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1S : 5510 - 1969
Indian Standard

GUIDE FOR SOIL SURVEYS FOR
RIVER VALLEY PROJECTS

0. TOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Insti-
tution on 2 December 1969, after the draft finalized by the Preliminary
Investigation and Collection of Data Sectional Committee had been ap-
proved by the Civil Enginecring Division Council.

-0.2 Soils differ widely from place to place. Soil surveys are, therefore,
carried out to determine the nature, distribution and extent of different
soils existing in various regions. Since the type of cultivation and the
managenient practices for eflicient agriculture depend on the naturc of the
soil and in order to cultivate scientifically, it is cssential to determine
various factors, such as the nature of the soil with respect to its moisture

retentivity, requirement of water and fertilizers and type of crop most
suitable for a particular soil.

0.3 Propertics of soil may change after the introduction of an irrigation
.system in the region due to the dcvelopment of salinity, alkalinity, water
logging, etc. An exhaustive soil survey should, therefore, be conducted
during the planning stage of a river valley project with particular emphasis
to the suitability of soils for irrigation, reclamation, drainage and also in
command areas where water is to be used for irrigation after impounding
in a reservoir or running a canal.

0.4 Soil swrveys of the catchment and command areas help in formulating
measures for mitigating resevvoir siltation, prevention of soil erosion and
suggesting remedial measures for drainage and water logging problems.
Soil surveys should provide for examination of the physical, chemical and
engineering properties of thc soil. From agricultural point of view the
studies help in determining the availability of plant foods in the soil and
the nced for correcting the deficiencies. Thus, soil surveys furnish informa-
. tion required not only for agricultural purposes but also for reclamation
and conservation purposes and for engineering construction activities, like
the highways, railways, etc. In this guide it is intended to describe briefly
the general principles or guidelines as regards to soil surveys that are
carried out for river valley projects. For detailed procedures the-“Soil sur-
vey manual (revised )’, published by the Al India Soil and Land Use
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1S : 5510 - 1969

Survey Organization may be referred. For conducting rapid pre-irrigation
soil survey to determine the feasibility of a river valley project the
“Manual for pre-irrigetion soil survey, volumes 1 and I1°, published by
the Central Water and Power Commission (Water Wing ), may be
referred.

0.5 In the formulation of this standard due weightage has been giver to
international co-ordination among the standards and practices prevailing
in different countries in addition to relating it to the practices followed in
the field in this country.

0.6 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, expres-
sing the result of a test or analysis, shall be rounded off in accordance with
1S : 2-1960*. The number of significant places retained in the rounded off
value should be the same as that of the specified value in this standard.

1. SCOPE

1.1 This standard lays down the guidelines for carrying out soil surveys
for river valicy projects.

2. TERMINOLOGY -

2.0 For the purpoze of this standard, the definitions given in IS : 2809-1964t
and the following definitions shall apply.

2.1 Acid Soil — A soil that gives an acid reaction ( below pH 7-0).

2.2 Alkali Soil — A soil which has either so high a degree of alkalinity
(#H 85 or higher) or so high a percentage of exchangeable sedium (13
percent or higher ESP ), or both, that the growth of most crop plants is
reduced.

2.3 Base Status — The extent to which a material or soil component
( clay or humus ) is saturated with exchangeable bases ( cations ) other
than hydroger.. This is expressed as a percentage of the total base or cation
exchange capacity of the material.

2.4 Class — A group of soils having a definite range in a property or

attribute, such as acidity, slope, texture, structure, land capability, degree
of erosion, or drainage.

2.8 Classification — The asignment of ‘ohjects or units to groups within
a system of categories distinguished by their properties. In the classification

*Rules for roundirg off numerical values ( revised ).
tGlossary of terms and symbols relating to soil mechanics.
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of soils. the fundamental unit is a soil type. Similar soil types are
grouped to form a series. Series are grouped into families, families into
great soil groups, these into suborders, and suborders into orders (of
which there are three : zonal, azonal and intrazonal).

2.6 Land Classification — The classification of units of land for the pur-
pose of showing their relative suitabilities for some specific use.

2.7 Mapping Units — Classificational unig§ that are shown on the maps.
The kind of such units shown on the maps depends upon the scale of
maps. In reconnaissance surveys these units may be series or association of

series, while in detailed surveys they will include types and ohases of such
soils.

2.8 pH Soil — An index of the acidity or alkalinity of a soil in terms of
the logarithm of the reciprocal of the hydrogen ion concentration.

2.9 Ped -— An individual natural soil aggregate. Refers to aggregate of
primary soil particles into compound particles which are’ separated from
adjoining aggregates by surfaces of weakness.

2.10 Photo Tone — Relative intensity .of the darkness of the photo images
and their shades on the photographs.

2.11 Soil Horizon — Onec of the layers of the soil profile, distinguished
principally by its texture, colour, structure and chemical content.

2.12 Soil Monolith — Refers to soil profiles collected in an undisturbed
manner to act as visual aids in soil study and identification or for display.

2.13 Soil Morphology — The constitution of the soil body as expressed
in the kind, thickness and arrangemcnt of the horizons in the profile, and
in the texture, structure, consistence, porosity and colour of each horizon.
In other words, soil morphology is the property of the soil body or any of
its parts.

2.14 Soil Phase — The sub-division of a soil type having variations in
characteristics not significant to the classification of the soil in its natural
landscape, but significant to the use and management of the soil. Exam-
ples of the variations recognized by phases of soil types include difference
in slope, stoniness and erosion.

2.15 Soil Profile — Vertical section of a soil, showing the nature and
sequence of the various layers, as developed by deposition or weathering
or both.

2.16 Soil Series — A group of soils that have soil horizons similar in
their differentiating characteristics and arrangement in the profile, except
for the texture of the surface soil, and are formed from a particular type
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18 : 5510 - 1969

of parent material. Soil series is an important category in detailed soil
-classification.

2.17 Soil Types — A subgroup or category under the soil series based on
the texture of the surface'soil. A soil type is a group of soils having hori-
zons similar in differentiating characteristics and arrangement in the soil
profile, and developed from a particular type of parent material. The
name of a soil type consists of the name of the soil series plus the textural
class name of the surface soil. Thus, Ooty silt loam is the name of a soil
type within the Ooty series.

2.18 Taxonomic Soil Unit — Refers to unit of classification related to
soils, These could be ‘soil series’ or ‘soil types’.

2.19 Water Table —- The upper surface of ground water; elevations at
which the pressure in the water is zero with respect to the atmospheric
pressure.

3. STANDARD SOIL SURVEY

3.1 Use of Base Maps — Standard soil surveys may be carried out at
varying intensities depending on the nature of utilization of the soil. Map-
ping may be done on varying scales and the mapping legends vary from
narrowly to broadly defined units. Soil morphology shall be given utmost
consideration in mapping differentiated soils. Soil survey shall be carried
out making use of base maps on scales ranging from 1: 50 000 to 1 : 4 000.
The smaller scale maps are the Survey of India topographical maps and
the large scale maps are cadastral village maps. Air photographs in scales
of 1: 15000 to 1:60000 as available may be used as base maps since they
help to increase accuracy of observations and location of soil boundaries
and other features, besides helping to speed up the work. The choice of
scale of base maps used shall depend upon the type of survey which in its
turn will reflect the purpose and objective of the survey.

