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INTRODUCTION

Soll survey 1is, on one hand, the total operation of an
overall program and on the other hand a specific survey
project for a given location. The activities of a specifie
survéy result in a soll survey report and map.

Soll surveys have been conducted by several institutions
in Venezuela for about 30 years for purposes related with
agricultural activities. Experiences in other countries
indlicate that the scope of soll survey can be extended to
serve other’needs related to planning and development of
rural, urban, and regionalinterests in addition to the needs
of agriculfure. '

As a human endeavor, soil survey has developed through
é series of stages which reflect the state of cultural
éctivity and man's perception of his environment at different
periods and places. Soil sclentists and people related with
land use planning require a philosophy that enables them
to define the role of soil information in a world of rapidly
increasing pupulation.

A primé element in the philosophy of soil survey is
a clear definition of objectives. These should be analyzed
in terms of thelr nature, meaningfulness, and adaptation to
specific conditions. The ultimate objective of soll surveys
is to make predictions of soil behavior in meaningful terms

1



.to help people make wise decisions about the use of the soil‘
fresources This, in turn, is related to our understanding
of soil and the operations that are conducted in soil survey

’work.

Soil Survey in Venezuela

‘Soil surveys in Venezuela are conducted by several
organizations. These include the Ministry of Agriculture and
Livestock (NAC), the Ministry of Public Works (MOP), the
Commission for the Water Pian (COPLANARH) , the Agrarian
Institute (IAN), and several Regional Corporations. Private
agencies also conduct soil surveys by contract wilth the
central government and regional corporations.

Soil survey activities in the Ministry of Agriculture
started in 1937 under the responsibility of the Experiment
Station of Agriculture and Animal Science. In the first
years only a few soil surveys were made, at rather general
levels. Important progress was achieved after 1942, when
a Soll Conservation Mission from the United States visited
the country and a number of solls were described. In l945
the responsibility for soill survey at a national level was
given'to the Soils Department which was created for this
‘pﬁrp§Sé. Soil surveys of several areas in the country
»were?made for general agricultural‘purposes, In 1970 the
Soils Department expanded its activities to coordinate the
fNational Soils Program, which includes studies in soil
"fertility, soil physics, soil chemistry, soil biology, soil



mineralogy, and soil management. Soil survey is currently
limited to a few selected areas.

At the Ministry of Public Works, the official interest
in developing irrigated agriculture brought about the
.cieation in 1942 of a small soil surve& team within the
Directorate of Hydraulic WOfké by recommendation of Dr.
Wilbur Powers from Oregon State University. The increasing
demand for soil information to aid in the process of planning
and development of irrigated agriculture lead to the organl-
zation of the Division of Edaphology in 1965. At the present
time, this Division is part of the Directorate of Basic
Information of the General Directorate of Hydraullec Resources,
and conducts soil survey work in a substantial part of the
country for land reclamation. Attempts to project the appli-
cabllity of soil survey beyond specific agricultural interest
started a few years ago with a soil survey project for the
area of the Tuy River Valley (Dumith, 1967) in which a
satellite city to absorb the growth of Caracas was being
pPlanned. Soil survey reports with information for non-agri-
cultural uses of soil are being demanded by government agencies
involved in regional planning.

In 1968 the Commission for the Water Plan undertook the
task of preparing a national land inventorx which includes a
solls map of the country at the scale 1:250,000. The work
is being conducted by regions and is expected to be finished
around 1985 for the area of the country north of the Orinoco

River.



The Agrarian Institute is conducting soil survey
43vproJects to select areas for 1ocation, planning, and develop-
n'ment of rural settlements within the Agrarian Reform Program
Aenacted by law., Regional corporations such as CORPOANDES,
FUDECO and .CVG, have also taken part in the evaluation of

soil resources within ‘their areas of influence.

Currently, ‘extensive areas of the country are belng
surveyed by private companies under contract with the central
government and regional corporation. It is estimated that
Soll survey work by contract is the largest effort in terms
of area.

Detalled information of the progress of soil survey in

Venezuela has been presented by Comerma (1968) and Dumith

(1970).

N " Scope of this Paper

Thevintent of this paper is to present and analyze the
conceptual framework that constitutes the current philosophy
of soil survey in several parts of the world and apply this
philosophy to Venezuela
| COncepts of soil are different for different disciplines
and/or different cultural settings. Understanding of the
'character of soil is basic for its proper evaluation, use,
and management. Some concepts of . soil as. eoologioal resources
subJect to planning, use, conservation, or misuse are dis-

' cussed in the light of modern trends. Special emphasis, .



however, is given to other concepts of soil that are'uéed in
soll survey itself. _

It has been found that the development of soil inter-
prétations for use in the process of planning and development
could not be successfully conducted without conéidering some
chaqges in other soil survey operations in Venezuela. Soil
classification, technical groupings, soil mappling, and soil
correlation are discussed both in terms of their conceptual
framework and their relationships with applied purposes.

In most cases, the discussion includes considerations
related to the conditions and needs of Venezuela, both
In the context of an overall soil survey program and of the
different operations in specific soil survey projects. To
build a philosophy, however, one has to avold the dangers
of provinciallism as much as one has to avoid gross generali-
zation. Wasteful resource use, soll exhaustion and
depletion, and environmental pollution are recognized by
moduern thinkers as a wo;ld phenomena.. Examinatlon of nation-
~ @l needs has to be made in terms of what recently has been
called global thinking. In the last two years, for example,
the world has experienced shortage of grains and meat.
Despite the technological achievements, such as the so-called
green revolution, international food demand 1s so great that .
many contend that the majority of new supplies must be
generated within the hungry nations themselves. This means

higher productivities on alrealdy arable areas and development ,



fof new lands for production. Nonagricultural soil use is

falsohaaglobal phenomena,fFFor thes;ireasons, experiences
ifrom other countries are(necessary‘references. A discussion
~of their approaches to the acquisition and use of soil ) R
linformation is considered valuable for analysis of nationali'
fneeds without local preJudice.;i | |
| | A recurrent theme is that soil information is only one '
fanswer to the many questions in natural resource evaluation
-and 1and use planning for an expanding population. Soil
'survey~reports are one of the most valuable tools to help
decision—makers in their actions. vAlthough.soil surveys
may contain information on climate, geomorphology, land
use, and hydrology, it serves primarlly as supplemental
information for a given area. The main concern of soil sur-
veys is to provide adeQuate soilyinformation.
.Yenezue1a¢has'ekperienced, and will continue to experience,
a:great demand for Soil information There have been attempts
‘to develop a conceptual framework for soil surveys, albeit
limited by institutional constraints. It is evident that 1t
is necessary to develop a model common to all agencies. The
basis for that model can be found in the body of concepts and
beliefs shared by the scientific community of international
.soil science.f In addition to many citations for soil scien-~

tists of other countries, it should be noted that a number

,of concepts come from Marlin G Cline'lRich'rd W Arnold,.and

1Gerald W. Olson. The author s own work.has}been_»m

try b0
apply their philosophy on soil surveys and soil survey



' interpretation to the conditions of Venezuela. He’hopes '
that he has properly understood and correctly interpréted

their views.



"'7538011 is a resourceﬂvital to the economic well being of

*any country and much,of the history of civilizations reflects;ti

’the significance or lack of - it attached to the understanding SR

gand utilivation of soil. In the modern world the activities
rrelated to obtaining and presenting field knowledge of soils f
1s called soil survey.‘,’ .’Pi,"f f"' ‘,} S o

In order to focus attention on the value of developing
adequate obJectives for a soil survey several aspects of
soil will- be discussed. These include man's dependence on
,soil, soil as a- resource,‘soil as ‘a part of the ecosystem,

and some ideas about use, misuse, and conservation of soil.

4 Man s Dependence ‘on Soil

Soil: is an important resource primarily because mankind
Vdepends on it for subsistence and support (Olson, J64a).
iThe interest of people in soils started to change from food-
?gathering to- food—growing about 9000 years ago (Simonson,
n1968), consequently, the importance for soils for agriculturev
is ancient. The twentieth century has witnessed growth ‘
fof population,'advances in science and technology, and .

'ﬁchanges in agriculture that have caused important shifts in

fthe usefulness{o,fsoil resources. l‘“~~“‘»"-”“'” |

The relationships of soil to agriculturehare,,contrary

;{to some opinions, increasingly important.,,D,spiteyall J,;hf?


http:usefulness-.of

’advances of science and technology, the production of
* food is essentially sustained by soils. Waddington (1972)
fconsiders that though recent advances have made it
"teohnically conoeivable"'that all our food could be
Synthesized‘withOut plants or animals, there has been no
major effort made as'yet. He also states that man will
, continue to use agriculturally derived food for at least
the next hundred years. Mattson (1972) indicates that the
production of exotic foods derived from sources other than
agriculture is not likely to play an important role in
alleviating mass starvation in the near future, even con-
slidering the alternative of increasing protein availability
from fish culture. The obtaining of other goods like
timber, fibers, and clays, even though they may have been
supplemented by the technology of plasties in the advanced
industrial countries, is still dependent on soils in most
pafts of the globe. Shelter for living and routes for
transportation are placed on soil. The disposal of refuse
of all kinds, such as septic tanks for human effluent and
sanitary landfills for garbage, rellies on soils; places for
human relaxation like recreation sites, sport fields,
p;aygroundsg,depend in part on soil conditions; transmission
| lines, underground installations, and surface pipelines by
which communications and electricity, oill, gas, and water

‘oonduotionxara.possible, are but a few in an almost endless
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blist of human needs that are contingent on soil to varying .
jdegrees.ut" f E ni “' f, - | |
This dependence of man on soils is heightened by the .
mincrease of’ population and the expansion of activities of
'civilization. ‘Never before has the need to understand
the»qualities,vvariation, and extent of'soilswbeen more

pressing.

Soils as a Natural Resource

Natural resources have been regarded by many people as
biological or mineral systems or elements which ape provided
by nature with little possibility of control by man. Some
take this erroneous concept to the extreme.and confuse
natural resource conservation with pure preservation. Others
‘rely.more on artificial resources and relegate nature's
importance to the passive role of a physicaI; completely
modifiable environment. Neither of these concepts is
correct, and unfortunately, both approaches have been applied
to soils. 1In the first case soil conservation concepts have
‘been.confined,to generai statements aiming to keep soil from
.qgg,'a goai that just,does—not make any sense in today's
‘world. In the other case, much more extended, only after an
‘irreversible damage had occurred can people realize their
7error. b

The concept of resource is eminently anthropic. Modern

Aauthors considerhthat the concept presupposes that a

'planning agent appraises the usefulneSS of his environment :
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for the purpose of obtéining a certain end (Wantrup, 1968).
Held and Clawson (1965) give the following definition: "A
natural resource is any quality or characteristic of nature
which man knows how to use economically to ends which he
desires." |

Man can make many changes in his environment, but the
;nteractions are complex. Profound changes in natural
systems have been caused by even primitive man with limited
tools, as exemplified by the uninhabitable landscapes
resulting from overgrazing in the Middle East and over-

cultivation in the Thar desert of India (Bell and Tyrwhitt,
1972).

Soils in the Ecosystem
Ecosystem 1s a term to indicate the relationships among

living things in nature. Odum (1972) considers an ecosystem
to be "a unit of biological organization made up of all of
the organisms in a given area (that is,. 'community') inter-
acting with the physical environment so that a flow of energy
leads to characteristic trophic structure and material
cycles within the system.”" The same author considers the
development of ecosystems as ecological succession, which
can be characterized in terms of the following parameters:’

(1) It is an orderly process of community

development that is reasonably directional,

and therefore, predictable. (2) It results

from modification of the physical environment

by the community, that 1s, succession is

community-controlled even though the physical
environment determines the pattern, the rate
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~ of change and often sets limits as to how
- .far development can go. (3) It culminates
-'4dn a stabilized ecosystem in which maximum
biomass (or high information content) and
. symbiotlc function between organisms are
Lmaintained per unit of avilable energy flow."
",ne further adds that the "strategy" of succession is maximum -
,}protection, which often conflicts with man's goal of maximum
“production, and that recognition of the ecological basis
for this conflict is "a first step in establishing land use
policies."

Soils are part of the physical environment of the eco-
system. Past and present environmental conditions control
processes and rates of processes that lead to soll formation
and development. Understanding of soill genesis permits the
prediction of further evolution. The direction of changes
in soil properties is affected by human activity, particularly
at this point in history when changes in technology, growth
‘of population and its geographic expansion, and the liberal-
ism in soil exploitation caused by food demand for inter-

national marketing are so lIntense. Soils are, therefore,

ecological resources (Olson, 197la, 1971b).

-USeiand Conservation
‘Natnral’resources‘are commonly eclassified as renewable
fand non renewable. Soils have often been considered
'ﬂrenewable resources, and: many societies have taken this for
:;;granted. Because of soils relationships with human activity,

,f?it is evident now that soll. is only partially renewable.
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For purposes of use and management several classifications
of resources have been proposed. One scheme divides total
resources into flow resources and fund resources. Flow
resources have a stream of uses possible without loss of the
resource, and may be nonstorable, like sunlight, or storable
like water from natural precipitation. Fund resources can
bé exhausted by use, and may be renewable, like soil fertility,
or non renewahle like petroleum. Another scheme was proposed
by Wantrup in 1963, Which divides resources into stock and
flow resources. Subdivision of stock resources is on the
basis of absence or presence of natural deterioration, and
for flow resources it is the inability or ability of human
action to affect the resource. The important thing, however,
is that resources are linked with use and, therefore,
susceptible to planning.

Soil conservation, on the other hand, has meant different
things to different people at different times. Frequently
the term 1s used in the context of preservation or pro-
tection, though this 1s a meaning that belongs to the past.
More recent, but still inadequate, definitions consider
soill conservation as "static state of use" and "wise use."
The modern approach to soll conservation is much more
significant. The relevance of soil resources.is related to
natural and soclal sciences, and is dependent on planning
and use at variéus times and places, and on relationships

of soil with other resources. As indicated by Wantrup
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v;(1968);,CGnserVation 1s concerned with the when of use and

f'iéfsﬁbigéfgto quantitative'méasure. In his own words

" "the economics of conservation serves, there-

' fore, as a basis for formulating and implement-
ing public policies that aim to protect or to
change a given time distribution. Always,
however, understanding for its own sake is
worthwhile and 1s also a prerequisite to
prediction and public action."

It 1s in this direction that soil surveys are related to

soil conservation.

Misusé of soil.

The dependence of mankind on soils is aggravated by the
fact that soils vary from one place to another; this varia-
tion exlists because soils are a result of the interaction of
climate and living organisms conditioned by relief, acting
on some parent material through time. Processes of soil
formation vary with these soil forming factors, resulting
in different kinds of soils. Each kind of soll has some
characteristics or set of characteristics that defines its
behavior for specific uses, so that the characteristics
that make one kind of soil suited to a given use may be
present 1In limited degree, or may not exist at all, in
other kinds of soils. Thus, solls are subject to misuse.

Soils are aiso segments of the landscape; they occupy }
areqfé$ wel1 as depth. The extent of the area occupled by
saiiS}with a glven set of c§§ractefis£}¢é;is limited, and

'.}ftpisfmeans that for,any»ggngle:dsQfﬁhe;éyailability of



15

suitable soil is also limited. As man occupies more and
more land, this availabllity is reduced and may become a
scarcity. The problem of a lack of adjustment between soil
and use becomes in turn more relevant.

Man has experienced this lack of adjustment, or misuse
of soils, in many instances. Probably one of the most
documented examples 1s the erosion problem that developed
in the American Great Plains in the mid-thirties. As the
colonization of United States land proceeded to the west,
people dild not recognize that the new lands would require
a management different than those in the eést where the
transfer of practices from the old world was possible because
of the similarities of the soils (Kellogg, 1941). The
consequences of this lack of adjustment or misuse of soil
were tremendous and caused great concern about soil erosion
in the United States. During the years 1933 to 1936,
massive dust storms

*. . . rose from previously plowed fields,
extended for thousands of feet into the
air, and for hundreds of miles on the

ground, often so thick as to make breathing
1tself difficult.

(Held and Clawson, 1965).
Those were in effect the years of the erosion boom; the
prob;em was evident enough to give rise to several programs
and to make this concern persistent for many years; the
dévelopmenb of. the Land Capability Classification was a
result of this concern, as were many legislations and actions;‘

In the USDA Yearbook of Agriculture for 1938 the emphasis



16

~_ was on erosion, whereas this emphasis has gradually shifted
lto land management (USDA's Yearbook of Agriculture - Soils,
1957) and land use planning in more recent years, the
question of misuse has persisted for sometime. In 1941
- Kellogg wrote:
."There is a problem of maladjustment between
the soll and people living on it in the
United States. Its symptoms are rural
poverty, poor health and unhappiness among
many of the farm people and depleted pro-
ductivity, and, in some places, erosion of
the soil."

According to this author, estimates were made in 1938
of the extent of this maladjustment; on about 76 million
acres being farmed, it was found, no known agricultural
- practice would return a satisfactory income for the labor
required and maintain soil productivity; another 178 million
acres were being used for crops by practices that either
would not return a satisfaotory labor income with the prices
of that time, or would deplete further the productivity
of the soll, or both.

These figures have been lowered considerably in the last
three decades as a-resultﬁof better knowledge of solls and
more"appropriatelmahagement practices. By the middle of
| th,e»l-95_0'$, only about ‘111 niillion'acres in the Plains were
used?for crops on land that waSNSubJeot»to severe erosion
(Held and Clawson, 1965). Further modification of the

~ problem has been-caused.by change:in the pattern of land
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use in the last decade. Some soils previously under
agricultural use have been increasingly occupied by suburban
development; some of those under forest have shifted to
grassland and recreation, or even to agriculture; Although
technology increasingly provides new means of overcoming
some natural limitations of soils, the risk of misuse is
always present. In Tikal, Guatemala, poorly drained soils
caused problems for pedestrians 1,000 years ago in the same
way that solls with similar limitations cause problems for
vehlcle éraffic in New York State today (Olson and Puleston, 1970).

In many parts of the world, examples of misuse of soils
are abundant. Large agricultural development projects for
irrigation have undergone decline and abandonment because
of salt accumulation céused by improper management. The
settlement of structures and buildings that is evident in
metropolitan areas is the result of imbalances between those
structures and the ability of soll and subsoil to provide
good foundation conditions. These conditions may occur
in large areas, as in the case of Mexico City, or at
specific sites.

In Venezuela, there are many evidences of this lack
of adjustment. In the northern part of the country, the
city of Coro 1is located on highly expansivé clays. Many
structures that have been built without proper consideration
to soll conditions have been damaged by heaving. A ‘newly

constructed village in an irrigation project in the Llanos
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started cracking shortly after construction and had to be
abandoﬁed;fthékvi;iagé7wés’buiitjon'p§orly~dpained‘Soils
_\théﬁ;coﬁld'hot support‘the'light structures. On a: costly
HighWéy that connects Caracas with the interior of the
ddﬁhtry, landslides often interrupt the traffic; a segment
of this highway has been under reconstruction for several

years and still continues to erode by mass wasting.

