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DOCTION

So0il survey interpretations are prediotions of performance, not reccamenlations
for the use of soils, The best way of using a soil depends on many econcmio, sooial,
political, and sometimes even religious, considerations in addition to ths soll
sharacterietios and responses, Solil maps, soll characteristics, soil classification,
and technical groupings of soils are ilmportant in selecting a type of land use and in
classifying land. Land in the econcmlc sense, however, has many attributes other than
soil, and inclvdes the size of traots or potential tracts and their relation to water,
to other land, to transport faoilities, and to markets, Preference of the ownmer or
operator, and his rescurces in capital and skill, also play a big part in the selection
of land uses, oropping systems, or soll-management practices,

Hatural soils differ greatly from place to place. Tields of orops almost every-
whers can be improved through better soil management, but the practices needed depend
on the kind of soil.,

Farmers for many centuries have known about differences in their soils, but only
in the last few decades have they had the results of solil surveys and related studies
of soll performance. Soll classification and mapping advanced rapidly after the end of
the second world war, Soil surveys now Lave high priority in the development plans of
many ocuntries., Many soil maps of high quality are being made, and the charaoteristics
and responses of thousands of kinds of soil are being studied, tabulated, and used in
paking land-management deoisicns. Intarpretation of solls, however, can easily be
allowed to leg behind the production of eoil mapa,

A scll map has little value unless the information from it is used in farming or
in some other soll managing activity. Oood use of a soll survey requires some techniocal
guldance, and such guidanos has not always boen available to ibe ocultivators in an area
coversd by a mew soll survey. Soil classifiocation and mapping are necessarily done by
specialists., The same technical specialists who make a soll survey are best able to do
much of the work needed to study the soils and their responses to management. Too
often, however, & soll sclectist must be diverted toc make a new soil survey bofore he
has gathered and tested the faots needed to interpret one just completed. Coulter
emphasized in 1964 (8) that, espeoially in the tropios, progress in soil mapping is far
ahsad of the progress in gathering kmowledge of scil fertility. Several other factors
in pmanagement of tropical soils, such as the conservation of moisture, control of soil
temperature, maintenance of good tilth, and limitatione imposed by length of day or by
olouds, are less well understood than soll fertility. In many places ocutelde the tropics
muoh progress has been made in acil survey interpretation, but a great deal etill
remaines to be done.

4 good Boll survey must be both practical in its purpose and scientific in its
oconstruction. Nearly all socil surveys are made by agencies of governments, and unless
the resulting soll mape serve practical purposes the government may not long support the
work, Unless the mapping units are scientifically conceived, the s80il map is almost
sure to lose its usefulness aes technology advances.

Eoile are three—dimensional individual pieces of landsocapes. A soil has depth
and area, and it ocoupies a slope or a pattern of slopes. Each soil has many
characteristics, and in one way or another its charaoteristios refleot ite entire
history., PEach scil evolved in and along with ite environment, and it interacts in many
ways with its present environmwent. 3Soil scientists study solls and classify them, and
they make soil maps to show the distribution of soils of different kinde. A soil of
any kind in its partioular environment has a predictable response to management or to
any ldnd of manipulation. The Jjob of scll survey interpretation ie to predict how
the solls of a given kind respond when they are used,

This bulletin brings together some of the methods whioch have been deweloped and
tested in countries that have active programs of making and using soil surveys, and a
summary of some of the principles of soil survey interpretation., It ia mainly for the



soil scientist who is making and interpreting a soll survey, or who is re-interpreting

a scil survey already completed. Methods are suggested, with examples, for comparative
ratings of solils, capability grouping of solls for the common crops, estimating yields

of orope on different kinds of soll under defined sets of other growth factors,

groupings of soils for range and for woodland management, and use of soil maps and reports
in engineering work that involves soils as foundations or as construction material.

There are also brief discussions of solil maps for plauning, use of soil maps in appraisal
of land, and the preparation and use of general soll maps.

Soil survey interpretationes should be arranged for easy reference and use by
people who work with soils, or adviee those who work with soils, and are not especially
trained in soll science. Interpreiations generally take the form of ratings, tables,
charts, interpretive maps, and interpretive statements. The soil map shows the location
and extent of each kind of socil. The interpretations should tell an agriculturist,
foreater, engineer, or other specialist the main characteristiocs and responses of the
solls that are important in his work., The soll user generally wants to apply the moat
profitable management on each kind of soil, and good soil survey interpretations should
help him to do that,



BACKTROUND AND PRINCIFLES FOR SOIL SURVEY INTEFPRETATIONS

EKinds of Soil Survey and Soil Maps

To make a solil survey, scientists examine and classify soils in the field, loocate
soll boundaries and plot these on a map, describe the soils shown on the map, including
statements about their morphology and their important characteristics and qualities;
and finally, they interpret the map units to serve especially the purpose for which the
soll survey was made.

Soil surveys can be made at any of several levels of intensity, depending on the
nature of the area and its stage of development, the time, money, and personnel available,
and the uses that are to be made of the information (28).

Detailed soil surveys are tne most intensive. GOenerally, on a detailed soil
survey each soil boundary is plotted after observing the soll surface throughout its
course, Some exceptions may need to be made if the ground is covered with denoe
vegetation.

Detailed soil surveys are further classified according to the intensity of
coverage, which is in twrn partly reflected in the scale of the map. Soll surveys of
high intensity are made where the land is to be used 3o intensively that all the
significant soil areas need to be known. Such soil surveys may be made for development
of an irrigation project or in areas where much of the land is to be used for housing,
Soils and geologic materials to a depth of a few meters generally must be examined,

The scale of mapping is frequently 117920, and for some purposes may be even larger.
Mapping units generally are phases of soil types.

Detailed soil surveys of medium intensity are the most common kind in many
countries, Mapping units generally are phases of soll typesy but if patterns of scils
are intricate, some may need to be complexes of more than one Knd of soil. Routine examination
of the soil gemerally ends at a depth of about one meter or one and a half meters;
enough to see the solum and the material next under it, except where deeper cuts are
available., BScale of these solil maps generally ranges from 1:15,000 to 1:30,000.

Soil surveys of low intensity are often made in arid regions where grazing is
the principal use of the scils, and in mountaincus forest land., Mapping units often
are asscciations of phases of soil series., Scale of mape is likely to range from
1:30,000 to 1:60,000,

Soil surveys called semi-detailed in scme ococuntries have the characteristice of
medium to low intensity as described above. Mapping units often are phases of soil
types, tut scme may be asscciatione of defined kinds of soil, 3Scale of mapping ie
likely to range from 1:20,000 to 1:60,000. In some places where vegetation is dense,
the boundaries of mapping units cannot be observed striotly throughout their course,
tut must be extended between lines of observation cut through the bush,

Reoonnaissance soil surveys are made by observing soils and scil boundaries
along traverse lines through an area; then extending the boundaries of mapping units
between traverses after study of available mops and aeriasl photographs. Mapping units
generally are associations of phases, either of s¢il series or of classes in higher

categories,

The scale of published reconnaissance soll surveys can vary widely from around
1:62,500 to 1:500,000.

Exploratory soil surveys, resulting in schematic soil mape, are made largely by
drawing inferences and locating boundaries of mapping units after study of available
mape and information concerning the climate, vegetation, geoclogy, relief and other
factors, checked 1f poseible by iraverses through the area., Mapping units normally are
assoclations of phases of great soil groups,



Fleld soales of 111,000,000 can be used for very broad exploratory surveys, bui
that soale is too small for sketohing boundaries from field observations.

GJeneral soll mape can be made by reconnaissance or exploratory methods, by
generalization from detalled soll maps, or most commonly by & combination of the two
methods. The scale and type of mapping unit are chosen to match the uses that are to
be made of the map. In many countries, general soil maps at a scale usually between
1:100,000 and 1:350,000 are published along with the reports of detailed soll surveys
of medium or low intensity. General soll maps on a smaller scale, some at 135,000,000
or even smaller, are useful for purpcoses of general planning and geographic correlationm.

Soil Characteristios snd Qualities

Characteristics and qualities of a soll affeot its performance (16). Soil
characteristios are the items that can be seen or measured, such as thickness of a
horizon, grain size distribution, amount of organic matter, reaction, kind of clay,
content of plant mutrients, type, grade, and class of soll structure, and the capacity
to hold water. In most solls many of these characteristics differ significantly for
different horizons in the soil profile.

Soil qualities are ths results of interactions between soil characteristiocs and
soil-using practices, or between soll characteristios and the environment. Examples
are soll fertility and soil productivity. The claass of natural soil drainage, much
used as a oriterion for classification and for practical grouping of soils, ie a
quality based on visible results of interactions between solil permeabllity, changes
in position of the water table, and the amount of water that enters a msoil by infiltration
and lateral seepage. Soil qualities cannoct be measured directly, but must be inferred
from characteristics that can be seen or measured,

Any use of a soll produces changes in it. A ocultivator who plants a orop must
clear the native plants or weeds, and prepare a seedbed, Often he must supply part,
and sometimes nearly all of the nutrients that the orop needs; and remove other
placts that compete with the crop for light, water, or nutrients. On many soils he
nust remove excess water by drainage, bring water to the orop by irrigation, or control
speed of runoff water so the soil does not wash away. From many of these practices and
others, the cultivator,even though perhaps unconsciocusly, chooses Lkis level of management
in relation to the cost, his resources, and the expected responses,

A cultivator can change some soil characteristics, but in many weys he must fit
his practices to the requirements of the soll., If the native supply of plant nutrients
is low he can in many parts of the world obtain fertilizer at a cost that is more than
repaid by tho inoreased ylelds, He cannot change easily, however, the slope, soil
texture, kind of clay, depth of useful soll, water-holding capacity, or the permeability
of subsoil layers. The permanent soil characteristics and the olimate limit in many
ways the performance of a socll and largely dotermine the reaponse that it makea tc a
partioular kind and level of management,

An ideal arable soil for most crop plants has a deep rooting zone that is easily
penstrated by air, water, and roots. It holda water between rains, but ‘allows the
excess to pass through and drain away freely, It has a balancod and adequate supply
of plant nutrients, It can be kept from washing away during rains and from blowing away
during high winds. Rice has special water requireasents and tolerance, and the ideal
soll for submerged rice is nearly level or can be made so, contalne a balanced supply
of nutrients, can be flooded while the crop is growlng, and does not allow the water
to pass through and drain away too readily.

Moat solls in their natural state fall short of the ideals that have just been
described, To manage & soll for crops, the cultivator ckooses a crop that he believes
will grow well, He chooses practices that are within his means and skillas to change
such characterietice as the fertility lewel, soil tilth, and eometimes the water supply.
Other practices are chosen to occunteract effects of permanent aoll limitationsy for
example, to reduce hazards of soll erosion, soil blowing, and damage by drought.



Statementis about performance of & socil mean little unless the level of managemen?t
ie desoribed, With = high emough lewvel of inpute, almoet any use can be made of any soll,
A boianic garden near the Arctic Circle, for example,might change the environment of a
plot of moil by building a glass house and comtrolling the temperature, and might grow
bananasy but of course cannct produce the fruit at a reasonable cost, This extrems
example helps emphasize the fact that every statement about ylelds or other performance
of & Boil ham back of 1t several ecomomic assumptions, whether they are atated or not.
The asaumptions need ic be examined from time to time., FNew interpretations are needed
whenever new varietiss of orops or new syetems of crop-producing technology make ihe
old assumptions and interpretations out of date. Most of the data for seoil interpretations
need to be sssembled for kinds of soil at a detailed level in the system of classificationj
generally for soll types or phases of soil typea, Tlelde of orop under defined
managsuent, for example, should be estimated separately for the components of a soil
complex; even if average ylelds for areas of the compler are to be eatimated also.
Then, the interpretations generally are stated for moil mapping umits. 4 practical
unit of soil management often is a field that ocontains more than one kind of soily
perhaps several mapping units. The land operator needs to kmow the expected verformance
of sach kind of soll, and must decide whether to wvary the ireatments or to treat the
field uniformly and expect different reaponses.

The Principle of Interactions

The effects of soll characteristlos, eoil qualitieas, the environment, and applied
practices cannot be conasidered aloma, but only in relation to each other and to the
growlng plants, These interactions produce orop responses that are desired to give s
high yleld of good qualityy or those not desired, such as reduced yield or failure
because of inseois, drought, or too few nutrients. A scil and its environment have
many separate but related characteristice., BSowme of them, such as rainfall, vary from
ssaeon to season, OUenerally, any of several combinations of management practices can be
selected, and the total number of interactions is extremely large,

Planis need root space, nutrients;, water, air, and 1light. For a high yleld of
any crop the cultivator must have suitable planting materialy & root zZone deep enough
to bold the plantsj; an ample, balenced esupply of nmutrients; an ample supply of water
at all times; suitable soil aerationy protection from diseases and pesate; and protection
from competing plants that might reduce available nutrients, water or light below the
optinum amounts.

Resulte of the many factors that affect growth of plants cannct be added up by
asimple arithmetic, for each ome depends on many of the others. 1Im particular, responass
of & new or untried treatment cannot be predicted, but must be learned from experience,

Hauck quoted resultas of an axperiment with groundnuts in Ghana that show results
of the combination of fertilizers with other production factors {14). The normal yield
of groundmutes under prevailing practices was 400 kKlograms per heotars. Closs spacing
{90 x 15 nantiuatronﬁ raised the yleld to 800 kilograms, With close spacing, plus
100 kilograms per hesctare of superphosphate (20% P20:), the yield was 1,200 kilograms.
Close epacing, superphosphate, and seed dressing uitg a fungiclde produced 1,320
kilograms, Finally, the same three treatments with seed of an lmproved wvariety produced
a yield of 1,580 kilograms per heotare,

As another example of interactions, Ouy D. Smith (25), cited yields of maize in
southeastern United States, The climate there is humid and nearly subtropical., Maize
is grown without irrigation. With old varieties and small emounts of fertilizer yields
averaged about B0OO ldloa per hectare. Heavy applications of fertilizer increased ylields
of these wvarieties by about 600 kiloa, or to 1,400 kilos par hectare. Improved hybrid
variaties, without extra fertilizer, added about 200 kilos., Control of water by
terracing the gently sloping fields added about 150 kilos. These inoreases cbtained
by ssparate practices, added to the original yleld, suggest & possible yield of sbout
1,750 kilos per hectare. The practices comtined, however, produce ylelds of 8,000 kilos.



COMPILATION OF DATA FOR KEY SOILS

Soil survey intepretations are prediotions of soll performance under stated
conditions. The predictions begin with observations and measurements of performance
of a few representative soils, and must always be extended in the form of estimates
to cover other kinds of soil and other kinds and combinations of management., The more
reliable and abundant the data, the more reliatle are the predictiona.

S0il scientists and the othera who work on soll survey interpretations never
have as much data as they would like about characterietice and performance of the soils.
They must continually acquire more data, through field experiments and trials, laboratory
analyses, and results obtained by farmersa.

Methods for orderly collection and preservation of data are essential., A4 good
procedure is to collect data, and to plan further experiments and trials on key soils,
sometimes called "benchmark soils™, These are typical examples of prominent kinds of
soll, chosen to represent different combinations of the whole range of soil conditions
and management., Data are obtained on responses of each of the key sdils when used for crops,
grasses, or treesj also, if signifioant, on the responses in engineering and in various
non-farming uses. It is better to hawe full field and laboratory studies, including
field experiments, on a few key kinds of soil than socattered data from many kinds. The
data fgon key soils can be organized to bring important interactions into focus (Kellogg,
16, 17).

Data for key solile generally are assembled by soll series. Soll type and phase,
however, should be recorded for the individual soils that are described, sampled, or
studied in any way.

KEinde of data to be collected and preserved include all that are helpful in
characterizing or interpreting the soils., A description of the soil series, including
facts about the parent material, the setting, and the climate, is essential. The
geographic range of the series should be stated if it is kmown. A block diagram showing
physiographic and if practicable, parent material relationships is helpful. Climatic
data should inolude all that can be learned about temperature, precipitation and its
distribution, wind, humidity, length of day, and cloud cover; also whatever can be
obtained locally on such iteme as air drainage and other characteristics that affect
growth of plants.

Physical and chemical data that are desirable include mechanical analysis,
amount of coarse fragments, bulk density, water-holding capacity at critical tensions,
permeability (of undisturbed soil), amount and stability of aggregates, maximum density,
liquid and plastic limits, optimum moisture for compaction, clay mineralogy, petrographic
data for the sand fraotion, reaction (pH), concentration and kinde of salts, extractable
oations or organic carbon, C/N ration, available phosphorus, total gypsum, free iron
oxides, and deficlencles or excesses of minor elemente. Such complete data, of cowrse,
will seldom be obtainable; but the data which are obtained should be kept available,
by kinds of soil, for reference and study.

So0il qualities that can be inferred or interpreted include the fertility status,
erodibility, available moisture capacity, effective root zone, permeability of the whole
soill or of specified horizons, length of time the soll is saturated with water,
movements of the water table, and flooding experience.

Tields that can be obtained of the common erops, of range forage, of woodland
products, and of any special crops should be recorded, along with records of management
under which the reported yielde were obtzined.

From such descriptions and data, even 1f they are fragmentary, the yicld
predictions and other interpretatims, are synthesized. Hecords should be kept of all the
interpretations that are made, They can be lost easlly unless several coples are



presarved in a central file., Moreover, the best interpretations get out of date as
advances are made in soil using technology, and good records of past work are needed
for comparison and study whenever new interpretations must be made.

RATINGS OF SUITABILITY FOR CROPS

In many places, ratings of the kinds of soil for selected orops are the first
interpretations that can be made from & soil survey., Even though such ratings ocannot
be based on measured yields or other data, they can be of great value in the first
steps of o land development or other soil using program. Estimates of ylelds are also
needed, as soon as they can be obtained, to permit caloulation of input-output relation-
shipe; but these may have to wait until data can be assembled. Ratings of soils for
particular crops are generally made on the basis of four or five grades of suitability,
assuming a given level cf management practices. Estimates of ylelds permit more
quantitative expression of the differences in soile, and can be made later in relation
to two or more levels of management,

Ratings and the rating process can be illustrated by work that was dome in
Ouyana, South America, from 1961 eto 1964 (2). In 1963, soil surveys of semi-detailed
intensity were nearing completion for three large areas amounting to about 2,100,000
aores, and interpretations of the solls were needed, Membera of the soil survey project
consulted many specialists, including several from other countries, reconciled to the
best of their ability the differemces of opinion that were brought forth, and arrived
at a et of ratings. The ratings show suitability of the scils for common crops under
& level of management higher than that which prevails on most small farms, but one
attainable by farmers who can obtain fertilizer,

In any such rating process, several assumptions about sets and levels of
management and related items need to be stated in definite form. Much of the proocedure
followed in Cuyana can be shown by listing the assumptions made by the group working
there. Significance of the four levels of suitability is next explained, and examples
are given of the ratings of eix of the kinds of soil for five crops or groups of crops,

(2) Aspumptions and guide lines adopted in malking the ratings were stated as follows
2)s

l, It is assumed that crope will be grown with at least a moderate level of
managementy that lime and fertilizers will be used acoording to soil tests and the
needs of the cropy and that runoff and ercain will be controlled on the sloping soils.
Thie is a level of management that can be followed readily by & good farmer. A very
high level of management, such as that practiced on the Jovermment agricultural stations
and the sugar estates, is not assumed,

2. It is assumed that the main drainage and irrigation works are installed
where necessary. Adequate irrigation and water control are implied, for example, by
a rating for rice of 1 or 2 (well suited or moderately well suited).

3s For a rating of 1 or 2 it is assumed that the cost of management needed to
grow the crop, including farm drainage and irrigation where required, is less than the
returne that can normally be expected, Tbat is, over the long run the value of the
crop is expected to exceed the cost of producing it. Detailed economio
studies have not been made, however, and the ratings will need to be improved from time
to time whenever new data become available,

4. The ratings are based on presently kmown levels of agricultural technology.
As technology advances the ratings may nead to be changed.



5« Most of the ratings were made in 1961-64 by a group of soll scientists after
consultation with local and international specialists. Many differences of opinion were
brought forth, but the results represent & reasonable consensus, The ratings must be
regarded as general guldess rather than precise evaluations of relative yields. Im
particular, new or untried crops, or familiar crops on soils where experience is lacking,
should be planted firet in field trials or on & pilot farm.