3.2 Type of Data to be Collected — The topographic and vegetlation
condition of the terrain should be noted. Soil samples on both profile and
surface hasis should be collected for laboratory examination and confirma-
tion of the field observations. The soil samples for laboratory examination
of engineering properties shall be collected in accordance with IS:2132 -
1963*.

3.2.1 The pH value, available and total plant nutvients, base status,
soluble salt contents, permeability and other erigineering properties may
be determined for interpretation of the hchaviour of the soils under
varied uses.

*Code of practice for thin-walled tube sampling of soils.
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16 : 5510 - 1969
4. TYPES OF SOIL SURVEYS

4.1 Rapid Reconnaissance Survey — In the case of all projec: planning
including irrigation projects, the feasibility studies require general infor-
mation regarding the soil conditions, terrain features, and other disadvan-
tageous features which militate against the success of the project. For such
purposes a rapid reconnaissance survey, combined with studies on the soil
characteristics may be adequate. In such surveys base maps in the scales
ranging between 1 :60000 and 1:250 000 may be adequate for the pur-
pose. The soil sampling shalil be limited to studies on the variability of the
soils, their depth characteristics, the occurrence of harmful factors, like
salinity, alkalinity, etc, and delineation of the approximate extent of these
features. The soil map prepared from such a rapid reconnaissance survey
should indicate the extent and limits of the above features and such other
observations that may be made to suit the requirements-of such a survey.

4.2 Reconnaissance Survey — Reconnaissance soil surveys help to fix
the nature of soils occurring in the area and also to determine the areas
suitable for more intensive development or to recognize the areas which
require attention or amelioration because of their suffering from ercsion,
salinity, alkalinity, and such factors affecting their use. Reconnaissance
surveys shall furnish the information to precede detailed surveys. The scale
of mapping shall be 1:50000 ‘using topo sheets of the Survey of India as
base maps. The field work shall involve studies of soil profiles at intervals
of 3 to 6 km or shorter intervals depending upon the soil heterogeneity.
Auger sampling for every 025 to 1 km shall be carried out to study the
variations in profile characters. Profiles showing similar horizon characters
within narrowly defined limits may be grouped together into ‘series’. The
‘series’ shall form the unit for mapping of soils in this type of survey. The
soil series may be named after the place (location, village or town ) near
where the typical soil profile representative of the series was first recogni-
zed or described. The determination of soil ( “series’ or the ‘association of
series’ ) boundaries in such surveys may be made partly by traversing and
largely by extrapolation.

4.3 Detailed Survey — In this type of survey, maps in adequately large
'scale may be used to permit demarcation of soil phases and details of soil
and terrain. In this type, the mapping units are narrowly defined to indi-
cate variations in surface texture, soil depth, erosion, salinity, alkalinity,
slope features or any other factors significant for land use or land develop-
ment. Cadastral maps with village as a unit may be used. Aerial photo-
graphs in the scale of 1:.10 000 to 1: 15000 may also be used. Studies of
soils shall be similar as in reconnaissance survey, but at much closer in*
vals. Also the boundary delineated should be made by close traverse.

6
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5. SOIL MAPS

5.1 Use of Soil Maps — A soil map is prepared after a soil survey and
is intended to show the distribution of soils, their types and other mapping
units decided upon. From such soil maps, interpreted single characteristic
maps, or land use maps or maps showing engineering properties may bhe
prepared. The single-characteristic maps may include such properties as
slope, erosion, nutrient status, salinity, drainage, etc.

5.2 Equipment — The following are some of the important equipment
that may be required for soil survey:
a) Augers of various types;
b) Tape, spade, pick-axe, etc;
c) Abney level;
d) Compass;
e) Lables, bags for collecting samples;
f) Munsell colour chart;
g) Base maps and field note books;
h) Indicators for pH measurement and hydrochloric acid;
1) Soil monolith boxes, such as
1) macromonolith ( wooden frame 150 x 15X 7°5 ¢cm ); and
2) micromonolith ( plywood boxes with adjustable partitions
30x75x375 cm).

6. METHODS OF SOIL SURVEY

6.1 Traversing for Reconnaissance Soil Survey — The field operations
include preliminary study of the soils of the area, the preparation of the
mapping legend and identification of the soils. The mapping unit in this
case is the soil series. In areas of complex geological formation and in
highly undulating terrain where soil characters change abruptly within
small distances, the delineation of boundaries between different identified
series becomes a matter of difficulty, and their mapping as separate units
presents cartographic difficulties. In such situations, it is necessary to deli-
neate them in ‘associations’ of series. The reconnaissance soil survey
should be carried out on topo sheet (1:50 000) of the Survey of India or
similar base maps, including air photographs.

6.1.1 Soil profiles may be located at intervals of 3 to 6 km depending

upon soil heterogeneity and these should be examined. Soil monoliths
should be collected for typical profiles for record and correlation purposes,
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The traverses for identification of soils and for plotting boundaries may be
spaced at greater intervals than in the detailed soil surveys. Under certain
conditions of field work, especially in pre-irrigation surveys the adoption
of grid method for locating the augering sites may be useful. Grid squarés
of extent ranging from 1 to 8 km* depending upon the nature of terrain
may be suitable. During traverses for marking boundaries of soil units,
the available roads and paths should be followed. Observations in regard
to depth, texture and terrain feature shall be recorded at every 1 km, and
such observations may also be made at 0-25 to 0-5 km.

6.2 Traversing for Detailed Soil Survey — The reconnaissance survey
should precede a detailed survey, as this furnishes adequate basic infor-
mation about the nature and kind of soils -occurring in an area and
adequate background information becomes available in respect of the
problems of erosion, cropping and their relationship with the utilization
of soil and land resources. Detailed survey aims at bringing out details in
respect of soil and terrain features and such comprehensive data could
be used for proper interpretation to guide different technical classifications,
including engineering properties.

6.2.1 The mapping legend is narrowly defined which includes the taxo-
nomic soil unit (series), the surface texture, soil depth, slope and erosion
features of the terrain. The base maps used in such surveys may be of
scale 1:15000 to | : 4000. These may be cadastral maps or aerial photo-
graphs.

6.2.2 In proceeding with the operations of the detailed soil mapping,
the field party should traverse the land on foot and depending on soil
heterogeneity examine auger samples at intervals of 100 to 200 m. The
profiles for detailed soil examination should be located at intervals of 1 to
2 km or where changes of soil are noted. The delineation of soil bounda-
ries demarcating soil units should be made in the field with reference to
fixed points on the map. Additional information, like drains, NULLAS, sand
dunes, wet spots, etc, should be indicated on the map by conventional
symbols.

6.2.2.1 The soil boundaries should be drawn through observations
made continuously in the course of the traverse.
6.3 Field Party for Soil Survey — A field party should consist of the
following: ,

a) Soil surveyor,

b) Field assistant,

¢) Tracer,

d) KHALASI, and

¢) Jeep driver (with a jeep).
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6.3.1 Rates of Field Work by Reconnaissance and Delailed Survcys — In plain
areas, a field party should cover per day about 4 km?® by reconnaissance
survey or about 800 km* for a working year of 200 field days. In respect
of detailed survey a party should cover 0-8 km? per day in plain areas
and about 0-4 km? in hilly terrain. Thus, the annual outturn may be
160 km? in favourable terrain and only 65 to 80 km? in difficult terrain.

