visible. A black color in the subsoil can be related to all
accumulation of manganese. In arid and sand environments, the influence of soluble
salts (carbon ales, sulfates, chlorides etc.) may impart a strong influence on soil color. For
example, in arid or subumid regions, surface soils may be white due to evaporation of
water and soluble salts.

Colors asociated with minerals inherited from parent materials may also influence color in
horizons that have not been extensively weathered. For example, light gray or nearly while
colors is sometimes inherited from parent material, such as marl or quartz. rRatenal,

such as basalt, call imprints a black color to the subsoil horizons.

Table 2: Soil Colours Associated with Soil Attributes

Soil Colour Soil Attribute Environmental Conditions
Brown to black (surfac¢ Accumulation of low temperature, high annual precipitati
horizon) Organic matter amounts, soils high in soil moisture, a
(OM), humus /or litter from coniferous trees favor ¢
accumulation of OM
Black(subsurface Accumulation of
horizon) manganese Parent

material (e.g. basalt
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Bright-light Eluvial horizon (E| In environments where precipitation
horizon) evapotranspiration there is leaching
sequioxides, carbonates, and silicate cli
The eluviated horizons consist mainly

silica.
Yellow to reddish Fe’* (oxidized iron) | Well-aeratedsoils
Gray, bluishgreen Fe* (reduces iron) | Poorly drained soils (e.g. subsurface lal

with a high bulk density causes wa
logging, or a very fine textured soil whe
permeability is very low), anaerob
environmental conditions.

White to gray Accumuation of | In arid or subhumid environments whe
salts the evapotranspiration > precipitation th¢
is an upward movement of water a
soluble salts in the soil.

White to gray Parent material
marl, quartz.

Soil color is usually registered lgomparison of a standard color chart (Munsell Book or
Colors). The Munsell notations distinguish three characteristics of the color, Hue, value, and
chroma.

U Hue: It is the dominant spectral color, i.e., whether the hue is pure color such as yellow,
red, geen, or a mixture of pure colors.

U Value: It describes the degree of lightness or brightness of the hue reflected in the
property or the gray color that is being added to the hue.

U Chroma: It is the amount of a particular hue added to a gray or the refainty of the
hue.

3.3 The Munsell Soil Colour Chart

The Munsell Soil Color Charts is an affordable way to evaluate the type of solil that is present
within a given area. The book is set up to allow users to make soil color evaluations in the
field quickly and easily. The soil classification system that has been developed around the
Munsell color system is an established and accepted process to assign a soil type. This
classification system has been used in the United States for more than 55 years tbeaid in
management and stewardship of natural resources. Through the use of the Munsell Soil Color
Charts, practitioners from a wide range of professions can share reliable and consistent
information about the color of soils at a particular site with colleaganywhere around the
world. The Munsell Soil Color Charts are used by a variety of industries and professions such
as universities and high schools, forestry, forensics, environmental and soil science, building
and contracting, landscaping, real estagalth departments, geology and archaeology.

The following pages are included in the Munsell Soil Color Charts:
Munsell 10R Soil Chart, Munsell 10YR Soil Chart, Munsell 2.5Y Soil Chart, Munsell 2.5YR
Soil Chart, Munsell 5Y Soil Chart, Munsell 5YR Soil ChaMunsell 7.5YR Soil, 10¥ 5GY
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Colors- Olive greens Soil Chart, Gley 1 & 2 (Separate Charts) Soil Charts, Munsell 5R
Individual Soil Chart, Munsell 7.5R Individual Soil Chart, White Page, 7.5R, 10YR, & 2.5Y.

Soil Color-Munsell Color Chart

Fig. 6a Munsell Soil Color Cha.

Soil Color
system:
oma > color kghinessarghtness
Ex 10YR 56 s
L Lighter than
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Fig. 6b: Soil Scientist using Munsell Colour Chart to detect soil colour

The soil colours are given in the order: hue, value, and chroma. For example, 2.5YR 4/2
describes the hue 2.5YR, dagkayish brown with a value 4 and a chroma of 2. It shbeld
stressed that soil colour is dependent on soil moisture, hence if soil color is recorded also the
soil moisture conditions have to be described (e.g. soil color dry, soil color wet). In the upper
mid west and other humid areas, colors are conventjoretbrded moist. This convention

may differ in other climatic regimes.

Many soils have a dominant soil color. Other soils, where soil forming factors vary
seasonally (e.g. wet in winter, dry in summer) lend to exhibit a mixture of two or more
colors. Wha several colors are present the temmottling or redoximorphic features

(RMF) is used. In such a case, several soil colors have to be recorded, where the dominant
color is first, following by a description of the abundance, size, and contrast of the other
colors in the mottled pattern. Mottling/RMFs are described by three characteristics: contrast,
abundance, and size of area of each color.