6. The list of orops covers only those that are widely grown or that have been
conaldered for commercial produotion. Absence of a crop from the liet should not be
taken as indicating that the crop cannot be grown.,

T« Under an extremely high level of management, applied with unusual skill,
satisfactory but often not economic ylelds of crope can sometimes be obtained on highly
unfavourable scils, The ratings do not reflect any such extreme level of management,

In line with the principles and assumptions just stated, each kind of soll was
rated in one of four degrees of sultability for 21 crope or groupe of crope. The
ratings were based on observations of the crops; information obtained from research
workers, farmers, and others; and from inference suggested by the solil characterietiocs
or the performance of similar soils,

Significance of ratings at the four levels is explained in the following statements.

l, Well suited. With a moderate or better level of management the named crop
grows well and produces a moderate or high yleld. For the crop named, the solil has
favourable physical characteristics, can be brought to a reasonable level of fertility,
and is responsive to good management,

2, Moderataly well suited, With about the same lewel, but not necessarily the
same kind of management as described for class 1 (well suitodj, the crop can be expected
to produce at least moderate yields, The scil may have only moderately favourasble
rhysical or chemical characteristics for the crop named, or it may be only moderately
responsive to the management practioces,

3. Poorly suited. With a moderate or better level of management, about the same
level but not necessarily the same kind as described for clase 1, the named crop produces
only poor ylelds, Hesponse to management ie generally low, or the requirements for
management are high, Soll factors such as wetness, water-holding sapacity, supply of
plant nutrients, and the amount of toxioc salts are unfavourable for the orop named.

4., Not suited, With a moderate or better lewvel of management, about the same
level but not necessarily the same kind as described for claes 1, little if any
production of the named crop can be expected,

As these classes are defined, a rating of 1 or 2 suggests that economic production
of the orop oan be achieved with & moderate or high level of management. A rating or
3 or 4 suggests that, as a rule, commercial production of the crop should not be
attempted.

Ratings in this system of eix kinde of soll for five of the orops or groups of
crope commonly grown in Ouyana are given in Table 1.



TABLE 1 - RATINGS OF SOILS IN QUYANA FOR PRODUCTICON OF CROPS

(adapted from reports of soil surveys (2))

Suitability for
HAME OF S0IL
Tomatoes and
Rice Sugar Coconuts | Ground other
EEowielong vegetables

Corentyne clay 1 1l 3 1 1
Liohfield clay 1 1 2 1 1
DeVelde silt loam 2 1 2 1 1
Vryberg clay 2 2 3 2 3
Novar loamy sand 3 1 1 1
Easarama loamy sand 2 1 2 1

"Oround provisions™ is & loocal term that includes the starchy root crops grown
for food, primarily yams, sweet potatoes, eddces, and tannias. "Other vegetables™ does
not include onions, for which the soils were given saparate ratings.

The firwt four soils listed in Table 1 are wet soils, whioh must be drained
artificially before crops are grown. Corentyne scile coneist of marine olays ard have
a soft consistence, Lichfield sclls are aleo marine olays but have a firmer oonsistenoce.
DeVelde eoile and Vryberg scile are acid soile in alluvial sediments; <the former have
faint horizons and the latter have well developed horizons and firm, very slowly
permeable subscil. Novar soiles are on low, sandy ridges flanked by the wet soils im
marine sediments. Kasarama soils are well drained, undulating, sandy soils of the

uplands; they have much lower native fertility than any of the other soils listed, and
must be fertilized heavily if orops are grown.

CAPABILITY OROUPS OF S0ILS

Some interpretations, such as suitability for orops and expected yields of the
common orops, are needed for single kinds of soil. Other, including the oropping
systems and related practices that will conserve and improve the soil, can be organized
best by groups of similar soils, The amount of detail becomen too great to bs managed
easily if the cholces of cropping eystems, sets of practices, and levels of management
are complled separately for each kind of scil, Differences among solils are likely to

be too great, however, to permit generalization about soil management for all the
arable solle of a soll survey area.

Groups of eolls should take into account the important differences and similarities
among the solls in relation to the purpose of the grouping. It must be remembered that
each kind of soll has a combination of characteristice thai makes it unique, and that
in any grouping some details are emphasized and others are lost. A grouping should
serve well the purpome for which it is made, but for full information about a soil
one muat always go back %o the desoription of the kind of scil and the data about it,



Groups of soils for a practical purpose, scmetimes called technical groupings,
often are fewer in number and hence mcre inclusive than those made in a natural
classification of the soils. Both kinds of groupings are based on soil characteristics,
but the characteristice selected for emphasis are likely to be different. One common
practical grouping of solls, by their capability for use without damage under cultivation
or other intensive treatment, includes the characteristics of slope and stoniness
among those used for separating soils at the highest categorical level., In the natural
classificatior these same characteristice are considered as phase criteria, significant
in the cultural enviroament but outside the scope of the natural classification iteelf.

The nead for practical internretations and groupings is recognized in mapping
soils., Mapping units are set up as phases of natural classification units wherever
the patural unite cover & range too broad in thuse characteristicse which affect the
use and conservation of the soils; and in the interpretations which should be made
from that particular scil map.

Groupings of solls for & limited purpose can be made on the basis of a single
characterietic or any combination of characteristics. A grouping into stony soile and
non-stony scils may be useful in judging the market for certain farm machines; but
the number and size of stones permitted in the "non-stony™ class would have to be
defined, ©Swamp or marsh soils might be grouped to show those suitable and those not
sulitable for drainages if so grouped, then the oriteria for judging suitability must
be defined. Ancotker kind of limited grouping, used in some places as a basie for
assessment of taxes, places soils in grades mccording to their productivity for a
certain crop or group of orops under present or expected economic conditions. Other
groupings can be based on such diverse interpretations as hazard of erceion, rate of
infiltration or of percolation, risk of flooding, amocunt of runoff, or stability in a
dike or embankment. The list could be extended almost indefinitely.

Broad groupings of soils are useful for developing and interpreting gemeral soil
maps, and for making generalizations about types of land use that are within the
capability of the soile. The broad groupings esre best made by combining those that
are more narrow and simple,

Systems of grouping svils according to their capability are in widespread use,
The systems differ in details but hawve several features in common. Soile are grouped
in most of the systems at three levels of generalization. Classes at the most general
level range in number from five to eight. They are based on general suitability of the
soils for long time production of the common orops, and are separated according to the
degree of permanent limitations fixed by the socil characteristics. One olass is
gonerally defined as having few or no limitations other than the need for good crop
husbandry and for normal maintenanoce of the soil, Other classes have inoreasing
degrees of permanent limitations caused by moll characteristics. The broad capability
classes are ofiten designated by Roman numerals, beginning with Class I for the solils
that have the fewest limitaticns., For such capability classes see Appendirx 4,

Summaries of acreage or other surface units at the level of capability classes
are useful for a general appraisal of the agricultural potential of a farm, district,
region, or nation. BSuch a summary reveales the area classified as suitable for cultivation;
and the area in each class, according to the defined degrees of limitations, Since the
limitations may be any of several kinds or a combination, the broad classes have little
or no prediction value for cholce of crops, arrangement of cropping systems, choice
of management practices, or estimation of yielde.

Subclaegseas in nearly all the systems are based on the kinds of limitations, in use
of the soll or in management requirements, whioh are imposed by the soil characteristices.
The subclass ie often designated by & emall letter added to the class number. Soaveral
systems recognize four major kinds of limitations: the hazard of erosion (e), wetness
(w), unfavourable soil depth, texture, or other feature(s), and a olimate that is
unusually cold or dry (¢). The symbol Ile, for example, indicates soils in capability
clase II, moderately limited by their characteristics, and in subclass IIe, limited
chiefly by the need for practices to conirol runoff and erosion.



Although subclasses are more narrowly defined than the olasses, they also are
generally too broad to be useful groups of soils for generalizations about oropping
systems, sets of management praoticos, and levels of management. Most systems of
oapabllity clasaification provide for further groups within the subclasses; +these are
called capability units. In scme places, the groups at the lowest level are called
sinply management groups of soile, A capability unit, or management group, may contain
several similar kinde of soll or may consist of a single kind,

Any capability grouping of solils is made in relation to an assumed set of
technologioal and economioc conditions. The conditions generally are those prevailing
in the country where the work is done, and sometimes are assumed without formal
statement, In a developing ocountry two or more groupings are likely to be useful;
one assuming the present level of technology and resources, and one or more to match
more advanced lewvels,

As with all the interpretative groupinga the capability classifiocation begins
with the individual soil mapping units, which are the building stones of the system.
Table 2 shows tha relationship of soil mapping units to capability classification,



TABLE 2 - RELATIONSHIP OF SOIL-MAFPING UNIT TO CAPABILITY CLASSIFICATION

Scil-mapping unit

Capability unit

Capability subclass

Capability class

. A Boll mapping unit is a
portion of the landecape that
bas eimilar characteristics
and qualities and whose limits
are fized by preciee defi-
nitions, Within the carto—
grafhic limitatione and
considering the purpose for
which the map is made, the soil
mapping unit is the wnit about
which the greatest number of
preciese statements and
predictions can be made,

The @oil mapping units
provide the most detailed
soile information. The basio
papping units are the basis for|
all interpretive groupirgs of
scile. They furnish the
information needed for
developing capability units,
forest site groupings, crop
sul tability groupinge, range
eite groupings, engineering
groupings, and other
interpretive groupings.
most specific management
practices and sotimated yields
are related to the individual
mapping unit.

The

A capability unit is a
grouping of one or more
individual soll mapping unite
having similar potentials and
continuing limitaticns or
hagardes. The soile in a
capability unit are suffiocient-
1y uniform to (a) produce
similar kinde of cultivated
crope and pasture plants with
cimilar management practices,
(b) require eimilar conser-
vation treatment and management
under the same kind and
condition of vegetative cover
(o) have comparable potential
productivity.

The capability unit
condenses and simplifies soils
information for planning
individual tracts of land,
field by field, Capability
units with the class and sub-
class furnish information
about the degres of limitation,
kind of conservation problens
and “.e panagement practices
ne .ed,

Subolasses are groups of
capability unita which have the
Bame mAjor conservation probler,
such aa

Erosion and runoff.
Exvess water.
Hoot-zone limitations.
Clizatic limitations.

OB xo
LI I B |

The capability subclass
provides information as to tho
kind of conservation problem
or limitations involved, The
olass and subclase together
provide the map user infor-
mation about both the degres
of limitation and kind of
problem iuvelved for broad
program planning, conservation
nead studies, and sipilar
purposes.

Capability classes are
groupes of capability sub-
olasses or capability unita
that have the same relative
degree of hazard or limitation,
The riska ol soil damage or
limitation in use beccme
progressively greater from
class I to class VIII,

The capability classes are
useful as & means of
introducing the map user to
the more detailed information
on the soll map. The classes
show the location, amount and
general suitability of the
eolls for agrioultural uwee,
Only information concerning
general agriocultural
limitations in soil use are
cbtained at the capability
clase level,




Capability groupings of soils under two sets of management assumptions were
made in Brasil by Benneaa, Beek and Camargo, inm work not yet published. They desoribed
what they called the second level of management, in wkich capital is not invested in
soil improvement, and the level of technology is lowj and a first level, in which
restricted use ie made of capital, and extemsion information and technical assistanoce
services from competent institutions are amccepted. Soils were grouped, under each
set of assumptiors, into three capebility clacses for orop production and livestock
management. S5oil and ecological limitations, present in some soile and subject to
different degrees of oorrection under the two levels of management in the iwo types of
farming, are listed as soil-water deficiency, soil-air deficiency (excess water),
natural soil fertility, hasard of soil ercsion, and impediments to use of implements
or pachinea.

Somewhat similar groups of soils, called productivity classes; were made under
two sets of asaumptions for East Africa by Beek and Costa de Lemos {554 Their classi-
fication was proposed for the interpretation of general soil maps. At the traditional
level of management, little capital is employed, work is dome by hand with the help of
animal traction, ixzplements are simple hand tools, drainage practices are simple, few

orops are irrigated, and no fertilizer is applied. At the modern level, intensive use
ies made of capital, and the level of technology is high.

Several systems have been devised for lieting and rating soll characterlstiocs
to aid in grouping kinds of soil into oapability classes, sub-classes, and units.
Such systems are useful, but each one can cover only & limited range of soils and
related factors. The soil ecientist must remember that effects of different soil
characteristice are not additive, and the significance of any one characteristio often
depends on others. Slope limits of ecils in the different capability oclasses, for
example, depend on erodibility; which in turn depends on ease of dispersion, size of
aggregates, and stability of aggregates in the surface soil. Orderly appraisal of the
factors affeoting capability of solls is necessary; but any system for assigning
relative values to individual soil or environmental characteristiocs needs to be studied
oritically and applied with care.

Klingebiel and Montgomery (18) discussed the oriteria for placing soils in
capability classes as they are applied in the United States. The principal limitations
are olimatic limitations (temperature and moisture), wetness limitations (intermal
water and overflow), toxic salts, slopa and hazard of erosion, soil depth and stoniness,
previous erceion, and availeble moisture-holding capacity. They alec listed the
important assumptions as a basis for capatility groupings. The substance of their
assumptions, re—arranged and shortered to omit some items that apply mcsetly im the
United Statss ie given in the following liet. It is not suggested that the same
assurnptions will apply in developing countrieesy but a set of assumptions should be
stated as & basie for the grouping of eoils.

1« The capability classification (unit, sub-class, and oclass), is an
interpretive grouping of kinds of soil. It is based on the effect of combinations of
olimate and permanent soil charaoteristics on riskes of scil damage, limitations in uese,
produotive capacity, and soil management requirementsj shruts, trees, or stumps are not
considered permanent characteristics.

2« The soile within a capability olass are eimilar only with respeot to degree
of limitations in soil use for agricultural purposes or hazarde to the soil when it is
so0 used. Each of the broad olasses includes many different kinds of soil. Valid
generalization about suitable kind of crops or other management needs cannot be made
at the class level.

3. A favourable ratio of output toinput , on the average, is one of several
ceriteria used for placing any soil in a class suitable for cultivated crop, grazing, or
woodland use, but no further relationship is assumed or implied between classes
(I to VIII in that system) and output-input ratios.



4« A moderately high level of management is assumed; one that is practical and
within .the ability of & majority of the farmers and ranchers.

5« The capability classification does not suggest the most profitable use of
soils. Many soile classified as suitable for several uses including cultivationm,
egpeclslly in the classes characterized by severe or very severe limitaticns, moy be
more profitably used for grase or trees than for cultivated crops.

6. Limitations which ocan be corrected by operations that are feasible
(physiocally and economically) &are not considered permanent limitations. Examples are
excess water, lack of water for adequate crop productiion, presence of stones, presence
of soluble salte or exchangeable socdium, or both, and hazard of overflow.

7. Soils conaidered feasible for improvement and those already improved.
These are olassified acoording tc their continuing limitations in use or the risks of
s0il damage, or both, after the improvementshave been installed. Differences in
initial costs of the systems do not influence the classification. Soils on which such
major improvements are not feasible are classified according to present limitations
in use.

8« The capability classification may be changsd if major projects of
reclamation or improvement change permanently the limitations of the soils. Examples
are major drainage or irrigation projects, levees or flood-retarding structures,
removal of etones, or large—scale grading of gullied land.

9. The groupings are subject to change ae new information about the scils and
their responses becomes available.

10+ Machines can be used for preparing land and harvesting common field orops
on the soils classified as suited to cultivation (classes I, II, III, and IV in the
United States - see Appendix 4 for definition of these clasees). This does not imply
that mechanicasl equipment cannot be used on some solils in the other capablility classes.

11. Soils suited to ocultivetion are also suited to other uses, such as
pasture, range, forest, and wildlife. In groupings of solle for any of those uses, a
gingle group may include sclles from more than one capability class.

12. HResearch data, recorded observations, and experience are used for placing
soils in capability classes, sub—classes, and units. If data are lacking, soils are
classified by interpretation of the soil characteristice and gqualities in accord with
general principles and experience elsewhere.

13. Distance to markets, kinds of roads, size and shape of the soil areas,
locatione within fielde or farms, skill or resources of individual cperators, and other
characteristice of land-ownership or land-management patterns are not criteria for
sapability groupings.

Assumptions that differ from these are needed for capablility grouping of soils
in many countries. In particular, the assumed levels of technology need to be defined
with care., It is important, however, that the laat assumption be recognized. An
sconomic classification of parcels or tractes of land might be neededj but it should be
kept apart from any of the interpretative groupinge of kinds of soil or of soll mapping
units.

Example of a Capability Grouping:

The capability grouping of soile in Ouyana, South America, illustrates
placement of soils in classes and sub-classes, and shows also the need for groups of
soils at the level of capability units in order to have significant management groups (2).



Soil surveys at the semi-detailed level, or at medium to low intensity as
defined in this bulletin, were made on about 2,100,000 acree in Cuyana in 1961-64.
Manping units were moetly soll types. Slope phases are not significant in the wet
s0ile of the extensive coastal and alluvial plaines, but will need to be recognized
for proper capability classification of soils outeide the coastal areas. In the
extensive areas of nearly level, wet soils, some phases were named because of ealinity,
soft clay substratum, or sandy substratum.

The capability grouping in Guyana contains five classes at the most gemeral
level; as & result, the classes are defined somewhat more broadly than in the systems
that contain seven or eight claseses. Some of the basic assumptione differ from those
made in other countries; for example, the need for major drainage works was not
considered in classifying the wet soils. The classification of wet soils applies to
those for which main drainage works huve been provided. Most soils of the nearly level
parine and alluviel plaine are neturelly wet and must be drained if crops are grown.
Moreover, the best ecile in the ocountry require artificial drainags, or fertilizer, or
bothy and it did not seem reasonable to begin the classification with class II.

Also in the Guyana grouping, more subclasses were recognized than those given
in the foregoing list, and some of the designations are different. Sub—classes are
designated by m, for physical limitations of heavy soil texture and moderate difficulty
in working the soil and obtaining proper drainage; f, for level or nearly level soils
on which the chief limitation is low natural fertility and a high requirement for
fertilizer and limej; t, for the probable presence of toxic salte, probably sulphides
or acid sulphates (cat clay); s, for the probable presence of excese soluble salts,
goenerally chlorides, that wculd mot be toxioc in lesser concentration; w, for wet soils
that can be drained only with great difficulty or perhape not at all; and e, for
sloping scile on which the riek of runoff and soil eroeion are major hazards.

The capability classes and subclasses recogniged in Cuyana in 1966 are the
foellowingt

Clase I: Soils in class I have few limitations that restrict their use.
Subclass Im. Clay soils of moderate fertility (6 soil mapping units).

Subeclass If. ©Silty, olayey, or sandy scils, easy to drain and work,
moderate or low fertility (11 soil mapping units).

Class II: BSoile in class II have moderate limitations that reduce the choice
of crops or require moderate conservation or management practices.

Subclass IIm. Clay soils, slowly permeable, low fertility (3 soils).

Subolaaa IIf. ?gndy ar}uilty eolla, gently sloping, very low fertility
goilse).

Subclass IIw. Wet olayey or loamy soils, low fertility, drainage is
moderately difficult (9 soils).

Subclass IIs. Soils affected by moderate salinity (12 soils).

Clase III: Soils in ¢lase III have severe limitations that reduce the choice
of orops, or require special conservation or management practices, or both. They can
be cultivated, but with considerable difficulty and bhigh riek.

Subclase IIIm. Organic soils and silty wet ecils, difficult to farm if
drained (5 scils).



Subclass IIIf. Very sandy soile, low fertility (gently sloping phases of
one soil series).

Subclass IIIt. W¥Wet clay soils severely limited by toxic salts and low
fertility (4 soils).

Subclass IIIw. Wet soile, usable if artifiocial dr oan be eatablished,
otherwise in dry seasons only (5 soils).

Suboclass IIXe. Blnging soilo of low fertility, lﬁhilﬁt to erosion (phases
of 8 soil series recognised in 1966).
Class IV: Soils in clase IV are severely limited for cultivaticn. If
ocultivated, they meed extreme treatment to modify or counteract the natural limitations.

Subclass IVf. Extremely sandy or gravelly soils (3 soils).

Subclass IVw. Wet soils, not drained, and feasibility of drainage is
doubtul (8 soils).

Bubclass IVe. BSteep soils and shallow or rocky soils (eteep phases of
several soil series, and several shallow or rocky soils).
Some can be used for tree orops.

Class Vi BSoils in cless V have limitations that prevent their use for
production of ordinary commerocial plants.