Planning the use of soll

All of these problems of misuse can be avolded, or at
least mitigated to a significant degree, with an adequate
knowledge about the soil combined with the knowledge of
other disciplines. The soils of a given area can be
characterized in terms of their properties in such a way
that predictions can be made about behavior under specific
uses. By planning the use of solls a satisfactory adjustment
can often be achieved. The availability of this information
can prove its benefits in many ways~--for example, by
providing the location of soils sulted to a given use. The
USDA study that showed in 1938 a large acreage of soils
under inappropriatefuse (Kellogg,1941) also showed that
‘there were 51 million acres not being used that could be
~added -to cropland. In other cases recognition df differences.
ih:@dils to be placed under the same'uSe might lead to
différegt treatments. The quli¢ation'of adequate measures
iid?”fﬁé;blécgmént of 50415.“Q§?rfu$55_?°r W§ich;they are

_suitable involves an economic factor. Any agricultural
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-enterprise is likely to be more profitable when the crop
involved is produced on the appropriate soils. For uses
where profit (in the sense of return of money) is not the
prime consideration, the economic factor is also present
because wise use of soils means a reduction in cost over
the long period of time. There are many illustrations of
construction works where extra costs could have been avoided
by using soil information. Some often quoted examples are
extra costs of a quarter million dollars for a high school
bullding and $600,000 for a highway, that could have been
avoilded by moving the construction less than one mile as

indicated by the soil map (Fairfax County, Virginia, 1964).
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One of the more important aspects in the aevelopment of

3 an enterprise is to define its obJectives.' An obJeTtive is _
H¢usually thought of as the end or uesired result of an action.
This is: true whether the enterprise consists of placing an

' obJect in space, building a housing complex, or making a
resource- inventory. For these and many other tasks, the |
accomplishment of goals is subJect to failure if the entire
program is not supported by a definition of objectives
sufficiently clear to guide all the steps‘of the job.

There are several reasons Whyisoil survey as an enterprise
must also be based on'w'en defined objectives. In the first
place, it is composed of. several activities ranging from the
description of soils to the publication of reports, each of
these requiresra process~of reasoning and actions whose aim
is to meet partial obJectives within the overall system
The better defined the central objectives are, the lesser
the possibilities of deviation in subsequent thinking. ;;
1;Secondly, a measure of performance of each part is possible%
1;mainly by checking how well the obJectives are satisfied.‘: o
iQFinally, and probably most important is the fact that when o

;ﬁt_e:Same activity is carried outl_y different organizations,,.;

f;separate efforts can only become a“doint{fffort when they SR
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_.foopfepge on'oommohjgoals, that 1s, when there are clearly
‘déﬁinéd’objecﬁiVes and'ﬁhefe‘is agreement with regard to
Ythem. Clearly“defined obJectives_need to be (a) meaningful,

, in:both absolute and relative terms, and (b) conceptually
and‘operationally clear. There are many'possible objectives
for the,undertaking Qf a single task, and the most appropriate
one is-dSually selected by testing its relevance and relations
with other objectives within a general context. An i11-
defined objective, even if it is important, is a weakness in

a program because-its vagueness allows for deviations and

also because there is ﬁo way of knowihg exactly whether the

goals are finally accomplished or not.

In a discussion abodt the problem of determining
objectives, Churchman (1968) warns about the common fallacy
“In stating objectives by emphasizing the obvious;-he gives
the example'of-a medical laboratory. An obvious statement
is to say that its objective is to make as accurate tests
~ as possible. The final use of the laboratory analysis
feveals, however, that the real objective 1s not accuracy,
but what accuracy is good for: improving the doctor's . -
diagnosis. The reasoning ufilized in this example may be
applied to soil survey; it illustrates: the possibility of
missing the real point in . the statement of obJectives and
Valso emphasizes the fact that only when the real obJective
.7is recognized can the importance of the activity be evaluated f\

iland Justified.
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- Changing‘ObJectives_in Soil Survey

T5”Soil surveys weréi tarted in Russia and the United States

fﬂin;the laSt century andtare nowtbeing conducted in most parts ¥

fﬁof the ;orld.; There have been substantial changes in con-l"

frcepts, operations, and applications of soil survey during
ithis period. ObJectives also changed and were adapted to
gnew conditions in time and place.f Frequently the main
"obJectives of soil surveys has been stated "to study soils,"
a: generalization that 1acks the meaning and clarity necessary
" for official interest and successful work. A brief review
of the past and modern trends may help 4n testing how these
attributes have been- considered in definitions of objectives

-for soil survey.

:The early period

| ‘, At the early times of soil surveys in Russia and the
lUnited States, a great need existed for a general evaluaticn
of land resources, the goal of soil survey programs was to
t':get a general knowledge of soils in the form of a simple

‘,inventory._ In 190HJWM.cWhitney, then Head of Bureau of

Soils in the Uni”ed Stat s,ystated that soil surveys were
fmade "To prepare‘maps,that will indicate the extent,,the
;hdistribution, and the location ofwvneiprincipal types of |

ﬁknowledge and therefore confineSuthe“importanoeuof'the
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objectivesn The real objectives were not clear at thét
time bgcauseiin part, many concepts regarding soil were
5not£6ieér.either. Soll sclence was just starting its

- development and the spread of its basic principles was quite
gslow.A The original works of Dokuchaiev were not sufficiently
‘kndwn or fecognized 1n the tsarist Russia because of the
lack of official support (Tyurin,_gg_g;., 1959). Russian
s8oll sclence developed more rapidly after the October
revolution with the works of Dukochaiev's disciples and
followers like Sibiertsev, Glinka, Viliams, and Prasolov
(Gerasimov and Glazovskaya, 1960). Some of the works of
the Russian soil scientists, including reports on soils of
Russla by Dokuchaiev and papers on soil classification by
Sibilertsev, appeared in the United States and the United
Kingdom during “he period from 1893 to 1908 but had little
evident impact (Simonson, 1968). In Europe, only part of
this continent benefited from the concepts of the Russian
school by the publication of a book in German by Glinka in
1914. This work caught the attentlon of Marbut in the
Unlted States and he decided to translate it into English.
The translation took six years and still had to wait seven
more years until finding a publisher in 1927 (Mocmaw,1942).
The findings of the Russian school that became available
.to Marbut, ‘and his own observations as he studied the solls
of the United States, brought new insights into the nature

‘of the obJectives of soil surveys, as 1s shown by the:
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.»e-f9i16Wihsf-idéffi,riiﬁlibn by Marbut in 1921:

" minat is a soll survey? It will be sufficient
- for our purpose to define a soil survey as an
. dnstitution devoted to the study of the soil
<. in its natural habitat. It is concerned
" primarily with the determination of soil
characteristics as they have been developed
by soil-making processes, including the work
of man; the study of the significance of each,
the isolation of the several groups of
characteristics that should constitute a soil
individual, the fixing of these groups by proper
nomenclature, and the determination of the area
and distribution of each soil-unit."
(Marbut, 1921).
| This statement 1s a reflection of a philosophy in regard
to solls that was not available at the time of the definition
by Whitney. New concepts of soll as resulting from processes
of genesis determined by given factors, the need for soll
classification, and the definition of the soil individual
included in Marbut's.statement were products of the progress
of soil science as a new model was beilng built from the
growing knowledge about soils. However, as complete as it
was from the conceptual standpoint, thils statement does not
say much about the ultimate purpose for which that information
fwa3~being produCed. The definition of Whitney was not
conceptually clear and this led to the ldea that soll surveys
were inventories in their simplest form, a map with a list
of briefly defined units without ‘a mention of a further use.
Surprisingly enough, this idea is. common even in modern

times. In the case of Marbut's statement, even being

conceptually and perhaps operat fonally &l "‘w"‘ere are no.

elements in it that indicated the meaningfulness of‘the
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objectives. Knowledge of the soils per se might be an
important necessity by itself for soil sclentists, but
the real meaning depends on how important the concept stands
in relation to other kinds of needs within the total bontext

of the development of a country.

Examples of modern trends

Soll survey has been visualized thus far as a means to
supply information about soils for rational use of this
resource. The needs of information that all countries have
iﬁ regard to its resources are essentially the same, however,
the approaches vary among countries and within countries,
and with time.

The availability of soil and the economic conditions
influencing land use are expressed in the use of soil surveys
and the character of the predictions. These relationships
"may be illustrated in countries where soil surveys are
experiencing a great demand.

In the United States soil survey has been a cooperative
effort of federal, state, and local governments, and numerous
educational institutions. The program is called the National
Cooperative Soil Survey. Soll surveys have been carried
out for more than seventy years during which time the nature
of the predictions made about solls has varied in order to
| adjust to the needs of the country. During the period 19354
19h5 major emphasis was givén.tc soll erosion control;’in

the following decade emphasis was shifted tdw&rdiéb#l -



- 26

management and productivity in agriculture, and more recently
‘predictions are made for a 1arger variety of uses. Within
Jthe single field of agricultural use, which continues to

| be the maJor application, the information has - evolved from

‘ general statements to accurate yield,predictions for several

. levels of management. BesideS'agriculture‘and forestry,
engineers and planners are proVided‘with valuabie data and
interpretations. Information applicable to regional planning,
urban and community development, highway construction,
recreation, and preparation for zoning ordinances is furnished
by‘these data and by predictions about performance of.soils
under defined uses (Bartelll, et al., 1966). The kinds of
predictions vary also according to the region. In the
western states the development of irrigated agriculture is
aided hy interpretations for irrigation; in the 'northeast,
soll surveys are designed to provide information for.adequate
use of solls in the resolution of conflicts of land use and
environmental quality (Olson 196U4a, 1964b). The degree of
detail and accuracy of predictions vary in general with the
~specific obJectives of the survey, -but there is an increas-
ing tendency to require predictions accurate enough for

the individual farmer or landowner to. be able to make the

| most rational use of even small tracts ‘of land (Kellogg, 1966;
fGalloway, 1966)

In Russia, the situation of agriculture and land

7;organization n the first two deca esfof this century
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demanded soil surveys as the basis for important projects,
particularly large irrigation projects, and for expanding
planting of industrial crops (Ewald, 1968). Later on,
information for the economic organization of collective and
state farms was provided by means of pedological studies
that emphasized the application of chemistry for agriculture
(Tyurin, et al., 1959). The need for adjusting soil surveys
-fo new conditions has been recognized by.soil scientists and
the officlal programs attempt to update prior studies by
including more specific soil information, such as permeability,
compaction, abrasive propertiles, and specific.resistance
(Sotnikov, 1968). New requirements of the country call for
changes in soll science scope and institutional organization
(Gerasimov, 1972).

A final example, differing from the former two, is
provided by the condition of soil survey in the Netherlands.
This country has been taking monumental steps to gain land
from the sea in order to satisfy the needs of the population.
Agriculture 1is very intensive and at a high technologic
‘level., High demands.forland for housing, industries, and
recreation with limited reserves of reclaimable land result
in a decrease of acreagé of cultivated land. Non-agricul-
turai uses currently play a large part in soil surveys, v
‘yet the decrease in agricultural land resuits in a require-
ment ;or higher productivity of remaining farm landg.- These

needs.of agricultural use are satisfied by very detailed
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predictions for individual crops, and by developing as many
;quantitative assessments of soils as. is possible (Edelman,

:1963, Haans and Westerv;ld - 1970).

Influence of official support

The examples Jjust mentioned show that the objectives of
soil surveys depend on the conditions of each country.
Within a particular country they also vary with specific
environments and with time in adjusting to new conditions.
Progressive use of soll surveys has been possible in the
countries selected as examples for two main.reasons. One
reason is the development of soil sclence. In all of these
countries soil science has reached advanced stages. Each
of them has been experiencing the growth of knowledge of
solls, developing concepts, theorles, and models of their
own; and testing the achievements of others. The continuous
effort of development and testing is both cause and effect of
progress 1ln soil surveys. The other reason for this progress,
from which both soil science and soclety have benefitted,
1s the existence of a serious commitment of the government
toward better utilization of SOil resources. Without this
attention on the'partfof the»governmental administration,
fthe achievement of.progress\in~soil surveys and therefore
of an adequate knowledge about the soils of a country, is !
'inot possible.‘ This is demonstrated in the case of France.
iSoil science in France has also had a significant development.

{French soil scientists have developed their own system of
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soll classification and have provided significant contri-
bution for other branches of soil science. But this develop-
ment has resulted largely from the knowledge of the soils

of the French colonies in Africa through the works of the
ORSTOM, a French institution for overséas research. As a
result of this lack of government commitment to the study of
their own soils, the national program of soil survey is
deficient and the knowledge of the solls of France is limited.
Thus, the knowledge of the solls of a country is a respon-
sibility shared by soil scientists and by the government.
But unless the government makes provision for use of this
knowledge, soll scientists cannot do much on their own and

the country may be in trouble.

General comments

The development of soil science and of science in
general, and the accumulation of information about soils in
many parts of the world have contributed to the availabllity
at the present time of much clearer concepts about the nature
of the objectives of soil surﬁeys. Simonson (1959) has
stated that the objectives of soil surveys are both funda-
mental and applied. The applied objective 1s the prediction
of soll behavior under defiped use and management. These
predictions may be implieit in the grouping of Soil; into
capability classes for agricultural uses, or expliclt by
cgngretevstatements~about estimates of crop yiglds or

- performance of solls as engineering materials.  The.
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fundamental obJective 1s- to contribute to the growth of -the
_ knowledge of the soils of the country, this knowledge is
gained by the investigation involved in soil survey and may
bevillustrated by the-development of theoriesrof.soil
genesis and itsyimpact on the understanding of soils and

in classification schemes. Those achievements have in turn
resulted in more accurate mapping and in more efficient
survey programs, so the applied objectives benefit from

the progresses of the fundamental ones. These comments of
Simonson referred to the approach to soil surveys in the
United States, but they reflect also much of the modern
philosophy of soil science throughout the world.

The study of soils which is made by soill surveys leads
to a knowledge of soils that is intended to serve a higher
purpose, the purpose of wise use of soil resources. The
recognition of thils purpose of soil surveys not only defines
the meaningfulness of the objectives, but also provides the
basis for a definition of objectives conceptually and
operationally clear. Soil surveys serve the purpose of a
wiser use of soils by providing for predictions about the
,'performance of soils under specific uses. In order to make
vthese predictionS‘it.is necessaryito study'soils in terms
of thelr characteristics, their distribution in the land-
'scape, their extent and their genesis.

‘ The adequacy of each of these domains in accomplishing
‘:;the maJor obJective implies that each domain has a more

v“specific objective yet is integral and necessary to the

e
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overall objectives. When the centpral objective is fully
understood, all of these parts are performed under a
defined conceptual framework and by operations defined to
_better meet the obJedtive. Soil classification and mapping,
for example, are thus essential to the purpose (Kellogg,
19a9a), but the eriteria for both procedures depend upon the

ultimate objective of the soil survey.



 DEVELOPING OBJECTIVES FOR SOIL SURVEY IN VENEZUELA

Present Conditions

In the previous discussion it was apparent that the
‘ obJectives of soil survey are dependent on the scientific
and'socio—economic conditions of a country. In developing
the objectives of soil survey in Venezuela, it is necessary
.to consider them in relation to the background of this
country. |

In a general context, Venezuela 1s consldered to be a
country in the transitional phase--midway between pre-
industrial and industrial societies--in which both a large
portion of st1ll unutilized resources and the spatial shifts
involved as the economy changes from agrarian to industrial
determine a great need for regional organization (Frledman,
1966; Urriola, 1971). According to the studies made by
.the‘Commissionvof the Water Plan (COPLANARH, 1970a, 1970b,
1970c), the desirable agriculture of the country for the ‘
year 2000 will be based on the production from 2, 4 million
hectares; assumingntnat“current crop yields will be
increased 2 to uléiﬁeg; With current averagé yilelds, 6.5
;million hectares wouid be'necessary. Land of high quality
,.for agriculture has been estimated at 1.9 million hectares. .
“Implicit in. this prediction is the scarcity of land of high
{iquality for agricultural production and its increasing

«««««

t[occupation for more intensive useffin a short period of. time.
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As the best land isioccupied, there will be the concomittent
need for considerable inecrease in productivity, sound conser-
vation measures and c¢rop zoning.

On the other hand, the country 1s experiencing the
phenomenon of a rapidly growing population typified by
the migration of rural masses to the citles, with the
consequent accelerated growth of the'major urban areas and
the tendency to form megalopolis. An annual growth rate
of 3.1% projected toward 1990 means a total population of
about 20.5 million, and 28.1 million for the year 2000.
Relative to 1971, this means a doubling in the next 20
years and an increase of about 2.5 times in 30 years. The
clties of ‘more than 5000 inhabitants will hold 77% of this
population, indicating the expected high degree of urban
concentration with the environmental effects of pollution,
‘floods, and additional stresses cn the conflicts of land and

water use.

Role of Soil Surveys
Let us consider now how these conditions affect soil
survey in the country. For agriculture, the horizontal
expansion that will occur in the next thirty years indicates
that soll surveys should provide information about soil
qualities and extent Sufficiently complete to orient this
'expansiOn. This requires careful selection of areas and

timing of programs, and interpretations of soils adequate
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fjfor crop zoning. On the other hand, the need for higher

ifproductivity calls for increased amountsandﬂaccuracy;of o
jinformation,greater than that currently presented in thei
‘isoil survey reports of the country., The general statements?
:fabout potentiality for agricultural use must be replaced o
by statements, as precise as possible, about the kinds of
crops that can be grown, the yields that - may be. expected
under different levels of management the properties of
soils that limit other crops, and the inputs required to .
overcome these limitations for the desired production..l
These predictions should be made, whenever possible,in
“quantitative'terms.‘quantification constitutes a large
departure from'the current mork, but it is as important for
the country as anﬁaccurate mapping of soil units for which
many statements cangbe made about usevand management.
rInsregard'to non—agricultural uses of soil,'the
conditions of Venezuela affect soil'survey objectives both
in‘the'general-scope~and7in the'kinds of predictions that
are'required. Based on. accumulated experiences of other
‘countries, Urriola (1971) discussed this aspect for - ’
Venezuela. He stressed the need for including information
.and interpretations other than agricultural to make soil
surveys useful to the planning and development activities |
:of nearly thirty government agencies, and he also suggestedi
‘some of the steps required for this accomplishment. Among .

these steps, some of the most important are the inclusion ;f;f
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of the engineering characteristics ‘of soils and the making
of predictions related to the behavior of soils under |
ﬂfselected non—agricultural uses. These engineering and non-
;agricultural interpretations of soils would also represent

a signixicant addition to the current work in Venezuela.

"_ The considerations mentioned indiéate two major types

‘of information that are especially needed for the general
tconditions of Venezuela: (a) accurate predictions for

erops, and (b) engineering characteristics of soils. This
information is needed in all soil survey areas or projects

in the country, regardless of the degree of detail of the
survey and of the agency involved in its realization. Within
this general frameworh, each soil survey project may have,

as specific objectives, other kinds of information as
additions to the\minimum'standards. 'These specific objectives
depend on the purpose of the particular soil survey and the
specific conditions of the area.

Smith (1965) has stated that one reason for failure of
‘8011 surveys to be useful under changing conditions is the
failure to maintain reasonable scientific standards. This
.is the experience in many countries, including Venezuela.
Large parts of this country have been studied but most of
the soil surveys available are outdated and do not meet '
contemporary requirements. ‘Other areas have been studied .

for only specific purposes, mostly :for irrigation, and some ;

kinds of other investigations ‘are needed to give additional ff!