Redoximorphic features me a color pattern in a soil due to loss (depletion) or gain
(concentration) of pigment comeal to the matrix color. H is formed by oxidation I
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reduction of Fe and/or Mn coupled with their removal and translocation or a soil matrix color
controlled by the presence or*:eRMFs are described separately from other mottles or
concentrations! Basedon the Field Book for Describing and Sampling Soils
(Schoeneberget al, 1998) RMFs are described in terms of kind, color & contrast, quantity,
size, shape, location, composition &hardness, and boundary. RMFs occur in the soil matrix,
all or beneath theusface of peds, and as filled pores, linings of pores, or beneath the surface
of pores.

Mottles are areas of color that differ from the matrix color. These colors are commonly
lithochromic or lithomorphic attributes retained from the geologic sotatteer than from
pedogenesis. Mottles exclude RMFs and peel & void surface features (e.g. clay films). Based
on the Field Book for Describing and Sampling Soils (Schoenele@erl 998) mottles are
described in terms of quantity, size, color & contrasbjsture state, and shape. Example:
Few, medium, distinct, reddish yellow (7.5YR 7/8), irregular mottles.

However, a variety of other features in a horizon may have colors different from the matrix,
such as infillings of animal burrows (krotovinas), ctaatings (argillans) and precipitates of
calcium carbonate. In all instances where specific soil features are described, the shape and
spatial relationships of the feature (i.e.., where is it located, on a ped face, in the matrix ...) to
adjacent featureshould be described in addition to its color, abundance, size and contrast.

Table 3: RMFs/Mottles in Soils are described in term of Abundance, Size, and Contrast

Abundance | Abbreviation % of the Exposed Surface

Few f <2

Common c 21 20

Many m 2071 40

Very many Y > 40

Size Abbreviation Diameter (mm)

Fine 1 <5mm

Medium 2 57 15 mm

Coarse 3 > 15 mm

Contrast Abbreviation Visibility

Faint F Difficult to see, hue, and chroma
matrix and mottles closely related

Distinct D Readily seen, matrix ananottles
vary 117 2 hues and several units
chroma and value

Prominent P Conspicuous, matrix and mottls
vary several units in hue, value, &
chroma

4.0CONCLUSION
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Color development and distribution of color within a soil profile are part of weathémg.
rocks containing iron or manganese weather, the elements oxidize. Iron forms small crystals
with a yellow or red colour; organic matter decomposes into black humus, and manganese
forms black mineral deposits. These pigments paint the soil into diflevknirs we observe

in the soil.With a soil color book with Munsell notations, a science student or teacher can
visually connect soil colors with natural environments of the area, and students can learn to
read and record the color, scientifically.

5.0SUMMARY

The Munsell notations distinguish three characteristics of the color, Hue, value, and chroma.
Hue is the dominant spectral color, i.e., whether the hue is pure color such as yellow, red,
green, or a mixture of pure coloMalue describes the degreof lightness or brightness of

the hue reflected in the property or the gray color that is being added to tHehhoma is

the amount of a particular hue added to a gray or the relative purity of the hue.

6.0 Tutor-Marked Assignment
1. Mention and explaithe three major characteristics upon which is described
2. What do you understand by Redoximorphic features/mottles in soil émimation?
3. Who can use the munsellcolour chart? Briefly describe the munsellcolour chart and
how it is used
4. In tabular formmention Soil Colours as well as its associated soil attributes
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UNIT 4: SOIL TEXTURE
1.0INTRODUCTION

Soil iscomposef three important primary particles namely; sand @2 mm), silt (0.02

0.002 mm) and clay (<0.002 mm). These particles are usually clustered together to form
secondary particles or aggregates. They also bind themselves togetherdal@mrganic

matter and other minerals in different proportions to form different types of soil such as
loamy soil which contains 40% sand, 40% silt and 20% clay. Sand feels gritty between
fingers and the particles are generally visible to the naked eye= Soil particles are
relatively large, their pore spaces between them are wider and promotes faster drainage of
water into and out of the soil profile and exchange of gases with the atmosphere. Silt particles
are smooth and silky like flour having snealpores between them and can retain more water
for a longer period of time. The clay particles have a larger specific surface area and higher
capacity to absorb water and other substances. Clay particles feel sticky or plastic when
rubbed in between finge under moist condition. There are three major methods of
determining soil texture of the soil. The feel method, hydrometer method and pipette method.
While the feel method is usually employed under fieldirrsitu analysis condition,
hydrometer and pipette methods are employed in a laboratory analysis. The pipette method
has been proven to be most accurate.