Subclase Ve. Tidal flats.
Subclase Ve. Steep rocky slopes and rock outorops.

These brief designatione suggest that many, and probably all, of the capability
subclasses in Ouyana contain such a wide range of soils that they must be divided to
obtain practical management groups. One example illustrates the point. Subclass If
consiste of 11 soil types, members of 10 soil series, designated collectively as silty,
clayey, or sandy soils, essy to drain and work, and having moderate or low fertility.
Study of the characteristics of these 11 soils suggests the need for divieion into at
least 5 management groups. Two of the soil types, a silt loam and a clay classified
in the same series, are poorly drained, acid soils on the natural alluvial levess.Two other
soils are somewhat similar but have neutral substratum, lie somewhat lower, and are
more difficult to drain. Another eoill is a moderately well drained, silty alluvial
soil, better than the wettest soils for many orups, but not suitable for rice. Four
s0ile are firm or moderately firm, consiset of alluvial oclays or eilts, and are more
diffioult to work than the first two soils mentioned. Two soils are extremely sandy
80ils on low ridges in areas of marine clay, much more suitable than the wet olays or
silty soils for eoconuts or for vegetables, but not at all suitable for rica.

Example of Capability Units

Capability unite, which are management groups of soils within the capability
subclasses, generally are not numbered or named by any uniform system from one area
to another. They are numbered consecutively within subclasses in each so0il survey
area, and are given descriptive names that express as well as can be done in a few
words some of the key @o0il characterietics.

In one soil survey report (21), capability subclase Ile ies divided into 8
capability unite and interpretations for use of the soils are given for each unit.
Cropping systems and supporting practices are listed for two clasees of length of
slope (all the soils in this subolass are gently sloping). Other interpretations,
especially the ylelde of orops and the engineering properties of the soils, are given
for the individual mapping unite and not for groups of soils. Differsnt groupings of
the soils are made for other purposos.



In this soil survey area there are 8 capability classes. Each of tke oclasses,
othsr than olass I, contains from 1 to 3} subclasses, for a total of 13 subolasses in
the area. These subclasses oontain 53 capability units, and the soils in class I make
another unit, a total of 54 capability units in the area.

Capability unite in subolase IIe were given the following desoriptive designations.
To show part of the structure of the system, designations of the class and subolass
are quoted also.

Class II. Soile that have some limitations that reduce the choice of plante
or require moderate conservation practices.

Subclass Ile. Sciles subject to moderate erosion if they are not protected.
Unit ITe-1. Deep, well-drained soils that are slightly acid or neutral
in the subsoil (2 mapping units).
Unit IIe-2. Deep, well-drained soils on old alluvial fans (1 mapping
unit -
Unit Ile-3. Deep, well-drained, acid soile in which the lime content

generally increases with depth (1 mapping unit).

Unit IIe=4. Deep, moderately well drained, acid soils that have a well-
expressed fragipan (compact brittle layer), at a depth of
15 to 24 inches (2 mapping units).

Unit Ile=5. Deep, moderately well—drained, slightly acid or medium acid
soils, in whioh lime content inoreases with depth (1 mapping
unit).

Unit IIe—G. Deep, moderately well-drained, acid, very eilty soils
(1 mapping uuitg;

Unit ITe-T. Deep, moderately well drained, acid or slightly acid soils

that have loamy to clayey subsoil. They contain fres lime
at a depth between 16 and 18 inches (2 mapping units).

Unit Ile-8. Deep, moderately well drained to well drained soils that
have clayey subsoil. The surface soil is acid to slightly
acid. The lime content increases with depth (3 mapping
units).

YIELDS OF CROPS UNDER DEFINED MANAGEMENT

Expected ylelds of orops on each kind of soil are desired by many people who
make use of ecil survey interpretations, and which must be estimated to bring together
the results of soil mapping and other soll research in specific terms for each ocultivator.
Soil scientists need to assemble the basic facts and relationships. Few other people
oan study the soils closely enough to consider all their characteristics collectively,
along with available recorde of ylelds, and make mccurate predictions of their performance.

Eetimates of yielde and of other performance of soils are arrived at im two
prinoipal waye: 1) Through judgments based on evidence afforded by actual yield data
from sample areas of the soil mapping unitej and 2) through judgments based on comparison
of the oharacteristics of soils and basic knowledge of plant requirements. In many
developing countries, estimates for most of the kinds of soil must be made by comparative
Judgments, but data for at least a few of the key soils need to be obtained from plot
experiments, field trials, or experience of ocultivators.



Combinations and Level mant

Expected yields need to be stated for specific crops in relation to defined
sete of management practices and levels of management.

Management practices and levels of management refer to growth factors rather
than scil and climate. They are mainly the crop charscteristics, soil and water
management practices, crop protection and management skill.

Estimates for the common crops are needed most. Those for a crop newly
introduced, or for one not yet grovn in a locality, may also be desired by a government
or by some other agency. Estimates for a new crop need to be made and used with
extreme caution until experience with that crop has been obtained for several years
through field trials or other plantings.

The wariety or strain of the crop is important and needs to be specified.
Improvementes in varieties, along with thoee in management, have produced notable
increases in ylelde of many crope in all parte of the world. Work with hybrids of
maize and with new or improved varietice of wheat, potatoes, rice, and sugar cane has
beer outstanding, especially when the crops are grown &t & high level of management.

It is also true that a superior variety, responsive to good management, might be worth-
lese at & low level of nutrients and other management where a proven local variety
survives and gives some return.

Sets of management practices are the combinations of cropping systems, tiilage,
fertilizing and manuring, soil conservation practices, water management, crop protectiom,
etc. that when applied to & plot or field produce a crop or a group of crops. The
combinations of practices are almost endless in number. Seto of practices already in
use or suitable for use in practical farming should be selected to guide the ectimates
of yielde.

The level of management depends partly on the set of practices chosem by the
cultivator, but alsoc on items such asc the amounts and kinde of fertilizer and lime,
the intensity of drainage or irrigation, and the degree of contirocl of runoff and
evaporation. Sete of practices and levele of management should be defined for the
various systeme or combirations of field orops, pasture plants, and fruits or other
tree crops.

The most successful cropping systems in many humid temperate regions have
traditionally employed crop rotations im which crops are grown in & planned sequence,
and a single crop ooccupiee each field, plot or strip during onme growing season. In
arid or semi-arid regions the selection of crops is much more limited, and a single
crop such as wheat may be grown year after year. If that is done, care must be taken
to prevent damage to the soil, especially soil blowing.

In tropical regions, several kinde of cropping eystems have been developed, and
others are likely to be needed. Some crops, sugar cane for example, are grown succenss—
fully on plantations in monoculture with intersive management. Crops that offer less
protection to the soil, such as ground nute, require a crop rotation or other soil
eaving practices, especlally on eloping soils. In many places crops are grown in
mixed culture, largely by hand methods. There is evidence that total yields are
greater and damage to the soil is less under mized culture than in fields of a single
crops. Shifting cultivation alac called bush fallow in which a field is cleared, farmed
for a few years, and than allowed to grow up in trees or brush is a practicable cropping
eyetem in places where labor is plentiful and fertilizers are scarce or unobtainable.
Less laboriocues eyetems are likely tc be needed, however, as the value of labor
increases in relation to other inputs, and as the demand for food and other products of
the soil becomes greater.



Tields of common crope on the soils under usual management furnish an important
base for interpretation of soil eurveys. If present practices produce yields known to
be low, resultie at a higher but readily attainable level are also needed. An example
is furnished by results of the Freedom from Hunger Campaign (23). About 45,000
demonstrations and triale in 1961-64, in three large regions or subregions in develop-
ing parte of the world, produced increases in ylelds worth, on the average, from two
to seven times the cost of the fertilizer. Results varied enormously, however, with
different soils, crope, and fertilizers. In many developing countriee, introduction
of fertilizer can be an opening wedge toward adoption of better cropping systems,
practices to save s0il and water, and other improvemente.

The fertilizer has certain advantages as the first stage of development. It
can easily be applied, its effect is clearly visible within a few months' time, and the
money invested comes back after a few months. After the farmer has obtained favorable
resultes with fertilizers, he is usually more willing to edopt additional improvements.
The resulte might require succeesive estimates of ylelde at advancing levels of
technology every few years.

In a eoil survey report for an arees in northeastern U.S5.A., it ie pointed
out that yield is the result of the combination of interactions among seven different
factors of soil, water, and crop management (21). The factors are climate, soil
properties, crop characteristice, so0il management and water—-management practices,
management skill, and weather this year. Because of the interdependence of the factors,
it is imposeible to diecuse one of them without reference to the others. Eetimates of
¥yielde are useful in predicting the performance of different eoils when the kind of
crop is stated and specific combinationa and levela of the management practices and
managemsnt skill are assumed and stated. Then the estimates give a measure of per—
formance of the soile of a particular kind in their olimatic environment but are esubject
to the variations that arise from differences in weather from year to year.

Threa suggested levels of management are desoribed in the section: Frocedures
for Estimating Yields by Kinde of Soil. The common level and the superior level need
to be defined for each set of soil survey interpretatiomns. The third (optimum) level

probably should bte defined as a basis for reference, especislly if experimental results
at that level need to be considered.

Sources of Date for Tield Estimates

Data for the estimation of ylelds can be derived from several sources.

Field obeervations: the svuil survey party in a cultivated area has many
opportunities to observe growth of cropes on different soile and under different esets of
management practices. Such observatione are of great aid in arranging the kinds of
goil from the highest to the lowest in expected yielde of each important crop. Orderly
notes are needed so the information can be sorted and assembled.

Froblems are greater in an area currently not in crops. If some of the soilas
have been cultivated, remains of dralnage ditches or cther evidence may show where crops
have been grown, and may suggest some of the ocultural methoda. Most of the data for
estimating yielde in such an area, however, must come from other sources.

Experimental results: data on ylelds from experimental plots have accessory
value for predictions of ylelds, provided the plots are fair representatives of the
Aacil mapping unite. A soll map of the plotes is needed if one has not already been
made. The varieties of crops, kind of management, and level of management need to be
ascertained and recorded. PFPractices may differ from those that cultivators are follow-
ing now or can be expected to follow. OSome experiments ocover a range of varietles,
cropping systems, and management practices. As a rule the analyses and summaries
already made by the research workers are useful., However, the soil scientist necds to
make sure that the solls are comparable.



Field trials: short term trials can be made to measure performance of salected
crops during one or two seasons on soiles and under management for which data are needed
moet.

Field samples: useful data can be obtained by harvesting and recording yields
on small measured plots within cultivators' fields, selected to obtain plote of
repregentative soile on which a good history of the treatment can be obtained.

Cultivators' experience: much of the necessary data on yields must be gathered
from the experience of ocultivators. Reocords of yields and practices by fields would
be very useful, so that fields can be selected that consist mostly or wholly of a
single kind of soil. Results based on records of course are preferred over those
recalled from memory. Few cultivators anywhere, however, keep the kinds of records
that would be moet useful. The yields that they recall are likely to be biased. Some
remenber best the good years and tend to forget the failures. Furthermore, any
oultivator is likely to adjust hie yields downward if he thinke his taxes might be
increased, or upward if he owns the land and thinks he might have an opportunity to mell
it. Often, & gquestionnaire gives the oultivators time to think about the matter, and
lesds to data somewhat more relisble than those obtained in an on-the-spot interview.

Other estimates: any available data on ylelds from a census, survey or other
source should be obtained and studlied. The data may be of some use, but are not likely
to be of much direct help in predicting the performence of particular kinds of soile.

Frocedure for Estimating Yields by Kinde of Soil

The soil survey party, on the basis of the observations and data desocribed, can
list the kinds of soil in order of their productivity for each of the major cropa.

The mext step ie to fill in actual yielde, wherever data are available, in
stendard unite of weight or measure per hectare, acre, or other surface unit. 5Since
the data probably reflect different degrees of management, estimates should next be
made according to a few selected combinations and levels of management. These should
be levels that large numbers of cultivators are following now, or can be expected to
follow, or both. Some of the available ylelds from experimental plots of course may
represent a higher level of management than either of those just named.

The third step ie to fill in estimates of yields of the important cropsm, at one,
two, or, more rarely, three levels of management, on all the kinde of socil for which the
crop ie suited. Thie ie done through judgments based on the actual yield data available
for the key soile, along with judgmentis baeed on comparisons of characterietics of the
goile and baeic knowledge of plant requirements. The soil sclentiets should assemble
the firet draft of this table, but should have their estimates reviewed critically by
other research workersj in particular, by especialiste im orops amnd in soil fertility,
and by others who have had experience with the crops and soils.

Leveles of management: estimates of yielde at three leveles of management have
been suggested (28). Generally, estimates are always useful at level one in the list
that follows, usually at levels one and two, and occasionally at all three.

Level one consists of the most common combinations of management that are
fellowed by the majority of successful cultivators on the named kind of soil.

Leavel two conaists of the superior combinations of management practices followed
by leading cultivatore who teke the recommendations of their experiment stations and
extension service. The proportion of cultivatore following this level of management
might range from 1 or 2 percent to as many as 25 percent.



Level three consistes of the optimum combinations of management practicesj the
best that can be done, on a practical farming scale, in the present state of the
sgricultural arts. Such cultivators are likely to plant superior varieties of crops
that fit their soil and climate. They control posts and diseases; and follow a planned
cropping eystem and superior cultural methods. They have the socils tested regularly,
and apply fertilizers and soil amendments to fit the soil, the crop, the history of
the field, and the yield that they expect.

Variations in yields from year to year need to be noted in assembling all the
data, and should be stated as precisely as possible when the estimates are finally
made. Variations caused by weather vary greatly from place to place. TYields of wheat
on & productive soil in & semi-arid region might range from gero in a dry year to
double the average in a year when rain is adequate. In a humid regiom the range caused
by variations in weather is likely to be much lessj perhaps no more than plus or minus
30 percent of the average.

Procedures for estimating yields of orops on different kinds of soil are die-
cussed in coreiderable detail in the U.S. Soil Survey Manual (28), pages 365-395.

Edelman (10), suggested two methods of obtaining data for relative ratings of
performance of socils. Both methods are useful in places where asgriculture is well
developed. One, the best holdings method, consistes of detailed studies of soils and
the plants growing on them in well-managed holdings. He gquotes studies of root systems,
above-ground parts of plants, yields, and revenues, mostly for horticultural crops, some
in greenhouse culture. The data of course are assembled by kinds of soil.

The other method is called the poor patches method. BSince a crop in ome field
is rarely uniform, the growth on different eoil unite under identical management can
be compared. This method is open to criticiem, since the management of a field is
likely to be that which gives best results on the good soils, and the poor spots might
perform better under management especially suited to the soile in them.

Example of Eetimated Yields

There are many methods for presenting estimates of expected ylelds, and the
following example in one such method (21). Predictions of average acre ylelds of
principal crops under twe levele of dryland management are given. The figures in A
column are predictions of yields under ordinary managementj; and those in the B cclumne

are predictions of yielde under improved management but are not assumed to represent
the maximum obtainable.

The improved management used to obtain the yields given in B columns includes
the following measures!

1. Coneistent use of soil improving crops, cover crops, and high
residus crops in rotation.

2e Proper management of crop residues.

3, Conservation of moisture by means of such practices as terracing and
contour farming.

4. Timely application of fertilizer in amounte determined by soil and
crop needs.

S Timely seeding, tillage, and harvesting.
6. Timely measpures for control of weeds, insects, and plant diseases.

7. Selection of proven better varieties of crops.



Estimated yields of 4 crope, at A and B levels of menagement on T mapping

unite, are given in Table 3.

Tields of maize (corn) and wheat are given in bushels per acre.

maizes is 56 pounds (shelled), of wheat 60 pounds.

A bushel of

TABLE 3 — PREDICTED AVERACE ACRE YIELDS OF THE PRINCIPAL CROPS UNDER TWO LEVELS OF MANAGEMENT
)il

in B columns are yields to be expectwd under improved management)

Ei. Ifin!d- In A columns are those obtained under ordinary managementj those

COTTOR CORN ORAIN SORGHUM WHEAT
B50IL A B A B A B A B
Lb.of lint Lb.of lint| Bu. Bu. Lb. Lbe Bu. Bu.

Austin silty clay, 1 to 3} percent 200 300 22 |36 1,800 | 3,000 (14 26
alopen
Duvel fine sandy loam, 3 to 5 175 230 16 |25 | 1,300]2,300 |13 | 21
percent slopes
Houston Black clay, 1 to 3 275 350 26 |38 2,200 | 3,700 |23 36
percent alopeas
Houston Black gravelly clay, 235 oo 21 32 1,800 | 3,200 |17 29
5 to 8 percent slopes
Lewisville silty clay, 1 to 5 200 275 20 |34 1,600 | 2,800 |13 24
parcent slopea
San Antonio c¢lay loam, 3} to 5 185 230 20 |30 1,600 | 2,600 12 26
parcent slopes, erocded
Venue loam, 0 to 1 percent 220 300 22 |36 1,800 | 3,000 |15 26
elopes

S501L FERTILITY AND SOIL SURVEY ANL CLASSIFICATION

Soil surveys can provide much information which is helpful in soil fertility
studies and experimentation, as soil survey data are useful to soil fertility
specialiste in planning and interpreting fileld fertilizer triale. Delineating the
different eoil areag ie necessary to ensure the proper dietribution of the experimental
fields which are representative of those aress. However, in sreas where no msoil
surveyes have been conducted, it is not practicable tc delay field fertilizer experi-
mentation until such surveys are completed. In such cases the major scil areas could
be delineated by recomnaissence methode, making use of all available locel agricultural
knowledge and sxperience.

Field further experimentation is recognized as the surest means for ascertaining
fertilizer requiremente; thus it ie important that experimental fields be located on
sites representative of the soil ares to be studied. Unfortunately in some countries
expsrimental farmes and statione are established without reference to the soilsj other
considerations predominating, euch es proximity te & town or a good highway, good farm
buildings, or low cost of the land.



There are a number of iteme of information gathered by a eoil survey which
can be particularly helpful to those engaged in raising the levels of soil fertility.
For convenlence these are listed below:

1.

2e

3.

4.

Se

Topography and drainage (internal and external)., These are important
factors that not only affect land use, but also soil fertility and
productivity., In the undrained etate, the yield potential of poorly
drained scile is low and the risk in cultivating these is high.
Therefore, fertilizer applications tend to be low. After drainage,
the economic levels of fertilizer use are higher and returns are more
certain.

Soil reaction. The pH of the soil greatly affects the nutrient elements
and their uptake by the crops. It aleo indicates the need for soil
amendments such as lime, gypsum and sulphur and gives an idea of what
are the more suitable crops to grow.

501l depth and impermeable soil layers. In shallow soils, such as

those having layers impermeable to plant roots, the soil volume which
the plantes can exploit ie restricted. Even if these soils were not of
lower inherent fertility they would decline in fertility more rapidly
because the nutrients cannct be absorbed below the impermeable layer.
Khere these soils are not well supplied with surface water during the
grovwing season they are in a high risk category. Under these conditions
the tendency would be to use lees fertilizer than might be used on a
comparable soil with a deep permeable solum thoroughly wetted. However,
if these soils are well supplied with water the fertilizer requirements
are high because of the restricted soil wolume. A unigque use of soils
with impermeable layere is made in paddy culture which produces high
yields of food per unit area.

Soil texture. Soils of coarse texture usually have lower levels of
available nutrients than those of finer textures. On sandy soils in
bumid &areas it is often necessary to apply nitrogen and potassium
fertilizers more than once during a season to make the moat efficient
uge of them. The coarser textured soils are poorly buffered. Thereforae
liming has to be done with considerably more care than on finer texture
soils. The consequences of over-liming are usually more serious on
coaras textured soils because they generally have lower levaels of both
major and minor nutrient elements presentj and any elight decrease in
avallability will bhave greater effects on crop growth. Waeter—=holding
capacity and water permeability are directly related to soil texture.
The effect that this has on fertilizer uee is complex because fertility
is aleo a function of texture; and the quantity, distribution and
intensity of rainfall are alsc involved. In regions of permanently dry
subsoils with rainfall of high intenseity and short duration, sandy scils
give higher yields of wheat and are often fertilized, while heavy solls
do not yield sc well and are not fertilized. In areas of permenently wet
subsoils and infrequent raine of moderate to low intensity, fertilization
would be higher on heavy eoile because the yield potential is higher.
With frequent ralne the reverse would be true. The above examples are
given to illustrate the complexities of the textural effect.