¥ ,‘;';‘;'.":?"‘t B
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giihformationfl?Thus, a significant part of the work alreudy

ﬂ{donefneeds to 'efre~evaluated.3 in regard to the definition fﬂf

}fof soil"nits,currently described soil serieslwill require

ffadditional,tnvestigation in order to meet current standards,

B o

'{or for.correct placement of the soils'in abclassification
{system.; Soil correlation is an important task and while
uthere has been an increasing interest in this work in recent
fyears (Soc.,Ven. de la Ciencia del Suelo, 1970 Mayorca,~
f1972, Arias, 1972), only a few significant steps to effectively
{implement correlation work have been taken (Schargel and
vArnold 1972) Mapping units need to be revised and defined
»with criteria of higher quality in regard to accuracy and
freliability.; The techniques for air photo interpretation,
’field procedures, and the laboratory work need to be done
'with strict adherence to specifications.r .If the delineations
fof soil areas on maps are to be interpreted with a relatively
;high degree of reliability, the soil survey must follow

ireasonable scientific standards.v

Another considerationﬂaffecting obJectives of a soil
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 eharacteristics that determine their behavior under a given

| use~afé mostly below the surface. There is no remote sensor
‘caﬁéble of recbgnizing and recording the set of character-
istics observable in a soil profile. The usefulness of the
soil survey is highly dependent on the field work and the
care given to this field work. The other consideration is
the‘fact that soil surveys provide bases for predictions
about performance of soils and therein.lies the scilentific
character‘of soil surveys, since the making of predictions

is a fundamental purpose of science (Kellogg, 1941).

Responsibility of Soill Scientists

Soll surveys are not either purely scientific or purely
utilitarian (Kellogg, 1949a;8imonson, 1959; Smith, 1965).
So0il surveys are useful because they meet the needs of
practieal objectives but only through the understanding and
application of scientific theory and methods. Soil sclentists
need to Be aware of this. For one reason, modern soil
surveys are more than ever before team works; better uses
of solls do not result from pure pedology.‘ The predictions
that are made about:soils are Judgements that depend a
great'deal on the understanding and knowledge of soils.
This realm of soil study is the responsibility of the soil
-scientist whether he 1is employed by the government or by
/other institutions. But there are other elements that are

_necessary for these Judgements which are the dominion ox S

_other scientists (Simonson, 1959) | Predi°F193539?:b99%¥i9#5 j;:
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jhﬁof soils for agriculture should be made Jointly with
fefagronomists, regional specialists, anhfothers. For :
ﬁf?engineering interpretations a Joint effort with engineers,
‘ ahighway specialists, and planners is necessary. In the
‘ United States this necessity- for cooperation has been \
jrecognized for many years. In 1959,fSimonson stated:
"The findings in fields such as agronomy,
farm management, and hydrology must be
integrated with the identification,
characterization, and classification of
80ils in order to predict soil behavior."
Soil sclentists in the United States and in other countries
are becoming increasingly aware of this interdisciplinary
character of soil surveys, and this has resulted in soil

surveys that are scientifically and practically sound and

therefore are useful.

. Proposed Objectives
In the,preceding-sections the importance of soil knowledge
- and its relationshipsitowman's‘interest in using soil has been
',discussed. It was.noted%that objectives of'soil surveys are
: bothIfundamentalfandiappliédr;and that'they may be specific
,within countries and regions. Soil surveys are made to be
»,used., The possibilities and advantages of an adequate soil

‘isurvey depend on the care that is given to the definition of

jdobJectives.

Soil surveys in Venezuelaﬁhav”wbeen done with partial

;fobjectives mainlv because ofiinswitutionyi,,°n3traintsog The L



39

needs of the country are such thaf one can consider it to'be

a potential error to continue in this direction. Despite

the necessary diversification in individual soil survey
projects even within a single agency, it is believed necessary
to achileve an‘agreement, at least, on the nature of the
objectives that ﬁhe soil survey should have in the next thirty
Years in the country.

The objectives of soil survey in Venezuela are (a) to

ngvide soll information capable of helping those involved

in making wise decisions and in implementing land use

policies and programs, and (b) to contribute to the growth

of the knowledge of the solls of the country in such a vay

that improved predictions of soil behavior can be made and

used. . ‘ -
These objectives apply to all decision-makers. Soil

. information can help an individual landowner as much as it

can help a planning group. Soil surveys can orient actions

taken by a campesino, a farmer, or a home gardener in thelr

property. Soll surveys also provide information that can

be used by housing development agencies, industrial corpor-

ations, and government institutions involved in agricultural

and land reclamation programs. Decisions about what land

-to clear, the size of farms, thg location of communities,

the placement of roads, the areas to irrigate, or the

t@ings to be done to be able to have a flower garden are:

all important eachkintiﬁéiown,@omain. The acq@mqlép§§  ;.‘
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1‘experience of all disciplines need to be considered in
:gdeveloping more precise statements about behavior of soils
?Vunder different uses. Soil surveys involve the study of
'soils and their environment for the understanding of" their
H*characteristies, genesis, and.distribution on big and small
’plaoes, Soils are described, classified, named, sampled
and analyzed to achieve that understanding and contribute

to the knowledge of the solls of the country.

Some Implications

The statement of purposes Just presented carry. some
Implications of change. These implications affect mainly
the nature of soll survey operations, but also affect
attitudes on the part of the government, soll scientists,

" and soil survey users.

Official interest in soil surveys is increasing in the
’country. Nevertheless, the pressures of development often
lead to the implementation of programs without adequate
basic information or to reduction of funds available for
soil evaluation in favor of other more tangible works.
Agﬁicultural development and reglonal organization are so
important in the country that they deserve a more determlned
‘attitude. As stated by Arnold (1972) :

"1These governments which'have~recognized the
--value Of soil survey and have truly supported

- such activities have recorded rather phenomenal
success 1n the improvement of agriculture. The
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transfer of knowledge and technology, both

old and new, has been rapid and efficient.

The progress of regional and national planning
has also been increased."

Soil scientists and soil survey users may also need to
change to fufill theobjectives of soil survey. Soilv
sclentists must be aware of the fact that the information
that they are producing is to be used and consequently
should make maximum effort to make that information most
. meaningful to users. They should also remember that they
provide the basis for decisions and that their predictions
are to be tested and relied upon by other people. This
burden of responsibility calls for extreme care 1in the
excellence of soil scientists in their work and for cooperation
at all leveis of operation. Soil survey users, on the other
hand, need to express their needs for infformation and need
to make an effort to understand the concepts and data which
are dlsplayed to them. Both scientists-and users must
remember that soll survey cannot provide all the answers
for planning and development. The best they can do (and
this must also be a soil survey goal) is to provide more and
better soil information. |

The natufe of soil surveys in Venezuela must be adapted
to the conditions of the changing times. It is necessary,
at the present time, to make provision for the future. It

has been cOnsidered here that a period of thirty years can
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be selected for a national soil survey program. Operations,
;_procedures, and institutional organization may change

| substantially in this period. The conceptual bases of
soil, soil surveys, and their relationships to applied
purposes are more permanent and important to the lasting
v'contributions which a.soil survey may provide to any

deueloping country.



SOME BASIC CONCEPTS IN PEDOLOGY

The understanding of basic concepts in soil survey is
essential for the individual soll surveyor, for the com-
munication between soll scientists, and for the effective
exchange of knowledge with soil survey users from other
disciplines. |

All scientists deal with a "thing" which is the object
or concern of their work. The role of the scientist is to
make predictions about the thing he 1s concerned with, and
the validity of such predictions depends on his knowledge
about this thing. A soill surveyor needs first to prepare
himself in the understanding of basic concepts about soil
before he can recognize solls in the landscape and predict
relationships that may be detected. Thus, the soll surveyor
does not simply look for soils in the field, but recognizes
something that corresponds ﬁo his model of soil. Concepts,
mental images, structured ideas, and so forth, are all part
of the reference frameworlk that constitutes a model. The
model 1s the bridge that connects the theoretieal level to
observational level (Haggett and Chroley, 1967).

For communication between soill scientists, one of the
essential conditions is that all persons engaged in that
science can communicate with and understand each other. 1In

this line or thinking, soil sclentists are able to transmit

43
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iiinformation and findings among themselves only when there is
ja series of concepts with meaning the same for everyone, thus,
: basicwconcepts;allowcscientists tovtalk about'thegsame thing
~_i'n’u‘nc_i'“er:'st',a:.'n'dvég.i;bvlejt'er‘ms.‘ |

| ~0ne‘0f;the;interesting aspects of modern soll surveys
'i1s that they are prepared to be used by people other’than soil
-sclentlists; although not all of the concepts involved in soil
survey preparation have to be Lknown by the users,.some know-
ledge 1s necessary for the understanding of the information
that is presented to them. For this, the necessity of a
conceptual model before perception can be attained must be
also stres.ied. The soll sclentists often simplifies a complex
natural_system in the landscape 1n order to communicate to
others the concept of the same system in a useful manner;

even so, the user of a soll map needs a conceptual framework

to percelve the pattern that 1s displayed to him.

Soill as a Population

Kellogg (1949v) has indicated that just as scientists
deal with plants instead of vegetation as a whole, soil
sclentists deal with soils, instead of soil. This indivi-
dualityxof soils in. nature results from unique combinations
of effects of the soil forming processes which produce
. specific kinds of soils. Thus, soils can be studied as a
?jcollection of individuals in a natural landscape. This
??process can be illustrated by an analogy with animals. In

lﬁa region, the determination of che animal population can be



45

made by counting the number of individual animals, say,
sheep, cows; horses, etcetera;'within each group, further
separations can be ﬁade for défined purposes, according to
varlabllity of characteristies. To characterize variability
one may sample the population and use statistics. The

same principles abply to solls. Soils individually con-
sldered have some common properties, but no two individuals
are lidentical. To consider soils as a population one must
deal with variability, and a limited amount of variability
has to be specified.

Solls as Landscapes

It has been indicated that soils, like animals, can
be treated as a population and studied by means of statistics.
But, unlike animals, soils occup& area and are fixed in
landscapes. Thus, soils have to be studied as parts of
flxed landscapes and as definite fixed areas. The fact that
801l exists as a continuum creates some difficulty in the
definition of sbils as three-dimensional individuals. A
major difficulty arises from the fact that solls do not
occur as discrete individugls exactly comparable to plants
and animals (Simonson, 1968). Soils are segments of the
landscape, but these segments in places merge gradually into
éne another instead of being distinct entities thsically
separate. Sharp boundaries do occur, hdwever,\when soils
meet other bodies that are non-soil or sharply contrasting #f

geologic, slope, or. drainage conditions.~



46

| Soil surveys are based on the existence of soils as

flandscapes and most of its operations rely on the consider-:
Jvation of a soil individual.i Intuitively an individual soilt
ﬂjshould be recognizable and be of. 1arge enough size for the
bfintended use. o | |

One aspect not easily visualized, is the scale of

individual soils in 1andscapes.‘ Anyone can see the dif-
ferences in soils from the viewpoint:of quite different large
areas.‘ A perSOn‘uho travels from Caracas to the West |
perceives striking changes 1n the landscape. Without any
training in pedology, he realizes that the flat, dark colored
solls that support intensive agriculture in the Aragua valley
are different than the light colored cactus covered soils of
the semi-arid region around Barquisimeto. These are land-
scapes whose differences are striking and the laymen percelves
thls with no difficulty. Withineach landscape, smaller varia-
tions are not so striking. A layman might notlice some
depressions and mounds, but major differences in solils are
not readily apparent to him. Nevertheless, variabillty
exists even at thesersmaller dimensions. For most people,
At 1s relatively-easv?to:understand differences between
'soils‘of‘desertfareasfandth0seof2humid rainforests. These
areas may be represented at scales of 1: 100 000 or smaller,
lthis is a scale of landscapes and soil individualsin land-
pscapes are not apparent at this scale. MaJor kinds of solls

,;tare evident however. This is so because of the "scale"

'fﬂof variation of the soil-forming factors.-fThe following
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vparagraphs may be helpful to.visualize this.

Soils are a function of" climate and blota, acting over
parentQmaterials as conditioned by relief over periods of
time. These soil-forming factors have geographic distri-
.bution. Consequently, the overlap of one factor on another
may produce differences in solls. Factors of climate and
vegetation (biota) may be wide'spread. They are, in a gross
sense, related and relatlively homogeneous over large areas,
say hundreds of square kilometers. Time of soil formation
1s often relatively uniform, except for catastrophic events,
over areas from tens of hectares to a few hundreds of square
kilometers; however, time of soil formation may vary locally
a lot. Parent materials are usually uniform over at least
several hectares. Relief in a local area then becomes
generally the major source of varlation and commonly influ-
ences the effect of the other factors. It may be variable
throughout a few areas, causing a complex microrelief, or
uniform over tens of square kilometers. Thus, even within
an area of uniforn climate and vegetatlion, time of exposure
of parent materials may contrast on local scenesand topo-
graphy within an age-parent material may give rise to local
differences in soils; In the Venezuelan llanos, for
example,rthere are large areas with a wet-and-dry climatic '
‘ regime and savanna vegetation. Erosion. and.deposition
'processes, however, have produced a landscape evolution such

,that recent alluvial deposits contrast with terraces of geologic


http:terraces.of
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/{tertiary age”f”Within this groundsurface, local differences

.iin relief'fause variation in soils over relatively small

- areas._”

Theleffect of any of these factors depends on the

7fcombinationﬁof the others.{ The combinations possible lail
x:have a 1imited variability in areas from a few hectares to
‘a few tens of hectares., Soils in these areas have properties
that may be correlated to recognizeable features of local |
landscapes. Mottling can_often be related to position in the
local landscape, for example, and natural‘drainage can be
related to coarse materials deposited on higher'positions

and other features. Thus, areas of soils as homogeneous
landscapes are7generally.small. They are observable at
scales of'l'25 000 or larger. For most people differences

in soils at this scale are riot easily percelved. The soil
scientist recognizes and predicts boundaries of such land-
scapes through models, which are based on the understanding

of the geomorphology ofpthe.area.

The Soil Individual

One aspect that deserv‘s$comsideration for defining ,

the soil individual re the attributes of the individual
7itse1f. Cline (19u9) stated that anfindividual is "the o
-‘smallest natural body that can be defined as a thing
qfcomplete in itself " In this definition, relative size |

(and completeness*are‘thefattributes that providef“h essence :

fiof the individual.

To:be "the smallest" means that‘it Uas ,,jﬁ



‘tOThaVe limited-variability. It was already mentioned that
in soils such limited variability occupies only small areas.

To be "complete" means -to have the virtue of possessing all

! J

the attributes of the defined body. This, in turn, results
'invindivisibility~and~is‘related to size; thus implying the
'existencelof.physical boundaries.
 Most natural bodies have distinct limits that one

perceives instinctively, such as a person,'a tree (Jansen,
1972); As previously noted, solls do not have this attri-

bute but occupybparts of the landscape adjacent to and
-merging ﬁith;one another. |

' The nature of soils is a condition of landscapes that
cannot be easily modified by man. The situation of soil
variability is similar to that faced by regional analysts
who have to work with regions as basic units (Grigg, 1965;
Folke, 1965; Juillard, 1962). Because of the complexities
involved, the limits of basic units are fixed by definition
and conventions The individuals resulting from such
~ definitions and conventions may be either artificial or
.arbitrary. The former is a human construct within a con-
tinuous universe (Knox, 1965), while the latter is conceived
*Tas a segment of the soil mantle that has fixed, conventional
dimensions (Van Wambeke, 1966) |

. In the process of defining a basic unit in soil science,;
l,several requirements have to be met. Johnson (1963) indi-
ihcated that a basic soil unit should satisfy the following

1ﬂrequirements"



i}éiffélt'should be independent of all taxonomic

.7’ffisystems.ufhf7if“' : N ' , ‘

wjrévjlt should have clear, natural boundaries.‘k

ﬂﬂrfith should be of a size convenient for study,v

B ;measurement and sampling.\u T‘ |

135.3;iIt should be susceptible of reasonably precise

‘ '3‘definition, so it can- be used consistently

f Some alternatives can be considered in selecting a
Qbasic unit. The primary particles of sand, silt, and clay
wicould be considered as natural individuals, within the universe
of soil particles (Knox,‘1965) As a basic soil unit, they
plack continuity characteristics of . soil. They can be com-
: pared to cells in plants. Peds, which are aggregates of
primary particles, re larger units, but they are not large
-yenough to contain continuity, and do not show profile relat-
'71965)

} or soil samples:for engineering determinations exhibit the

as;pointed out that hand specimens

. \ by

’ionships.; Kno'i

to,differentiate the classes of engin—
fjeering claSSifications, and therefore they are artificial in-'

ffdividuals with respect to engineering soil classification

f‘systems.; Soil horizons, or layers in thlisoil profile, are -‘lﬁ]

lilarge enough to satisfy intrinsic relationships, butg‘ﬁtfﬁfffgﬂ.f


http:enough'.to
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indiVidually consldered they reveal little about the whole
profiie . '

-‘.’Soil profiles, a vertical cut showing all horizons, is
mainlyiz—dimensional. It can.be compared to a picture.
While it can show most aspects and relationships, it has no
volume as a whole.

None of the discussed items meets requirements for the
801l individual, because they lack the completeness cequired.
The smallest natural body of soil that Cline (1949) con-~
éiders an individual should have vertical limits from the
surface to an underlying material one considers not soil--
the thickness of the soll profile--and lateral dimensions
large énough fof observation and sampling.

The term pedon has been introduced as the smallest
voluﬁe that can be called a soil (Soil Survey Staff, 1960).
In essence, a pedon is a three-dimensional body of soil with
abea limits from 1 to 10 square meters; 1t extends downward
to the lower lipit of common rooting of the dominant native
perennial plants, or the lower limit of the genetic horizons,
whichever is deeper. Its maximum lateral dimensions are
indicated in the definition by the Soil Survej Staff (1960)

- of about 3 5 meters which would correspond to one-half of

the cycle of cyclic horizons that recur at linear intervals
of 7 metgrs. Arnold (1964) suggested that for horizons that
,afe.byélié.at intervals from 1.3 to 4.3 meters, 80% of the
Tcycle instead of the half-cycle slould be included in the
fpedon to show t least 80% of. the vertical variability.’if”"»ﬂ
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o The term pedon was proposed by Guy D.»Smith (Johnson,
_}1963) According to Simonson (1968), the term is a collective”
’f*noun for small basic soil. ent"ties, and' thus parallels the
hword "tree" as a. collective noun covering oaks, pines, elms,’
ifand other trees. " | |
| The pcdon has some limitations. By definition,'its
'extent is too small for potential mapping, in most cases the
pedon 1s too small to show the configuration,of the surface
~and cannot exhibit the range of characteristics allowed for
- the soil series. It does not define the relation with
adjacent pedons, because location 1s not defined. The pedon
does not fit the requiremen’s-of a soil individual mainly
because itilacks geographical attributes. Another limitation
'is that its size is too small for use of a soil for applied
objectives, like for farming, roads, and for foundations.
‘A larger body oflsoil is necessary for soil survey

operations. The Soil Survey Staff (1960) defined such a
body as the "sodl individual. "v This term has been replaced
by the term polypedon, proposed by Simonson (Johnson, 1963).
'The polypedon is defined as

Yone or more: contiguous pedons, all falling

: Qwithin the defined range of a single soil

-serles. It 1is a real, physical soil body,

limited by 'not soll' or by pedons of unlike

character in respect to criteria used to define

soll serles. Its minimum size 1is the same as

the minimum size of a pedon, one square meter.