7. SOIL CHARACTERISTICS

7.1 In a soil survey the following characteristics of the soil shall be deter-
- mined and recorded horizon-wise:
a) Soil reaction (pH),
b) Carbonate content,
c) Soil texture,
d) Soil colour,
¢) Soil structure,
f) Soil consistency, and
g) Cementation.

7.2 Seoil Reaction — Soil reaction is an 1mpo_tant characteristic in so
studies because of its intrinsic importance in various phases of soil develo
ment. It has a large influence on microbiologic activities, availability and
uptake of various plant nutrients, and the reaction of armhed fertilizers
to the soil. The mtcnsny ‘of soil amdxty or alkalinity is expresscd as pH
value. A pH value of 7 implies neutral characteristic. Values lower than 7
indicate acidity and hmher ones alk_a!lmrv Soils with pH value round
about neutralnty are usually the best for agncujtural purposes. The pH
v&ue shall be determined in accordance with IS:2720 ( Part XXVI)-
1967%.

7.2.1 Ranges of pH values are classified as follows:

q =

pH Value +H Value

a) Extremely acidic  below 4-5 f} Neutral 6:6-7-3
b) Very strongly acidic 4-5-5-0 ¢) Mildly alkaline 7°4-7-8
c) Strongly acidic 5-1-55 h) Moderate alkaline 7-9-8-4
d) Medium acidic 56-6-0 j) Strongly alkaline 8:5-9'0
e) Slightly acidic 6-1-6'5 k) Very strongly 9-1 and
alkaline higher

7.2.2 In the field pH value of soil may be determined by the colorime-
tric method. Indicators that have different colours at different pH values are

*Methods of test for soils: Part XXVI Detcrmination of pH value.
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commonly used in the field. The indicators commonly -used and their pH
ranges arc as follows:

Indicator pH Range
Brom-cresel green 3-8-56
Chlorophenol red 5:2-6-8
Bromthymol blue 6:0-7-6
Phenol red 6-8-8-4
Cresel red 7-2-8-8
Thymol blue ' 8:0-9°6

7.2.3 Universal indicator solutions may also be used for obtaining
approximate pH values.

7.3 Carbonate Content — The presence of free carbonates in the soiland
parent material shall be tested with 10 percerit hydrochloric acid conform-
ing to IS : 265-1962*. While testing very dry soil, the emission of air bubbles
should not be confused for effervestence. The reaction shall be recorded
as slight, strong, or violent effervescence. It may be noted whether the
effervescence is due to the presence of fragments of limestone, or concen-
tration of lime, or due to the fine earth itself. The calcium carbonate content
in the soil shall be determined in accordance with IS : 2720 ( Part XXIII )-
1966%. The pattern of free carbonates in the soil profile and in the parent
material is a useful criterion for deciding between soil series. Where the
presence of carbonates is doubtful or where quantitative results are

required, soil samples may be sent to the laboratory for carbonate deter-
mination.

7.4 Soil Texture — The soil classification may be made in the field by
feel of the soil with fingers and, if necessary, supplemented by examination
under a hand-lens. This requires skill and experience, but sufficient
accuracy may be obtained if the soil surveyor frequently checks his infer-
ence with that of laboratory test resuits. The feel for moist soil is different
from that of dry soil. Frequently clay particles are grouped into small hard
aggregates that give a feel of silt or sand when dry. Because of differences
in relative size within the clay fraction -itself, soil horizons of similar
total clay content vary in physical properties. Variations in the kind of
clay or other constituents give the soil hardness suggesting a high amount
of clay. The soil must be well moistened and rubbed vigorously between
the fingers for a proper classification of texture by feel. The field identi-
fication procedure for sand, sandy loam, loam, silt loam, clay loam, sandy
clay and clay is given in Appendix A.

*Specification for h\drochlm ic acid ( revised ).
tMethods of test for soils : Part XXTII Determination of calcium carbonate.

10



IS : 5510 - 1969 |

7.4.1 More dependable definitions of soil texture are those based on
grain size analysis ( mechanical analysis ) carried out in the laboratory in
accordance with IS :2720 (Part IV ) -1965% and interpreted from the
trjangular texture ciagram ( see Fig 1 ). Even while soil survey is in prog-
ress samples of soil horizons of doubtful texture should be forwarded to

the laboratory and given high priority for examination so that the results
may be sent back to the field at once to serve as guides.

i
PERCENT SAND

o
9o

Note — The upper limit of silt specified as 0°02 mm in this standard
is for classification of soils for agriculturai purposes only. For other
engineering classifications, IS : 1498-1959 ‘Classification and identification
of soils for general engineering purposes’ shall be followed.

Fic. 1 TrianGULAR TEXTURE DiacraM Basep oN FracTiONs wiTH
ErrecTivE DIAMETERS oF 0-002, 0-02 anxD 2:0 mm FoR THE UPPER
Liits oF THE CrLAY, SILT AND SAND FrACTIONS, RESPECTIVELY

7.5 Seoil Colour — Colour is the most obvious and easily determined of all
soil characteristics. From soil colour one may infer about a soil, such as its

*Methods of test for soils : Part IV Grain size analysis.
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nature, its organic matter content, state of hydration of the iron oxide, etc.
Soil colours are most conveniently determined by comparison with colour
chart. Munsell colour chait shall be used in classifying soil colours. It
consists of 2 number of colour chips systematically arranged with notations
on cards in a loose-leaf book. The -arrangement is by hue, value, and
chroma, the three simple variables that combine to give all colours. The
hue is the dominant spectral colour and a function of wavelength. Value
refers to the relative lighiness of colour and is a function of the total
gmount of light. Chroma is the relative purity or strength of the spectral
colour and increases with decreasing greyness.

7.5.1 In the Munsell colour chart, all colours in a given card are of &
constant hue, designated by the symbol in the upper right-hand corner of
the card. Verticaily, the colours become successively lighter and their
value increases. Horizontally, the colour increases in chroma to the right.
The value and chroma of each colour in the chart is printed immediately
beneath the colour. The first number is the value, and the second is the

chroma.

7.5.2 The nomenclature for soil colour consists of two complementary
systems. They are the names of colour and the Munsell colour notation.
Neither of these alone is adequate for all purposes. The Munsell notations
should be employed in all descriptions to supplement the colour names.
This affords greater precision as a convenient abbreviation in field descrip-
tions, for expression of the specific relations between colours and for
statistical treatment of colour data. The Munsell notation is useful for
international correlation, since no translation of colour names is needed.

7.6 Soil Structure — Soil structure refers to the aggregation of primary
soil particles into compound particles or clusters of primary particles.
There are four primary types of soil structures as given below:

-a) Platy — The particles are arranged around a plane, generally
horizontal.

b) Prismlike — The particles are arranged around a vertical line and
bounded by relatively flat vertical surfaces. There are two sub-

types: 1
1) Prismatic — without rounded upper ends, and
2) Columnar — with rounded caps.

c) Biocklike or Polyhedral — The particles are arranged around a point
and bounded by flat or rounded surfaces, which are casts of the
moulds formed by the faces of surrounding peds. There are two
sub-types:

1) Angular blocky — bounded by planes intersecting at relatively
sharp angles, and ’

12
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2) Sub-angular blocky — having mixed rounded and plane faces
© with vertices mostly rounded.

d) Spheroidal or Polyhedral — The particles are arranged around a point
and bounded by curved or very irregular surfaces. Spheroidal is
sub-divided into granular, relatively non-porous and crumb and
very porous.