2.0 OBJECTIVES

At the end of this unit, students should be able to;

1 Know what soil texture is all about
1 Know the importance of soil texture to soil fertility and productivity
1 Use the textural triangle to find out the texture of any given soil

3.0 MAIN CONTENT
3.1 Soil Textural Classification

Texture refers to the amount of sand, silt, and clay in a soil samipée distribution of
particle sizes determines the soil texture, which can be assessed in the field or by a particle
size analysis in the laboratory. A field analysis is carried out in the following way: a small
soil sample is taken, water is added to slaenple, it is kneaded between the fingers and
thumb until the aggregates are broken down. The guidelines to determine the particle class
are as following:

U0 Sand: Sand particles are large enough to grate against each other and they can be
detected by sight. Sand shows no stickiness or plasticity when wet.

U Silt: Grains cannot be detected by feel, but their presence makes the soil feel smooth
and soapy and only vesjightly sticky.
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U Clay: A characteristic of clay is the stickiness. If the soil sample can he rolled easily
and the sample is sticky and plastic when wet (or hard and cloddy when dry) it
indicates a high clay content. Note that a high organic matter cotdrdt to
smoothen the soil and can influence the feeling for clay.

Table 4: Soil Texture Classes

Soil Texture Abbreviation
Gravel G
Very Coarse sand Vcos
Coarse sand Cos
Sand S
Fine sand Fs
Very fine sand Vfs
Loamy coarse sand Lcos
Loamy sand Ls
Loamy fine sand Lfs
Sandy loam Sl
Fine sandy loam Fsl
Very fine sandy loam Visl
Gravelly sandy loam Gsl
Loam L
Gravelly loam Gl
Stony loam Stl
Silt Si
Silt loam Sil
Clay loam Cl
Silty clay loam Sicl
Sandy clay loam Scl
Stony clay loam Stcl
Silty clay Sic
Clay C

A variety of systems are used to define the size ranges of particles, where the ranges of sand,
silt and clay that define a particle class differs among countries. In the U.S. the soil texture is
classified based on the U.S.D.Aistem. The classification or particle sizes are as follow:

I. Sand (20.02 mm),
il. Silt (0.027 0.002 mm) and
iii. Clay (<0.002 mm)
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Soil texture in the field is determined using a texture triangle (Figure 9). For example, a
particle size distribution of 33 % clag3 % silt, and 33 % sand would result in the soll
texture class O6clay | oamb.
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Figure 7: Triangular Diagram of Soil Textural Classes (USDA Triangle).

Particles greater than 2 mm are removed from a textural soil classification. The presence of
larger parttles is recognized by the use of modifiers added to the textural class (e.g. gravelly,
cobbly, stony) (Table 5 and 6).

Table 5: Terms for Rock Fragments

Shape and Size (mm) Adjective
Spherical and Cubelike: XXX

2175 Gravelly

215 Fine gravelly
57 20 Medium gravelly
201 75 Coarse gravelly
7571 250 Cobbly

2501 600 Stony

> 600 Bouldery

Flat:

21 150 Channery

15071 380 Flaggy

38071 600 Stony

> 600 Bouldery
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Table 6: Modifier for Rock Fragments

Rock Fragments by Volume (%) Adjectival Modifier

<15 No modifier

157 30 Gravelly loam

307 60 Very flaggy loam

> 60 Extremely bouldery loam

3.2 Significance of Soil Texture

The fine and mediurextured soils (e.g. clay loams, silly clay loams, sandy silt loams) are
favorable from an agricultural viewpoint because of their high available retention of water
and exchangeable nutrients. In fine pores the water is strongly adisariperes but not
available for plants, i.e. cohesion and adhesion water occupy the micropore space and they
are retained in soil by' forces that exceed gravity. In medized pores the available water
content is high, whereas in macropores water isemagakly held and percolation is high
(gravitational water). In silty soils the distribution of macropores, medized, and fine

pores is optimal relating to available water content.

3.3 Importance of Soil Texture

1. The structure of the soil is an important parameter in determining the physical fertility
of the soil which is a function of texture. The fine textured soil has a more stable
structure with plenty of micrpores which helps retain more water and lessnaihe
soil, but coarse textured soils have more mgmes which allows water pass through
it very fast.

2. The finer textured soil retains more nutrients on their surfaces through adsorption
thereby reducing losses by leaching. The cation exchange capfitity soil which is
a very important tool in determining the availability of nutrients to plants is a function
of texture.

3. The workability of the soil is a function of soil texture. The heavier or lighter a texture
is will determine the amount of energgquired to cultivate the soil.

4. Most soil physical and chemical properties of the soil are a function of soil texture,
either directly or indirectly

5. Soils with finer particles gets waterlogged during excessive rains or irrigation and
leads to aeration s8g to plants with the result that they are not able to take up water
and nutrients which are present in the soil in sufficient amounts

3.4 How Textures Relates with Soil Fertility