Its boundaries with other polypedons are

determined more or less exactly by definition.'
| (Johnson, 1963)
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The polypedon has- geographlcal attributes; 1t can be
recognized in nature by external features. Being a soil
body larger than a pedon, 1t can be used to establish map-
ping legends. Its boundaries in nature reflect genetic
factors. 1In this context, pedons become sampling units
selected to characterize polypedons. According to Johnson
(1963), polypedons are comparable to individual pine trees,
individual fish, and individual men.#

Even though there seems to be increasing acceptance
of the terms pedon and polypedon, there 1s no universal
agreement on such terms. Changes of concepts and, of course,
of terms, characterize the evolution of any science. Con-
cepts are tested by use and application, and are further
accéﬁféd or criticized and new proposals made. The poly-
pedon is currently undergoing testing. Other basic soil
units hafe been proposed by other authors and schools for
8011 survey and soil classificatin. These efforts reflect
the importance of the definition of the soil individual.
| To summarize, a basic soll unit or soil individual is
an essential part of all operations in soil survey. It is
the knowledge of such a unit'that makes soll mapping pogsible;
1t permlts bodles of soll to be related to classes in a
taxonémic%system and allows sampling for investigation.

,Curréﬁtly, the polypedon seems to meet most requirements to

_ ¥#The tern "indiVidual," however, has certain problem
The statistician's individual, for exampJe, 1s ‘a pedo
,geographer '8 individual 1s a polypedon. ) s -



festablish the classes of the 1owest category (soil series)
:in a classification system.; It also is the unit that can be
foombined into soil associations within landscapes to produce
’soil maps of smaller scales.‘ Pedons are the sample units

'used-to represent the larger.geographic~bodies.



SOIL CLASSIZICATION

The need of man .o make the best use of his resources
requires the knowledge and understanding of the objects that
comprise his environment. Soil is an integral part of man's
environment.

There seems to be a natural tendency, perhaps biologically
driven (Rapoport, 1971), for most animals (including man) to
explore objects seeking for comparisons with other objects
that are already familiar to them. Philosophers and
sclentists have explored this phenomenon in great detail.

In regérd to the human understanding, Bridgeman (Cline, 1963)
considers'that the explanation 1s basically an act of recog-
nition of familiar correlations among phenomena in nature.

In the context of use of language for identifying the objects
of our world, Kuhn (1971} elaborates on concepts of L.
Wittgenstein. He suggested that in the confrontation with
previously unobserved activities or objects, one applied a
given term to something because what 1s belng observed
bears a close family resemblance to other things that one
has previously learned to call by that name. Rapoport
considers that "all understanding stems from perceived
anologies-recognition that something is like something

else."
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The process of the human mind is reflected in its
qifnatural inclination to organize knowledge by grouping
ipthose objects on the basis of similarity.i The process of
‘a;sorting obJects, ideas,‘or activities into groups and naming
»‘those groups is called classification. The.product of
such a process is referred_to-as a classification system
(Simonson, 1971). |

Being primarily a result of the human mind, some sort
of classification is used continually by people. The process
of classificatiOn is an exercise in loglec, and every human
being has some amount of natural loglc~-~his common‘sense--
that allows him to readily classify simple, everyday objects.
Mort people without formal training in logic can set apart
plants, animals, and minerals. But as stated by McCall
(1952), one could not expect to readily deal with the
complexities of his environment with common sense alone.
It is in the realm of science and philosophy where man
encounters the tools for classification of complex objects.
cThe‘procedures of clasSification in science rely particularly
on 1ogical reasoning, the art of orderly thinking.

Thus, the role of classification is one of facilitating
,fthe mental handling of objects or ideas. It is a product
yof the human mind perfected as a procedure of the scientific
',methOd. To' many people, particularly to those who have

-'pto deal with practical problems, classification as a
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sclentifle procedure seems a complication of little practi-
cal value. This 1is a mistaken assumption. Instead,
classification is particularly directed to what Rapoport
(1971) considers the most conspicuous feature of spience:
"a systematized search for simplicity, a method of making

the world predictable."

Objectives of Soil Classification

Soils exist as unique kinds that are the result of
specific combinations of the effects of the soil forming
factors. The soil environment on which man depends in
many ways is a complex one. To understand these unique
kinds of soils, man has created the device of a soll
classification systen.

vIn the development of soil classification a clear
definition of objectives has been stated by Cline (1949):
" The purpose of any classification is so to
organize our knowledge that the properties )
of objects may be remembered and their relation-
ships may be understood most easily for a
specific objective. "

Inherent to this definition are both immediate and
ultimate objectives. While the immediate purpose is under-
standing, this is directed toward an ultimate, specific
obJectiﬁe} Jevons, cifed by Grigg (1965), stated: "There
can be4no,q5ef;n‘pla¢ing an objJect in a claéé unless some-

thing more than ﬁherfaqtfof being in thesplags‘is‘impiiedg"u;;p
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Thus,‘understanding is directed to other ultimate ,:<
2prurposes. to gain some control of the environment and to
i;‘enable inductive generalizations (predictions) to be made '
about the obJects being classified Rapoport (1971)
‘considers that while understanding per se does not completely
insure control, there is an undeniable connection between
understanding and'control. In soll science; practical
applications of this are facts.. It is.the understanding
of soiliproperties that has permitted the avoiding soil
spoilation by erosion or oversalinization in soills sus—
ceptible to those processes in many parts of the world.
In regard to the relationship between understanding and
prediction, soil classification is the foundation for
predictions of behavior when soils are used for various
pﬂrposes. Thus, the following remark by Rapoport (1971)
reflects the practical importance'of soll classification:
"The test of understanding of a portion of the world 1s a
‘test of the ability to predict something on the basis of
the alleged underStandingf"

.One other obJective of soil classification is to

o permit the successful transfer of knowledge about soils

:in one place to another (Simonson, 1971) This has been
evident in the application of practices developed in some

»tcountries of advanced technology to countries that othe1~

| 1wise might be;dealing,with their soils;by processes of trial

fm_and error._ o

g
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By soil classification, scientists define kinds of
solls which provides them with something they can talk
about consistently. Classes provide some identity for
soils with.many properties that could not properly be
referred to by other short descriptive terms. The recog-
nitiﬁn of those classes and their counterparts in nature
allows a soil survéyor to make the delineations that result

in a soil map.

Systems of Soill Classification

According to their purpose, soll classification systems
can be of several kinds; Most authors (Cline, 1949;
Simonson, 1971) distinguish the natural or scientific
classification designed to group objects with many common
attributes, from the technical groupings or interpretive
c}assifications designed to group ijects for specific
limited objectives, generally in terms of their behavior or
characteristics for a single specific use.

The foundations éf natural classifications have their
origin in the works of Aristotle, adobted and further
elaborated by logicians through time. The principles
ofllogic involved in the development of soil elassification
come: malnly from the treatises of John Stuart Mill (187”)
and P. W. Bridgeman(1927). Those principles have been
discussed for soll classification by M. G. Cline (19#9, 1962,
1963) and G. D. Smith (1963), amnng others. |
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The function of a natural classification is, as definedqff

;jby Mill.:ﬂfﬂﬁ'#

" mgo provide that things shall be thought of
" 1in such groups, and those groups in such an
: order, as will best conduct to the remembrance
-and to the ascertainment of their laws."
: (Smith 1965).
‘The obJective of this kind of classification is,according
'to Cline (1949) "To show relationships in the greatest
‘number and most important properties."
~ In this process, one groups soils "that belong together"
(Cain, cited by Smith, 1963) on the basis of our current
understanding of their,properties and genesis. This is the
kindiof arrangement- that pedologists have used in soil
surveys. ‘
. Natural classifications of soils have been developed
in nearly all oountries where soil science has reached an
adwanced stage. Nearlyrall of those’systems have been sub-
Jeet to revisions and modification with the expansion of
‘know1edge about soils:"SucceSSion-of classifications is a
Phenomenon common to nearly all disciplines (Buol et al.,
’1973) Cline (1949, 1961 1953) and the Soil Survey Staff
'_(1960) have emphasized that classifications are not
truths by themselves, but merely contrivances of men to
organize ideas in ways that appear useful.; They are
abstracts of the state of knowledge at the time.#d.,‘
Strict adherence to knowledge of the past would not

‘_only limit the acceptance of new facts as science progresses
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'and thusxﬁpreJudiCe~tpe}futuré" .(Cline, 1963), but would
dlso imbly a~sénse 6f“cbhp1atehesS.:7As stated by Buntley
(l962)3.a~staticjcla531ﬁiéétion4preSupposes a complete
knowledge and'underétanding”of the entities being classified
and'the classification itself will "serve no purpose other
than perhaps as a headstone for a dead science."

Thus, particularly in the United States and the Soviet
Union, classification systems have been under significant
scrutiny. Otherisystems have also been developed in other
places. In Europe, the better known systems are those
developed iﬁ France, largely by Aubert; in Belgium, under
the guidance of Tavernier; in addition, a system in the '
western'Europe context has been developed by'Kubiena, and
apother for the United Kingdom by Avery. In Germany the
system of Kublena has been modified by Muckenhausen. In
othpr ccatinents major efforts have been made in Australia
ahd Canada. In Latin America, Brazil has been trying to
develop 1its own system. Most of the other countries in
Latin America use the U.S. system. Efforts to develop an
international system have nct been successful, and 1t does
not seem feasible:t6 achieve 1t in the near future. The
World Soil,Resoﬁfces‘office of the Food and Agricultural
Organization in j-a,‘;j‘oirit effort with the United National
Edgcatidnal SCiehtific andeultufal Organization 1s complet-
ingﬂa<8011'ma§IOf;thewdrldithrough a series of maps with

a~common'legend. ;Sdchfmgps haVe élready‘béen pqqufed}fOrg?1; §



;7severalvpublications. Some of the more recent relevant
.summaries are the International Symposium on Soil Classifi-i
»‘cation(1965) the FAO/UNESCO WOrld Soil Resources Report F
'e32(1968), and the book by Buol et al (1973) All these
publications contain references to the original sources.
Because the United States system of" classification has
been used in Venezuela, a brief desnription of 1its evolution
is presented here.w'TheAUnited.States'soil'scientists have
deSigned their syStems-to fit~the needs of soil‘survey.
Systems were developed by Whitney in 1909, Marbut in 1935,
and Baldwing, Kellog, and Thorp in 1938. The latter was
first published in the 1938 U S.D.A. Yearbook of Agriculture
-=-So0ils and. Men, and a supplement ‘with other groups
appeared in the Vo ' 67, No. 2 (1949) issue of Soil Science.
The work on soil classification was intensified in 1950, and
‘a series of revisions, which were called "approximations,
were prepared under the leadership of Guy D. Smith.  Most

¢01 these revisions were internal documents within the'

) Huntil?fhe~publication of.,
r‘the "Soil Classification, A Comprehensive System, 7th |
,g°Approximation.ﬂ (Soil Survey Staff, 1960) This system,j“

}f’f_.withfsome later supplements, have been widely used in thef;ﬂ?g_,g

‘kanite:iStates,and many other countries, including



,7Venezuela. Further improvement of the system is currently

,p:der way. | In 1970 appeared‘agpublication of some

‘ﬁunedited chapters of the uOil Taxonomy, (Soil Survey Staff
,1970) the approximate current designation of the system
”‘which will be. published in complete form in 1974.

The following discussion will refer to the character-
'istics of this system and its foundations. Although soil
Vtaxonomy may be familiar to many soil scientists, an attempt will
be made in this discussion to present those concepts which
’are believed to be most helpful for the understanding of
the subJect by many people, without special training in
,soil science. The discussion relies heavily on the works
‘of“M,Q;,Clinev(l949, 1962, 1963) and the teachings of the

samé‘author@and erw. Arnold in courses at Cornell University.

- Classes and Categories
o class is a group of individuals, or of other classes,
similar in selected properties and distinguished from all
other classes of the same populations by differences in
these. properties" (Cline, 1949). . The term\taxon, plural
taxa, is equivalent to class. A category is an aggregate

,of classes "formed by differentiation within a population

;on thevbasis of a. single set of criteria" (Cline, 19H9)

Some populations are so complex that one single set of

is'does not give enough insight into the obJects being'

fclassified and their relationships.; In Such cases, &



classification system with a hierarchy of classes organized}ff5

; into categories is necessary.f The‘scheme thus formed is
g called a multiple category system, the categories representgfft
f different levels of abstraction., The Soil Taxonomy is _
u such a multiple category system and includes ten categorieséj
"order, sub—orders, great groups, subgroups, families, and
g~series. The information that is displayed on soil maps }
f to planners is given in some of those categories.. As the
i 1evel of abstraction decreases from orders to series, ‘those
who deal with planning at broad levels are likely to be
more familiar with the higher categories, mainly with the

e

: great groups or subgroups.' The series are more familiar
to those,who deal with proJects.

Each of these categories is subdivided into several
classes. * The designers of the system considered information
from 60 years of soil survey experience in the United States
L and from mo. than 8000 soil series. Yet, they considered

‘ that amount of information incomplete, and the ‘system was

‘ designed to be "opennended" and subject to additions of

,l new classes and@ ri”eria as more information becomes avail-

| abie‘:(cnne, 1962). s

‘ The‘forming of classes depends on the selection of a
property that is possessed in some degree by all members
of the population.z Once a class is formed, one still has
a group of individuals that are very much alike, but are

: not identical. As in statistics, soil classifiers use


http:group,.of
http:forming".of
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measures of central tendenoy to estimate the middle of the
7class.; One individual thus typi’ies the central concept
of the class. All. the other members of the class may
approximate or deviate from the central concept. In this
context the placement of an lndividual in a given class
depends on 1its similarity to central concepts of different
classes. |

| In a_different context, classes may be differentiated
~on the basis of limits of properties chosen to define the
limits of classes. This sets quantitative limits bey..d
, which a definitive property may not vary within a class.
Tnis is the basls on which classes are differentiated in
Soil Taxonomy.

A characteristic that is selected as the basis of
grouping is called. a differentiating characteristic. Among
natural objects, many properties vary together with others;
properties that change in this manner are said to display
covariance and are called accessory characteristics. Its
effect 1s to multiply the statements about the class and
to increase the significance of the class. Thus, in the
formation of classes, the best grouping is assured by
selecting a differentiating characteristic that "(a) is.
1tself important for tne objective and (b) carries the
greatest possible number of covarying accessory_character-

isties that are also important for the objective" (Cline, 1949);



In a multiple category system the properties of a classiﬁ}

ks a given category are the accumulated differentiating and"“f

‘faccessory characteristics of that category and a11 others

‘7”“?5 Therefore, the number of statements that can be B

émade increases as categories become lower in the hierarchy f
,system. U | ‘
| » The individuals in a population of natural obJects
"seldom differ in one single property, instead they vary in
‘-sets of properties. From the many properties that dif-
~ferentiate these obJects, classifiers deliberately chose
' those that ‘will best serve their,purpose. One thinks of
those properties aszheing diagnostic and definitive for

the class. |

The characteristics that have been chosen to different-

iate classes in the Soil,Taxonomy are soil properties that
‘will likely,determine.the behavior of soils under different
uses, and that are believedvto be the.marks of processes of
soil«geneSis. This<is so because the current understanding
'of soils rests on the principle that present morphological
features are the result of past and current effects of soll.

forming factors. The use of genetic principles in the

._Vseparation of" classes is not only directed toward understand-

:ing soil genesis but appears at present to be the most
fobJective basis for the applied purposes of s0il survey.
Soils which are genetically similar will have similar .

'tproperties and their responses to use will be the same.
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Another reason for the genetic ‘basis of classes and cate~
vgories in the system is the necessity for the classes to
‘have geographic counterparts in nature that can be
delineated on soil maps. Thus, while the Soil Taxonomy has
a genetic basis, it was developed " . . . to serve a program
that has a practical ‘'objective" (Smith, 1963). This has
been clearly explained by Cline (1963) as follows:

"Genetic considerations governed the

formation of classes, their character,

and their organization in the system.

From the perspective of one who applies

the system to real things, the criteria

that determine placement of a given soil

individual 1in a specific class are soil
properties.”

Smith (1965) considers that

"Che most important single attribute of the

system is that it subordinates both genesis

and practical considerations to quantitative

definition in terms of properties, which

are fact within the limits of operational

measurements."
This arises from the influence of Bridgeman logic and his
concept of operational definition, according to which
concepts arc best fixed when they are described in terms
of the operations used for measurement. If terms are
related to the set of physical operations that are performed
for its determination, then they will have operational
meaning. ,These concepts were originally developed in
physics but are now part of the modern philosophy of

science. Franck (1957) states.'



“"Dhe procedure of modern sclence combines .
" .the methods of strict logical conclusions
- with the method of sense observation by
- eonfining the logical deductions within
a formal system (axioms and theorems) and
producing the object of sense observation
- by applying operational definitions to ,
this formal system." e ,
,:’This is reflected by current trends in some sciences of
'rinterest to planners, like regional analysis and aocial
. sciences (Grigg, 1965) In the SOil Taxonomy, application
of these concepts results in the selection of properties
"th&t may be observable -and measured by specified procedures.
'Thus, for example, soil colors are referred to the Munsell
notation, thicknesses of diagnostic horizons are specified,
and values of measured properties are referred to specific
methods.‘ Civil engineers will find this quantification
.familiar to their handling of properties used in the
classification of soil as a material, and of other properties
of referenceefor construction~works which are identified
with.the technique used'for measurement. As stated by Lambe
~ ang .'Y{hitman (1969');
"The direct approach to the solution of a
801l engineering problem consists of first
‘measuring the soil property needed, and then
- employing this measursd value in some
rational expression to determine the answer -
to the problem."
J Anot n interesting feature of the system is the nomen—»
clature. The system uses terms derived from the Latin and

,,,,,

the Greek that intend to be mnemonic and connotative of the
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soil.propertiés. They‘Were sglectéd alsg to be able to
indiéate«the,placelof.the'taxon in the system, to be as
short aé pOSSiblé,and aﬁoidiﬁgwéxisting terms'(Smith, 1963).
The name used for é class at the level of great group, for
example, will be formed'by three syllables, since it is in
the th;rdvcategOry of the system. One great group that
should be familiar‘to planners in Venezuela are the
Tropaquepts. Most soll survey users will get the first
impression that such names are just complicated and even
frightening. But the term becomes simple and useful when
one sees that the last syllable epts refers to the order
Inceptsols, meaning that it is a soil with incipient develop-
ment; the middle syllable agu refers to wetness, and the
first syllable trop indicates a warm soll temperature regime.
These are just the most conspicuous bits of information
proyidéd by the name in a very condensed form for 1llus-
tration. From ﬁhis information; and with a little bit

Amore baékground, a planner would be able to know that he

is dealing with a young soil, that wiil probably not have
fertility problems but that has a drainage limitation

~that will likely affect agriculture, septic tank performance,
among other things. This undefstanding should enable him

to make wise decisions regarding the use and management of
this.soil. Thus, planners should be encouraged to become
familiar with this nomenclature in order to derive benefit

from its advantages.
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A\
S ngelationShipgoffTaxa-to_Applies ijectives

| Natural classifications are designed to revmal.our f
‘concepts of order in nature by properly identifying the
| individuals with which we are concerned and organizing

these individuals in such a way that we can see their
relationships and make inductive generalizations about}

the objects studied. Cline (1949) stresses theApoint that
no other grouping performs this important function and there-
fore this 1s the attribute that establishes its distinctive-
ness from all other groupings. Since the interest at this
point is the use of taxa for practical purposes by planners;
agriculturalists, and englneers, this part of the discussion
concentrat~s on the aspect of inductive generalizatlons and
their application to specific cases.