7.6.1 Ped is a natural structural aggregate in soils ( see 2.9 ). Each type
of structure includes peds that vary in shape, and detailed soil descriptions
may require supplemental statements about the shape of the individual
peds.

7.6.1 Grade of structure represents the degree of aggregation. In the
field, grade of structure may be determined by noting the durability of
the aggregates and the proportions between aggregated material and the
rest that result when the material 'is displaced or gently crushed. Grade
of structure changes with the moistening of the soil. If grade is designated
at an unstated moisture content, it is assumed that the soil is nearly dry
or only very slightly moist, which is commonly that part of the range in
soil moisture in which seil structure is most strongly expressed.

7.6.2.1 Old road cuts are not suitable places to determine grade of
structure, but they afford a clue to the type of structure present.

7.6.2.2 The following terms are used in describing the grades of
structure:

a) Structureless — 1t represents the condition in which there is no ob-
servable aggregation or no definite orderly arrangement of natu-
ral lines of weakness. It may be said to be massive if coherent
and single grain if non-coherent.

b) Weak — It represents the degree of ‘aggregation characterized by
poorly formed indistinct peds that are barely observable in place.
When disturbed, soil material that has this grade of structure
breaks into a mixture of few wholesome peds, broken peds and
much unaggregated material. If necessary for comparison pur-
poses, this grade may be further divided as very weak and mod-
erately weak.

¢) Moderate — It represents the grade of structure characterized by
well formed distinct peds that are moderately durable and evident
but not distinct in undisturbed soil. Soil material of this grade,
when disturbed, breaks down into a mixture of many distinct
wholesome peds, some broken peds, and little unaggregated
material.

13
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d) Strong — 1t represents the grade of structure characterized by dur-
able peds that are quite evident in undisplaced soil, that adhere
weakly to one another, that withstand displacement and become
separated when the soils are disturbed. When removed from the
profile, soil material of this grade of structure consists very largely
of entire peds and includes few broken peds and little or no un-
aggregated material. If necessary for comparison, this grade may
be sub-divided as moderately strong and very strong. Examples
of strong grade of structure are in the granular type.

7.7 Soil Consistency — Soil consistency comprises the attributes of soil
material that are expressed by the degree and kind of cohesion or by the
resistance to deformation or rupture. Every soil material has consistency
irrespective of whether the mass be large or small in natural condition or
greatly disturbed, aggregated or structureless, moist or dry. Although con-
sistency and structure are interrelated, structure deals with the shape, size
and definition of narural aggregates that result from variations in the
forces of attraction within a soil mass, whereas consistency deals with the
strength and nature of such forces themselves.

7.7.1 Although evaluation of consistency involves some disturbance, un-
less otherwise stated, descriptions of consistency customarily refer to that
of soil from undisturbed horizons.

7.7.2 The various terms used in describing the property of consistency
are given in Appendix B.

7.8 Cementation -— Cementation of soil material refers to a hard consis-
tency caused by some cementing substance other than clay minerals, such
as calcium carbonate, silica, or oxides or salts of iron and aluminium. T 'y -
pically the cementation is altered little by moistening; the hardness persists
in the wet condition. Semi-reversible cements, which generally resist mois-
tening but soften under prolonged wetting; occur in some soils and give
rise to soil layers having cementation that is pronounced when dry but
become weak when wet. Some layers, cemented with calcium carbonate,

soften with wetting. The degree of cementation is expressed as given
in 7.8.1 to 7.8.3.

7.8.1 Weakly Cemented — Cemented mass is brittle and hard but can be
broken in the hand.

7.8.2 Strongly Cemented — Cemented mass is brittle and harder that may
be broken in the hand but is easily broken with a hammer,

7.8.3 Indurated — Very strongly cemented; does not soften under prolon-
ged wetting and is so extremely hard that for breakage, a sharp blow with
a hammer is required.

14
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8. STUDY OF SOIL PROFILE

8.1 After reconnaissance of *he area, a suitable si‘e representing the nor-
mal conditions prevailing in the area shali be selected for profile exami-
nation. While digging the pit, care shall be taken to expose the vertical
face to sunlight and the soil excavated from the pit shall be thrown on
either side. The pit may be 1'2 m wide and 1-8 m deep. 1In case of soils
which are very shallow with hard bedrock or high subsoil water level and
uniformity of the soil has been established by auger bores and other studies,
profiles may not be dug to the requisite 1'8 m depth. The characteristics
of the soil in the exposed profile should be studied horizon-wise and obser-
vations should be recorded.

9. CLASSIFICATION OF SOILS

9.1 After the field work is over, an expert on the subject shall study the
data collected and the information furnished in the map. He shall also
study the laboratory test results and de*narcatc the land 'lccordmg to the
nnmngs OI tne SOll survey. an }OHOW]D“ IaCIOrS \ﬂ(lll be raxcn lﬂTO‘
account in the classification of soils pertaining to an area:

P ol P
a) \4UIISl 1w lU)lUll’

b) Considerations of slope of the land;

¢) Development of the soil, such as zonal ( well developed ), intra-
zonal (more or less developed) and azonal (not well developed);

d) Soil series;

€} Type of soii;

f) Suitability of land use, whether suited for agriculiural purposes
or not ( see Appendix C ); and

g) Suitability of the soil for irrigation ( se¢ 9.2 and 9.2.1).

9.2 In the classification of soils and lands for irrigation suitability, the
following data shall be collected:

a) Effective soil depth and texture of surface soils;

b) ‘Content of coarse fragments, such as gravels, cobbles, stones,
KANKAR, etc;

o) Parmashility:
\.I E AW lll\«“”llllr 3

d) Available water holding capacity;

e) Salinity up to 1'8 m depth accordmg to the natural horizons or
for every 03 m;

f) Alkalinity determined by exchangeable sodium percentage (ESP);.

13
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oY

g) Slope of terrain;
h) Depth of water table; and

1 ) AV'H]ahlhfv of outlets for surface and su 1h-sur

9.2.1 Irrigation capability may be decided by consideration of soil charac-
teristics and land features. The criteria for classifying lands into irrigabi-
lity classes as suited to semi-arid and arid regions are given in Table 1.
In this classification, four classes { Classes 1 to 4 ) of irrigable soils/lands are
recognized. Class 5 relates to lands considered temporarily non-irrigable
but which could become irrigable with correction and amendments. Class 6
relates to lands which are not fit for irrigation ( see Appendix D).

10. MAPPING

10.1 It is essential to indicate the soil classification on a map. The follow-
ing points shall be kept in view in -this connection:
a) Whether the relative positions of the cultural features, physical
features, dramap‘e and soil hmmd__arlcs’ etc, agree to the o‘ggdctlc
control esta'bhshcd

b) ththcr sufficient number of controls have been established to

LIICLK lllC au.,ula(,y’ Ul l.llC Sdl.u ucld-llb, 411u

¢) Whether topographic features running from. one sheet to the ad-
joining sheet are in complete agreement and properly oriented.