Soil parent material. Parent material of soile inlluence soil formation
as well as crop production. Tropical and sub-tropical soils reflect
strongly the influence of the mineralogioal composition of parent roocks.
Such soils as the dark red or dark brown fertile soils of the tropios and
sub-tropice are usually developed from wolcanic ash, bapsalts, andesites,
and other basic igneous rockej or from rocks with appreciable proportions
of ferro-magnesium minerals in their composition. Soils developed from



quartz sandstones,or from muscovite granites and gneisses, are usually
pale yellow, pale red or yellow red in ocolor and of vary low fertility.
The mineralogical composition of the rocks and their plant nutrient
content influence the farmer of the tropics. He prefers to cultivate
the crops on the slopes; not only because drainage is better, but
because the soils are shallower and the plant nutrients are therefore
more within reach of the plant roots.

Ge Soil nutrients. Although on the basis of emall scale soil surveys it
is not poesible to prescribe the fertilizer dreseings for individual
fielde or for individual farme, it is poseible to provide general
information on the fertilizer requirements by drawing on the broad -
knowledge of the solls even though in & high order of classification.
For instance, many Latosole are very deficlient in phosphorus and nitrogen;
and Chernogems are highly fertile at the start, but under continuous
grain cropping phcephorus and poseibly some nitrogen may be needed. In
countries where detailed soll surveys have been made and experience has
been gained in managing the soile of the different soil units, more
precise ideas on the posaible need of fertilizer om particular parcels
of land are possible.

OROUPS OF SOILS FOR RANGE MANAGEMENT

In areas of extensive grazing, production of forage per acre or hectare usually
is low, and soil surveye ae a rule must be made at medium or low inteneity. Mapping
units are likely to be complexes rather than single soils. To make useful soil survey
interpretations it is generally necessary to put the soil mapping units, or sometimes
the kinds of soil,into groupe. Each group should have a characteristic pattern of soils
and other featuree of the environment, especially topography, water supply, and
temperature regime.

Range specialiets define and map range sites in terms of soil and other
ecological factore. A range siteis an area of range land that produces & characteristic
kind and amount of vegetation under & given intensity of use. Its environment is nearly
homogenous. The climax vegetation is a combination of plante that is relatively stable
with time, and represents the most advanced etage of developmeant of the vegetation
within a given climate. On many ranges, although not on all, the natural climax is the
most productive combination of forage plantej and good range management is often
directed toward the re—establishment of the climax vegetation. On a particular site,
s0ils play a dominant role in setting the potential of the vegetaticna in terme of both
composition and production. Interpretutione of soil surveye for management and improve-
ment of ranges are therefore fucilitated by grouping the soils into range sites.

Hange sites are given local descriptive names derived from characteristicas of
the soil, topography, geclogy, or local climate. The names are not correlated on a
regional or continental basis. Examples of names are loamy upland, sandy plains, or
galine sub-irrigated. .

Soil mapping unite that are complexes of contrasting soils usually are also
complexes of range sites. Considerable jusgement is required to ocbserve the soils and
other features of the environment, synthesize practicable soil mapping unite, and group
them into eignificant range eites. Unless this synthesis ie done, the interpretations
for range use are likely to be either too genersl to amocount for important differences
among the eolle, or too detalled to be applied in a practical way.



After a range site has been identified and named, a description of the site
can be prepared and used as & technical guide., OUne arrangement followas:

1e

2

3

4o

De

6e

Te

RANGE SITE NAME: plus the precipitation zome, if it is needed to
identify the site.

LOCATION: geographic location of the site; also give the specific type
location of a typical example of the range site.

CLIMATE s the pertinent features of the olimate, including the amount
and distribution of precipitation and the seascn when the
dominant forage plants make their maximum growth.

TOPOGRAFHY AND ELEVATION: the approximate elevation and a brief
desoription of tlLe topography.

SOILSs the mapping units in the range site and a brief description of
their characteristics that directly influence the growth of
renge plants.

CLIMAX VEGETATION: a brief description of the climax plant community

for the eite, naming the more important increasers
and decreasers.

TIELD: the approximate yileld of the site in exocellent condition expressed
as unit measure - e.g. kgs/ha - in favorable and in lese favorable
Years.

A modified description of range site and an estimate of forage produced on it
is illustrated by the example which follows (24). The yield estimate is for amounts
of forage produced per year on a range in excellent condition, and under average

rainfall.

Limy Upland Site:

Topography: Gently eloping and eloping soils of the uplands.

Soils

Surface scil and sub-soil of calcarecus lcam, silt loam,

or olay loam. They ure permeable, well drained, and have
& high moisture holiding capacity.

Climax
Vegetation: Mixture of little blue stem, side-cats grama, blue grama,

buffalo grass, ani other grasses.

Dominant
Decreaserst Little blue stem, side—cats grama.

Dominant
Increanérsl Buffalo grass, broom snake weed, and other grasses whioch

form mate.

Common
Invadersi Little barley and three-awn.

Estimated
Forage Yield: 1,500-2,250 pounde per acre (air-dry weight).



Since yields and quality of forage depend greatly on range conditioms, as well
a8 on the soll and other characteristice that determine tha range site and vary from
season to peason, the rate of stocking must be adjusted accordingly. To do this, the
rancher neede supplies of reserve feed to carry his animals through drought or other
periode of low production, and should be prepared also sharply to cull and sell stock
rather than overcrowd the range in a poor season.

(Uood range management favors growth and reproduction of species which ococur
in the natural climax vegetation or a productive vegetation that may be less sensitive
to gras pressure. Under too heavy grazing, the most palatable plante tend to
decrease (decreasers) in number and vigor, and less desirable plants tend to increase
(increasers). Production goes down. If heavy graszing is continued, hardy, undesirable
plants which were not part of the original vegetation may invade the range (invaders).
Range techniclians recognize range condition clasees of excellent, good, fair, and poor,
depending on the percentage of climax vegetation that remains and the relative numbers
and vigor of the decreasers, increasers, and invaders. Other factors such as erosion
end litter cover are also taken into coneideration. The four range condition classes
are shown as followst

Condition Class Percentage of Climax Vegetation on the Site
Excellent 76 = 100
Good 51 = T5
Fair 26 - 50
Poor O - 25

Practices for improvement of ranges are those that favor growth and repro—
duction of good forage plante. Except in the more favored emvironments, where
reseeding or fertilizing can be profitable, the adjustments must be made through
proper range use to allow vigorous growth and reproduction of the good plantsj deferred
grazing, by resting the range to allow plants to mature and form seed; and seasonal
rotation grazing, a variation of deferred grazing, in which each pasture is rested
at different times in succeseive years.

Special practices to improve the range and control livestock include seeding
of native or improved plante in suitable locationsj water development, so that lives—
stock will graze different parte of the rangej changes from time to time in salting
places to improve distributiom of grazing; fencing, to separate the ranges that are
used in different seasons and control of weede and brush, Ly chemicals or machines, to
improve the forage. Location and extent of the different range sites affect all these
practices.

COROUPS OF SOILS FOR WOODLAND MANACEMENT

Soil maps and interpretations provide basic data for management and establish-
ment of forests. In the past, however, many soil surveye were not designed to meet
well the needs of forest managers. Some eoll surveyors recognized too many mapping
units, and thereby made it difficult for map usere to sort out major soil differences
that affect the growth and harvesting of trees. Others tended to map arable soils in
detail, but to generalize the mapping of non-arable soile. As a result, soils heving
different capabilities for forests were often mapped together in such mapping unite
as Rough stony land or Rough mountainoues land. However, today scil scientists and
foresters are working together to design, carry out, and interpret soll surveya of
forested soille or of potential forest land.



The work involwes the definition of soil mapping unite and groupings of soil
mapping unite with reference to soil characteristics that are significant in forestry.

Information about vegetation and climate is needed along with soil and related
information.

Much forest land is suited for more than one kind of use. Multiple uses inoclude
various combinations of forestry, grasing,recreation, and the conmservation, ccllection
or storage of water. If grasing is a eignificant use and can be permitted without
damage to the trees, the soils can be grouped into range sites as well as into the
groups moet useful for forestry. Orcupinge of scile for some recreational uses need
to give special emphasis to production of food and shelter for wildlife, and to soil
and topographic factores that affect conetruction and uee of roads and trails. For

watershed uses, factors that affect surface runoff and tke intake and setorage of water
in soile are of epscial importance.

In Cermany, a method of foreet eite surveying has been evolved in North Rhine-
Westphalia (4). A soil survey of forest sitee is carried out by the State Geologioal
Department to produce & soil-texture map and a map of genetic soil types. Parallel
to the s0il mapping, a survey of the vegetation unite of forest sites ie carried out
bty a special inetitute. The maps, with necessary explanations, are turned over to a
specially treined forest locationer who evaluates them for forest planning. He works
in close contact in the field with the other experts. Hie task ie to convert all the
eurveys into a forest-site map by supplying information on climatic conditions, forest
history, orography, and sc on. The site types are classified according to the roat
suitable species of trees or suitable mixtures. The esites are defined as beech,
spruce, ocak, or alder sites, and are mapped on a scale of 1:10,000.

In the United States, solls are grouped according to their potential productivity
and kinde of limitations for woodland use. The grouping has been described by Lemmon
(19) and has been epplied in many of the soil survey reports published recently in
the United States. Each soll mapping unit, or each important component of a soil
complex, is rated for a number of scil-related items that affect growth, management,
and hervest of trees. The ratings are studied, and the information ies synthesized
into a menageatle number of groups of soils that are called woodland suitability groups.
The following soil-related items are most commonly rated.

1. Froductivity. 1ln forestry, as in any other kind of plant production, it
is important to know the yield that can be expected from different soils under specified
management. In the ratings mentioned, productivity is measured by the site index for
important kinds of trees on each named or described kind of soil. Site index ie the
average height of dominant and co-dominant trees in well-stocked stands at a specified
age which varies with the species. HResearch data avallable for many speciess show the
relation of average site index to potential yield under designated management.

Site index rutinge are obtained by measuring samples of existing torest stands growing
on the kinds of socil that are to be ratedj or they may sometimes be inferred from
cublished research after a field check to make sure that the soils were consistently
identified. The site index for a given species generally can be measured on only a
few kinds of eoil, and must be estimated for the others.

2a Species suitability. Although trees of several commercial species usually
grow on one kind of soil, they may grow at different rates. Also, trees that have
sbout the same rate of growth may differ in quality or in wvaelue. Some are more difficult
than others to establish. Kinde of trees differ in their susceptibility to diseases or
insecte, and in the risk of breakage from ice, enow, or wind. Suitable planting stock
may differ in ebundence and cost. Ratings represent the combined judgment and opinions
of local foresterse, soil sclentists, woodlund owners, econmomists, and others regarding
suitability of the soils for producing treee that can be marketed. Present and possible
future markets and valuews affect use of the ratings, aslthough not the ratings themselves.



Usually two lists of suitable species are made for each kind of eoil. One is
a liet of the species suitable for planting. The other is a list of species to be
favored in managing existing forest stands. Priority among the species suitable for
each kind of soil, and eventually for the groups of soils, is often indicated either
for single epecies or for groups.

3. Plant competition (or brush enorcachment). Invasion and growth of plante
not wanted in a forest stand are influenced by the kind of soil. Some invading plants
may ocompete severely with the desirable trees, especially in a newplanting or a young
stand. Even under & full forest canopy of trees ready for harvest, serious plant
coppetitors may be present in the understory on some soils, ready to take over and
prevent adequate regeneration. Some soils are unusually susceptible to invasion of
potential plant competitors from nearby sources. Practices to remove undesirable
plante by cutting, spraying, girdling, or other treatment are practicable at some
levels of foreast management.

Criteria are developed locally to rate the risk of plant competition on each
kind of soil as slight, moderate, or severe. A rating of slight is made if expected
competition will not prevent adequate natural regeneration and early growth, or will
not interfere with good growth of planted seedlings. The rating ir moderate if
competition is likely to delay or reatrict natural or artificial regeneration, but
will not prevent eventual development of a fully-stocked normal stand. A rating of
severe means that plant competition is expected to prevent adequate natural regenerationj
and artificial regeneration is needed, along with intensive eite preparation and
maintenance treatments such as weeding.

4« BSeedling mortality. Potential mortality of naturally occuring or planted
tree peedlings, as influenced by kinds of esoil or topographic conditions (when plant
competition is not a limiting factor), ies rated as slight, moderate, or severs.
Seedling mortality is likely to be moderate or severe on sociles that have low water-
holding capacity.

5« Erusion hagard. The degree of potential soil erosion when the soil ies
used as woodland ie rated as slight, moderate, or severe. The ratings assume the
kind of forest cover that can normally be maintained on the soil.

6. VWindthrow hazard. Soil characteristics that affect development of tree
roots, and hence the risk ¢of having trees blown over by normally expected wind, are
evaluated. HRatinge of the hazard are slight, moderate, or severe.

Ts Hazard of pests and diseases. If information about soil-related pests
or diseases ie at hand, and is important to a forest manager, the hasard is rated as
elight, moderate, or severe. Subdivigions may be madej thet is, the hazards of
specific peste or diseases, or of groups, are rated separately if they are significart.

8. ©Equipment limitations (or trafficability). The degree of restriotion in
kinde of equipment, methode of operation, or season of use, imposed by soil or
topography, is rated as elight, moderate, or mevere.

9. Suitability for special or secondary producte. Scile differ in their
suitability for epecial or secondary products such as cascars bark, various nuts,
Christmas trees, decorative branches or follage, and products such as latex, turpentine,
or maple syrup, when they are harvested from naturally occurring stands. Little soil
information is available in many places for such ratinge, and the criteria need to be
developed locally. The ratings should reflect eignificent eoll relationships, and
need not e made unlese some can be discovered. Ratings fur specified products are
expressed as well suited, moderately well suited, or poorly suited.



In many areas some of the ratings, especially those of factors that are
affected by eoll moisture, need tc be made separately for upper, middle, and lower
poeitions on slopes; and according to aspect, which is the direction of exposure.
In middle northern latitudes, northern and esstern slopes generally have less
evaporation and a better supply of moisture than southern and western slopes.

Ratings of the kinds of soil for the various items are studied and compared,
and the solle are arranged in a workable numbor of woodland suitability groups. As
in every grouping, some precision is lost in the procees. Solils in each group should
have about the same productivity, and should have about the same rating for most of the
items. OCeneral ratings are then compiled for each group of soils, and some nom—conforming
items may need to be cowvered by explanations.

The following table showe woodland suitability groups, potential productivity,
and ratings of major limitations and hazards affecting management (6).



TABLE 4 - WOODLAND SUITABILITY OROUPS, POTENTIAL PRODUCTIVITY Al

(Estimates of productivity and ratings of site factors based on Soil Surve;

Estimated potemtial productivity

Woodland suitability group Commercial Site | Annual
trees index V/| growth 2/
Oroup 1¢+ Deep, well—drained soil with medium textured to

fine textured subsoily on uplands, terraces, and toe slopes Loblolly pine 19 1.3
Shoertleaf pine 67 -9

Virginia pine 17 13

White pine 96 1.8

¥hite oak TO +6

Red oak 1] «T

Group 2: Deep, well—drained, seversly eroded, medium Loblolly pine 80 1.3
textured to fine textured soile om uplands, terraces, and Shortleaf pine 81 1.6
toe elopen. Virginia pine 81 1.3
White pine 100 2.0

Red oak 8o T

Oroup 3+ Moderately deep, well drained and moderately well Lobleolly pine 81 1.3
drained, medium textured soils on uplands, toe slopes, and Shortleaf pine 66 1.3
terraces. Virginia pine 18 1.3
Red ocak 8o «T

Group 41 Moderately deep, well drained and moderately well Virginia pine 67 1.2
drained, moderately fine textured and fine textured soils Loblolly pine 64 1.0
on uplands. Shortleaf pine 60 1.1
Red ocak TO o6

Oroup 51 Moderately deep to shallow, well drained stony White pine 90 1.7
goile on uplands and toe slopes. Virginia pine b 1.3
Loblolly pine 16 1.2

Shortleaf pine 13 1.3

Oroup 61 Deep, well drained, chiefly medium textured soils Yellow=poplar 120 2.0
on toe slopes, in depreseions, and on flood plains. White oak 80 oT
¥hite ash 8o 1.1

Oreen ash 80 1.1

¥White pine 100 2.0

Loblolly pine 90 1.5

Group T: Moderately deep, moderately well drained and some- Virginie pine 85 1.4
what poorly drained, medium textured and moderately fine Loblolly pine T6 1.2
textured soils on stiream terraces, flood plain, and toe sloes] Shortleaf pine 64 1.3
Group 81 Deep, poorly drained, medium textured to fine Sycamore 90 1.6
textured soile on flood plaine and low stream terraces. Sweatgum 90 1.7
Green ash 8o 1.1

Oroup 9: Deep to shallow, somewhat poorly drained and Loblelly pine 17 1.3
moderately well drained, medium textured to fine textured Shortleaf pine 16 1.5

eoils on uplands and low atream terraces. 4

Oroup 10: Well drained, medium textured to fine textured Virginia pine T0 1.2
s80ils with shallow root zonej on uplands. Loblelly pine 68 1.1
Shortleaf pine 56 1.0

1/ Average height in feet of dominant and codominant trees at 50 years of age.

2/ 1In fully stocked stands without intensive management.

Unite are cords per acre.




BATINGS OF MAJOR LIMITATIONS AND HAZARDS AFFECTING MANAGEMENT

Drterpretations for Woodland Conservation, Osorgia Progress Report 1961)

Other soil-related site factore

Freferred species

Flant Equipuwent | Seedling Erosion ¥Windthrow Hative Flanted
competition | limitation | mortulity hazard bazard trees trees
Moderete Slight to Slight Slight to Slight Pine and ocak Loblelly pine

moderate moderate ghortleaf pine
Virginia pine
Slight Slight to | Modorate Severa Koderate to | Pine ( Loblolly pine
moderate BEYOTre I‘tl.ndl; shortleaf pine
Yirginia pine
Moderate Moderate Moderate Moderate Slight Pine ( Loblolly pine
to sovers Itl.l]d‘.l; Virginia pine
white pine
Slight Moderate Moderats Severe Moderate to | Pine ( Virginia pine
to mevers sovare etands leblelly pine
Koderate to Moderate Slight to | Moderate Moderate to | Pine (pure Virginia pine
Bovere to severe | Moderate to savere severs etande shortleaf pine
Severe Slight Slight Slight Slight Yellow=poplar Yellow—poplar
white pine loblelly pine
loblelly pine white pine
Severs Moderate | Slight Slight Slight Virginia pine Yellow-poplar
: loblolly pine loblolly=pine
yellow=-poplar white pine
Severs Severe Moderate Slight Slight Sycamore, sweet- Sycamore
gum, green ash sweat-gum
Moderate Moderate Moderate Moderate Moderate Loblolly pine Loblolly pine
shortleaf pine shortleaf pine
Moderate Moderate Koderate Severa Moderate to | Virginia pine Shortleaf pine
to eevere to aavere aovere loblolly pine loblelly pine

shortleaf pine




ENCINEERING USES OF SOIL MAPS AND REFORTS

The socil properties that influence plant growth alec affect engineering uses
and many other non-farm uses of soil (25). The content of clay and the amount that
it shrinks or swells, the permeability to water, the eleoctriocal coniuctivity, the
wetness at different seasms, and the depth to rock are examples of properties that
affeoct both kinds of uses.

A mlowly permeable soil horison restricte roots, limits use of a soil for
septic tanks, and makes & poor subgrade for & highway. A soil rich in montmorillomite
clay shrinks and ewells with charges in moisture content, and will break roots of
plants, pipelines, and even reinforced concrete foundations for buildings. The changes
in volume will alec tilt fence poets, trees in an orchard, or poles of a power line.
Salte that cause high oonductivity in & soil can stunt growth of plante, and can corrode
& pipe-line in just & few years. A well-drained flood plain scil that is covered with
water for a few hours or days nearly every year may produce good crope but would be &
poor location for a dwelling or a factory.

A Boll map accompanied by good descriptione and interpretations provides datea
or inferences about the textural class, permeability, water-holding capacity, soil
drainage, reaction, and other propertiea of each mapping unit. Engineering tests of
major horisons in a few selected soils permit estimates of the properties of soils
similar to those sampled. Desoriptions of the scile contain information about nature
of the substratum, depth to bedrock, and kind of bedrock, especially if the soil
survey has been designed with engineering uses in mind.