While the classes in the Soil Taxonomy provide infor-
mation that can be usefulyfor many applied purposes, they
are not Interpretive themselves for direct application to
applied objectives. Cline (1963) states that

"the practical role of the classes 1s to
convey identity to otherwlse unidentified
real things in groups that can be inter-
preted. Interpretation of them requires
at least one additional step of reasoning "

<For applied objectives, the classes are the basic units
jthat can be regrouped or subdivided on the basis of the
, Characteristics of interest for each objective.' This is

'nthe approach followed in the formatio of technical groupings.



The use'of>the claééés aiénégWithbut fufthe}farrangemént
18 more 1iﬁifed;"‘ﬁieéﬁen (1963) has discussed in detail
the applicatidn of sQil classifi¢étion in farming. Orvedal
(1963) has dealt with the application in engineering. Both
authors refer to the»fact that the extent to which predictions
can be made about thg classes varies according to the
categorical level, since the information for each class:
accumulates from the highest to the lowest category. This
1s a characteristic of ‘multiple categofic systems (Orvedal
-and Edwards,.lgﬁl; Cline, 1949). 1In those studies it is
shown that the usefulness of the higher categories is more
indirect, as would be expected, and the practical impor-
tance of ‘the soil series becomes evident. Being the lowest
category, soll series are the units with the attributes
of homogeneity required for many applied purposes. It is
important to note the fact that the family category, the
next above the series, has been reported as having a
substantial anticipated utllity for a variety of engineering
applications (Ofvedal, 1963). 1In the differentiating criteria
of the families are included properties important to the B
soil—water-plant relationship; this category has also great
potential for interpretations in agriculture. Its applica--
bility to the soil survey programs in Venezuela should be
ﬁhoroughiy.explored.

The limitations inherent to the use of a multiple

catégory natural soil classification for applied objectives
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dare thus related to the relative homogeneity of the classes*f;
tﬁin regard to some specified properties.; Since no single
fﬁset of properties would be equally significant to all f‘
;‘obJectives, 1t is necessary to have a device that will

| produce some partition of characteristics in favor of more.’
homogeneity.' Such a device is called a phase.

A phase is a subdivision of any taxon of any category
based'onrproperties significant for man's use, management
yor:interpretation of the soil. As such, it is a pragmatic
unit, external to the taxonomic system but related to it
(Cline, 1962), that has no restriction regarding the
categorical levels. |

According.to the purposes, many kinds of phases can be
formed. The Soil Survey Manual (Soil Survey Staff, 1951)
1ists slope, erosion, stoniness, soil depth; physiographic
.position, and some other soill characteristics as phase
criteria. In fact; one can use any property or criterion
to create phases if these properties are significant for
thecobjective: PhaSes_are;named by adjectives following
the‘classname;fthus;;the'term;ﬁGuanare, deep" identifies
the deep phase ofuthejéuanarersoil series and the terms
"Typic Hapludalf;lstony, steep" identifies a phase as a
.subgroup. One of the characteristics'commonly used to
segregate phases 1s theltekturefofithe‘surface horizon,
formerly called soil type.‘ In the past the soil type was

”-,a taxonomic unit below the level of soil series.( lnfthe..'
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Soil ?axonomy the soil type doeé not have status as é
category. It still means the texture of the surface
horizon, as one'amOng many other kinds of phases.

The significance of the phase in‘adapting.taxa to
applled objectives comes from its fleiibility, both in
regard to the selection of criteria for differentiation
and to the levels at which it can be apblied. Its effect
is to provide soil units that are homogeneous enough

to be applied to specific soil use objectives.

Soll Classification in Venezuela

The soll survey in Venezuela has been carried out essent-
lally with the ériteria and technical procedures of the United
States National Cooperative Soil Survey adapted to the
conditions and needs of the country. The classification
systems used are therefore those developed in fhe United
States. Prior to 1960,the Soil Classification System of
1938 was utilized, and much of ..e information about soils
described in the country is related to that scheme. Since
1960, nearly all agencles involved with soll survey have
applied the Seventh Approximation (Soil Survey Staff, 1960)
and the currently avallable chapters of the 1970 Soill
Taxonomy. | |

The application of a system developed primarily for
. solls pf_other areas to local conditions in Venezuelsa
'inyol§es most of the exigencies characteristic of any
proqesS‘of fechnology~transfer.v Because the Soil‘Taxonomy;r

wasﬂeSpeéiglly designed to serve the Soil Suryeg of tﬁe.l;” ;f‘
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United States, its ‘use in Venezuela has presented some of
uthe problems associated with this process.‘ The overall
feffect of its use, however, has been quite positive. Westinl
'(1963) prepared a preliminary report of the distribution of
soils-inwVenezuela atrthe great group 1evel.and-found the
system to be very useful for clasSifyingusoils in this
country. Thevuse of the system in the last decade in
Venezuela provided a test for it,.and the system has been

a tool applicable to the soll survey program. 1In fact,
every time a soil is placed in the classification system,
the system is being tested. After this process it became
evident that, although the'system is approprlate for most
of the soils studied, some important kinds of soils in
Venezuela do not fit properly in the existent classes of
the Soll Taxonomy system. Comerma'(1971) has presented a
study of the problem in detail. Several other works have
dealt with this problem for spec¢ific cases (Soc. Ven.
Ciencla del Suelo, 1972). The difficulties seem to be
mainly assoclated with proper placement of soills of the
country in taxa where'the eriteria of classification are
not adjusted to the conditions of the country, as in the
case of soll moisture regimes. This, incidentally,

. represents a‘potential obJect of research ard improvement
in many kinds of regions in thevworldiltolson (1972a)

has summarized some application of probability calculations

_ done by Dr. F. Newhall of the Soil COnservation Service
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to define moisture regimes in Iran for soll classification
according to the Soil Taxonomy. Other problems are simply
the lack of usefulness of some criteria for the interests of
- & particular country like Venezuela. The family category,
for example, utilizes properties tha§ are consildered
important for soll-water-plant relationships. In the
United States, families are commonly separated on the basis
of texture, mineralogy, and soil temperature regime.
Texture and mineralogy are also important for Venezuela.
The usefulness of the soil tempreature regime within
Venezuela is practically nil, since most of the soils of
lowlands will belong in one regime: the "isohyperthermic"
(mean annual soil tempreature 22°C and difference between
mean "winter" and "summer" temperatures less than 5°¢).
However, the use of soil temperature regime as family
-eriteria is lmportant to transfer knowledge from other places
in Venezuela. 1In other cases there is no provision in the
Soil Taxonomy to seggregate, at middle categories, soils
which have Variations in thelir properties worthy of
separation. Dumith¥* has reported, for example, the problems
assoclated with classification of Vertisols having high
salt'coﬁtent and those that are non saline.

The experience obtained during this 13 year period of

application of the system in Venezuela is considered

¥Deud Dumith, personal communication,July 1973,
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‘:extremely important and valuable and should help soil .
&ascientists in. setting the patterns for the future. Comerma }
'i(197l) and others have suggested to continue the use of the -
system and deal with the problems of difficult placement |
»of some solls in the existing classes by segregating thesej
soils into prOposed new- classes. ,This;suggestion has been
carried already on anvinformal basis, In‘a‘recent visit

to the U.S.D.A. SCS'headquarters, Dr. R.W, Simonson,

Director of Soil Classification and COrrelation, informed

a team of soll sclentists from'the Division of Edaphology

Of the Ministry of Public Works of Venezuela that there is

no official mechanism ¢to handle'the proposals for new .
classes at the~present moment.' He recommended new classes
should be proposed through fully.documented'presentation of
the data in4soil publications and periodicals of international
circulation. This data publication would also contribute to
exchanges of information and experiences‘with workers in

other countries.

The most important question 1s that the adJustments or
modification of criteria for the use of the soil classifi-
cation system be conducted by complete agreement of all soil
sclentlists in charge of soll surveys in Venezuela. Isolated
'arbitrary decislions in regard to setting up criteria of
soll properties of classes would only contribute to con-
fusion. Even though there isralready‘some'experience in

'the use of the system, there;is,still,much,to be done for
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an appropriate Judgement about the goodness of the system
for the conditions of the countny. One good way to test
any system is to use it but additional investigations are
necessary and these still have to be developed in Venezuela.
COmerma* considers that some time span should be defined, f
maybe 30 years, for an appropriate evaluation of the taxonomic
classification before‘a decision involving drastic changes
can be taken. SOil*classification everywhere, of course,
is in a state of flux and change as more data about soils is
collected and, evaluated.

From the conSiderations in the preceding paragraphs,
it 1s proposed here to formally support the suggestion of
using the United States Soil Taxonomy for soil survey
operations in Venezuela, handling the problem cases as
proposed new classes and setting the next 30 years as the
period for intensive investigations on soil ¢lassification
in Venezuela. This means that while the interest ir soil
classification is considered of prime importance, efforts
toward creation of a national. system of classification in
Venezuela other than in the context already expressed are
not-considered feasible or desirable at this time. Toﬁengage
in such,a task would require devotion of significant

resources to a target that could’ not reasonably compete in

¥Dr. J. Comerma, Coordinator of the National Soil
Program at the Ministry of Agriculture, personal
communication, July, 1973.



‘ﬁpriority with other needs of soil evaluation. Soi17Surveyf
-.in Venezuela will be facing a challenge of increasing
?efficiency for the next 30 years., The mechanism discussed
.jhas the advantage of allowing continuity and uniformity ‘to
jsoil survey operations while at the same time maintaining
‘the - scientific interest in the growth of knowledge about
tthe soils of the country.t In thiseline of thinking, the
question of soil classification is placed In the perspective
adequate to the conditions and needs of Venezuela.
To'summarize, natural classification systems in soil
survey.programs are necessary to organize the existing
knowledge about soils, and to provide for units with attri-
butes of identity meaningful to the purposes of making
inductive generalizations about soils and transferring soil
information. From the various available schemes, which
,are the resultiof'neceSsary succession of concepts, the
soil*survey agenciles  in Venezuela arejusing the new United
States Soil Taxonomy' VCOnspicuous features of this system
are ‘its loglcal foundations, the subordination of genetic
and practical considerations to measurable soil properties,
its nomenclature, and its open—ended character. The classes
of the system, while providing information relating to
*udirect use of soils, are not necessarily interpretive them-'

1;se1ves but can be rearranged for numerous practical purposes.,



SOIL TECHNICAL GROUPINGS

Technical grouping of soils 1is their placement into
classes showing similar behavior for practical purposes.
This kind of arrangement has also been called speclal purpose,
artifical, and interpretive classifications, in contrast with
the natural classifications as discussed in the preceding
section.
| The distinction between technical and natural classi-
fications is found in the objectives of each. The objective
of natural classifications is to show relationships on the
greatest number and most important properties (Cline, 1949).
The objective of technical groupings is to show relationships
in terms of potentialities for use, for which differences in
one or just a few selected characteristics or conditions may
be critical (Orvedal and Edwards, 19&1). The primary units
that are classified in taxonomic systems are polypedons. In
~technical groupings one classifies units of taxonomy or
Phases of them. A natural classification of soils is a basic

need before technicai groupings can be made.

General Principles
: A“prime requisite for technical groupings is a clear

gunderstanding of the obJective for which the grouping is

"AThere are compelling reasons for this obJective R

fbeing emphasized., On the one hand there are tbose needs of ‘gs

l}operational character that have been stressed throughout

”*?#515"79



h;this paper in regard to the efficiency and usefulness of soilﬁjl,
gﬁsurvey., Efficiency always involves the use of resources, and;-‘
f;one must be aware of the significant waste of time, money
feand personnel that results from engaging in activities of
hill-defined obJectives. On the other hand there are those
:considerations related to the: rules .of classification. Simonson
‘(1971) has indicated‘tbat the same logical restrictions‘hold
"fofqthe design of technical groupings as for natural.systems.
'Other‘authors (Cline, 1949; Barnes, 1949) have pointed out

the relationShips of the grouping to the hierarchy of classes
“in regard to the number and accuracy of statements that can

be made‘at each level. This aspect_was thoroughly elaborated
'by Orvedal and Edwards (1941). The following discussion 1s
based on their concepts. |

The rearrangement.of soils into larger and more inclusive

groups results in more heterogeneity, that 1s, the character

of the new groups formed becomes more general. When the
,origiﬁal groups are classes at some categorical level in a
taxonomic system that areggathered into groups of successively
‘higher categories, ue<make‘aVCategorical generalization.
‘Groups may_therefore[beicategorically generalized at various
degrees Or-levels,‘.If'soils"are grouped at the degree of
:,detail inherent to the lowest category of the Soil Taxonomy, .
4that is, designated as - series and phases, then they are
igconsidered to be categorically detaiied.— As the groups formed ,

;5by categorical generalization become more general the number :f,

tfand precision of the assertions possible about such groups s v
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reduced. Thus,'simple groupings made at high levels of
generalization can serve véry few objectives. This illus-
trates the practical importance of a clear definition of
objectives for the grouping because 1t 1s the objective that
governs the level of generalization. Incidentally, this
very fact also illﬁstrates the importance of detailed soil
surveys; the units of the lowest category (soill series and
phases) are the most homogeneous units and their interpre-
tation will pfovide the most numerous and precise statements
which are important for planners and englneers.

Grouping of solls into groups of the same category can
be hade only on the basls of differentiation. Otherwise
one might place soils that are equally suitable fof the
purpose of the grouping into separate classes. This principle
supports the remarks by Simonson (1971) about the logical
restrictions of any grouping and the importance of clear
objectives for the sélection of the characteristlic used as
the basis of differentiation. Unclear objectives may result
in violation of the basic principles of classification and
will contribu?? to confusion. According to the purpose,
technical groﬁpings can be made for the followiné ﬁses:
1. To feature selected properties - groups are made

according to soll characteristics like slope, steepness,

texture; ete. |

2. To.feature_gimple‘1nferences'such aS‘thosefaboutifaqtqns‘



{?affecting soil behavior.‘ If one needs to know how‘

‘imuch land in an area will need artificial drainage,'l
fhe can use the potential for runoff of each soil unit
{and organize the units into groups, like very low,
low, medium, and high runoff potential categories.

,3; To feature complex inferences, such as those about

fsoil quality.” Inithis case several factors affecting
quality can be rated, and soll units can be evaluated
according to the rating for each factor. The judgement
is made from the combined effects on quality. One

of thevmidely used technical groupings of this kind is
the so-called Land Capability Classification (Klingebiel ang
,Montgomery, 1961), which groups soils into eight
classes. An equivalent for the conditions of Venezuela

has been recently developed by Comerma and Arias (1971).

Kinds of Technical Groupings
Technical groupings can be made in terms of soil limi-
tations, management, and anticipated.performance for the
specific-userof the;soiifSelected;* " The kind of technical
'grouping depends on;tneinterestof‘the user and on the

"specific soil use‘being’considered;v

qGroupings by limitations.

These are formed by selecting those characteristics that

fare believed to be, per se or by their,effects on soil

i;_iFromfunpublishedjmanuScript}by.M;G. Cline.


http:soilI'behavior.If

83

behavior, limiting for the.purpose. The groupings thus
forﬁed will be -mostly single category systems consisting of
three or more classes that indicate the degree of limitations.
Slight limitatioﬁs would imply that soils in this group

would have satisfactory performance and will need little or
no modifications or special practices for the use being
considered. Soils having moderate limitations have some
limiting factors, but these can be eitper overcome for the
intended use or controlled by proper management. The extra
cost involved should not make the soil uncompetitive with
other solls similarly-rated in regard to the same use. The
solls classified as having severe limitations cannot be
approprlately used for the intended purpose except at
exceptionally high cost. Their degree of limitations is so
high that use of the soil without highly expensive corrective
measures might involve even considerable risk.

- Limitation ratings can be made for many purposes, but
they are usually valld only for their specific obJective.
Soils that have slight limitations for flooded rice, for
example, would have severe limitations for septic tanks or
for oil palm growth. Consequently, these kinds of inter-
pretations are usefui in planning stages that deal with
epecified uses of soils in project areas.

For agricultural purposes, this kind of grouping is
particularly well suited to interpretations for individual
crops. An example is a study conducted for grape production

in several sizable areas of New York State (Arnold and Roach



= 1971)* For interpretations of potential for kinds of crops,

L;”like pastures, field crops, and woodlands, suitability group~'
'ings are preferred (Edelman, 1963),

For non agricultural uses, soils oan be rated according
“to the degree of limitation for‘such uses as waste disposal,
roads, underground,services, or foundations for low buildings,
among many other engineering purposes. These ratings are
extremely useful for city and county planning, due to the
availablility of detailed soil maps that provide soil units such
as serles and phases surveys for areas of such extent. The
interpretations based on groupings of limitations made from
combined soil units like soil associations are more compli-
cated and their preclsion depends on the dnformation available
for the individual components of the soil association.
Because this is generally the soil information available
.for.large areas, interpretations from soil limitations ratings
should be carefully evaluaoed for the broad stages of regional
planning. | |

Additional value 1s given to limitation ratings that
give both the kind and degree of soil limitation. An
interpretation of thds kind for building sites for example
vwillfindicate "slightﬁ 3 to 8% slope," or "severe, surface
rockiness." This is being used in modern U.S. soil reports .
like the Broome County Soil Survey (Giddinés, et al., 1971),
and in soil interpretation reports prepared from soil surveys

fj(Goodman, 1971)
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Groupings by management.

These units are formed by grouping soils in classes
that will require simllar sets of practices, or similar
alternatives of such management sets, for efficient use.

The criteria followed in the grouping depends very much on
the soll conditions of the area and the intensity of use.
However, the categories depend primarily on the purpose of
the grouping and the information provided about the soil
featﬁres needed for the specified purpose.

In a modern soil survey, the management needs are
described for each mapping unit in detail. Groupings by
management are difficult to prepare from most soil surveys
in Venezuela because the information generally provided in
regard to use and management needs is too vague. In the
U.S., this information has proven to be very useful.
Individual farmers and extension agents need to translate
soll yield data into operational pracéices. Agricultural
plgnnefs can be’ given support in decision making by providing
to them information on management of soills of large areas,
as has been done in New York State (Feuer, 1965).

The capability units of the Land Classification System
(KlingebielandMontgomery, 1961) are groupings of soils having
8imilar management needs for certain kinds of farming. The
.capability units have been used with relative degree of
success for plannihg purposes. In Genesee County, New York,

those capabillty units were used as the building blocks for
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fan overall appraisal of the agricultural potential of the
'"county, together with other soil information (Genesee County
Dept . ofiPlanning,w1970). The system proposed by Comerma and
;;Arias-(197l)'for-Venezuela provides a means for,grouping
‘capability classes into management units. The designers of
this system considered two broad management levels. One

of the levels corresponds to a set of practices that are
commonly applied in the current technology, without irrigation
or drainage works. The other level, that of lmproved
technology, would imply praotices of irrigation or drainage

and mome intensive cultural practices.

Groupings by anticipated performance.

This 1is the kind of interpretation that rates kinds of
soils according to their predicted output, such as crop yields,
or in terms of suitability groupings for specific uses.