11. AERIAL PHOTOGRAPHS AND THEIR CHARACTERISTICS
il.1 Aeriail Photographs — Aerial photographs are pictures taken by an
aerial camera fitted into a plane flying under certain specific conditions of
flight.
11.2 Types—Acrial photographs are of two main types:

a) Oblique photographs, and

b) Vertical photographs.
11.3 Characteristics of the Two Types of Photographs

11.3.1 Oblique photographs are taken with camera pointed down at an

. angle such that the longitudinal axis of the camera forms an angle of less

than 90° with the ground Although oblique photographs serve many

purposes and are useful in reconnaissance surveys as an aid to the identifi-

cation of boundaries, theyare not readily converted into maps, and are
not so satisfactory for soil mapping as the vertical pictures.

11.3.2 Vertical photograpls are taken with fixed level camera pointed
straight down from the aircraft so that the longitudinal axis of the camera

16
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TABLE 1 CRITERIA FOR CLASSIFYING LANDS INTO IRRIGABILITY CLASSES AS SUITED
: TO SEMI-ARID AND ARID REGIONS

{ Clawse 3.2.1)

SL Prorenrries Inmigasrr Soir/Laxn Crasury ProvisioNALLY NON-IRRIGABLE
No. NOX-IRRIGABLE Crass 6
A - UNOLASSIFIED -
Class 1 Class 2 Class 3 Class 4 Crass 5
e @ S} “4) ) (6) .M 8
1) * Effective soil depth (useful  More than 0em 4510 90 cm " 2250 45 cm 7510225 ¢m — Less than 75 ¢cm
to crops)
2)  Texture of surface Sandy loam to Loamy sand; Saud; clay Sand; clay ' — Any texture
clay loam in- clay ' :

3)  Soil permeability (of Jeast
permeable layer)
(see Note 1)

4} Avajlable water
capacity to
90 ¢m

holding
depth  of

5)  Coarsc fragments, such as
cobbles  and stones
greater than 75 mm size

6)  Gravel and  KANKAR
(25 to 75 mm size)

7} Rock ouicrops ( distance
apart in m)

o) Salinity (in saturation ex-
tract ) E. C. x 103
( sce Note 2)

9)  Salt afTected ( visual ),
(percent of arca aflected)

10)  Severity of alkali problem

11} Subesoil  or  substrata
drainzge characteristics

clusive

.
510 50 mm/h

12 ¢ or more

Less  than 5
percent
Less  than 15
percent

40
Less  than 4
millimhos
Less  than 20
percent

ESP less than 15
percent

Lower sub-soil is
atcly permeable

i3 10 5 mm/h;
50 to 130 mmjh

9ta 12 cm
510 15 pereent

15 to 35 percent
20

4 10 8 millimhos
\

Less than 20
percent )

ESP less than 15,

percent

at least moder-
or a permeable

03 w '3 mnvh;
130 10 250 moy/h

6109 cn

15 to 35 percent

35 10 55 percent

15

8 to 12 milli-
mhos

20 to 50 percent
ESP more than

15 percent

No moderately

Less than 03 —_
mm/h; Greater
than 250 mm/h

2t06em -

35 10 65 percent T
55 to 70 percent —
5 —_—

i2 10 16 milli- } —
mhos

20 10 50 percent : —

ESP more than —
15 pevcent

permeable  sub- —

suil or other permeable layer of

Not applicable
Less than 2 em

More than 65 per-
cent N

More than 70 per-
cent
Less than 5

More than 16
millimhos

More than 50 per-
cent

E5P more than 15
percent

Same as for Classes
Jand 4+

atleast 150 mm thickness occurs
within depth of 3 m

layer of atleast 150 mm thickness
occurs immediately below the soil
but within 3 m (sand, gravel)
12)  Soil erosion status Effects of shect and rill erosion are reflected in - cllective soil depth, available moisture holding capacity and in some
other faciors shown above, moderately or severcly gullied soils may be classified based on local experience
\

13} Slope of terrain Less than | per- 1 10 3 pereent 310 5 percent 5 to 10 percent Class 5 in- Class 6 in-
cent . cludes lands cludeslands |
which are which do
14)  Surface grading Novestrictionsor  Moderate  1es-  Moderately se-  Severe  restric- arily - not  mect
{see Note 3) very moderate trictions vete  restric- tions ”‘ "°“”P°_““:‘ Y- mew o “the T Uminis ot
restrictions tions non - irriga- mum requi-
ble, but rements for

15) . Oudlets Suitable outlets  * Suiiable outlets Suitable outlets No drainage out- the . other

irrigable

ai -ai avai ‘ai . land classes
available available available lets available ‘f'“h cOrrece land classes

16} Depth of water table More than 5 m 3todm I'5to 3m 1:3 m and below tins of ! .sux.lubl}: for ~
’ adverse irrigation or
propertics. small isola-
17y Surface drainage - — — —_ _ L ted tracts
(see Note 4 §; } ""l_h". m not suscep-
vestigations tible to de-
18)  Sub-surface drainage — — . — — . needed livery of
( s¢e Note 5) irrigation

- X : : water .

Notr | — Soil permeability, as a criteria, is not applicable 1o deep black soils because of their unique propertics. Deep black soi}!(Vcrlisnls) which
arc inherently slowly to very slowly permeable due to expanding 2 : 1 lattice type mincrals do not qualify for irrigability soil Class 1. They would gualify .
for being placed in Classes 2, 3and 4. - '

Notke 2 — For salinity determination, 1:2 soil to water ratio may be adopted and the conductivity figures ( E.C. X 103) corresponding to cach
range given in item (8) of Iable | are as below: :
Salinity in 1:2 dilutiva 1 to 1'5 miilli-
mbhos

More than 3
millimhos

2-5 10 3 milli-
mhos

Less than | milli-
mho

15 to 2-3 milli-
mhos ’

Nore 3 — The restrictions are in teims of the quantity of earthwork excavation needed  for cut :\l_ld fill. Spcciﬁca.lions in ycgard to the quantitics
would require to be developed for each area depending on the nature of cartl material and the economics of the operation required.

NoTE 4 — Surface drains involving moderate lengths of shallow drains are requited for unit arca under Classes | and 2. For Classes 3 and 4, specifi-
cations would need to be drawn up as suited for each area.

NOTE 5 — Sub-surface drains are not nceded for Classes 1 and 2, or else the lands are situated within reasonably short length of natural drainage
( NULLA orriver ). Specifications in regard to sub-surface drains will require to be drawn up for Classes 3 and 4. Class 4 may need pumping out dvainage
water,
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is perpendicular to the horizontal plane of the ground. 1In general, single
lens vertical photographs which are taken in a series of independent over-
lapping exposures are recommended for soil survey. They have convenient
size for field use and map constructions, permit of stereoscopic study, give
complete details of ground features and also have satisfactory ranges of scale.

12. AERIAL PHOTO INTERPRETATION IN SOIL SURVEY

12,1 Acoial Dhaoto Internotation This covers recaonition tdentifio
1ked ACTIAL DHROE aMLETPITIALIONR 41118 COVErs l\.\.«UblllLlUll’ IGentil-

cation, systematic analysis and classification of physical and cultural
characteristics of the carth s surface as pictured on the photographs and the

scientific deductions of the above aspects.
OWALVALLILALY ULuUuuLvLIULLILY VL ll‘.\, ATV U ﬂﬂl

12.1.1 Recognition and Identification — Air photo recognition is the direct
classification nf a directly visible nhwrr within a knm\n category upon

detection in the photo image. Photo identification is then defined as the
classification of a directly visible object or element by means of information.