S80il maps and accompanying descriptions furnish important data for planning
water control measures on farms, such as drainage systems, ponds, irrigation esyetems,
and terracesj for preliminary studies of locations for roade, airports, pipe lines or
cables; for studies to aid in selecting and developing sites for residential, industrial,
or recreational usesj for estimates of the suitability of soil mapping units for crosa-
country movement of wvehicles and construction equipment; for the first stage of a search
for sources of sand, gravel, or other construction material; and for preparation of
epecial purpose maps or reports that have to do with construction or other engineering
projects.

It muat be emphesized that a 8oil map cannot eliminate the need for sampling
and testing soile at the site of specific engineering worksj in particular, works
that involve heavy loads, or excavations deeper than the layers described in the soil
report. In these situatione the soil map is useful in early appraisal of alternate
gites or routes, in planning more detailed field studies, and in suggesting the kinds
of problems that can be expected.

Engineere and bullders need to remember that & soll mapping unit named for one
kind of eoil ies likely to contein minor inclusions of other kinde. Some of the
inclusions are readily apparent to persons not trained in soil ecience. A well=draind
Boil may contain wet epots, for example, or a mapping unit of a deep eoil might have
within it gravelly spote or shallow spote or shallow spots too emall to be shown.

Other important inclusions may be much less apparent. A emall area of slowly permeable
80il might be discovered only by boring, and would be of great significance to a home
builder who plans to install a septic tank for disposal of sewage.

It is essential to have engineers take part in developing engineering
interpretations of a ecil survey. A eoil scientist should begin by assembling the
g0il symbols and names, descriptions of the soilse, and available dataj but few if any
80il scientists are familiar enough with engineoring uses of soils, and with terma used
by engineesrs in describing soils, to complete the work.



Usage of terms deserves special mention. Many technical terms commonm in soil
ecience are used by engineers with different meaninge. Examples of soil science terms
that have different meaning in engineering or other fields are soil, sand, eilt, clay,
gravel, loam, topsoil, subeoil, and granulaer. Engineers' terms, such as well graded,
might not be underetood by & soil ecientist without special explanation. It is suggested
that the usage of soil science should be followed where applicable, since exact
expressions might be difficult otherwisej; but any terms that might not be understood
should be defined, either in text of the interpretations or in a separate glossary.

Beckel (4) described the use of soil surveys in Germany for town and land
settlement. In some places & detailed geclogical and pedological survey is made, and
the soil map shows, by meano of colors, patterns, and symbole, important characteristiics
and properties of the soils. The geological eituation and the predominating genetic
aoll types are described.

A water ard building-lot planning map is made as & special map, based on the
geological and pedological survey. According to regional requirements the map shows
suitability of the various sites for 2-story and 3-story buildings. The necessary
precautions to be taken in basement and cellar construction, and with respect to frost
danger, are outlined. Additional information concerns ground water, load-tearing

capacity of the soile, and occurence of building materials such as gravel, sand, or
clay.

A procedure for making engineering interpretations of soil maps has been
followed in the United States since 1958, and was outlined in a memorandum of the
Soil Conservation Service in 1961 (27). The procedure calls for standard engineering
tests of sapples from the major horizons of a few representative scils in a soil
survey area} compilation of estimated engineering properties of major horizons of all
the mapping unite; and compilation of an interpretative table, usually with the soils
liated by soils series, that gives the suitability as a source of topsoil, sand, and
road fill, and summarizes the chief soil features affecting several kinde of engineering
works, such as highway location, dikes or levees, farm ponds, agricultural drainage,
irrigation, terraces and diversions, waterways, limitations for sewage—dieposal fields,
and other interpretations if they are epplicable. At an early stage in the work on
most goil surveys, but not before the kinde of scil have been studied in enough detail
to permit selection of representative profiles, samples of the major horizons in a few
important soile are taken for standard tests in an engineering soile laboratory.

The firet step in assembling engineering interpretations ie to list the eoil
aymbole and names of soil mapping unite, and to study the descriptions of soils,
engineering test data, and other awailable data on the phyeical and chemical table
or tables. Each soil horizon for which tests were made is claseified according to
two of the systems for engineering classification of soil materials (1, 31).

A large table le prepared thet contains symbols and names of the soll mapping
unite, a brief description of the ecil and eite features likely to be of interest (ae
& rule, generalized for the mapping units in each soil series), and estimates of the
important properties of major horizons in the soils of each series.

Tables 5 and 6 show the mapping unite, & brief description, interpretation
and the estimated physical properties significant to engineering for certain soils tj}.



TABLE 5 - BRIEF CESCRIPTION D THEL
Depth
S50il Name Dasoription of soil and sito from
surface| USDA Texture

Dunbar fine | About 14 feet of fine sandy loam over about 1% feet 0=15 | Fine sandy loam
sandy loam, | of sandy olay, underlain, in turn, by 1% feet or 15=-30 | Sandy clay
0 to 2 per— | more of clayy somewhat poorly drained soils on low 30-40 | Clay
cent slopes. | knolls, and ridgesy depth to seasonally high water

table approximately 1 foot.
Orady loam. | About 1% feet of loam over § foot of sandy lvam to O=5 Loam

sandy clay loam, underlain, in turn, by 1 foot to 5=13 | Sandy loam to

5 feat or more of clayj poorly drained soll in small, sandy clay loam

rounded depressionsy water stands on the surface 13=44 | Clay

during wet season.
Laocn sand. About 3 to 6 feet of sand underlain by sandy clay 0-16 | Sand

loam sonewhat poorly drained and poorly drained soil | 16=20 | Sand

on low sand ridges; 15 +to 20-inch layer is 8 hard- | 20-40 | Sand

pan of organic matter cemented with sand; seasonally

high water table near the surface.
Susquehanna | About % foot of loamy sand over 4 foot of sandy clay) O0-16 | Loamy sand
loamy sand, |underlain, in turn, by about 1 foot of clay that 10-16 | Sandy clay
shallow, 2 rests on sandctone bedrock in many placesjy somewhat | 16-24 |Clay
to 8 percent | poorly drained soil on uplands; about 1 foot to
slopes. seagonally high wvater table.
Wahee fine About 14 feet of fine candy loam over 1 feet or more Fire sandy loam
sandy loam. of sandy clay; moderately well drained and somewhat Sandy clay

poorly drained soil on low stream terraces that are
flooded periodically.

1/ Less than 0.05 inches par hour.




BSTIMATED PHYSICAL PEOPERTIES SIGNIFICANT TC ENGINEERING

Classification Percentage passing sieve Pormea~- | Available
bility water
oapacity Shrink-
Bo.4 Hol.10 Ho W 200 Inches swall
ied AASHO
Taltis (4.7 mm) [(2.0 mm) |(0.074 mm) | per Inches potential
hour per inch

of moll
SM or ML |A=4 100 100 40-65 O.8=2.5 «10 Low
oL A-& 100 100 50-65 0.2-0.8 «10 loderate
CL or CH |A~6, 4=7 100 100 65-T15 0.05-0,2 <10 High
SC &—-2' H 100 100 3H5 DQB""‘E-S 12 Uoderate
cL A-T 100 100 55-70 1/ «13 Moderate to high
SP=-34, SN A-3, A-2 100 100 10=20 5 0=10,0 «05 Low
SP-3M, SH|A-3, A-2 160 100 10-20 §=0=10.0 «05 Low
=™ A2 100 100 20-25 2.5-5.0 08 Lowr
CL A= 100 100 50-65 0.2-0.8 .19 lederate
CH CH or MH 100 100 T0-85 0.05-0,2 « 12 High
8 or UL |A~-4 100 100 40-55 0.8-2.5 .09 Low
CL 1—6 100 100 50—65 G- 21"0.5 «11 Hﬂ'ﬂ.ﬂ‘“tﬂ




TABLE 6 — INTERPRETATION OF

Suitability as source of-

Soil features affecting-

Soil series PAFR potiis
Top— Sand Hoad £ill Highway
soil locatlion Reservoir area Embankment
Lakeland Fair|Fair to Fair to |Unstable Rapid permeability Low strength and
good; good slopes and excessive stability
poorly seepage in shallow ir
graded.l/ s0ilsj moderate
pormeability and
moderate seopage
below 30 inches
Lecn sand |Poor|Fair Fair to |Unstable Rapid permeability Yery low strem
good slopen and sxoessive and stability
seapage
Lynohturg |Good |Poor to Fair tv |Unstable Moderate permeability/Moderate
fairy good slopes and seepage || permeability
poorly and moderate
graded.l/ shrink-swell
potential
St. Johns |Fair|Foor Poor; Seasonal high |Moderately rapid to [Moderately rapid
good if | water table; rapld permeability to rapid
confined| low atrength | and exocessive pormeabllity
and stability| seepage and low atrength|
and stability
Sunsweset Poor|Unsuitable |Fair te |Unatable Slow permeability; | Slow permeability
good slopen; seopage at toe and moderate
moderate slopes strength and
stability stability
Susquehanna |Poor|Unsuitable |[Fair te a|Sesscnal high |Rock at a depth of Slow permeability
depth of| water table; 24 inches
24 inchen| rock generally
at 24 inohes
Tifton Good | Poor to Fair to |High otrength |Moderate permoabllity|Moderate permea-
fair; rood and otability| and olow coopago ] bility and high
poorly atrength and
praded.l/ otability

y Largo perceat of cand prainc of equal size.




ENGINEFRING PROPERTIES OF S0IL3

Soil features affecting— (continued)

Aprioultural | Irrimtion Pits excavated|Terraces and| Waterways Land Filter fieldsa for
drainage for irrigation| diversions levelling septic tanks
Not needed Low water Bapid permea-|Rapid intake |Low water— |Nut Soil properties
holding bility; low | rate; little ! holding generally | favorable
capacity; strength and| or no runoff| capacity noeded,
rapid intake| stability ut soil
rata properties
fhvoratle
Rapid Low water— Rapid permeoa-|Not generally|Net pgenerally|Not Seascnal high
permeability; | holding bility; low | cultivated cultivated menerally| water table
seasonal capacity; strencth and cultiwated)
high water rapid inteske| atability
tabla
Seasonal hipgh|Meoderately Moderate Soil Soil Seil Seasonal high
water table;| high water— | permeability| properties properties properties) water table
surface holding in underlying| favorable favorable favorable
drainage capacity; layers; high
neadod moderate strength and
intake rate | sktability
Seasonal high|Wet soil; not|loderately Wet, level |Wet, level |Wet, level|Seasonal high
water tablej| gonerally ropid to soil soil soil water table
surface cultivated rapid permes-
drainape bility
neededy
outlets
BCATCE
Hot needed Foor agri-— Steep slopes; |Not needed; |Not needed; |Poor agri Slopes range from
cultural not suitable| because of | because of cultural| 5 to 17%; soil
soil; irpdi- staep ateep soilsg material changes
gation may slopes slopes shallow within short
not be root diotances
practical zone
Seasonal high| Poor agri- Rock at 24 Slopes range|Rock at 24 Shallow Seasonal high
vater tablej| cultural inches; not | from 2 to ° |, inches root water table; rock
surface s0il; irri- | suitable B4 rock at zonej at 24 inches
drainage gation may 24" rock at
neaded; rock| not be 24
at 24" practical incheas.
ot needed Hoderately lodernte So0il Soil Soil Moderately rapid
high water— | permeability| properties properties | proper— parmeability in
holding in sub-seil;| favorable favorable ties surface layer anl
capacity; high strength favomblel moderate to
moderately and mederately slow
high intake | stability permeability in
rate gubsaoil



Edelman listed the soil information that should be provided by special soil
maps for drainage or for irrigationm projects (10). Such maps and related interpre—
tations should cover, in greater geographical detail and in a more gquantitative wsay,
peveral of the items listed in the tables of engineering interpretations that hawve
been mentioned. Such special soil maps would be made at a large ecale and could
cover only areas selected for drainage or irrigation projects or for especial investi-
gations.

The information suggested for a drainage project includes:

Hydro-geoclogical characteristics of the aresa.

Permeability of the varicus soil layers to a depth of some metere.

Location of the layer below drain depth to be considered as relatively
impermeable for the drainage scheme.

Winter and summer water tsbles. If the survey is carried out during summer,
the winter water tables have to be estimated from the profile characteristicsa.

Amount of water available for plant growth, calculated for the whole profile,
btut without the contribution of ground water.

Drainable pore space.

Need for drainage in relation to the water table, climate (rainfall,
evaporation), orop, and water storage capacity of the soil.

For an irrigation project the items are:
Infiltration rate, under dry and wet conditions.
Permeability, especially of the subsoil.

Water-retaining capacity of the soil profile (field capacity, wilting point,
and readily available water).

Tilth and stability of the surface soils after being wetted.

Chemical compositiony fertility level, pH, and organic matter content.

Salinity, and the risk of salinization or waterlogging.

The example in Table T showe how three soils in eastern United States were
rated for several engineering and other non-farming uses (20). Limitations are rated
a8 slight, moderate, or severe for each of the specified uses. Ratings of moderate or

severe are followed by a descriptive term that names ome or more characteristics chiefly
responsible for the rating.



TaBLE T — RATINGS OF THREE SOILE IN MARYLAND, U.S5. FOR SEVERAL NON-FARMING USES

Fame of Soil:

Matapeake fine sandy
loam, 0 to 2% slopes,
well drained.

Matapeake fine sandy

loam, 5 to 104 slopes,

well drained.

Eeyport fine sandy loam,
0 to 2% slopes, (slowly
permeable sub-soil).

Degree and kind of
limitation for:

IMepoaal of asewages:

Sevage lagoons:

Foundations of homes,
two stories or lees:

Landscaping and
earth moving:

Streets and

parking lote:
Athletio fielda:

Parks and extensive
play areaat

Fill for sanitary
uses:

Cometeries:

Home gardene:

slight

elight

alight

elight
slight

elight

elight

elight

slight

slight

moderate, because of
slope

severe, because of
slope

slight
slight

moderate, because of
slope

woderate, because of
slope

elight

slight

slight

severe, because of
slope

severer slow permeability
and seasonally high water
table

slight

moderate: eeasonally
high water table
moderate: seasonally
high water table
moderate: seasonally

high water table

severe: slow permeability
and seasonally high water
table

moderate: seasonally
high water table

severe: sticky material,
seasonally high water
table

severe: slow permeability,
seasonally high water
table

moderate: seasonally
high water table

Soils that contain allophane clay present apeoial engineering problems. In
Chile it was cbserved, after the earthquake of 1960, that catastrophio landslides

oecured on mteep slopem covered with voleanle ash (31).
inhabitante were overwhelmed.

Several settlements
Many bridges were made unservioeable by collapse of

and their

thelr sarth ramps made from allophane olay fill. These materials when slightly dry
appear to be highly suited as filling materialy but they are exceedingly treacherous

when moist and cannot oarry & heavy load.

Under the impact of seimmic waves, the oclays

appear to have erxuded moisture im sufficient guantities to make them almost liquid.
Many bulldings actually slid along on surfaces lubricated by allophana.



SOIL MAPS FOR TOWN AND COUNTRY PLANNING

Planning agencies, local governments, and health officials are making use of
goll surveye to guide expansion of towne and and suburbe, to ald in locating parke
and providing for other open spaces, and to aid in the expansion of highways and other
services required by growing communities.

In Europe the purpose is partly to keep the most productive soils in farming
(4, 10)s Loss of good farm land concerns soil scientists and public officiales in many
countries outside Burope. In the United States a more pressing problem at present ie
to avoid building houses that are unsafe because of unfavorable soil or site factors.

Interpretations of soils for town and country planning are clcsely related
to those diecusesed under engineering, and alec to the section on general soil mapse.
The section on engineering deale chiefly with appraisal and interpretation ol the
characteristice of soils at particular sites, and with properties of scils as materiale
for earth structures. A planning official must study soil characteristice and
preferably a ecil map over a wider ares than that of an individuasl eite or small
project.

Planning officiale or consultants need to consider soil characteristics,
eclogy, elopes and landforme, ground water, patterns of surface drainage and runoff
including effects of proposed davnlapnantai. and the present vegetation or land use.

They need to weigh the composite effects of these factors, for eingle sites and for
larger areas, in relation to the needs for land developments and the alternative uses
that can be mede of the areas available. Large-scale maps of some of the factors,
especially of soile, provide purt of the data needed. The ecil map should show
streams and water courses in considerable detail, as well as the kind of soil, and
gshould show the boundaries of flood-plain soils with good precision.

Some planners also prepare large scale maps of present land use. Maps based
on eingle characteristics or interpretations, such as slope classes, soil texture,
natural soil drainage, or capability classes and subclasses for farm crops and
pastures, are often useful so long as they are regarded as steps in the planning
process and no eingle map is taken ae a basis for decisions. Other single-factor
maps in gome areas might show the depth to bedrock, the hazard of corrosion of pipe
lines, or the soils that have high shrink-swell potemtial. ©Some of these maps are
most wuseful at a scale emaller than that of the soll map.

In many planning projects it is worthwhile to develop further maps that are
in fact general soil maps, but designed for this one purpose. The scale should be
suited to the eize and nature of the project. Conslderable study is needed to
synthesize and map eignificant areas, for the detailed mapas from which they are
derived often show a mass of detail. Emphasie may need to be placed on englneering
characteristice of the soils, stability of hillside eoile, and other items that
affect development of communities and their services. It is unlikely that a general
soil map made with a blas toward agricultural interpretations will be best for the
planner, even if the scale and degree of detail are suitable. If general maps are
made, the planners must continually remind non-technical useres that the mapas show
patterns, thet each mapping unit almost always embraces an assoclation of contrasting
soils or other features, and that reference to the detailed mape and direct field
examination must be made to be sure of the scll and other characteristices at any
one site.

Interpretative maps might show such things as areas well euited for develop-
ments of houses or emall apartments; areas well suited for light or for heavy industries;
areas not suited for homes or for industries because of floods, wet eoils, ponding, or
some comparable reasonj areas of slowly permeable soils suited for homes served by
pewage lines but not for those that depend on septic tankej arease of shallow or stony



scile that can be used for homes or industries but make poor farm land; flood plains

that are inundated only occasionally and can be used for many recreational purposes;

flood plains on which soils are wet and recreational uses are limited; or steep soile
that will ercde and produce flocde and sediment if they are not protected by good

vegetation. These are only suggestions, since the physicel charateristices and the
needs of each planning project are unigue.

Housing development on soils of low permeability require sewage lines, since
the effluent from individual septic tanks will not flow rapidly enough intc the subseoil.
Lote in such a community must be small enough to keep the cost of sewage lines within
reason. Septioc tanks will function on permeable, well-drained socils, and there the
lota must be large enough to provide for the neceasary absorption fields. If the
80il and substratum are too permeable, however, there is Jdanger that underground water
will be polluted.  The largest lots for homes are needed on soils of moderately elow
permeablility in places not served by sewage lines. Disposals fields on such soila
aust be large, and some owners need more space if their firet system fails. Areas
that flood are not suitable for dwellinge, and a high water table even part of the
time prevente functioning of a septic tank.

Scile that have high shrink-swell potential are likely to move enough to erack
foundations and walls, tilt trees and utility poleo, and even to break pipe-lines.
A break in a sewer line is a dangerous health hazard. A scil map showe the places
where trouble is likely to ccocur. The preferred remedy is choice of & new site, but
if no other site ie avallable good design might help prevent some of the likely damage.

Disposal of runoff and control of ercsion are especially important in develop—
mants where homes and roads are built. Control of water needs to be planned by water—
sheds, not by individual sites. Controlled channels should be provided, if poasible
in the natural waterways; divereions may be needed to protect individual homes or other
buildinge. It usually is difficult for a single owner to diepose of runoff that flowe
across hie lot from a higher source. Streete and roadways need to be planned with
regard for their effects on flow of water. Erosion and runoff Juring construction of
a multi-home project can cause serious damage on the project itself, and destructive
sedimentation on lower areas and in streams.

Unetabla ecils on hilleides, subject to soll creep, landelides, or saturated
flow, cause damage to buildings, highways, railroads, and other workes. A soil map
usually suggeste problem locations; a geclogical etudy may be needed to define the
extent and degree of the problems. Houses and apartments on hillsido benches of poorly
drained soile have shifted and coracked so much as to make them worthless. Filled
eites in ravines or lowlande can be troublescme, and need to be investigated in detail.
Catastrophic landslides have vocurred in soils developed in volcanic ash (33).