For agricuitural uses,'one of the most common of these
interpretations.is that which provides predicted yields. It
1s' extensively used in soil surveys in the United States.

. The basis for these predictions are not only the soll proper-
ties but all other evidence available from farm experience
and experimental stations on individual soils (Barnes and
garper, 1949). Their accuracy depends on the amount and
ireliability of the information on which the prediction 1is
::mbased. Though these yield predictlons are,nbt currently

J:eonSidered’in soil,surmey reports in‘Veneznela, it is
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belleved that a great potenﬁial exlsts for producing and
using this kind of information. There are several important
commoh e¢rops, like sugar cane in the central west, rice in
the llanos, and plantains in the Lake Maracaibo basin, that
have bgen grown for many years in these areas and have been
the object of researcﬁ by the experimental stations. Con-
slderable information may be obtained from experienced
producers and crop specialists and related to the kinds of
solls for yield predictions through specific procedures.

Sultability groupings of soils for agriculture are also
common. These can be made for individual crops or for kinds
of crops. There 1s already a considerable amount of irnfor-
mation in this regard in the United States and Europe
.(Edelman, 1963; Haans and Westerveld, 1970). Several
attempts at studying soil properties in relation to indivi-
dﬁal crops have been made in Venezuela (Strebin, 1947; 1965;
Hernandez, 1956; Guilarte, et al., 1971).

Suitability groupings are also used for non-agricultural
purposes. Solls can be rated according to their expected
potential as sources of materials for construction when
engineering requirements are simple and clearly defined.
Solls can also be rated for houses, roads, or other uses on
the basls of soil properties and engineering experience.

In most cases, sultability groupings are made from

sultability ratings which imply not only soil limitations
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‘ bﬁﬁ;§iéB:khéﬁledse;6f tﬁe1mqgsg?esﬁréQﬁired*angVébil'per-
“féfﬁéhéé;"Nprméll&3fg=éysféﬁ,6£;raﬁ1ng§‘which i&ehtifies
claéses as gdqd, féif;‘or»ﬁéor fon.g giién:use'will be
satisfactoryyfér mosﬁ uses. As in any kind of rating, the
_usefulness of;suchvratings is condiﬁioned by the degree
of accuracy and detaill with which the classes are defined.
The kind of criteria that should be considered depends. of
course, on the specific use for which the ratihg 1s made.

The value of any grouping, whether it 1s made by
limitations, performance, or suitabllity ratings, depends
on the knowledge avallable for the interpretatioh. Much
of this information has to come from flelds other than soil
sclence. This means that the soil scientists need to work
with specilallists of other disciplines in formulating criteria
for the ratings. '

The kind of interpretation depends on the objective
and the interests of the expected users. Thus, some inter-
pretatlions can best be made in terms of soil limitations and
ofhers in terms of sultabllity. Modern soil surveys normally
present both kinds. . Some authors (Haans and Westerveld,
1970) considef that the suitability evaluatlions on the basis
of limitations will serve most objectives best. Reports
made for plahning\purpbses will uéually have a combination
of kinds of.interpretatiOn in tables'and'maps (Genesee Co.
ngpt,.pf Planning, 1970; Monroe Co. Plgnning Councii, 1967,
19705 Rose, gt al., 1972; Wulforst, et al., 1968).
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The possibillties of technical groupings of soils for‘
several uses‘in-vénezuéla are conditioned by the information
that 1s available to the Boil scientist. Subétantial improve-
ment can be made with some minor additions to existing
procedures; for example expressing some soll properties in
engineering terms can be achieved by determining Atterberg
limits. Additional benefits can be obtained from other
efforts, such as the use of information from farm experience
and experimental data for yield predictions. Still, to
provide the interpretations that are already standard in
most advanced countries, it will be necessary to implement
some changes in concepts and procedures that might involve
drastic departures from the past. The consideration of non-
agricultural uses, for example, pequires some modification in
the depth of the soil that was traditionally considered only
for'agricultural uses. The information needed and the ways
in which this information is collected, manipulated, and
best displayed,_along with 1its interpretation, are require-
ments that go beyond the soil scilentist's field of command
and abilities in some cases. Technical groupings for some
agricultural and engineering interpretations would also need
some modification of current field anq laboratory procedures

in some cases.



SOIL MAPPING AND SOIL MAPS

. Soils vary geographically according to effects of climate,
;biota, relief, parent material and. time. The interaction of
Mthese factors produces unique kinds of soils over the 1and-
'scape, The spatial distribution of these different bodies
of solls constitute patterns that{are not arbitrary but that
have some kind of order. The variation in soil attributes
is empirically related to external features which are per-
celvable at varying degrees in the landscape; that variation
is subject to the complexity of natural systems. Perception
of order in nature varles according to the complexity and to
the conceptual model through which‘the landscape is observed
(Jansen, 1972). Models used in soill mapping are mostly
derived from concepts of geomorpholosy and pedology. It is, -
for example, from our concepts of fluvial geomorphology that
"one is able to recognize, in an aerial photograph, a river
bank to predict what kind of soils can be found in the bank,
and to separate these solls from other soils in adjacent
areas. Lateral boundanies are détermined by the geographic
pattern inherent iniouramOdel, Knox {l965)'observed that
the‘most common boundary'criterioniis-diScontinuity, and
,by:discontinuity he means‘simplyvthe.change of concentration
‘or degree of expression of one or more properties, commonly

uobserved as a maximum rate of change with distance or with

0
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- time. .He also states. that sharp lateral discontinuity is
present in soil landscapes but it is rare. When maxima in
the lateral rate qf change are correlated with surface o
features they provide a basis for efficient soil mapping.
Cline (1963) observed that:
"econtrary to popular opinion, a soil mapper
samples internal properties primarily to verify
and refine predictions of kinds and boundaries
- of mappable soll bodies. The predictions are
based on correlations between sets of internal
soll properties and distinctive landscapes whose
boundaries are not completely arbitrary."
He further considers that such correlations.would be
"explanations" in the sense discussed by Bridgeman in his
Loglc of Modern Physies (1927).

The work of soll mapping involved in the soil survey
also has to be related to the objective. Jansen (1972) states
that a soil scientist's task is to discover a useful pattern
of orderliness in the spatial distribution of soil attributes
and to communiqate that pattern to others. He also.considers
that indoing so the mapper follows a process of ommission
and selection. This is of paramount importance in modern
soill survey since tﬁe objectives of the survey will govern
what must be omitted and what must be selected for best
serving the pdrpose. Thus, any area might be mapped

differently for different objectives.



".The Process of So61l §=.vMalr5fbi'.fi’éfif

. It is not the purpose of this section to discuss pro-
*cedures for soil mapping. Such procedures vary and are dis-",
’cussed in detail in many publications The purpose here is
‘tofdescribe in a-very:succinct way the generallcharacteraof
isoil mappingAin modern survey operations and~the bearing‘of
the objectives on the process. | | o |
Generally the first step is an airphoto interpretation

of the area directed to landform recognition and to identi-
fication of‘landscape features from which soil attrihutes

can be inferred. The airphoto interpretation is done with
the aid of steresoscopes. The amount of literature 1n the
field of airphoto interpretation for terrain analysis, land-
forms, and soils is indeed immense. Interested.readers are
mﬁdirected toward some of the better known references including
.Belcher, 1945, 19M8; Goosen, 1967; Soil Survey Staff, 1951,
1966; Am. Soc. of Photogramm, 1961 Tricart, et al. > 1970;
and Editions Technip, 1970.

Normally, olack_andﬂwhite 19Waaltitude stereo palrs

are used for aeriai*photointerpretation lnfared photography
is 1ess commonly used, but is finding increasing application
‘T{The use’ of color air photos for soil identification is in an
55incipient stage (Simakova, 1959, Kuhl 1969) The deve)opment

siof air photo techniques and remote sensing has attained con--i‘

ﬂgsiderable status in the last decade'so that there is little
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-doubt that ‘thesc will find increasing application in soil
surveys in the future. Several authors have seen substantial
advantage_in the use of stereoécopic ortho photos for soil
evaluation'(Crosson and Protz, 1972, 1973; Protz and Crosson,
1972). ’The possibilities of remote sensing imagery have been
discussed by various authors, including Belcher, et al.

1967, Finch, et al., 1973, Mathews, et al., 1973;and Elbersen,
1973. Most authors agree that the extent to which remote
sensing (in addition to good panchromatic photography) can

be used to advantage in soill surveys is yet to be fully
determined (Orvedal, 1971). A recent experience indicates
that sméll scale color infrared imagery has. good potential

in soil surveys, "but its effective use will require compe-
.tent, innovatlve soil scientists that consider it as only

one of many tools available" (Daniels, 1972).

. In addition to air photo intefpretation, soll surveyors
analyze all the existing information abdut an area related to soils.
previous soil maps, geologic data and maps, geomorphology,
hydrology, climate, engineering, and other information is
gathered éhd evaluated. With all this background a soil
survey work plan is prepared and the first basis of the
final soil map (called the mapping legend) 1s established.

‘The,mgpping legend includes all separations and symbols

which are to appear on the map. The field work, which is the



1?};;most important part of soil surveys, is done by traversea
:;?designed to cross as many boundaries as possible, but the
(‘intensity of soil examinations along traverses is adJuste

| to the partioular obJectives and kind of survey. The same
principles of detail of examinations apply to the observations
made by augering and digging. Grid work at predetermincd
‘'points 1is not necessary unless a high intensity soil survey
for site planning is being made. Fileld procedures for soil
survey are presented in detail in several manuals (Soil
Survey Staff, 1951; Jamagne, 1967; Maignien, 1969). An
examination of soil survey methods in Latin America had
recently been made by Van Wambeke (1973). The fileld work

In most soll surveys in Venezuela 1s conducted according to
the specifications of the Soil Survey Manual adapted to lucnl
conditions. A large part of the mapplng is done by intcnulve
field work in "sample areas." The application of photo~
interpretation provides great advantages because many
separations can he made by landscape relationships. Yet,
soll maps that are prepared by airphoto interpretation alone
do not compete. in accuracy with those made with the field
work. commonly conducted in standard detailed soil surveyd
(Pomerening and Cline, 1953, Beckett and Webster, 1969).

In Venezuela, substantial improvement in soil mappins

.jhas been achieved by application of geomorphology, particularly
frin the study of alluvial landscapes. Soil areas are related

jfto depositional systems, and segments of the landscape t““
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have external features can be ldentified on air photos
(Zinck, 1970). Soil samples for laboratory analysis are
taken and determinations are made according to standard
brocedures (Soil Survey Stafr, 1967).

A critical part of soil mappling is the decision of
where ‘to place the boundaries on the soil map. The delinea-
tions of kind; of solls are established for segments of land-
scapes that have recognizable boundaries, that have sets of
801l properties which are consistently found for repeated
1ands§apes, and that are significant for the objectives of
the survey. The character of the mapping units which are
finally defined for the soll map should be established in
cooperation.with people related to the survéy, to fit the
‘purpose of the survey and the nature of the soils of the

area within established limits of detail and precision.

Soil Mapping‘Units
Aereal extent of soil properties are shown on soil maps.
A delineation is a body of soil that 1s represented by a
boundary on a map. A mapping unit is an aggregate of all

delineations of one kind, collectively.#*

Mapping units of soils are related to soil taxa. The
basic unit for this relationship is the polypedon. As noted
previously, a polypedon is a composite of many contiguous

pedons, most of which belong to a single soil series. Since

*From unpublished manuscript by M.G. Cline.
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fit is not possible to map pure polypedons, a delineation }
;ﬁalways includes other bodies of soil that do not fall within
f?the range of the named soil series. Thus, ‘the polypedon
1s. the link between physical entities in nature and our con-
'ﬁcepts farsoil taxa.' Mapping units then are not:always pure,
"but_generally.have some proportion of unlike soils. These
small.spots of unlike soils are called inclusions. Such
included solls may be of three kinds.

'One kind, designated as similar solls, consists of
soils with so little difference from the most extensive
soils in the delineation thatldifferent recommendations for
_ the use and management of the mapping unit could not be made.
In general; similar solls share a common limit of differentiat-
*ing properties at any taxonomic level, differ in no more than
two or three properties, and share limits in all of them.

The other kinds are called dissimilar soils, and apply
to solls that do not share.a_common 1imit with the named
series, and differ in more than two or three properties.

Dissimilar soils in one delineation are considered not limiting

when inclusions will not limit predictions about behavior of

: tﬁe mapping unit,pand”limitingcwhen the inclusions of the
'?sdiSSimilar soil will limit sucn predictions.

| "Theﬁmaximum'proportions of. sOilsvallOwed as inclusions
5gin a mapping unit. vary according to their degree of similarity
ffwith the most extensive soil and with the kind of mapping unit.
?5F0urrent standards and specifications in soil mapping, however, |

‘ are directed to keep inclusions to a minimum.
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' Kinds of Soil Mapping Units

The mapping units in soil surveys are named as phases
of soil series, variants, complexes, assoclations, undif-
ferentiated groups, and miscellaneous land types. A brief
digcussion'of the character of these units follows, with
emphasls on their use and intérpretétion.

Phases-of a single soil series are units used
when the inclusions are not abundant enough to affect pre-
dictions. Thus, even though the mapping unit contains
inclusions, it 1s considered sufficiently homogeneous for
most uses and the predictions are made for the areas as a
whole with the inclusions. Phases of soil~series are
commonly used in soil maps at scales larger than 1:30,000.
‘They are identified by the series and texture name separated
by a comma from the phase designation. For example, Rodeo,
0-3% slope.

The soil"type" is actually one kind of phase, but it
has been extensively used in the past and therefore is treated
here separately. Most soill maps of detalled soil surveys in
Venezuela have mapp;ng units designated as series and types.
As one kind of phase, it is used in conditioné similar to
those discussed above. Since soil types refer to the texture
of the sufface horizon, they are identifieq by the soill series:
name followed by the textural class of this horizon: Maracay

clay, Maracay silty clay.
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A variant is a mapping unit used for kinds of solls

' ithat are too extensive to be considered inclusions but their

extention is not enough to establish a new series. Being
Qutside the,range ofva defined series, they are named as the
serieS'they resemble most. Identification is made by the
series name, plus a modifler indicating the deviation and the
word‘variant.' An example would be "Nogal, variante calcarea."
Such units are treated as another series formapping and inter-
pretation. Interpretation should be handled as tentative or
estimated since the kind of soll that they represent has not
been completely characterized or its range of variation has
not been established. Much of the expected behavior may be
correlated with named soll series; however, the differences
. need to'be indicated. , p

Soii gomplexes are mapplng units for sets of soll bodies
having patterns of mixture so intricate that the individual
components cannot be separated adequately at scales of 1:20,000
or smaller. Soll complexes are identified by the names of
the taxonomic units listed in order of dominance and separated
by a dash, plus the:word complex or a term that implies that
the same designation applies to all the units'involved. In
some cases one component may be non-soll, such as rock out-
-erop. Phases such as slope.or stoniness are usually applied
"-ﬁO"complexes. The definition of the mapping unit designeted

as a complex has three eiements;,the,two or more taxonomic
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units, their proportions, and their pattern of mixture. The
Interpretation is made for the expected behavior of each soil
individually, and an estimate of the effeect of the mixture‘
considering the area as a whole.

Soi1l associations are mapping units similar to
complexes in some respects. They are also a mixture'but
differ from complexes because the individual components could
be mapped separétely at scales larger than 1:20,000. They
are not mapped separately, either because the scale of the
published map is not appropriate for the separation,or because
the work necessary for separation is not justified. Soil
associations are identified by the names of the individual
components arranged in order of relative proportion, separated
by a dash, énd the word association. A mapping unit designated
'as "Asociacion Guanaguanare-Morifa," 1s a soil association.
The components of soil assoclatlons often are two or three
séils named as series. They also may be named for higher cate-
gorial taxa. Thus, a Hapludalf-Ochraqualf Association 1is
an association bf solls named as great groups. On small
scale maps of large areas, great groups, suborders, or orders
are usual associations. The interpretation of soil associa-
tions, as in compiexes, presents special problems. For
highly contrasting soils each component must be rated indi-
Qidually. If the expected behavior is similar for each
component due to similar limitations, the mapping unit may
be interpreted as a whole. Then the effects of each component

on usé of the mixture as a whole must be predicted. The
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” 5treatment that should be given to a soil association for
;interpretation purposes should be that, however, which best
fits the purpose. '

Undiffefentiated»groups,are mapping units used
.when two potential detailed mapping units are not worth
separating because of -similar behavior. They are also used
for mixtures 6f soil that do not have the repeating pattern
characteristic of soil associations. Thus, an area designated
on a map by an undifferentlated. group can be one or the other
of two components, or both. They are identifled by the names
of the two components joined by the conjunction "and." An
example is "Nogal and Suapire soils." Because in this mapping
unit different soils are put together due to similar behavior,
Anterpretation is usually made for the unit as a whole but

in some cases the components might need separate interpretation.

Soil Méps

A map is a graphic method of presenting data related
to a place. Modern cartography reflects the explosion of
knowledge in its diversity, since the map has found increasing
application in fields ranging from geography to medicine.
Maps that deal with a partlcular object or that are designed
for a particular purpose are called thgmatic maps. A soil
map 1§ thus a thematic map. Soil maps are designed to show
the distribution of,so§1 mapping units in relatlon to other

prominent physical and cultural features of the earth's surface.
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In a discussion about cartography in relation to culture
and civilization, Thrower (1970) states that
"in the modern world the map performs a
number of significant functions, among which
are 1ts use as: a necessary tool in the com-
prehension of spatial phenomena; a most
efficient device for the storage of information,
Including three-dimensional data; and a funda-
mental research tool permitting an understand-
ing of distributions and relationships not other-
wise known or imperfectly understood.”
These remarks are applicable to the functions of soil maps
as they are conceilved in the modern conceptual framework of
soll surveys.
A soll survey always includes a report and a soil map.
For interpretation purposes, many other maps showing selected
soll properties or cartographic units representing classes
of technical groupings may be prepared. 1In this document
these kinds of maps will be referred to as interpretive maps.
The phrase soil map is used to identify the basic soil map
of the soll survey.
Soll maps have many attributes that are common to maps
in general, in addition to those that are peculiar
to soll information. Some of those deserve meﬁtion here
because of 1lts effect on the quality and usefulness of the soil
map as a whole.
The scale 1s the ratio of a distance on the map to its

corresponding distance on the ground. In soil maps, scales

are usually represented as fractional or‘probortional



{whiéh.félétéé i1gear§unit§1§ﬁ?tﬁé'map to distandes,measured
ih the same:uniﬁs:ohthé'ground,_e.g. 1:50,000. Scales of
soll maps Qary according to the kind of soil survey. The
‘main impact of the scale on soil maps 1s on the size of the
smallest area that can be shown on the map. The selection
of the scale is thus related ﬁo the interests of the intended
users of the map. Soil maps for reglonal planning, for
example, may range in scale from 1:50,000 to 1:250,000, or
smaller. For planning irrigation developments scales of
1:30,000 to 1:5,000 or larger may be required. Some kinds
of land use,vlike experimental plots, campus sites, and
bullding areas may require scales from 1:5,000 to 1:1,000.