12.1.2 Analysis — Analysis is the process of delineating groups of objccts
or of elements which have a separate individuality for the photo interpre-
tation.

12.1.3 Classification — Classification includes the description of the indi-
vidual objects delineated by analysis, their arrangement into a pertinent
system for use in the field investigations, aud the codification necessary to
express their system. Thus, classification establishes the identity of the
objects differentiated by analysis.

12.1.4 Deduction — Deduction is a more complicated process which is
largely based on converging evidence. The evidence is derived from partially
visible objects or from elements which give only partial indications on the
nature of certain correlative indications.

I3 T lnlintinemeg ol Aawinl DPlhatoscanwbho Qr2t CQuencraner _A arial
Afseds RARAZEALERWAVIEAD WA LFATA AR A uul.vsl.llllnB lu Dvll R ch 4 CI i
photographs are only pictures of the earth’s surface ( but not of the soil )

which is a three dimen snonal ])ICLC of landscape having specific physical,

chamical and bioclasical characteristics For mannine coils 3t 18 nacescary
cnémicar anG oD10iogical Cnaracieristics.  1'0r mapping sous, it is necessary

to study the soils 10 the entire depth to know the arrangement and charac-
teristics of the different soil horizons which reflect the overall effect of
“F“ﬁflf‘ nrocessee 'I '1" TINOWEY nhnln(n{‘c\l

nhvsical and chemical characteristics
SCnCUC Procosses. 200 motrpaocs O51Cas, paysiCa: allG Cacnlica: CaraciCrisiics

of soil profiles will help soil classification into various taxonomic and
mapping units which are shown in a soil map.

12.2.1 Since soil surveyors require data like the morphological, physical

and chemical characteristics of the different soil horizons, which are not
readily available on acrial photographs, the conventional field siudy of soil
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profiles and field investigations which are essential for soil classification and
mapping should not be by-passed by the use of aerial photo interpretations.

12.2.2 However, a large number of soil mapping units shown on a soil
map may be interpreted and estimated with a combination of photo inter-
pretation and field observations. The following soil mapping units given
in 12.2.2.1 to 12.2.2.3 may be interpreted subject to the limitations indicated
‘against them,

12.2.2.1 Suvil series — These are distinguished on the basis of internal
characteristics of the soil profile and cannot always be expected to be seen
or distinguished on aerial photographs. In some cases if they are clearly
related to any of the elements of the landscape clearly visible on air photos,
these may be identified. .

12.2.2.2 Soil slope classes ~ With adequate experience in photo inter-
pretation and Jocal knowledge of the terrain mapped, soil slope classes may

be evaluated and separated through photo interpretation and a minimum
of field work.

12.2.2.3 Soil texture — Broad variations in surface soil texture may be
discerned by the study of photo tone but the exact soil texture has to be
determined in the field. Generally, heavier the soil,  darker would be the
photo tone. But variations of air photo tone are influenced by soil colour
and scil moisture, Therefore, any deductions made from air photo tone
without a good knowledge of the local conditions of the terrain may lead
to erroneous conclusions.

12.3 Importance of Aerial Photographs in Soil Survey — In spite of
many limitations, aerial photographs are useful for soil mapping. In a
normal soil survey, majority of the observations made in the field without
air photos are needed for locating the soil boundaries, and a few. of the
observations are used to describe the soils. Although air photo interpre-
tation may have limited application in the study of the soils, it is very
useful in reducing the time spent for locating the soil boundaries which are
the most laborious and time-consuming part of the soil survey. Therefore,
once all the soil characteristics have been observed in the field, aerial
photographs and interpreiation of these photographs will help consider-
ably in the manner described in 12.3.1 and 12.3.2.

12.3.1 The aerial photographs help to locate and plot accurately the soil
boundaries. This is made possible by the several relationships existing
between soil mapping units and landscape units which are visible on air
photos and which have to be judged and established by the soil surveyor.
These relationships may be found only by experienced soil surveyor trained
in the techniques of photo interpretation.
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12.3.2 Considerable time is saved in the field by reducing the number
of observations and traverses which would otherwise be required for
locating the soil boundaries.

12.4 Approach of Photo Interpretation — Acrial photo interpretation
in soil survey should be made in an orderly and scientific manner. The
various techniques and methods used should provide data which are accu-
rate and reproducible. The two main trends of photo interpretation used
in soil survey are briefly described in 12.4.1 and 12.4.2.

12.4.1 The analytical approach of photo interpretation consists of a
systematic analysis on air photos of the individual elements of the land-
scape, such as landform, slope, drainage, vegetation and land use, visible
on the photographs and which are supposed to be related directly or in-
directly to the soil mapping units. The result is a photo analytical map
with lines and symbols indicating landscape units. This photo analytical
map serves as a guide for the preparation of a final soil map. The mapping
of the soils in the field is done in a conventional way but all the photo
interpretation lines which during the field investigations are found to be
useful soil boundaries shall be examined in detail. The photo analytical
map should be converted by subsequent field work and necessary correc-
tions and additions of soil data should be incorporated into final soil map.
This approach is useful particularly in the case of detailed soil survey.

12:4.2 The physiographic approach would be where the terrain is
analyzed and classified making use of the science of geography, geomor-
phology and geology. This approach requires thorough knowledge-of these
sciences and is useful in the case of reconnaissance soil survey.

12.5 Photo Material Required for a Soil Survey

12.5.1 The photo material required for a soil survey shall be as follows:
a) Copies of the photo index,
b) One set of glossy contact prints on single or double weight paper,
¢) One or two sets of semi-matt or matt contact prints on double
weight paper,
d) For detailed soil survey, sometimes one set of enlargement of

alternate photographs on semi-matt or matt on double weight
paper may be required ( see Note ),

e) One set of glossy photo mosaic on double weight paper at the
scale of contact prints ( see Note ), and

f) Some semi-matt or matt photo mosaic on double weight paper at
the scale of contact prints.

Notke — The glossy contact prints are for stereoscopic study. The semi-matt or

matt prints and the semi-matt or matt mosaics are used in the field. The glossy mosaic
18 used for the final soil map.
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12.6 Instruments Required for Photo Interpretation — The instru-
ments which will be needed for photo interpretation are as follows:

a) Pocket stereoscopes;

b) Mirror stereoscopes with parallax bar;

¢) Scanning stereoscope;

d) Sketchmaster;

~Y D A1 18

C) L\aulal llllc PIU

f) Simple instruments for the construction of planimetric map from
aerial photographs; and

g) Simple measuring devices, such as perspex scale and dot counter.

APPENDIX A
(Clause 7.4)
FIELD IDENTIFICATION OF SOILS BY FEEL
A-1. DETAILS OF IDENTIFICATION

A-1.1 The method for identification of soils by feel is described in A-I.1.1
to A‘lol 7-

A-111 Sand — Sand is loose and single-grain, The individual graing
may be readlly seen or felt. Dry sand may be held in hand under pressure
and when this pressure is released, the grains fall apart. Moist sand may
stav even after release of pressure, bl_l_f will crumble if touched or

disturbed.