Highwaya through hilly terrain on somo kinds of ¢lay or shalky solls are
subject to slides in wet weather. Sometimes, although not always, scme of the most
troublesome sitee can be avoided if a soil map is available before the route is laid
out. If & highway must be built through an area of unstable ecils, the need for extra
maintenance should be anticipated. Highway and rallway engineers eometimes can use
80il maps to help avoid peat boge, other swampy scile, and places where cuts muat te
made through hard rock. Utility companies sosmetimes can avoid placing lines of wooden
poles through shallow soils underlain by rock. An airport might be built more
economically on well drained ecil than on poorly or somewhat poorly drained soils,
sven if more grading is required. All of these uaee have been made of soil maps even
though the maps had been made mostly for agricultural purposes.



SOIL MAPS FOR AFPPRAISAL OF LAND

Soil mape can be useful in appraisal of rural land for taxes or for loans.
Specific interpretatione or groupinge of soile for this purpose are needed; it is not
likely that a general soil map, or an interpretative soil map made for another purpose,
can be used without adjustment., Other information besides that about soils is also
needed. Appraisale are made of social land units, mainly farms, and those units are
uvnlu?tag in terma of potential production within the institutional and legal environ-
ment 2 -

Estimated yields of crops on different kinds of soil under defined management,
and estimates of range or forest productivity by kinds of groups of soils, provide
a basis for estimating potential productivity of a farm or other tract. The soile
can be arranged in a convenient number of productivity classesj often 5 or 10 classes
are enough, although the number can be greater if more precision is required and data
are on hand to make the ewvaluations. In places where the farms produce mainly a
eingle crop, such as wheat, rice, cotton, or malze, ratings based on that one crop may
be desirable. In meost places a general productivity rating ie likely to be more
suitable.

The ratings and groupings of soils will need to be readjusted from time to time.
Changee in systems of eoil management are certain to occur. More production of some
crops and perhape leas of others will be needed. Cheaper fertilizer and inoreasing
numbers or new types of machines will affect farming practices and yields. If the soil
mapping units are well conceived and area ac curately mapped and described, the ratings
and groupings can be adjusted easily; when revieions can be made in the appraisals of
epecific tracts without additional ecil mapping.

Appraisale take into account factors other than productivity of the moils.
Location, eize of tracts, water supply, productivity of nearby farms, distance to
markete, and quality of roads are some of the factore. Laws and customs vary widely
regarding the taxing of improvemente such as fences or buildings, and the weight to
be given to potential wversus present production. Almost without exception, the
contribution of the soll eclentists should be limited to the comparative ratings of
kinde of soil, within a framework that will be useful; local officials should decide on
the relative values and make the appraisals.

Appraisals for loans generally can begin with the same ratinge of soils,
regarding crop potentialities and estimated ylelds, that are useful in tar assessments.
The lending agency neede to be concerned with long-time effects of alternate syatems
of management, and with actual or potential limiting factors such as growth of noxious
weeds or potential waterlogging of irrigated soile. Water supply, improvements,
location factors, and other items of course are evaluated. The loan appraiser also
must aseess in one way or another the tenure and skill of the prospective manager, inm
relation to both the economic setting and the potentialities and limitatione of the
eoile.

INTERPRETATICHS OF GENERAL SOIL MAPS

Jeneral soil mape are made at a ecale emaller than that required to show the
significant mapping units on single farme or ranches. Mapping units are associations
of soilej often associations of phases of ecil serles, of great soil groups, or of
suborders or other groups in the new 20il classification. Scale varies according to
the data avallable and probable uses of the map. Some general ecil maps which ure
published along with detailed maps are printed mostly at a scale between 1:100,000 and
11350,000; a few are as small as 11500,000. General soil maps of an entire province
or country are necessarily smaller and the mapping unite are more broadly defined.
Soil essociations in a large country can generally be presented at a scale between
11500,000 and 1:20,000,000. A useful, although highly ochematic, eoil map of the
world hae been reproduced at a scale of approximately 11200,000,0C0 (13).



General soll maps of eeveral continents or parts of continents have been
prepared in the project: Soil Map of the World of FAO and Unesco. The soil map of
AMrica (prepared by C.C.T.A.) has beem published; the Soil Map of South America is
being finalized; second drafts of the Soil Map of the Near East and the Soil Map of
Southeast Asia have been prepared; and the Soil Map of North America is in preparation.

Readers can make broad interpretations of a general soil map moet easily if
the number of mapping units in the legend is not greater than ten. Many good maps of
ocourse have a larger number of unitsj if the map ie to be comprehended as a whole,
however, the units should be grouped under about ten main divisions. Colors or
paterns help the reader to see relations of the units to one another. If the main
units are subdivided, the number of subdivieions in each should also be not more than
ten, preferably fewer. Readers generally do not try to comprehend divieions at the
gecond level for & map &s & whole. They are more likely to etudy variations within
one of the main divieions, or to loock at the mapping unite within one state, province,
or other small part of the map. A map that has more than about ten divisions at the
highest level can convey much useful informatiom, but a reader must study it in small
seotione rather than as & whole.

A general soil map can be made by direct investigation (reconnaissance) or
by genralizing from maps of larger scale. Whichever way it ie made, a general soil
map is the result of aynthesis designed to emphazize selected kinds of soil patterne.
The user can see quickly the location and extent of each mapping umnit over a _
congideratle aren. He should be supplied sleo with a written text which describes the
papping unite, especially the kinde and the pattern of soils and related features of
the environment. A detailed soil map, in contrast, is gemerally too large and too
complicated to reveal easily the eoil patterns im an area larger than perhaps 100
square centimeters of the mer wesurface. A detailed soil survey, even one of low
intensity in which mapping units are soil mesociations, ie designed to provide a
record of soil conditions which can be consulted for many uses. The user reads the
particular map symbol or symbols, loockes up the descriptions and availsble interpretations,
preferably examines the solls to see features that are important to him and proceeds
to make his own further interpretations or management decisions. A great deal of

synthesio, of course, goes into construction of the legend for a good soil map at
any level of intensity.

Legends for Ceneral Soil Maps

The choice of map eymbols and wording of the legend for a general soil map
offer opportunities to make the information easily available to readers. Descriptive
facts can sometimes be etated without useing the specialized terms of soil science. If
the need for accuracy and the limitations of space require use of technical soil terme
without explanation (for example, names of great soil groups), use of the map by readers
not acquainted with those terme is greatly restricted.

On a general soil map of intermediate scale, from about 1:100,000 to perhaps
11500,000, mapping unite are often associations of soil series or of phases of series.
They can be named conveniently by using rnamea of one, two, or not more than three of
the dominant series in each asaociation. Examples are the Montevallo association and
the Montevallo-Klinesville-Rarden association (6). Such names convey no descriptive
facts, even to & soil socientist, unless he knows characteristice of the named soils.
Addition of descriptive but relatively non-techncial stetements make the legend more
ugeful to a large number of possible readers. For example, the Montevallo asecciation
ie described as eteep and very steep, shallow scile on mountaine; and the Montevallo-

Kinesvilleflarden association as shallow, well-drained soils of the rolling and hilly
shale ridges (6).

Fumbers make convenient map symbols, especially if the number of mapping units
ie not more than 10 or 12. Mapping units can be arranged according to their
physiographic poeition or by scme other grouping, then numbered consecutively., Map



eymbole can aleo be derived from initiasl letters of the soil names, such as M and MKR
for the two associations just mentioned. If that is done, however, any logical grouping
of symbole in the legend ie salmost certain to place them out of alphabetical order.

A reader must then look through the entire liet to find one symbol.

¥ith any kind of map eymbols, a distinotive color tint for each kind of
mapping unit makes the map attractive and easy to read.

A general soll map of a large region, country, or continent may require a legend
of more than ten items. Mapping units gemerally are associations of great soil groups
or of other groups at a high categoric levelj or of phases of such groups. The Soil
Map of Europe has 34 kinds of mapping units arranged in 3 general groups. The Soil
Map of South America has approximately 400 kinde of mapping units, grouped under some
76 headings. Symbols onm the latter map consist of two numbers. The firet number is
keyed to & broad eoll association of one or more great soil groupe. The second number
indicates more precisely the climate, the kindes of soils in the esscciation, and
sometimes the physiographic position, kind of parent rock, or important soil profile
characteristics. For example, number 61 in the legend designates a group of aescciamtions
dominated by Red-Yellow Podzolic scils. Mapping unit ﬁ1f1 is an association of Red-
Yellow Podzolic soils, intergrading to Red-Brown Mediterramean soils of the subhumid
temperate regions with winter rainfall (Chile).

An experimental eral socil map of the United States, at a scale of 1:20,000,000
was prepared in 1964 (26). It has 38 mapping units, named at the level of suborders or
phases of suborders in the new 80il claesification. Symbole are combinutions of letters
and nuwbers. The firet letter is the initial one of the soil order, unlesa names of
two ordere begin with the same letter. Mapping units are arranged by orders and brief
descriptione are given for the orders and for each of the mapping units.

Uses of Ceneral Soil Magps

Several uses of general scil maps can be suggesied. A general soil map ie
an inventory of important rescurces, and so belonge in slmost any treatise or study
that deals with development of egriculture, in books of gecgraphy, and in meny kinds
of documents and publications. It is a record of basic knowledge for many kinds of
agricultural or economio planning.

Some of the uses include selection of new land to be occupied and developed;
planning of roads and other services for new or existing communities; locatiom of
potantial production areas for selected crops and planning of program to introduce
or dietribute farm machines.

Scientists and professional workers (mot just soil scientists) use general
20ll mape in the correlation and exchange of ecientific dataj not only data about the
solile, but interrelations among scils, geology, landforms,climate, vegotation and use
of landj and in economic studies that deal with soil and water as means of production.

Teachers at all levels, and authors of textbooks and other books, can make
use of generul scil maps and supporting information.

FPlanners interested in economic development need information about soils in
the form of general maps. Location of major soil mssociations affects the choice
of routes for roads, reilways, and other means of transport and communicationj and
tha locatlion of reservoirs for water power, domestic water, or water for irrigatiom.

It must be emphasized aguin that a general eoil map is good for general uses
onlys. It shows patterms of soils and related factors, but cannot show in detail the
goil information that is needed for locating and planning specific projects. An
irrigetion project, or any project that leads to important changes in land use, should
be preceded by a soil survey at the scale and intensity required to depict the
necessary facte.



Soil survey work in a developing country generally begins with reoonnaissance
surveys which produce general aoil maps. As part of the recomnaissance soil survey,
representative solls are examined, described, and sampled. Detailed or semi-detailed
mapping of sample blocks is extremely useful. Data on the climate, wegetationm,
geology, landforme, and related items are essentiml. 'The resulting genmeral soil maps
are valuable in planning further soil mapping and other soil research, and im making
general land use recommendations or decisions that cannot wait for more detailed
information.

Soil interpretations begin as soon as representative solls can be studied.
In fact, pressure ie often brought on a soil scientist to predict the performance of
g0ile even before he has an opportunity to map sample areas, study the laboratory
data, and observe the responsee of major kinds of soil. To the extent that he can
make valid inferences from the nature of the soils ard observations of the soile
and orops, backed by knowledge of the performance of similar soils elsewhere, his
predictions are useful. The quick opinion of un expert, however, is mo substitute
for a wolid body of moil facts and systematic observations which muest be accumulated
over a period of years.

Interpretations of general soil maps to show euitabilities of soile and
environment for agrioultural production have been made by FAC. Work in Nigeria
utilized a method for numerical rating of soil characteristics and qualities, and
produced interpretative mape showing soll productivity under present management and
80il potentialities under improved management (12).

In East Africa, a general map of available information on soils, topography,
and climatic regione was prepared at a scale of 112,500,000 (5). Climatioc phases
provide the first baeis for selection of suitable crops, while topographic subphases
have been used for the separation of areas which are predominantly unsuitable for
mechanigation. ©Soil unite of the map have been interpreted in terme of natural
fertility, internal drainage, and erosion susceptibility. The map has them been
interpreted in terms of suitabilities for production of orops at the actual (traditional)
management level (called productivity), and at a modern management level (potentiality).

At the trauditional level of management, it ie likely that little or no capital,
except hand labour and animal traction, is used. Ioplements are the most simple hand
toola. Simple drainage works may be inetalled. Clearing of vegetation is done mostly
by burning, and rocots are mot removed. No fertilizers are applied; and irrigation is
used only for a few crops, notably for paddy. Erosion contirol measures are taken
only in exceptional cases. Since farming depends on natural fertility, the land is
abandoned when production stops or yilelds become too low. At the traditional level
of management, classes of high, medium, and low productivity have been defined.

At the modern level of management, intensive use is made of capital, and the
level of techmology is high. Munagement practices are ocarried out with the help of
power—operated machinery. The practices include intensive drainage where necessary,
elaborate anti-erosion measures, and intennive fertilizing where profitable responses
are obtained. Irrigation is & special practice; necessary in dry olimates for pro-
duotion, and profitable ia some places to supplement the natural rainfall in producing
crops that have high value. At the modern level of management, classes of potential
production have heen defined as very high, medium, and low. Sub-classes in places
where irrigation ies practised can indicate potentialities without irrigation, with

supplementary irrigation, and with intensive irrigationj or a separate classifioation
of irrigated soile might be advisable.

Maps bave been prepared to show sultability of the soils and environmental
factors for specific crops or groups of crops. Reliability of such general maps
depends on 1) correct correlation between soil characteristics and crop requirements;
2; reliability of the soil map, and the ekill exercised in making the generalizationaj
3

reliability of the climate map; and 4) correct percentual estimates of the components
of soll mssociations.



The value of crop suitability maps on a small scale, based on meps which are
compiled mostly from other sources (geology, topography, and vegetation) rather than
from proper surveys, lies more in the geographical location of suitable areas thar in
exaot quantitative expression of awvailable land. The same astatement needs to be
repeated for any interpretations made from schematic maps or from general maps of moil
assoolations.

Dewan and Famourl made interpretations for use and menagement of soil in the
associations shown on their general soil map of Iran (9). The general soil map, on a
soale of 1:2,500,000, contains 27 mapping units. The mapping unite are grouped in the
legend under four major physiographic areas: Soils of the Plaine and Valleye, Soils
of the Plateaux, Soils of the Caspian Piedmont, and Soils of the Dissected Slopes and
Mountains. Each of the 27 mapping unite ie an association of soils named at the level
of great soil groups. Slope phases of meny of the great groups are deccribed in the
text but are not shown on the map.

dn interpretative map, also at 112,500,000, shows soil potentiality in terms
of five major classes based on degrees of limitations. They range from Class 1,
80ils with no limitations or slight limitations, to Class 5, soils vith almost no
potentiality. ©Sub-classes in classes 2, 3, 4, and 5 are described in terms of
dominant kinds of limitations to make & total of ten kinde of mapping units. The
authors emphasize that any increase in the agricultural area of Iran should be on
those soils which have great potentiality.

Soils in the 27 kinds of associations have been grouped into 11 soil management
groups (10 numbered groups, but group 2 ie divided into two significant sub—groups on
the basie of slope phases)s In the descriptions of soils in the groups, slope phases
of many of the great soil groups have been recognized. The grouping is in fact one
of phases of great soil groups, not of soil associations.

Although the soil managsment groups at this country-wide level must be broadly
defined, many useful interpretations of soils in each of the groups can be made.
Estimates are given of the total area of soils in each management group, the area under
cultivation, and the total area suited to cultivation.



APPENDIX 1

EFAVELE OF A DTETATLED SOLL MAP INTERPRETED FOR A CORSERVATIOR FAEM FLAN

An example from southern United States shows how the detailed ecil map of a
farm, at medium intensity, ie interpreted in terms of capability classes, sub—classes
and units; and ies used by the farmer and the soil conservationist in planning use and
management of the land (33).

Figure 1, adapted from the field soil map made on an aerial photograph, shows
the outline of the farm, the soll mapping unite, and the capability unite.
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Fig. 1 = A map of the soll and ite capability. The symbols pertain to warious aspects
of soll and topography. For example: 10B1 refers to the kind of soilj the
number 10 refers to the soil typej; the letter B to steepness of slope and
number 1 to degree of erceion. The symbol Ile2 refers to the land capability
unit; II designates the land capability class; e indicates the subclassj
end 2 indicates tho unit. Heavy lines on map indicate boundaries of a
capability unit.

Class II scils have some limitations that reduce the choioce of use, or require
some conservation practices to keep tkem productive. They can be used for crops,
pasture, woodland, or wildlife land.

Seils in ITe2 are gently sloping, deep, and are slightly or moderately eroded.
They are well drained and water moves through them easily. Soil erosion and soil
fertility are the main soil problems to overcome. These soils are suitable for growing
all orops commonly grown in the areas.

Seils in Ilel are deep, sandy, and droughtys. Their permeability is moderately
rapid, and maintenance of eoil fertility is diffiocult.



Unite IIs2 contain sandy, droughty, rapidly permeable soile, on which crops
often are limited by lack of moisture and fertility.

Unit IIw1 coneists of eoils in draws or depressions and are moderately well
drained. Water from ad jacent higher land often runs on them. If properly protected
from overflow and seep water, they are suitable for growing many different crops.

Class III soils have more natural features that restrict their use, and when
ocultivated require more careful management than soils of Class II.

Soile in IIle2 are steeper or more eroded than the soils in IJe. Erosion
hazsard and fertility are the major scil limitations. These soils require careful
management to deal with the limitatione, but can be used for all the crops commonly
growvn in the area.

Unit II1e5 coneiste of well-drained sloping soils that are subject to some
erosion and are somewhat droughty. They require careful management for ocultivation
without damage. Moet orope adapted to the area can be grown esuccesefully.

Soils of I1Iw2 are level and oftenmoderately wet., Water moves through them
elowlyy when undrained, they are best suited to trees or grass. GSome clean=tilled
crops may be grown if the soiles are properly drained.

Soiles of clase IV have very severe limitationr that restrict the choice of
plants, require very ocareful management, or both. With suitable precautions and
practices, they can be used for orope, pasture, woodland, or wildlife land.

Unit IVe2 contains well-drained, sloping, sevsrely eroded scils. They ara
steeper or more aseverely eroded than the soils im unit IIle2. These soils are
suited for grass or trees and can be used for cultivated crops if the soil mansge-
ment practices are good.

Soile of cless V have little or no erosion hazard, but have natural features
that generally restrict their use to pasture, woodland, or wildlife land. Their

limitations restrict the kinds of plante that can be grown and prevent normal tillage
of cultivated cropsa.

The soile of unit Vw2 are wet and mearly level. They are generally best
suited to woodland but, if drained and fertilized, are good for pasture.

Jolle of class VI have severe limitations which make them generally unsuited
to cultivation and limit their use largely to pasture, woodland, or wildlife land.

Unit VIe2 has soils which are sandy, sleping, and very severely eroded. They
are too steep or eroded for eafe oultivation, and are best used for graas or treees.
Pastures usually can be renovated to improve the forage.

This farm does not have any scils in capability class VII or class VIII.

Slope phages of the eoils in this farm are A, very gently sloping, O to 2
percentj B, gently sloping, 2 to 5 percent; and C, sloping, 5 to 8 percent.

Main provieions in the plan for use and treatment of soils in this farm are
shown in Figure 2 and are set forth in the list that follows. The farmer was able
to locate all his cultivated crops on soils of capability Class II.



Fig. 2 — A conservation plan map. The decisions made by the farmer concerning the
use and management of his land, together with the field unit arrangement,
are recorded on thie map. These decisions were based on the soil and
capability map. HNeede of the farmer relative tc hie farm enterprise were
aleo considered.

PLAN FOR USE_AND TREATMEKT OF THE FARM

CROPLAND
Field Fo. Capability Conservation Flan
unit
1 and 5 (rotated crops; 21 I1le2 Contour cultivation with terraces.
acres) Jj-year rotation: 7T aores tobacco
(crotalaria); 7 acres corn; T acres
cate.
2 and 4 (rotated cropsej 31 IIc2 Contour cultivation with terraces.
acres) 3-year rotation: 11 acres peanuts or
cotton (lupine); 10 acres lupine for
seed (Hilogg 10 acres corm.
16 and 19 (rotated grazing; 19 Ile2 Contour cultivation with terraces.
acres) I11s2 2-year rotation; 9 acres oats (lupine);
10 acres corn. For hog grazsing.
8 ard 20 (rotated grazing; 18 Ile2 Contour cultivation with terraces.
aores) IIs1 2-year rotation: 8 acres cormj 10 acres

cats, ryegrass, and orimson olover.
To be grased off.