Reference marks are base llnes needed on any map,
like latltude and longltude; natural features like streams,
_escarpments, lakes; cultural features like roads, houses,
power lines; and individual features like fences, ponds, or
wells. They are significant as reference points for the map
user. Careful location of reference marks is an important
part of the map preparation, since they allow the user to
read accurately the kinds of solls in specific areas and
individual fields.

The legend 1s an explanafion of, or key to, the carto-
graphic symbols used on the map. A soll map legend includes
the standard conventions for reference marks and the soil
1egend. The soll legend consists of the symbols and the
ngmes of the mapping units. The‘kihds of mapping.units
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employed in soil surveys were mentioned previously. They
may or may not represent taxonomic units. Mapping units
named as soll series or soil great groups, for example,
represent classes of a taxonomic system. On the other hand,
mapping units named as miscellaneous land types do not
represent taxa. Other common mapping units are combinations
or groupings of taxonomic units, such as soil associations.
An important attribute of soll legends is the degree
of detall or generalization implied in the mapping units.
The arrangement of kinds of soils into larger and more
inclusive groups 1is called categorical generalization be-
cause 1t results in more heterogeneous units about which
fewer statements can be made. Soil series, for example, are
~categorically detailed because they represent homogeneous
concepts. Soil subgroups, as broader taxa, are categorically
generalized because they represent heterogeneous concepts.
If‘one applied the same idea to the cartographic units,
and considers the degree of refinement of the delineation
as a degree of cartographic detail or generalization, the
process 1s referred to as cartographical generalization.
It results in fewer boundaries and delineations with greater
heterogeneity. A soil association, for example, is a unit
categorically and cartographically generalized because of

its attributes of heterogeneity.
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dQRelationshios between maps and legends L .
| Orvedal and Edwards (1941) have stated that the possible H
‘reduction in the size of the map is related, generally and
within certain limits, to the level oP cartographic generali-.
zation. For. example, if the soil serlies of a detailed soil
map are grouped into soil associations, the number of boundaries
is reduced and the resultant soil assoclation map can be
reduced in size and still be'readable. This is important for
.planners'that would need, at the‘same time, a soil map of a
given area with enough detall of soil information for
specific development proposals'and some sort of general
plcture of the area as a whole for land use planning at higher
levels. A detailed soil map will serve the first purpose.
The -second purpose can be served by a soil association map,
generalized from the detailed map. These authors also
emphasized that since cartographic-generalization results in
greater heterogeneity of the map units, the higher the level
of cartographic generalizationythe 1ess preclse are the
predictions that can be made about any specific area on the
map. This is highly significant because of the limitations
that it imposes’ for soil interpretation. .

As a corollary to their conclusions, Orvedal and Edwards (19&1)
. stre3sed that the 1evel of both categorical and cartographic .
generalization must be governed by the obJective. There is
',no other single factor more important in the many decisions (A‘L

n;fthat must be taken into account in soil survey operations,
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than the map's relationships to the purposes of the.survey. o

Orvedal and Edwards (1941) also presented four possible
combinations of maps and legends which are briefly explained
below: o

1. Cartographically detalled and categorically detailed.
These are maps that are detaiied themselves and have detailed
unit definitions. Examples of these are the soil maps of
irrigation projects. Scales of such maps are generally 1:30,000
or blgger; common mapping units are phases of soll seriles.
Areas delineated may range from a few tens to hundreds of
hectares.‘

2. Cartographically detailed but categorically gener=-
aiized, These maps are detailed themselves but have
. definitions of the mapping units which are generalized.
Examples are maps in which units are grouped in interpretive
groupings for specific purposes, or in higher taxa. Deleted
boundaries are few; therefore, delineations are similar in
size and number to those in the previous case.

3. Cartographically generalized but categorically
detailed. These are, for example, soil maps where mapping
units are soil associations, but such units are given detailed
‘definition in terms of the individual components, the pro-
portion of area occupied, and other data that provide detail .
to the definition of the units.

.4. Cartographically generalized and categorically
;generalized. These are generalized»maps with general defini-,

_Jtions of units. A map of associations of great groups, even o



h*tif the associations are defined in terms of proportion of
'fvcomponents, is a map of this kind.; Numbers of boundaries

:are reduced and soil map units are broad.;;a‘ o

Soi«lﬂma‘psi p"ub‘lish‘ed |
The results,of,the soiilsurueynofiaigiuen'areafaret
. presented finali&pinﬁthe soil surmey report and”mapsﬂ Soii
survey maps are intended to preSent soil patterns in an area
in such a way that they can be best perceived for practical
applications. Since soll maps are perhaps more used by
people that have no training in soil sclence, they are a
communication media. As such, they are subject to the
limitations and needs imposed by the users as well as those
imposed by the soll pattern on the ground. The soill pattern is
often more easily understood. Variability and complexit&
of natural phenomena are susceptible to manipulation only to
a limited extent. 1In soil surveys, some efforts in this
regard are possible, fo; example, by appropriate use orf
cartographic mixtures. |

| The conSideration~ofathe-needS'of the user is very
important in the design of the soil map ‘Some of these user
_needs are related to the size of the map, the size of the
fbmapping units, and the number of the mapping units. The size |
of the map (the area of the piece of paper where the. map is '
presented) is important because the user should be able to
see the area of his immediate interest at one time. He should

e}also have the opportunity wo use the soil map in conJunction
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withfbther maps of the Same area. Planners are often dis-
’éouraged to do this because the soil map is not at a scale
compatible with other available maps.

The size of the delineations should be adapted according
to the needs of the users; individual users would have dif-
ferent requirements than audiences at a public meeting,
because of the kinds of areas in wﬁich they are interested
and the physical distance between the observer and the map
in.each case. Thils principle also applies to the number of
mapplng units. About 12 units are commonly manageable on
maps. Large numbers make it difficult to visualize dif-
ferences of kind and location of mapping units and force the
reader to go back frequently to the legend.

Specilal mention should be made about the presentation
of the map. Thrower (1972) stresses that the modern map can
be well designed and be even a thing of beauty and elegance.
The Soll Survey Staff (1951) considers that soil mapping
1tse1f is an applied science or art. This concept is shared
by Thrower (1972):

"Cartography, like architecture, has .attributes
of both a scientific and an artistic pursuit,
a dichotomy which is certainly not satisfactorily
reconciled in all presentations. Some maps are
8successful in their display of material but

~are scilentifically barren, while in others an

Important message may be obscured because of
the poverty of representation. "

{aﬁTbis‘spapement'could be completely adapted to soil‘caytgspaphyﬁ



Unfortunately, it is indeed a fact that soil maps in Venezuela'

are poorly presented in many cases.x It is important that

the soil maps be well presented if they are to be used by

people. Soils are important enough that they deserve to be

delineated on a map with aesthetic appeal. ‘This is particu-
tlarly true for countries like Venezuela where soil scientists

are trying to convince planners to make more extensive use

of soil maps.

There are‘many possibilities that can be explored for
improvement of soll map presentation in Venezuela. A
detailed analysis of them 1s beyond the scope of this document.
For purposes of illustration some ideas are discussed briefly

'here. Currently, as is done in some other countries in Latin
America (Olson, 1973), soil maps in Venezuela are presented
on planimetric bases, generally in color. At least until
very recently, coloring in Venezuela was made by hand on
ozalid copies. ‘Only a limited number of these copies were
colored and available for use.

Modern methods of soil map presentation include use of
topographic base and aerial»photographic mosaics. Also, the
same planimetric base with high quality design and carto-
graphy, printed in'color,Vmay be used; The topographic base
has the inconvenience of too many contour lines in areas
of complex or steep topography. Nevertheless, they have served

the soil survey of the United States for many years. Maps
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of this kind for surveys 6f St.-Lawrence County (Loungbury,
et al., 1925) and Monroe County (Sweet, et al., 1938),.for
example, were neatly presented and are good quality maps
even by current reproduction standards. The soll survey
maps in the United States are currently presented on aerial
photomosaics on sheets of approximately 42 cm x 28 cm. ,
which are folded and bound into the report to produce an
atlas of 23 em x 28 em. Each atlas also contalns a small
scale colored soil association map of the entire area. A
similar system is used by at least one country in South
America (Hernandez, et al., 1965). While the maps in this
form may be quite expensive, this and other alternatives
should be considered in a comprehensive study about the
economics of map reproduction for the different kinds of soil

maps for Venezuela.



- SOIL ‘INTERPRETATION

Soilainterpretaﬁion{iS‘that phase of soil survey opera-
tibnsthat‘d'eal's with the manipulation of soil information for
direcﬁ applicaﬁion. ‘The process of 1nterpretation,-howe#er,
is: not a mechanical organization of data that 1s done after
the soil survey is completed; lt starts with the definition
of objectives for the soll survey and is interrelated with
soll mapping and classification, as well as wlth other soil
survey operations. The relationships between those operations
and soll Interpretation have been discussed in some of the
preceding sectlons.

Soil survey interpretation is not a completely recent
phenomena. Many early solil surveys were designed to be
eminently practical. The conflict between utilitarian and
scientific purposes has been a common one. In the U.S.,
for example, there was a period in the decade of the 1940's
- when soll survey was severely criticized by voices from
‘both sides (Kellogg, 1949z). Similar confontations have

taken olace'in many other parts of the world. Most of the
*previous‘work,.however, was oonfined ﬁo soll interpretations
:nfor agricultural use. In 'modern times it has been recognized
?*that the information obtained by . soil surveys can be used
;ato advantage for soil uses related also to engineering and

e?sanitary works. Progress 1n procedures and techniques
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have also permitted more intensive application of solls
information for agricultural uses. Thus, modern eoil
surveys are designed to supply information for many soil
uses of interest to purposes of planning and development.
Soll interpretation for many uses has received inereas—
ing interest recently primarily because of more intensive
s0oll use resulting from population growth, and from the
need for land use planning that arises from geographic
expansion and related infrastructure development (Olson, 1964a,
1964b). In this sense, soll interpretation is the response
of soil survey to those needs. Increasing application of
soil information has been possible, however, in great part
because of progress in all aspects of soil science. Cline
(1961) has discussed the develepments in soil genesis and
classification and the '_impact on our model of soil. He
considers that the major impact has come through a change
.in attitude toward soil use and management: "This implies,
for some of us, a model to which can be applied pertinent
concepts of engineering, of economics, of crop production,
and of that great variety of applied subjects that involve
use and management of soil for the purposes to which man
would put it." In this sense, soll interpretation is an
.effect of the accumulated knowledge that influences the

modern model of soil.
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~Basic Principles

;:Séii>surVéyvinterpfetatibns aretbased;on the knowledge
ahdfébsérvétioﬁé-of‘Soils obtained from research and genesis
'sﬁudies, and on data'gaihed_frqm experiences of soll behavior
under different uses. Actuai information on soil performancé
for soil units defined in a soil survey 1s not always avail-
able. Consequently, iﬁterpretations for many soils are made
in great part by correlation with similar soils. Soil
interpretations are often "predictions" or "estimates" of
soil behavior wunder specific uses.¥ Steele (1967)
stresses the fact that these predictions are not recommen-
dations.

The purpoée of soil interpretation is to anticipate
performance of sgil bodies of moderate size. Any kihd of
construction or soll use in specific sites of small size
-needs on-site investigation. Soil interpretation from
soll surveys does not eliminéte this need. Soil behavior
under given uses 1s seldom related to individual properties.
Evalﬁation of soils.oh‘the basis of single properties, or
even by sets of prOperties3 does not provide a good basis
for prediction of performance if other conditions are not
considgred; .Properties iike depth to bedrock and slope, ;
foriinsténce, affect,sqil<étabiiity and mass wasting. Other

;éoil3pererties, like'allophgne clay, may.indrease the

| *Fron unpublished mansuiordpt by H.0. Cline, 1973:



113

hazards for landslides. . Still, local conditions such as
rainfall intensity and distribution and vegetation cover
can be more important for soll behavior under specific uses.
Therefore, interpretations are made for named kinds of
soils with some assumptions, because it 1s a set of proper-
ties in some conditions that produces a given behavior.
Soll survey interpretation 1s an interdisciplinary work.
Predictions of soil performance for agricultural uses
require knowledge of disciplines such as ecology, plant
science, and agricultural engineering. Interpretations for
engineering uses requires knowledge of soill mechanics. For
reglonal planning purposes, at least some familiarity with
these and other disciplines is necessary. Soll scientists.
alone do not have an adeéuate command of those disciplines.
The value of such predictiéns depends on many faptors.
Olson (1964a, 1946b) points out that limitations of soil
"survey interpretations are related to (a) soil variability,
and (b) subsurface conditions. Limitatioﬁs related to
soil variability result from the relative purity of mapping
units identified by a soil name. Soil bodies in mapping
units defined as series or phases contain inclusions of
other kinds of soils. Standards for those units allow
15 percent inclusions, but in actual practice inclusions
'may be present in larger proportions. Categoric and/or
cartographic generalization of soil map units results in

more heterogenity, and this 1n turn results in less nﬁmerous
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"’and'leaS'aecurate estimates of behavior. Subsurface con-
"ditions can be predicted with different degress of certainty

in different solls. Soll descriptions and data in soil
surveys are mostly dene from the surface down to 2 meters.
Deeper sampling and testing 1s not possible for all places
where observations of soil profiles are made, but only in
seiected places on the more important soils. Predictions
of subsurface conditions are generally based on knowledge

of geology, genorphology, and sedimentation.

Other factors affecting soil survey interpretations are
the amount and reliability of the information on which the
interpretation is based, and the specificity of the pre-
dictions themselves*. A given soil in its particular environ-
ment has a predictable response to management or to any kind
of manipulation (Steele, 1967); however, the degree of
accuracy of the predictions depends on the information
available for the interpretation. On the other hand, inter-
pretations that are made for one specific purpose will only
rarely serve another purpose adequately. Soil interpre-
tations do not provide the whole answer for land use planning.
"Land" is an economic term’for a geographic unit that has
many attributes other than soil. Decisions in land use
planning and further implementation of euch decisions depend

on many factors. The requirements of a modern society are

- *Fromunpublished manuscript by M.G. Cline, 1973.
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such that development plans and operations have to be
directed toward meeting several goals that might be con-
flicting with regard to land use. An example of alternative
conslderations is a comprehensive plan of development to

the year 2015 prepared for an area in the State of Illinois
in the United States (Northeastern Illinois Planning
Commission, 1972). The planners considered several goals
including economic health, transportation, education and
culture, aesthetics, recreation and otheré, that should be
attained to provide an environment habitable for people.
Efficient land use was only one of the goals. Eleven |
alternative designs were prepared and tested according

to their level of goal fulfillment. On the basis of this
test, four designs were further submitted to public scrutiny
before a definite plan was finélly recommended. This
discussion and debate illustrétes the relative weight of
soil interpretation in the final decisions of land use

planning.

Kinds of Soil Interpretation
Soll interpretations can be of various kinds. Contrary
to popular opinion, interpretations do not necessarily involve
" classifications or groupings. Single solls can be inter-
-preted according to their properties. Interpretation of
single named soills is done for purposes of estimating soil
‘bepavior for a given use in areas 1deﬁtified in soil maps

by that soil name. ‘One might be interested, for example,
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“in fhe ;dcation of a séptic,tank or a farm pond. The inter-
ip#etatiﬁn‘is.made'by<I;Stihg the soll factors that affect
k~thé“ﬁsé énd setAthe,1iﬁits~for'whiéh degréés of iihitations
Qr~su1tability ére esﬁabliShed. According to its properties,.
the soil unit is rated in one of these degrees. For '
'agr;cultural uses, cfiteria 6f rating soils are dependent
on specific requirements for individual crops, or.for
kinds of crops. Examples are interpretations for production
of asparagus (Haans and Westerveld, 1970), and those made
for horticultural crops in general (Edelman, 1963).
Interpretations for engineering uses are based on the
specific requirements of each ﬁse, since structures would
occupy mainly areas of small size. Differences in soil
- requirements are commonly significant between engineering
and agricultural uses; interpretations are not always
possible for generic "engineering purposes" as can be done
with kinds of crops in farmers fields. Criteria for soil
interpretation in engineering are provided by technical
guldes such as those prepared by the Soil Survey Staff
- (1971). This guide‘wasvdevgloped for evaluating named kinds
of soils, not sets of propefties or properties alone. |
Criteria for interbfetation change as more knowledge
andwexgerienpe becomé available. Many soil propertles may '
':hdvé Sihilar effects ih any éonditions;’ ﬁor example, surface
v r§ckih§§sTwill~1mpede thequerof s1gep1ngvbags in camping

sites everywhere. Still; criteria should be adjusted for
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the conditions of other places. Criteria and procedures

for engineering interpretations of soils in developing
countries have been outlined by Olson (1972b). He indicates
that further development of such criteria and procedures are
necessary. |

So0ll interpretations can.also be made by organizing
named kinds of soils into classes on the basis of similari-
ties in properties of interest for defingd uses. These
groupings are made generally by limitations, expected per-
formance, or suitabllity. Interpretations of this kind were
discussed in the chapter of technical groupings.

A kind of soil interpretation that 1s often used is the
Judgement of soil properties that are important for land
classification. This aspect of interpretation is commonly
subject to confusion. Vink (1963) considers that soil survey
interpretation is part of land classification. This state-
ment 1s misleading because it might cause people to think
that soill interpretation is confined to the land classification
process, which is not true. Some authors have erroneously
considered that soi; survey interpretation always involves
a classification (Soc. Ven. Ciencia del Suelo, 1970). It
Seems necessary, therefdre, to emphasize the distinction

between land classification and soil Interpretation. ¥

¥Detailed discussion of this aspect 1s not possible in
this document because of its complexity. Many concepts in regard
to the term land are often subject to conslderable argument.
Distinctions are mentioned here only in regard to objectives
of the soil survey. . An interesting discussion on these
distinctions has been presented by Badillo (1972),



Land classification is the act of assigning classes,tt
iﬂ?categories, or values to- areas of the earth's surface for -
practical obJectives (Olson, 1972c) Soil interpretation
fdeals with predictions of behavior of soil bodies for pur-
Hposes of use, and may or may not involve organization of such
- 801l bodies in groups. The so-called Land Capability
Classification (Klingebiel and Montgomery, 1966) 1s a soil
interpretative grouplng. In this system soils are grouped
into eight "capability classes" defined in terms of problems
assoclated with agricultural uses. Other categories in the
system are "subclasses" that identify the kinds of problems
in general terms, and "capability units" which.are groups of
solls having similar management needs.