A-1.1.2 Sandy Loam — A sandy loam is a soil containing greater pro-
portion of sand but which has enough silt and clay to make it somewhat
cohesive. The individual sand grains may readily be seen and felt.
Squeezed when dry, it will form a-cast but will readily fall apart. But if
squeezed when moist, a cast may be formed that will endure careful
handling without brcaking.

Vi v\nr a ralatirale acvan mi
s <@ l\olallv\-ly CVYLIL lll‘A

It is mellow, somewhat gr ty to
astic. Squeezed when dry, w

A 1172 Tonm _ A lanm ig
LR Lo Mood Livains 421Ul 10

different grades of sand, silt and
feel, yet fairly smooth and slightl

t‘......n....4d»k o211 andie .-l‘ ndd :
form n cast that will endure carefu] handling. When squeezed mois

cast furmed may be handled quite frecly without breaking.

f==1

1

o =

....*<
e
g{?—-% 5‘

+
1%

A-1.1.4 Silt Loam — A silt loam is a soil having a moderate amount
of the fine grades of sand and only a small amount of clay; oéver half of

22



15 : 5510 - 1969

the particles being silt. When dry it may appear cloddy ( often crumbly )

but the lumps may be readily broken and when pulverized it feels sofu.

When wet the soil readily runs together and puddles. Either dry or moist

it will form casts that may be handlcd freely without breaking but when
cqnep'n-rl between thumb and finger, it will not ribbon but will D‘IVP a

wLLLLL S poiit 4] 1uilly alic LRAask 2103 292040

broken appearance.

A-1.1.5 Clay Leam — A clay loam is a fine textured soil which usually
breaks into clods or lumps that are hard when dry. When the moist soil
pinched ouc between the thumb and finger it will form a thin ‘ribbon’
which will break readily, barely sustaining its own weight. The moist soil
is plastic and will form a cast that will bear much handling. When
kneaded in the hand it does not crumble readily but tends to woik into a
heavy compact mass.

A-1.1.6 Sandy Clay — This is a mixed type of soil in which the sand and
clay fractions will be in equal proportions. When dry the soil forms
irregular clods which are quite hard and do not easilv break or crumble.

When wet it becomes plastic but no ribbon will be formed when pinched

between the thumb and fingers. The soil gives a distinctly gritty and
sticky feeling.

A-1.1.7 Clay — A clay is a fine textured soil that usually forms very
hard lumps or clods when dry and is quite plastic and usually sticky when
wet. When the moist soll is pinched out between the thumb and fingers
it will form a long, flexible ‘ribbon’. Some fine clays, very high in colloids
are friable and lack plasticity under all conditions.

APPENDIX B
( Clause 7.7.2)

TERMS RELATING TO CONSISTENCY

B-1. DETAILS OF TERMS

B-1.1 Consistency When Wet — C()nelsten(\ when wet 1s determined at

or slightly -above field capacity and is expressed either in terms of stickiness
or plasticity.

B-1.2 Stickiness — Stickiness is the quality of adhesion to other objects.
For field evaluation of stickiness, soil material is pressed betwezen thumb

and finger and its adherence noted. Degrees of stickiness are described
mB—lleoBlZ4
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B-1.2.1 Non-sticky — After release of pressure, practically no soil material
«dheres to thumb or finger.

B-1.2.2 Slightly Sticky — After pressure, soil material adhcres to both
tzumb and finger but comes off rather clearly.

B-1.2.3 Sticky — After pressure, soil material adheres to both thumb and
finger and tends to stretch.

B-1.2.4 Very Sticky — After pressure, soil material adheres strongly to
both thumb and forefinger and is decidedly stretched when they are
separated.

B-1.3 Plasticity — Plasticity is the ability to change shape continuously
under the influence of an applied stress and to retain the impressed shape
on removal of the stress. For field determination of plasticity, roll the soil
material between thumb and finger and observe whether or not a wire or
thin rod of soil may be formed. The degree of resistance to deformation
at or slightly above field capacity is expresscd as given in B-1.3.1to B-1.3.4.

B-1.3.1 Non-plastic — Soil cannot be drawn into a wire form,

B-1.3.2 Slightly Plastic — Soil may be drawn into a wire form but soil .
mass is easily deformable.

B-1.3.3 Plastic — Soil may be drawn into a wire form but moderate
pressure is required for deformation of the soil mass.

B-1.3.4 Very Plastic — Soil may be drawn into a wire form but much
pressure is required for deformation of the soil mass.

B-1.4 Consistency When Moist — Consistency when moist is determined
at a moisture content approximately midway betw en air dry and field
capacity. At this moisture content, most soil mate ‘als exhibit a form of
comsistency characterized by (a) tendency to break into smaller masses
rather than into powder, (b) some deformation prior to rupture, (c) absence
of brittleness, and (d) ability of the material after disturbance to join again
when prcsscd together. The resistance decreases with moisture content,
anc¢ accuracy of field descriptions of this consistency is limited by the
accuracy of estimating moisture content. To evaluate this consistency,
sel=ct and attempt to crush in the hand a mass that appears slightly moist.

B-1.5 Loose -— Non-coherent.

B-1.6 Friable — Soil material crushes casily under gentle to moderate
pressure between thumb and forefinger, and joins when pressed together.

B-i.7 Very Friable -— Soil material crushes under very gentle pressure
betwcen thumb and forefinger, and joins when pressed together.
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E-1.8 Firm — Soil material crushes under moderate pressure between
thumb and forefinger but resistance s distinetl noticeable.

B-1.9 Very Firm — Soil material crushes under strong pressure barely
crushable between thumb and forefinger.

B-1.10 Extremely Firm — Soil material crushes only under very strong
pressure; cannot be crushed between thumb and forefinger and cannot be
broken apart bit by bit.

B-1.11 Consistency When Dry — The consistency of soil materials when
only dry is characterized by rigidity, brittleness, maximum resistance to
fragments with rather sharp edges, and inability of the crushed material
to join again when pressed together.

B-1.12 Soft — Soil mass is very weakly coherent and fragile, breaks into

powder or individual grains under very slight pressure. .

B-1.13 Slightly Hard — Weakly resistant to pressure, easily broken het-
ween thumb and forefinger.

B-1.14 Hard — Moderately resistant to pressure; can be broken in the

hand without difficulty but is barely breakable between thumb and fore-
finger.

B-1.15 Very Hard — Very resistant to pressure, can be broken in the
hand only with difficuliy, not breakable hetween thumb and forefinger.

B-1.16 Extremely Hard — Extremely resistant to pressure, cannot be
broken in the hand.

APPENDIX C
[ Clause 9.1, item (f) ]
LAND USE CAPABILITY

C-1. LAND SUITED FOR CULTIVATION

C-1.0 The land is categorized under four different classes as given
in C-1.1 to C-14.

C-1.1 Class I Land — This is very good land that may be cultivated
safely with ordinary good farming methods. It is nearly level land ( slope
less than one percent ) and has deep, productive, easily worked soils and
is subject to only slight erosion. It is well drained and is suited for
intensive cropping. The land is suited for a wide variety of crops. For
continued good production, these lands require the use of fertilizers, green
manure crops and crop rotation.
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C-1.2 Class II Land — This is good land that may be cultivated with
easily available practices. Some of the limitations of this class of land are
gentle slope, moderate susceptibility to erosion, moderate depth, moderate
overflow and moderate wetness. Each of these limitations requires
special methods for correction, such as contour bunding, strip cropping,
contour tillage, crop rotations that include grasses or legumes, drainage
and the application of fertilizers and manures.