11, 12, and 13 (rotated grazing; Ile2 Crimson clover, oats, and ryegrass
9 acres). followed by millet each year. Farrowing
lote.



PLAN FOR USE AND TREATMENT OF THE FARM (cont'd)

GRAZING - WOODLAND

Field No. Capability
unit

6, 7 and 9 (22Y2 acres) 1le2
IIe2
IIw1
IIIw2

17 (14 acres) Ile2
11s2
IIle2
Viel

18 (13 acres) Ile2
Ils2
Tw2

14 and 15 (10Y2 acres) Ile2
IITe2
IVe2

9, 18, and 19 (14 acres) Ile2
w2

21 (52¥2 acree) Vw2

Conservation Plan

Bahiagrase and giant whiteclover.
Fertilizer and manage pond for fish
production.

Coastal Bermuda-grass and orimson
clover.

Coastal Bermuda-grass and lupine or
crimson clover.

Sericea. Add rescus or ryegrass after
sericea is well established. Crimson
clover may be added. Plant multiflora
rose along south border of field 14.

Oraged woodland. Harvest trees as they
mature. Keep enough trees for shade.

Woodland. Protect from fire. Harvest

mature trees. Make stand improvement
cuts.

HOTE: - All grazing land should be limed and fertilized as needed. Mow to control

weeds. Topdress annually and rotate grazing.



APPENDIX 2

THE STORIE INDEX FOR RATING

An index for numerical rating of soils was developed by R.E. Storie (7, 29).
The Storie index expresses numerically the relative degree of suitability, or wvalue,
of a soil for gemeral intensive agriculture. The rating is based on soil
characteristics only and is obtained by evaluating such factors as depth, texture
of the surface soil, density of sub—-soils, drainage, salts and alkali, and relief.
Other factors, such as availability of water for irrigation, climate, and distance
from markets, that might determine the desirability of growing certain plants in a
given locality, are not considered. Therefore, in itself the index cannot be
considered as an index of land walue.

Four general factors are considered in the inderx rating. These factors are
(4) the characteristice of the soil profile and soil depth; (B) the texture of the
surface soil; (E) slopej and (X) other factors, such as drainage, salts and alkali,
and erosion. Each of these four general faectors is evaluated on the basis of 100
percent. A rating of 100 percent expresses the most favorable, or ideal, condition,

and lower percentage ratinge are given for conditions that are less favorable for
crop production.

The index rating for a soil ie obtained by multiplying the four factors, A,
By, C, and X3 thus, any one factor may dominate or control the final rating. For
example, a s0il may have an excellent profile justifying a rating of 100 percent for
factor A, excellent texture of the surfaece soil justifying 100 percent for factor B
(a smooth nearly level surface justifying 100 percent for factor C;) but a high
accumulation of salts or alkali that would give a rating of 10 percent for factor X.
Multiplying these four ratinge (i.e. 1.0 x 1.0 x 1.0 x 0.10 = .1 or 10%) gives an
index rating of 10 for this scil. The high accumulation of salts or alkali would
dominate the quality of the soil, render it unproductive for crops, and justify the
low index rating of 10.

Soils are placed in grades according to their suitability for general intensive
agriculture as shown by their Storie index ratinge. The six grades and their range
in index ratings are:

Index rating
Orade 1 sesssssessissssssssnsssssnsuns 80 to 100
Orade 2  seecevesscsssssssssssssnsnsnss 60 to 80
Grade 3 seesssssscncsscesosccnasssnens 40 to 60
Grade 4 scecsccscessssssscssscsnssnnns 20 to 40
Grade 5 tessssssssissssssnssssasasannn 10 to 20
Orade 6 sessvssssssssasssnsssasssnnnes leee than 10

Soils of grade 1 are excellent, or well suited to general intensive agrioulture.
Orade 2 solils are good and are also well suited to agriculture, although they are not
80 desirable as soile of grade 1. Orade 3 soils are only fairly well suitedj grade
4 soile are poorly suited; and grade 5 soile are very poorly suited. Grade 6 conmsists
of soile and land types that are not suited to agriculture.



AFFERDIX

SOIL RATINGS AND INTERPRETATIVE MAPS DERIVED FROM
A_GENERAL SOIL MAP OF NIGERIA

Work done in Nigeria illustrates a method of appraising soil capabilities by
eesigning numerical wvalues to major soil characteristice and qualities that affect
productivity (12). The method was applied for interpretation of a general soil map.

Thie map, at a scale of 115,000,000, was compiled from exieting scil maps and
recent field studies. There are 29 kinde of mapping units, which are broad associations
named at the level of great soll groups. Some of the mapping units are divided into
savannah and forest phases. Map aymbols consist of letters, such as Cb for semi-arid
Brown and Reddish Brown soils, and BdVe for Lithoaols (undifferentiated) on crystalline
acid rocks.

Nine soil characteristics or qualities (soil moisture content H, drainage D,
affective soil depth P, texture and structure T, base status K, soluble salt copntent S5,
organic matter O, mineral exchange capacity A, reserves or alterable minerals M) were
given index wvalues, assuming present technology, on the basis of an index of 100 for
the ideal soil. A value Pa for present productivity (productivity based on natural
fertility of soil and on the use of traditional agricultural practices) of each important
kind of eoil was obtained by multiplying the walues of the nine indexes. The advantage
of a multiplying formula is that the most limiting factor overrules the others. An
index of zero for any one factor gives a productivity rating of zero for that soil
when the numbers are multiplied. For example: Pa (present productivity)=

IﬁzﬂszExToa:H4:E1IDExAExHEQ
100x85x100xB0xB0x100x90x95x100 = 465
(Class High Productivity)

Class of present productivity were established with the following ranges:
Very high, 65 to 1003 high, 34 to 64; medium, 20 to 34; low B to 19; and wery low,
0 to T« A map of the present productiwvity of the soils, aleoc at 1:5,000,000, shows the
dominant claes or claesses in each mapping unit of the general soil map. Under present
technology the best soils are in clase 2, high productivity. Color tinte emphasize
the relative productivity clasees, ranging from brown for class 2 to light yellow for
class 5. Long symbols, taken from the list that follows, are placed along with class
numbers on the map and are keyed to show ratings of seven most important soil
characteriatics.

The second interpretative map shows soil potentialities (soil productiwvity
with adequate soil management practices) of the mapping units on the general soil map.
he scale is the same as that of the other two maps, 1:5,000,00C. Indexes at a high
but attainable level of management were assigned to the five soil factors that can be
corrected by management, namely moileture content, drainage, base status, soluble salt
content, and organic matter content. Tuble V shows how indexes are changed with modern
management. Molsture deficiency can bte corrected only by irrigation, end it wes essumed that
up to 10 percent of each of the areas can be irrigated in one way or another. Soils
were graded in five classes of soil potentialityjy at thie level of management mome of
the soils are in Class 1. The map showe for each mapping unit the dominant class or
clagses of potentiality. Symbole along with the clase uumber for each mapping unit are
keyed to the practices enviesged for the development of eoll resources. Color tinte,
ranging from dark brown for Clase 1 to light yellow for clase 5, make the general
eignificance enay to grasp.



The following list shows the soil characteristics and qualities that were

rated, and the classes that were established.
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H, Soll Moigture Content

Soil extremely dry, below wilting point all year round.
Soil dry, below wilting point for 9-11 months of the year.
Soil dry, below wilting point for 68 months of the year.

301l dry, below wilting point for 3-5 months and wet below field capacity for
more than 6 months.

Soil wet above wilting point and below field capacity during most of the year.

Soil waterlogged for long periods, almost always above field capacity
(see drainage).

D, Drainage

Waterlogging, water table almost reaches the surface all year round
(Hydromorphic surface horizon at a depth of 30 om or less).

Waterlogging for periods of 2-4 months.

Water table sufficiently cloee to the surface to harm deep rooting plants
(Bydromorphic surface horizon at a depth of 30-60 cm).

Waterlogging for periods from 8 days to 2 months.

Good drainage, water table sufficisntly low not to impede crop growing
(Bydromorphic horizon more than 60 om below the surface).

Poseible waterlogging for brief periods (flooding) less than 8 days each time.

Soil well drained, deep water table (Hydromorphic horison lack or more than
120 cm below the surface), no waterlogging in the profile (see .

P, Effective Soil Depth

Soil thickness nil or soil pockets with rock outcroppings.
Soil thioknees less than 30 cm.

Soil thiokness from 30 to 60 ca.

Moderately deep soily soil thickness 60 to 90 cm.

Dvep soil, soil thiokness 90 to 120 om.

Very deep ecilj more than 120 cm.

T, Texture and Structure of the A Horizon

Pebbly, rocky, or gravelly.

Pebbly, stony, or gravelly, coarse fragments more than 60 percent by weight.

FPebbly, stony or gravelly, coarse fragwenis 40 to 60 percent by welght.



Clay texture, stones 20 to 40 perceat by weight.

Very coarse textured scil.

Pure sand.

Very coarse textured soil, up to 45 percent coarse sand.

Soil with non-decomposed "raw" humus.

Dispersed clay of unstable structure, or swelling, sticky and impermeable olay.
Light textured soil, fine sand, loamy sand, or coarse sand and silt.
Unstable struciure.

Stable structure.

Hoavy textured soilj clay or eilty clay.

Massive to prismatic structure.

Angular to crumb structure (or massive but porous, e.g. scils with high
sesquioride content).

Medium heavy soil; sandy clay, clay loam, or eilty clay loam.
Massive to prismatic structure.

Angular to crumb structure (or messive but porous).

Medium, balanced texturej loam, sandy loam, or sandy clay loam.
N, Base Status (Based on degree of saturation, V- _S )

Very strongly leached soil, V - less than 15 pcrn-ntT

Strongly leached soil, V = 15 to 35 percent.

Moderately leached soil, V — 35 to 50 percemi.

Slightly leached scil, V — 50 to 75 percent.

Very slightly leached soil, V = 75 percent or more.

Soil saturated with caloium ione (calcareous soil) V - 100 percent.
S, Soluble Salt Content

Total soluble salts less than (.2 percent.

Total soluble salts between 0.2 and 0.4 percent.

Total soluble salts between 0.4 and 0.6 percent.

Total soluble salts between 0.6 and 0.8 percent.

Total soluble salts between 0.8 and 1.0 percent.
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Total soluble salts 1.0 percent or more; alkaline soil if sodium carbomate
is present.

Alkaline goilj total soluble salts, including sodium carbonate, between
0s1 and 0.3 percent.

Alkaline soilj total soluble salts including sodium oarbonate, between
0.3 and 0.6 peroant.

Alkaline soilj total soluble salts, including sodium carbonate, between
0-6 and 1.0 p.rﬂ-.nti

4] ic Matter of the A Horison

Very little organic matter, less than 1 percent.

Little organio matter, 1=2 perocent.

Average organio matter, 2-5 percent.

Fair organic matter, over 5 percent.

Very high organioc matter, but C/N ratio over 25 percent.
A, Mineral Exec Capacity of Soils and FNature of Cl

Capacity for cation exchange less than 20 meq/100 g (probably kaolin and
sesquioxides).

Capacity for oation exchange 20-40 meq/100 g (probably a mixture of olays or
hydrous micas, illite).

Capacity for cation exchange over 40 meq/100 g (probably montmorillomite
or allophane).

M, Reserves or Alterable Minerales in the B Horizon

Reserves very low to nil.

Reserves fair.

Minerals derived from sands, sandy materials, or ironstone.
Minerals derived from acid rn&k-¢

Minerals derived from basic or calcareous rocks,

Reperves great.

Minerals derived from aocoid rocks.

Minerals derived from basic or calcarecus rocks.

The next list shows how numerical ratings were applied to the various factors.

Some of the ratirgs depend, as indicated, on the kind of orop, roisture regime,
position with respect to slope, or other soil factors.



H, Soil Mecisture Content

For field ocr.oet

By 5

l2 11 months dry, 10_| 10 months dry, 20j 9 months dry, 40.
H, 8 months dry, 50; T momthe dry, 603 6 months dry, 70.
n‘ 5 monthe dry, 80y 4 monthe dry, 90; 3} monthe dry, 100.
15 100
For tree crope:
I‘ 5
12 10
Ey 8 monthe dry, 103 7 months dry, 20y 6 months dry, 40.
54 5 monthe dry, 703 4 months dry, 90; 3} months dry, 100.
H5 100
Ba Prajnage
For field crops, provided moisture is Hz. H_,_, ll4, or H‘S'
D, 10=40
D, 40-80
]3 8o-50
D‘ 100
For tres ocropsi
II1 5
!I!I2 10
n_,‘ 40
D 4 100
P, Effective Soil Depih
Field orops on Field crope on Tree crops
lower slopes slopes or plateaux
1'1 5 5 5
P, 20 20 5
1‘3 50 30-40 20
’, 80 50-70 60
P5 100 100 8o

P 100 100 100



T, Toxture of the A Horison, Nodified by Struoture

1'1‘ 10

'l'“' 30

Mo 60

For: E4 ’ H5 ’ Eﬁ, or irrigated For: H:,‘ For: 11 or Hp

'!'2‘ 10 10 10

Top 30 20 10

Too 30 30 30

Ty 30 20 10

!'4. 40 3o a0

T4o 50 40 40

TSI 60 T0 20

T5b 80 80 60

Tﬁn 8o - 80 60

Tﬁ'b 90 50 90

TT 100 1?0 100
N, Base Status

¥, 40

¥, 50

H3 60

| 4 8o

15 100

Ne 8o

S, Socluble Salt Content

For crops, For: T, TE’ "l"l TesTgy or TT

51 100 = 100
32 T0 = 90
53 50 - Bo
54 25 = 40

55 15 - 25



% 5 = 15
S? 60 - 90
Sg 15 - 60
S 5 = 15

0, Organic Matter Content
Fori E1, Ez’ H}. nll D‘4 Fori H*. Bs. D1. DE. or 1“15““&

0, 85 70

05 90 8o

03 100 100

04 100 90

04 T0 70
A, Cation Exchange Capacity

4 90

Ay 95

Ay 100

M, Reperves of Alterable Minerale

For: H,y, H,, or 33 For: Hy, 35, or irrigated

N, 85 85
M,, 85 90
My, 90 95
Hzﬂ 95 100
My 90 95
llb 95 100
My, 100 100

The unit of capability: In this study the unit of capability (UC) was defined
aa "one hectare of so0il with a rating of 10C." One hectare with a rating or 50 thus
amounts to 0.50 capability unit. In dealing with emall scale mape, the hectounit of
100 UC or the kilounit of 1000 UC are more suitable. This concept is useful in
comparing the productivity of regions or of different soll aseocimtions. The unit of
capability (ch wag used in assessing present productivity and future potentialities
of the soils of Nigeria. In that study it was estimated that soils below 0.20 UC per
hectare are not generally suited for agricultural production, and soils of very high
quality have UC values generally above O.64.



The practices envisaged for development of soil resources, and needed for

the assumed high level of management, are indicated along with the numeral expressing
soil potentiality class on the interpretative map of soil potentialitieas. They aret

Irrigation essential and drainage usually necessary.

- By by sprinkling
Supplementary irrigation:
‘ B, by flood or furrow irrigation.
Elimination of excess water: reclamation, drainage or flood protection.
Bidging, deep plowing, or breaking up of the ocrust.
31 by stone or rock removal,
Improvement of soil structure and texture: { E, by mechanical working of soil,
difficult and costly, requiring
heavy machinery.
Ey by improvement of organic soil.
Fertilizers, including trace elements, and soil amendments.
Gy irrigation and drainage.
Reclamation of saline soils:

ﬂz irrigation and drainage application of
gypsum to eliminate sodium salts.

Improvement of organic matter content by manuring, fodder crops, mulching,
and rotations.

Wind erosion control measures.

Intensive water erocsion control measures, including benching and terracing.

Light water erosion control measures: ocontour farming, strip-cropping, and
and others.

Large scale land clearing.

The present productivity and potentiality of soils in Nigeria (912,000 sq.km)

were estimated, with the following results:

So0il Classea Present Productivity Potentiality
parcent percent
1 NONE 3.4
2 5+5 45.5
3 3.7 30.3
4 4645 9.7
5 1643 11.1

Totalt: 100.0 100.0
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APFENDIX

LAND CAPABILITY CLASSES

This sppendix presents eight land capability classes (18) ranging fromthe
best and most easily farmed land (Class I) to land which has no value for cultivation,
grasing, or forestry, but may be ueeful for recreation, wildlife, water supply, or
water-shed (Clase VIII). They all fall into two groups: land suitable for ocultivation
and land not suitable for cultiwvation.

Land Suited to Cultivation and Other Sources
Cless I = Soils in Clase I bave few limitations that restrict their use.

Soils in this clase are suited to & wide range of plants and may be used
safely for culiivated crops, pasture, range, woodland, and wildlife. The soils are
nearly level lf and erceion hazard (wind or water) is low. They are deep, generally
well drained, and easily worked. They hold water well and are either fairly well
supplied with plant nutriente or highly responsive to inputs of fertiliser.

The soiles in Clase I are not subject to damaging overflow. They are productive
and suited to intensive cropping. The local olimate must be favorable for growing
pany of the common fileld crops.

In irrigated areas, soils may be placed in Clase I if the limitatiom of the
arid climate has been removed by relatively permanent irrigation works. Such irrigated
soils (or eoils potentially wuseful under irrigation) are nearly level, have deep
rooting zones, have favorable permeability and water-holding capacity, and are easily
maintained in good tilth. Some of the Boils may require initial conditioning inocluding
leveling to the desired grade, leaching of a slight accumulation of soluble salts, or
lowering of the seascnal water table. Where limitations due to salts, water table,
overflow, or erosion are likely to recur, the soils are regarded as subject to
permanent natural limitatione and are not included in Class I.

Soile that are wet and have slowly permeable subscile are not placed im oclass I.

Some kinde of soil in Clase I may be drained as an improvement measure for increased
production and ease of operation.

Soiles in Class I that are ueed for crops need ordinary management practices
to maintain productivity = both soil fertility and soil structure. Such practices
mey include the use of one or more of the following: fertilisere and lime, cover and
green—-manure crops, conservation of crop residues and animal manures, and sequences
of adapted crops.

Clase II = Soils in (lass II have some limitations that reduce the choice of plants
or require moderate conservation practices.

Soile in Class II require careful soll mansgement, including conservation
practices, to prevent deterioration or to improve air and water relations when the
80ils are cultivated. The limitetions are few and the practices are essy to apply.
The soils may be used for cultivated crops, pasture, range, woodland, or wildlife
food and cover.

1/ Some rapidly permeable scile in Class I may have gentle slopes.



Limitations of soils in Class II may include single or in combination the
effects of 1) gentle slopes, 2) moderate susceptibility to wind or water erosionm or
moderate adverse effects of pest erceion, 3) less than ideal soil depth, 4) somewhat
unfavorable soil structure and workability, 5) elight to moderate salinity or sodium
easily ocorrected but likely to recur, 6) occasional damaging overflow, T) wetness
correctable by drainage but exieting permanently se s moderate limitation, and B) slight
climatic limitations on soil use and management.

The soils in this class provide the farm operator less latitude in the choice
of either crops or management practices than soils in Class I. They may also require
special soil-conserving cropping systems, soil conservation practices, water—conmtrol
devicesn, or tillege methods when used for cultiveted crope. For example, deep soile
of this claee with gentle slopes subject to moderate erosion when cultivated may need
one of the following practices or some combination of two or more: terracing,
striperopping, contour tillage, crop rotations that inolude grasses and legumes,
vegetated water—disposal areas, cover or green—mpanure crops, stubble mulching,
fertilizers, manure, and lime. The exact combinations of practices vary from place
to place, depending on the characteristics of the soil, the local climate, and the
farming syetem.

Clase III - Soils in Class III have severe limitations that reduce the choice of plante
or require special conservation prectices, or both.

Scile in Class III have more restrictions than those in Class II and when
uged for cultiveted crops the coneervation practicee are ueually more difficult to
apply and maintain. They may be used for cultiveted crops, pasture, woodland, range,
or wildlife food and cover.

Limitations of goils in Classe III restrict the amount of clean cultivationj
timing of planting, tillege, and harvesting; choice of crope; or some combination
of theee limitetions. The limitations may result from the effects of one or more of
the following: 1) moderately steep slopes, 2) high susceptibility to water or wind
erosion or severe adveree effects of past erosion, 3) frequent overflow asccompanied
by some crop damage, 4) very slow permeability of the subsoil, 5) wetness or some
continuing waterlogging after drainage, 6) shallow depths to bedrock, hardpan, fragipan
or claypan that limit the rooting zone and the water storage, 7) low moisture-holding
capacity, 8) low fertility not eaeily corrected, 9) moderate salinity or sodium, or
10) moderate climatic limitatioms.