‘C-1.3 Class III Land — This class of land has restricted use for cultiva-
tion. The land is moderately good and may be used for cropping
provided intensive management measures are taken. This kind of land is
characterized by one or more of the following limitations:

a) Moderate steep slope,

b) High susceptibility to erosion,

¢} Moderate overflow,

d) Slow sub-soil permeability,

e) Excessive wetness,

f) Shallow depth,

g) Hard pan or clay pan,

h) Sandy or gravelly with low moisture capacity, and
j ) Low inherent fertility.

C-1.4 Class IV Land — This class of land has very restricted use for
cultivation and needs special care in handling and management. The
variety of crops that may be grown is limited. Its cropping use is restricted
by slope, erosion, unfavourble soil characteristics and adverse climate.

C-2. 1 AND UNSUITED FOR CULTIVATION

C-2.0 The land is categorized under four different classes as given
in G-2.1 to C-2.4.

C-2.1 Class V Land — This land is not suited for cultivation but is suited
for pasture and grassland. Cultivation may not be feasible because of
one or more factors, such as wetness, stoniness or some other limitations.
T.and is nearly level and not subject to more than slight wind or water
erosion. It occurs in many swampy areas that cannot be drained easily.

C-2.2 Class VI Land — This land is subject to mcderate limitations under
grazing or ferestry use. It is téo steep, subject to erosion, shallow, wet or
dry but with careful management may be made suitable either for grazing
or foresiry. Gullies in such areas should be controlled by diversion of
water, provision of contour furrows or ridges.
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C-2.3 Class VII Land — This land is very steep, eroded, stony, rough;
shallow, dry or swampy and is recommended particularly in humid regions
only for forestry and wood land and not pasture,

C-2.4 Class VIII Land — This land inciudes such areas as marshes,
deserts, deep gullies, rocky escarpments and very steep, rough stony, barren
land. It is suited only for wild life, recreation of water-shed protection uses.

APPENDIX D
( Clause 9.2.1)

IRRIGATION CAPABILITY CLASSES
D-1. CLASSIFICATION

D-1.1 From the point of irrigation capability, soils/lands should be
classified into six classes as given in D-1.1.1 to D-1.1.6.

D-1.1.1 Class 1 - The soil is quite suitable for irrigation having good
texture, adequate depth and good available moisture holding capacity.
The soil has low salinity and alkalinity problems. The land slope and
features are favourable with the water table at satisfactory level. Drainage
conditions are satisfactory. The needs for levelling and land-forming are
minimurm.

D-1.1.2 Class 2 — Soil in this group is moderately-suitable for irrigation
farming with limited hazards. The texture of the soil is within the satis-
factory range and the soil is moderately deep. The permeability and the
available water holding capacity of the soil are moderately good. Saline
and alkaline conditions are satisfactory. The slope of land and nature of
terrain offers moderate limitations. The drainage restrictions and need
for levelling and land-forming are moderate.

D-1.1.3 Class 3 — These soils are suitable for limited irrigation and
cropping suitability is also limited. The texture of soil may vary between
extremes of sand and clay under moderate depth. Water holding capacity
is moderate. Soluble soils and exchangeable sodium are moderately high.
Internal permeability is fair. The slope of land and terrain features offer
more severe restrictions compared to Class 2.

D-1.1.4 Class 4 — The soils in this class are shallow and the texture
may range between the extremes of sand and clay. Soil permeability may
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also vary within wide range depending upon texture of the least perme-
able layer. The water holding capacity is low and the salinity is high and
the exchangeable sodium percentage is more than 13 percent. The terrain
features offer more severe restrictions which limit the use of the lands for
irrigation agriculture. Drainage difficulties are severe.

D-1.1.5 Class 5 — These include lands which will require additional
economic and engineering studies to determine tiie irrigability. Such lands
are classed as temporarily non-irrigable, pending execution of reclamation
or corrective works.

D-1.1.6 Class 6 — The specification of soil «nd terrain features fall
outside those for Classes 1 to 4. Because of the severe restrictions irriga-
tion is uneconomic or wasteful. 'These lands are to be considered as non-
irrigable because the soil and land conditions do not meet the minimum
requirements of the next higher class recognized in a particular survey.
This class may also include small areas of arable lands lying within larger
bodies of non-arable lands.

( Continued from page 1} _
Members Representing

Suri R. K. SUNDARAM Geolo gcal Survey of India, Calcutta
SHrI R. NAGARATAN, Director General, ISI Ex-oﬁicto Member )

Director ( Giv Engg )

Secretary

Suri L. RamaciaNpra Rao
s R . Ial k »d AY ror
Deputy Director { Cav Engg ), Ad1

Ad hoc Panel for Soil Surveys for River Valley Projects,

BDC 47 : P2
Convener )
SHRI A. S. CHANDRASERHARAN Central Water & Power Commission, New Delhi
Members

Dr 1. C. Dos M. Pars Conpou Central Water & Pawer Commission, New Delhi
Suwri N..C, Rawat ( Alternate ) .
Dr S. V. GoviNDpA RATAN Indian Agricultural Research Institute, New Delhi

28



Manak Bha
Telephones 431 o1 31, 3

Regional Oﬂ?ces. :

Central : Manak Bhavan
" NEW DELHJ-T{
*Eastern ;-

3310131
3311375

362499

o {31841
412442 -

412519
412916

fwestem . Manakalaya, E9 MIDC, Marol, Andheri (East) 632;1’;295
© 0 " BOMBAY 400083 |

Northern :

Southern : C. I. T. Campus,'MADRAs 600113

Branch Offices: % ; V
‘Pushpak’ Nurmohamed Shaikh Mérg,’}(ha;xbuv, : . <" [26348
AHMEDABAD ‘380001 26349
e m:gustrlal Area, 1st Stage Bangalore Tumkur Road [.38 4955
58 384956
66716

53627
33177

231083

, ~ . 63471
. 216876
218292

HEEY 62305
T s 62104
. 62117

2517

hankar Nagar Square,

ution of Englneers ( Indua) Magar, 52435
PUNE411005 i L

"Sales Office in Calcutta is at 5 Chowringhee Ap
Streat, Calcutta 700072
tSales Ofﬂce in Bombay is at Novelty ‘Chamb
Bomba’j 400007
$Sales Office’ in Bangalore ig-at Unlty Buuldmg, Naras
Bangalore 560002

- 276800
896528




	Title Page
	0. Foreword
	1. Scope
	2. Terminology
	3. Standard Soil Survey
	4. Types of Soil Surveys
	5. Soil Maps
	6. Methods of Soil Survey
	7. Soil Characteristics
	Fig. 1

	8. Study of Soil Profile
	9. Classification of Soils
	10. Mapping
	11. Aerial Photographs and their Characteristics
	Table 1

	12. Aerial Photo Interpretation in Soil Survey
	Appendix A
	Appendix B
	Appendix C
	Appendix D

	s: ( Reaffirmed 1995 )