When cultivated, many of the wet, slowly permeable but nearly level soils in
Class III require drainege end a cropping syetem that maintaine or improvee the
etructure and tilth of the eoil. To prevent puddling and to improve permeability it
is commonly necessary to mpply organic material to such soils and tc avoid working
them when they are wet. In some irrigated areae, part of the soils in Class III have
limited use because of high water table, slow permeability, and the hazard of salt or
sodic accumulation. Each distinctive kind of soil in (less III has one or more
alternative combinations of uee and practicee required for safe use, but the number
of practical alternatives for averege farmers is lese than that for soils in elass II.

Clase IV = Soile in Class IV have very severe limitatione that restrict the choice of
plantas, require very careful management, or both.

The restrictions in use for soils in Class IV are greater than those in Claas
III and the choice of plante is more limited. When these soils are cultivated, more
careful management is required and conservation practices are more difficult to apply
and maintain. Soile in Clase IV may be used for crope, pasture, woodland, range, or
wildlife food and cover.



Soils in Class IV may be well suited to only two or three of the common crops
or the harvest produced may be low in relation to inpute over & long period of time.
Upe for cultivated cropse is limited as a result of the effecte of one or more permanent
features such as 1) steep slopes, 2) severe susceptibility to water or wind erosion,

3; severe effects of past erosion, 4) shallow scils, 5) low moisture-holding capacity,
6) frequent overflows accompanied by severe crop damage, 7) excessive wetness with
continuing hazard of waterlogging after drainage, 8) severe salinity or sodium, or

9) moderately adverse climate.

Many sloping soils in Class IV in humid areas are suited to occasional but
not regular cultivation. Some of the poorly drained, nearly level soile placed in
Class IV are not subject to erceion but are poorly suited to intertilled crops because
of the time required for the soil to dry out in the spring and because of low produc-—
tivity for cultivated crops. Some soils in Class IV are well suited to one or more
of the special crops, such as fruits and ornemental trees and shrubs, but this
suitability iteelf is not sufficient to place a soil in Class IV.

In sub-humid and semi-arid areas, soils in Class IV may produce good yields
of adapted cultivated crope during years of above average rainfall; low yields during
years of average rainfall; and failures during years of below average rainfall,
During the low rainfall years the scil must be protected even though there can be
little or no expectancy of a marketable crop. Special treatments and practices to
prevent soil blowing, conserve molsture, and maintain soil productivity are required.
Sometimes crops must be planted or emergency tillage used for the primary purpose of
maintaining the soil during years of low rainfall. These +treatments must be applied
more frequently or more intensively than on soile in Clage III.

Land Limited in Use — Oenerally Not Suited to Cultivation 2/

Claes V = Soils in Class V have little or no erosion hazard but have other limitations
impractical to remove that limit their use largely to pasture, range, wood-
land, or wildlife food and cover.

Soile in Class V have limitations that restrict the kind of plants that can
be grown and that prevent normal tillage of cultivated crops. They are nearly level
but some are wet, are frequently overflowed by streams, are stony, have climatic
limitations, or have some combination of these limitations. Examples of Class V are
1) soils of the bottom lands subject to frequent overflow that prevents the normal
production of cultivated orops, 2) nearly level soils with a growing eeason that
prevents the normal production of cultivated crops, 3) level or nearly level stony
or rocky soils, and 4) ponded areas where drainage for cultivated crops is not
feasible but where soils are suitable for grasses or trees. Because of thease
limitatione, cultivation of the common orops is not feasible but pastures can be
improved and benefits from proper management can be expected.

Class VI - Soils in Class VI have severe limitations that make them generally unsuited

to cultivation and limit their uee largely to pasture or range, woodland,
or wildlife food and cover.

Phyeical conditions of soils placed in Class VI are such that it is practical
to apply range or pasture improvements, if needed, such as seeding, liming, fertilizing,
and water control with contour furrows, drainage ditches, diversions, or water spreaders.

gf Certain soils grouped into Clasees V, VI, VII and VIII may be made fit for use for
crops with major earthmoving or other costly reclamation.



Soils in Class VI have continuing limitations that cannot be corrected, such as
1)eteep slope, 2) severe erosion hazard, 3) effects of past erosion, 4) stoniness,

5) shallow rooting sone, 6) excessive wetness or overflow, 7) low-moisture ocapaoity,
8) salinity or sodium or 9) severe climate. Becauss of one or more of these limit-
ations these soils are not generally suited to cultivated crope. But they may be
used for pasture, range, woodland, or wildlife cover or focr some combination of these.

Some ecile in Clase VI can be gafely used for the common crops provided
unusually intensive management is used. Some of the soile in thie class are aleo
adapted to special crops such as sodded orchards, blueberries, or the like, requiring
80il oconditions unlike thoee demanded by the common crops. Depending upon soil
features and local climate the solls may be well or poorly eulted to woodlanda.

Clase VII = Soile ir Class VII have very severe limitatione that make them unsulted
to cultivation and that restrict their use largely to grazing, woodland,
or wildlife.

Physical conditione of soile in Clase VII are such that it 1s impractical to
epply such pasture or range improvements as eeeding, liming, fertilizing, and water
control with ocontour furrows, ditches, diversions, or water spreaders. 3Soil restriction
are more severe than those in Class VI because of one or more continuing limitations
that cannot be corrected, such as 1) very steep slopes, 2) erosion, 3) shallow soil,

4) stones, 5) wet soil, 6) salts or sodium, 7) unfavorable climate, or 8) other
limitations that make them unsuited to common cultivated crops. They can be used
safely for grazing or woodland or wildlife food and cover or for some combination of
these under proper management.

Depending upon the poll characterietics and leoeal climate, soile in thie
class may be well or poorly sulted to woodland. They are not sulted to any of the
common cultivated erope; in unusual instances, some soile in thise clase may be used
for special orops under unusual management practices. BSome areas of Class VII may
need seeding or planting to protect the soill and to prevent damage to adjoining areas.

Clase VIII - Soils and landformse in Class VIII have limitations that preclude thelr
use for commeroiul plant production and restrict their use to recreation,
wildlife, or water supply or to esthetic purposes.

Soile and landforme in Class VIII cmnnot be expected to return eignificant
cn-pite benefites from management for crope, grasees, or trees, although benefits from
wildlife use, watershed protection, or recreation may be possible.

Limitatione that cannot be corrected may result from the effects of ome or
more of the following:t 1) Erosion or ercsion hazard, 2) severe climate, 3}) wet soil,
4) stones, 5) low-moisture capacity, and 6) salinity or sodium.

Badlandas, rock outcrop, sandy beaches, river wash, mine tailings, and other
nearly barren lands are included in Class VIII. It may be neceeeary to give protection
and management for plant growth to scile and landforms in Class VIII in order to protect
other more valuable soile, to control water, or for wildlife or esthetic reasons.



APPENDIX

LAND CLASSES FOR IRRICATED LAND USE

Appendix 5 presents the basio land olasses for irrigated land as used by the
Bureau of Reclamation, United States Department of Interior (34).

These land classes are based on the ecomomics of production and land develop—
ment within specific ecclogic areas. Hence, the produotion and repayment potentials
will differ significantly between such areas. Although all classes will be found in
any given ecologic area, they will not necessarily be found im a given projeot area.
Four basic classes are used in the Bureau system to identify the arable landes sccording
to their euitability for irrigetion agriculture, one provisional class, and one class
to ldentify the nonarable lands. The firest three classes represent lande with
progreesively less ability to repay project construction costs. The excessive
deficiency-restricted utility eubclasses of Claes 4 may have repayment ability ranging
from lese than that of Class 3 to more than that of Class 1 depending upon the particular
utility involved. The number of classes mapped in a particular investigation depends
upon the diversity of the land conditons encountered and other reguirements as diotated
by the objectives of the particular investigation.

Class 1 — Arablet Lands thatare highly suitable for irrigation furming, being
oapable of producing sustained and relatively high yields of & wide range of olimatically
adapted crops at reasonable cost. They are smooth lying with gentle slopes. The asoils
are deep and of medium to fairly fine texiure with mellow, open structure allowing
easy penetration of roots, air, and water and having free dralnage yet good available
moisture capacity. These solls are free from harmful accumulations of soluble salts
or can be readily reclaimed. Both soil and topographic conditions are such that no
specific farm drainage requirements are anticipated, minimum ercsion will result from
irrigation and land development can be accomplished at relatively low cost. These
lande potentially have a relatively high payment capacity.

Class 2 - Arable: This class comprises lands of moderate sultability for
irrigation farming, being messurably lower than Clase 1 in productive capacity,
adapted 1o somewhat narrower range of crops, more expensive to prepare for irrigation
or more costly to farm. They are not s¢ desirable mor of such value &8s landas of
Class 1 becasuse of certain correctible or noncorrectible limitationes. They may have
& lower available moisture capacity, aes indicated by coarse texture or limited soil
depthy they may be only elowly permeable to water because of clay layers or compaction
in the subsoilj or they aleo may be moderately saline which may limit productivity or
involve moderate costs for leaching. Topographic limitations ineclude uneven surface
requiring moderate costs for leveling, short slopes requiring shorter length of runs,
or steeper slopes necessitating special care and greater costs to irrigate and prevent
erosion. Farm drainage may be required at a moderate coat or loose rock or woody
vegetation may have to be removed from the surface. Any ome of the limitations may
be pufficient to reduce the lands from Class 1 to Claess 2 but frequently & combination
of two or more of them is operating. The Class 2 lands have intermediate payment
capacity.

Class 3 - Arable: Lands that are suitable for irrigation development but are
approaching marginality for irrigation and are of distinotly restricted suitability
because of more extreme deficlencies in the soil, topographic, or drainage character-
istics than described for Class 2 lands. They may have good topography, but because
of inferior soile have restricted crop adaptability, require larger amounts of irrigation
water or special irrigation practices, and demand greater fertilization or more intensive soil
improvement practices. They may have uneven topography, moderate to high concentration of salines,
or restricted drainage, susceptible of correction but only at relatively high costs.
Generally, greater risk may be involved in ferming Cleass 3 lands than the better classes
of land, but under proper management they are expected to have adequate payment capacity.



Class 4 - Limited Arable or Special Use: Lands are included in this class
only after speclial economic and engineering studies have shown them to be arable.
They may have an excessive, specifio deficiency or deficiencies susceptible of
correction at high cost, but are suitable for irrigation because of existing or
contemplated intensive cropping euch as for truck and fruite; or, they may have one
or more excessive, noncorrectible deficiencies thereby limiting their utility to
meadow, pasture, orchard, or other relatively permanent crogs, but are capable of
supporting & farm fawily and meeting water charges if operated in units of adequate
slze or in association with better lande. The deficiency mey be inadequate drainage,
exceeeive salt content requiring extemsive leaching, unfavorable position allowing
pericdic flooding or making waeter distributicn and removal very difficult, rough
topography, excessive guantities of loose rock om the surface or in the plow zonme,
or cover such as timber. The magnitude of the ccrrectible deficiemcy is sufficient
to require outlays of capital for land development in excess of those permiseible
for Olase 3 but in amounts shown to be feasible because of the specific utility
antiocipated. OSub-classes other than those devoted to epecial crop use may be included
in this olass, such as those for sub-irrigation, and sprinkler irrigation which meet
general arability requirements. Also recognized in Claes 4 are suburban landes which
do not meet general arability requirements. Such lande can pay water charges as a
result of income derived either from the suburban land and other scurces or from other
sources alone. The Class 4 lands may have a range in payment capacity greater then
that for the assoclated arable landa.

Class 5 — Nonarable: Lande in this class are nonareble under existing
conditions, t have potential wvalue sufficient to warrani tentative segregation for
special study prior to completion of the classification, or they are lands in

existing projectas whose arability ie dependent upon additional echeduled project
construction or land improvemente. They may have a specific soil deficiency such as
excessive salinity, very uneven topography, inadequate drainage, or excessive rock

or tree cover. In the first inetance, the deficiency or deficiencies of the land

are of such nature and magnitude that epecial agronomic, economic or engineering
stulies are required to provide adequate information, such as extent and location of
farm and project draine, or probable payment capacity under the anticipated land usee,
in order to complete the claseification of the lande. The designation of Claee 5 is
tentative and muet be changed to the proper arable clase or Clase & prior teo completion
of the land classification. In the second instances, the effect of the deficienoy or
the ocutlay necessary for improvement is known, but the landes are suspended from an
arable class until the scheduled date of completion of project facilities and land
development such as project and farm drains. In all instances, Class 5 lands are
segregated only when the conditions existing in the area require comsideration of such
lands for competent appraisal of the project possibilities, such as xhen an abundant
supply of water or shortage of betier lands exieis, or when problems related to land
development, rehabilitation and resettlement are involved.

Class 6 - Nonarable: Lande in this class include those considered non-arable
under the exieting project or the project plan because of failure to meet the minimum
requirements for the other classes of land, arable areas definitely not susceptitle
to delivery of irrigation water or to provision of project drainage, and Classes 4 and
5 land when the extent of such lands or the detail of the particular investigation
does not warrant their segregation. Class 6 irrigated land with water righte encountered
in the cleseification will be delineated and designated Clases 6 W. Cenerally, Class &
comprisest steep, rough, broken, or badly eroded lands; lande with soils of very
coarse or fine texture, or shallow solls over gravel, shale, sandstone, or hardpanj
and lande that have inadequate drainage and high ccncentrations of soluble salte or
sodium. Excluding the position sub-classen, the Class 6 lands do not have sufficlent
payment capacity to warrant consideration for irrigation.



1«

2«

3

4.

Se

Te

8.

9.

10.

1.

12

13.

14.

15.

BIBLIOGRAPHY

American Association of State Highway Officials. 1961. Standard specifications
for highway materiale and methode of sampling and testing. Ed. 8, 2 v.,
401 and T16 ppe, illus.

FAO Special Fund Final Report on the Soil Survey of British CGuyana.
FAO ST/19BRG. 1966,

Aydelott, D. Oray, Herschel L. Paulk, and Daniel D. Bacon. 1965. 3Soil Survey
of ¥Wayne County, Oeorgia. U.S. Department of Agriculture, Soil Conservation
Service, inoco-operation with the University of Oeorgia, College of Agriculture,
Agricultural Experiment Stations. T4 pp., illus., maps.

Beckel, A. 1962. The application of goil classification in agriculture, foresiry,
and other fields in the Federal Republic of Oermany. Transactions of Joint
Meeting of Commissions IV and V, International Society of Soil Science, pp. 388-398.

Beek, K.J., and R. Costa de Lemos. 1965. Suitebilities of soile ard environ-
ment for agricultural production. Food and Agriculture COrganization of the
United Nations, World Soil Resocurces Office. Unpublished memorandum.

Bramlett, Olenn L. 1965. Soil Survey of Gordon County, Oeorgia, U.S. Dept.
of Agric., Soil Conservation Service, inco-cperation with the University of

Georgia, College of Agriculture, Agricultural Experiment Statiuvns. 171 pp.,
illuse mapa.

California Agricultural Experiment Station(U.S.A.).1944. Revision of the soil-
rating chart. Calif, Agric. Expt. Sta. Leaflet, 4 pp.

Coulter, J.K. 1964. Soil surveys and their application in tropical agrioculture.

Tropical agriculture, Trinidad, W.I., Vol. 41, 185-196. Published by Butterworth's,
London.

Dewan, M.L., and J. Famouri, 1964. The Soile of Iran. Food and Agrioculture
Organization of the United Nations, Rome. 319 pps,illus. with separate soil
map, soil potentiality map, and geclogical map, im folder.

Edelman, C.H. 1963. Applications of soil survey in land development im Europe.
International Institute for Land Reclamation and Improvement, Publicatiom 12,
Wageningen, The Netherlands, 43 pp., illus.

Food and Agriculture Organization of the United Nationms. 1965. Agricultural
Development in Nigeria, 1964-1980. Appendix 3 of Chapter I, Soil Resources
of Nigeria, pp. A-51 through A-66 plus 4 maps, by D. Luis Bramao, World Seil
Resovrcee Office and J. Riquier, 0.R.S5.T.0.M.

Guidry, Neleon P. 1964. A Graphic Summary of World Agriculture.
Miscellaneous Publication No. 705, U.S. Department of Agriculture. 64 ppe.,illus.

Hauck, F.W. 1966. Fertilizer needs and effectiveness with tropical crops in
West Africa. Food and Agriculture Organization of the United Nations, Home.
Processed, 16 pp.

Hedge, A.M., and A.A. Klingebiel. 1957. The use of soil maps in eoil. TYearbook
of Agriculture, 1957, United S5tates Department of Agriculture, pp. 400-411.

Kellogg, Charles E. 1961l. Soil interpretatiom in the ecil survey. Seil
Conservation Service, U. 5. Department of Agriculture. Frocessed, 17 pages.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

264

27.

28.

29.

0.

M.
2.

33.

Kellogg, Charles E. 1962. Soil surveys for use. Transactions of Joint
Meeting of Commissione IV and V, International Society of Soil Science, pp. 529=535.

Klingebiel, A.A. and P.H. Montgomery. 1961. Land Capability Classification,
U.S. Department of Agrioulture, Agr. Handbook 210. 21 ppe

Lemmon, Paul E. 1966. 3Soil surveys as an aid to woodland management in the
United States. AdvancingFrontiers of Plant Sciences, Vol. 15 pp. 87-96,
Institute for the Advancement of Science and Culture, New Delhi, India.

Katthews, Earle D. and Richard L. Hall. 1966. Soil Survey of Somerset County,
Maryland. U.35. Department of Agriculture, Soil Conservation Service, in '
oﬁhqgnmjial with Maryland Agricultural Experiment Station. 90 ppy illus. maps.

Taylor, F.B., R.B, Hailey, and D.L. Richmond. 1966. Soil Survey of Bexar County,
Texas. U. S. Department of Agriculture, Soil Conservation Service in co-operation
with Texas Agricultural Experiment Station. 123 pp., illus., meps.

Raeside, J.D. 1962. Sooiety, town planning, and the soil map. Transactions of
Joint Meeting of Commissions IV and V, International Socliety of Soil Science,
pp. 854-858.

Riochardeon, H.L. 1966. The Freedom from Hunger Campaign — Five Years of the FAO
Fertilizer Progrnq; Cutlock on Agriculture, Vol. V, No. 1, pp. 3I-16.

Sallee, Kenneth H., and Vernon L. Hamilton. 1965. Soil Survey of Scott County,
Kangas. U.S. Department of Agriculture, Soll Comservation Service, in co—operation
with the Kansas Agricultural Experiment Statiom, 66 pp., illus., maps.

Smith, Ouy D. 1965. Lectures on soil classification. Pedologie, Special
Issue 4, Belgian Soil Science Society, Rozier 6, Chent.

Soil Coneervation Service, U.S. Depertment of Agriculture, 1964. GCeneral Soil
Map of the United States. Scale 1:120,000,000. Marked experimental.

Soil Coneervation Service, United States Department of Agriculture. 1961.

Soile Memorandum SCS-45. Englneering interpretations from standard soll surveya.
Unpublished.

Soil Survey Staff (U.S.). 1951. Soil Survey Manual. U.S. Department of
Agriculture, Agr. Handbook 18, 503 pp., illus.

Storie, R.E. 1933. An index for rating the agricultural valueof soile.
Calif. Agr. Expt. Sta. Bulletin 566, 48 pp., illue. (Revised 1937,)

Vink, A.P.A. 1963. Planning of soil surveys in land development. International
Institute for Land Reclamation and Improvement, Publication 10, Wageningen,
The Netherlands. 55 ppe illus.

Waterways Experiment Station, Corps of Engineers (U.S.A.). 1953.
The Unified Soil Classification System. Tech. Memo No. 3-357, 2v and appendix.
48 pps and charts.

Wright, Charles A. Unpublished report.

U.S. Department of Agriculture. 1957. SO0IL, Yearbook of Agriculture.
United States Oovernment Printing Office, Washington,D.C.

United States Department of Interior, Bureau of Reclamation Manual, Volume V,
Irrigated Land Use, Part 2, Land Classification.

Food and Agriculture Organization of the United Nations. 1957. Report of
the Meeting on Soil Fertility and Fertilizers for the Latin American Region.
Turrialba, Costa Rica, 6-11 May 1957.