Interpretive groupings of this kind have been developed
in several countries. Olson (1972c) has discussed some of
the Interpretive land classifications in English~speaking
countries and some of their adaptations to local conditions.
Similar developments have been done in countries with
different cultural settings such as Portugal (Carvalho,
1968) and Peru (Zamora, 1971). Interpretations of soils
in the context of land classification should be made
according to the specific conditions and needs of each
particular country. AThe Land Capabilit& Classification
was designed to meet the obJectives of the Soil Conservation
Service of the United States Department of Agriculture. ¥

'When it was designed, erosion was a maJor problem and concern,li
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so the classes are primarily erosion problem classes. The
system, however, has been extensively used in many countries
for purposes such as land taxation and/or evaluation of
801l productivity. This misuse of classification systems
should be avoided because it may result in serious errors.
Technical groupings of one kind cannot necessarily be
:applied to advantage for purposes different than those for
which they are designed. The appropriate approach might
be 1llustrated with an example from East ?akistan (Olson,
1972¢). The environmental conditions were such that crops
could be grown throughout the year, soil erosion was not a
major problem as was flooding; and wetland rice was the
principal crop. .The Land Capability Classification was not
suited to those conditions and a different scheme was
designed to fit local situations. The basic concepts of
land classification, however, can be applied in contrasting
environments 1f the system is-adaptable. |

Soll survey interpretations can be expressed in inter- ,
rpretive soil maps. These maps may present single factor
801l interpretations, technical groupings for specifie '
purposes, or soil interpretations for alternative uses.
Interpretive soil maps based on single factors show geo-
graphic distribution of soil properties such as salt content ‘
ﬁor depth ‘to bedrock. Generally, those maps delineate areas
where such properties ocecur at selected intervals, for
,example, intervals of depth to water table of 0 tol, 1 to 3,

fand more than 3 meters ‘below the surface. Maps qf;technicalu
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‘,groupings show geographic distribution of soils having ,
‘,similar degrees of limitations or suitability for specific
guses.i The groupings may be single category groupings in ‘
which suitability, for instance, 1s expressed as good ‘fair,
and poor for given 's0il uses. ,Multiple category group-{
ings, such as'soil’interpretations-for landaclassificationi
may be used. Interpretive soil maps'for both of these

| kinds of groupings are widely used in land use planning
(Wohletz, 1968) for highway proJects (Smith, 1961), and

for agricultural purposes (Fridland and Grigor'yev, 1967).
An interesting form of~interpretive soil maps is that
designed to show alternative uses of soils. An example

* of this 1s presented by Rose et al.(1972). Some possible
uses of solls are arranged in hierarchy, starting with the
-most demanding use, and the kinds of soils are rated for
each' use according to suitability or degree of limitation.
The interpretive soil map prepared in this manner,gives in
one single map a general idea of'the suitability of the soil

conditions of the area for a variety of uses.

Soil Survey: Interpretation in Venezuela
Soil interpretation in Venezuela has been -confined to
technical groupings for land classific“‘sn. The most used
systems are the Land Capability Classification of the Soil
Conservation Service, U. S Department of Agrioulture, and

-the Land Classification system outlined in the Manual of
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the U.S. Bureau of Reclamation. The latter was translated
into Spanish (MOP, 1963) and is intensively used
in soil surveys of irrigation projects, with some modificat~
ions for the local conditions. The possibilities of soil
interpretation and its application are currently immense.
A document outlining soil interpretations for land use
planning in the United States is presented by Bartelli
et al. (1966). The variety of uses of soil survey information
include agricultural, engineering, and planning purposes.
Actually, soil information can be related to widely different
purposes even in a single country. In New Zealand, for
example, soll information is used for aspects as general
as major land uses (Gibbs and Leamy, 1968) and as specific
as dental health (Cadell, 1962; Ludwig et al., 1962).
‘Detailed discussion of such a range in use of soil survey
information is not feasible in this paper. One can visualize
seme of the soil interpretations that are likely to be of
major importance in the next thirty years in Venezuela.

For regional planning, a review is presented by
Urriola (1971). He discussesvthe uses of soil information,
criteria of interpretation, and possibilities of soil survey
for actual and potential users. The application of soil
information for regional planning is related to a substantial,
degree to the scales of published soil mens. In the United
States there are handbooks and guidelines for designing
soil surveys with known requirements for planning (Kellogg,

('1970) For example, for general planning small scale maps
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Cat about 1:60, 000 to 1:100,000 are used; for operational
l”planning scales from 1: 60 000 to 1: 15 000 are used.. There
| is a need in Venezuela for more communication with planners
in aspectsksuch as this, particularly because regional
pianhing techniques'involve the use of mahy other maps.
Tooographic and geologic maps, for example, are commonly
used in combination with soil maps (McComas et al., 1969;
Bergstrom, 1970). There are procedures to carefully adjust
scales and boundaries, but alterations iﬁ map scale may
affect both the accuracy and leglblility of the map. The
probleﬁs of converting scales can sometimes be avoided by
interagency agreements in regard to common scale, base,
and boundaries (Hill and Thomas, 1972). |

For agricultural land uses, soil interpretations that
will be needed are yield predictions, soil suitability
evaluations for crop productlon, management groupings,
ratings for major agricultural and agribusiness¥* soll uses,
and soll suitabllitles for rural development projects.
Yield prediotions can oe,made in Venezuela for several crops.
Suitability for crop production is an important interpre-
tation to help deoieion-makers in crop zoniog and for food
industry planning and development. Management groupings are

necessary for individual farmers, extension activitiles, and

. *Agribusiness is a term recently introduced. to indicate
agricultural related activities, such as products storage,
.transportation, and marketing. These activities involve
fsoil use, too. ' . , ;
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soll conservation programs. One aspect that would require
considerable attention is investigation of soil properties
that affect soil workability in farm mechanization. Land
preparation and cultural pPractices are done in Venezuela
wilth equipment developed in other countries. Efficiency

of operations, quality of the work done, and effects on
80il structure and pPhysical properties are influenced by the
effect of the equipment on kinds of soils. Soil properties
such as kind of clay affect resistance to penetration and
trafficability that are imporﬁant for mechanized soil
management.

Major agricultural and agribusiness related soil uses
can be evaluated from a variety of soil interpretations. A
system of grouping such as that developed by Comerma and
Arias (1971) for evaluation of agricultural and livestock
capabllity of soils in Venezuela can be used. Another scheme,
particularly interesting for areas with flooding problems,
has been presented by Stagno (1971). Both of these systems
provide interpretation for several management alternatives,
and have a good notential for soil interpretation in
agriculture. B

A very important need of soii interpretation in
Venezuela 1s that related to rural development projects.

The éxpansion oﬂ the Agrarian Reform Program will require
a considerable amount of soil inforration in the next
thirty yeais. Soil surveys can help in the planning stages )

‘by providing preliminary surveys with interpretations for

Y



ﬁfselection of potential areas for rural settlements. ‘
*FAdditional benefits can be obtained from soil interpretations
ygfor physical planning and development of such settlements,
éincluding determination of,farm-size and distribution and

" location of villages and roads.

. An important intérpretation in agriculture, particularly

for regional and national development, 1s the evaluation

of soils for agriculture with some form of water management.
Classification schemes such as that for irrigation of the
U.S. Bureau of Reclamation, or other systems for drainage

purposes, are too specific to be used at broad planning

stages of large areas. It might be convenient to design

an interpretive system for water controlled agriculture in
small scale soll survey projects or large areas; this will
provide a basis for selection of specific areas in which
irrigation or drainage is necessary. Then soil inter-

pretation for any of these purposes can be made from large

‘scale soll surveys in the selected areas.

}

For englneering uses, soil Interpretations should

provide information about sultability of solls as source

of construction materials (topsoil, gravel),.limitations
Afdr septic tanks and sanitary landfills, and recreational
uses. Other interpretations are possible,~but these named

fare among the most important for the near future. Location

of sources of construction materials is valuable information

for several purposes. It»can&savermoney,in exploration
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and transport and can serve as a basis for administration
of management policiles for public lands. Municipal ordin-
ances can be prepared for use of those soill information
sources and for policles of aesthetic improvement. This
information is also important for economic considerations
'1n.1and use., Areas of soil with gravel from 0 to 1 meters
below the surface, for example, can be more profitable in
some places as gravel mines than under farming. Inter-
pretations of soils for septic tanks and sanitary landfills
are likely to be necessary for urban and suburban uses.
They can be prepared Jointly with specialists (on the basis
of soil properties affecting the use) according to the local
sanitary regulations.

Interpretation for this purpose will require that some
soil properties llke permeability be determined by procedures
such as percolation tests, and that these measurements be
quantltatively expressed. Additional information can be
obtalned from water table and drainage studies (Sommers,
1971).

Another important type of interpretation is the evaluation
of soils for recreational uses. The growth of populations
and general development'of Venezuela are demanding that
.more sites for recreation and human enjoyment be available.
We need more parks, play areas, picnic sites, and rest areas
along the roads and highways. Interpretation of solls for

recreation 1s necessary and can be provided in any soil
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~survey report regardless of considerations of area, soil

~ complexity, or scale of publication.



SOIL CORRELATION

Needs for Soll Correlation

The preparation of a soil survey for one specific area,
and the successful operation of a soil survey program for
an entire country, reqﬁire some kind of mechanism to ensure
that both the individual survey and the national program
are executed within certain more or less uniform standards.
Thisvmechanism, analogous in scope to those known in industry
as operations research and quality control, is soil corre-
lation.

The above definition could be illustrated if one applies
some principles of system theory to soil surveys, since strict
adherence to consisteney is itself a form of systems approach
(Churchman, 1968). A soil survey project of one area could
be visualized as a whole (or a system) composed of many parts,
(or subsystems). The purpose-of the whole 1is defined. 1In
order that the objectives of the soil survey of area X can
best be attained, each of the component subsystems such as
soil mapping and soil classification are desigqed to be
consistent among themselves and with the whole. Simonson
(1967) considers the process of soil correlation somewhat
anélogous to making parts of an automoblle. If the different
parﬁs.are not standardized, an automobile cannot be constructed.

The same reasoning can be applied to a natlonal program of

127
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}SbilgsurVéy.'-BgCauSe §ysté@sjtheory;is flexible enough to
falibw"bﬁefto do-so,‘thé hatioﬁal program can be visualized
as one-Syétem3 at a certain level, composed by many parts or
subsysfems,‘whicﬁ are the individual soll surveys. These
parts produce a large amount of soil information, through
mapping and naming hundreds of soil units and classifying
these units at some level of a taxonomic system. It is
necessary then to have some sort of control to insure uni-
 formity of this information, and correctness and accuracy in
the naming and classification of soil units. 1In addition,
801l units defined in each survey area are characterized in
terms of expected behavior for many uses. Since previous
experience or experimental data may not be available for
many of the ﬁap units, the predictions in many cases have to
Se based on the information recorded for soils of other
places. Simllarities and differences among soils can be
detected only 1f the solls compared have been defined, mapped,
and classified by common criteria that provide a basis for
comparison. Thus, the role of soll correlation in regard
to a national program of soil éurvey i1s to provide for these
common criterla so that every survey contributes to, and
benefits from, the growth of the accumglated knowledge of
the solls of the country.

The general effect of accurate soil correlation is to

:guarantee the reliability of the soil surveys. Its
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importance can be compared with that of tight quality control
48 used in industry. This effect, incidentally, 1is particu-
larly eritical in the current conditions of soil survey in

Venezuela.

Objectives of Soll Correlation

‘Simonson (1963, 1967, 1970) has stated that soil corre-
1ation, in a narrow sense, is concerned with the definition,
Mmapping, and classifying of kinds of soils in a given area.
Broadly defined, correlation deals also with the improvement
of standards and techniques for describing soils and with the
application of soil classification. The Soil Survey Staff
(1951) states that the immediate purpose of soll correlation
is to assign names to mapping units that are consistent with
the system of classification and nomenclature, so that
units in new soll surveys can be identifiéd with similar
80ils already established, new units can be designated by new
Names, and the results of experience and.research can be
rYelated to specific kinds of soils by the use of such names.

The ultimate purpose of soil correlation, then, 1s "to
€nsure that kinds of'soils are adequately defined, adequately
mapped,»and uniformly named in all soil surveys" (Simonson,
1963, 1970). Accomplishment of these objectives also permits

the transfer of knowledge from other places.
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" P?o9edqr¢§ and Problems
Mo$t4¢f-§he'éofréiéfioﬁ~procédureS»aré“conducted through-
| out'the wholeftiﬁe of a soil Survey.' In thé'United States
the process starts with the construction of the descriptiveA
legend, continues during the mapping stages by means of fileld
and progress reviews, and ends with the final correlation
memoranda. Guidelines for these steps are provided by
technical documents such as the soils memorandum 66 (USDA
SCS 1967). The Soil Conservation Service has the responsi-
bility of correlation at the natlional level by powers of law.
Very brlefly, the operations aré conductéd through the state
soll correlator, at the state level, and through the principal
soll correlator at the reglonal level. About 95 percent of
the total work is done at these levels. Final correlation
is made with personnel from the national staff of the Soil
Survey. Detalled descriptions of those procedures are beyond
the scope of thils document. Only the main elements have been
considered to give a general idea of the process. Even
though specific operations vary widely among countries, their
character is simllar almost everywhere.

One of the major problems in soil correlation is the
adequate definition of fhe.soil units. The system of
,claSSification utilized 1s of prime importance because 1t
fsgts‘up the e;ements of definition,vand-mpre‘1mportant

. (Simonson, 1963), it "affects the .outlook and -approach of
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men in soill correlation." The process of creating soil
series, for example, 1s dependent on the kind of information
that is required for series description and definition in
the classification system. There are some standards of a
minimum number of soll descriptions and areal extent to
define both the central concept of the soill series and its
range of characteristics.

When these standards are not satisfiéd, solls have to
be defined at other higher taxonomic levels or mapped as
cartographic mixtures. Other problems may arise, for
example, in regard to nomenclature. The next higher level
of the Soll Taxonomy above soil serieé is the family category,
which still provides the attributes of homogeneity that are
necessary for many soill uses. Tﬁe families are named accord-
ing to some criteria, mainly according to texture, mineralogy,
and soil temperature regime, in addition to the name of the
higher categories, e.g., "Typic Chromusterts, fine, kaolinitic,
isohyperthermic." Even though the soil unit may have to be
classifled at thls level, the use of mapping units consisting
of famllies would produce awkward legends.

Often the conflict arises whether the soll units should
be correlated by morphology or by expected behavior. In
other cases there 1s also a conflict of opinion in regard to
the ldentification that will be given to soll units which may
not héve been adequately defined, or argument over whether

they ,should be assigned numbers, local names, or symbols.
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- ' These are only examples‘of the many problems encountered'
fﬂin correlation. There are some ways to deal w th these

- problems, but the important thing to be emphasi ed is that
the solutions must be found and applied by agreement of those

Involved in soil survey in ‘each particular country.v

Soil Correlation in Venezuela

Soil correlation in Venezuela, as has been reported for
other developing countries (Olson, 1972; Van Wambeke, 1973),
has been conducted for sometime but still faces many problems
and cannot be considered satisfactory. The first attempts at
correlation were made in about 1959 (Comerma, 1968), and sub-
sequent efforts haue accomplished results only partiallyv
positive; there is still much to be done.. The main problems
and needs of correlation in Venezuela have been discussed
in detail by several authors. Comerma (1968, 1969, 1970) has
presented an evaluation of these aspects and suggested major
| guidelines for future action. Arias (1972) discussed obser-
vations made during the survey of around 18 million,hectares
conducted by the soils group offCOPLANARH. He mentions.
prbblemsisuchfasideﬁinition of moisture regimes, minimum‘size
‘of taxonomic . unitssat}the lower categories, relationships
between taxonomy and interpretation, local and national
correlation, and organizational and institutional problems.
Mayorca (1972) has pointed out some of the needs arising

from the use of the Soil Taxonomy at national levels. H¢~k- ;
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Stressed the need for the adoption of uniform methodology
ufor'laboratorY'determinations, according to the spedifi-
cations required by the system in use.

These authors and others have concluded that the
application of correlation is necessary for improvement

above the current status of—soil_survey in the country.

There 1s, besides, a great concern among national soil

sclentists in this respect. Unfortunately, this concern has’
not been shared by administrators in somé cases, probably
because the presentation of the problem has had the image of
a sclentific method of little practical interest. Since the
~ 8sclentific side of the problem 1s probably well knoun to
most soll scientists, only some major points that have been
indicated by tnése who have dealt with soil correlation in

. Venezuela will be stressed here. The intent is to give more

awareness of the practical side of the process of correlation

as currently needed in Venezuela.
Soll surveys can be useful to people only to the

measure in which they are reliable. Decisions in regard to

the use and management of soll bodies'are only possible if
the soil surveys provide information about soil bodies which
'have been well defined, well classified, -and properly named,
8o that reliable predictions can be made about soil behavior
when used for different purposes. Soll survey provides a
‘mechanism by which administrators and others can give tools

1of utility about soil use to people, soil correlation 1s the

mechanism that insures reliability of the Surveysoemdelwygf;flgjﬁ



134

\ SOil correlation is particularly important for Venezuela ,
7.at this'mfment because ogfthe extensive areas in the country
fythat are being surveyed by private contractors.‘ The inspection
}*of soil surveys made by contract is a very difficult matter.
‘Thereyis no way to inspect a photointerpretation, for example,
other than repeating it at a substantial expense, or to
supervise soil mapping in the field without frequent reviews.
The government institutions, both at the national and

regional levels, must realize that there is a potential for
waste of funds and time in contract studies unless provision
is made to ensure the usefulness of the surveys by standardi-
-zation. The best way to assure this quality of standardi-
zation 1s through soil correlation.

There are goodihdicationsthat soll correlation is
progressing at a national level The Division of Edaphology,
which currently is doing a large part of the official soil
surveys, recently set some guidelines*for starting correlation
work in 1ts own studies (Schargel and Arnold 1972). Comerma ¥
Areports that current efforts are directed toward the adoption
of standard specifications fo all agencies involved
Implementation of a. national service of soil correlation is

imperative immediately, even before establishment of a-

unique institution for soil surveyseis considered. :

*Personal commuhication, July. 1973,



135

The preceding comments have been directed mainly to
administrators; they are the people who have in their hands
the implementation of policies. The effectiveness of these
policies are; however, ultimately dependent on working
relationships with soillscientists. Thé major decisions of
s80il mapping, classification, and correlation are in the field.
The bulk of the solls work 1s done by those who are in charge
of the survey and their immediate supervisors. As stated
by Comerma (1968):

"the improvement of soil correlation in
Venezuela depends upon the interest of
all involved in improving their profes-
sional level and upon their commitment

to produce a better organization of the
soll surveys in the country."



SOIL SURVEYS AND OTHER SURVEYS

Kinds of Soil Surveys
_‘ The character of soil surveys vary according to several
'conditions. Among these, soil conditions, the obJective
of the,survey,-the~cartographic material available, the
methods of work, the"precision of the units defined, and
the intensity of observations are most important. The
kinds of soll surveys*produced vary'essentially in the degree
of categoric and cartographic detaill, the scale of the pub- |
lished map,and the descriptions of the soil mapping units.

In Venezuela, standards for the different kinds of soil
surveys are not completely uniform among all agencles involved.
The Division of Edapnology of the Ministry of Public works
has prepared specificatlons for four basic kinds of surveys:
‘Great'Vision, Preliminary;_Semi-detailed,and Detailed
(Gonzalez and Schargel, 1972).

Great Vislon Soil Surveys are intended to produce the
first information on soils of areas where little or no addi-
tional data are available, for a general evaluation of develop-
ment possibilities. The level ofﬂstudy here would be appli-
'cable to the. areas of Venezuela South of the Orinoco River.

Preliminary Soil Surveys present information about -
fsoils adequate for selection of specific areas with potential
‘gfor development and alternative priorities for further
‘fdecisions. These are applicable to early or mid stages of | t

jregional planning. .

. '136fv‘



137

Semi-detaliled Soll Surveys present 1nformation adequate
for land use planning and location of specific development
propdsals such as land reclamation projects, rural settle-
ments, or soil uses of areas of several tens of hectares thgt
do not require intensive use and high unlt investments.

Detalled Soil Surveys are made to produce soil infor-
mation in enough detail to meet the requirements of planning
and development of small areas for intens;ve soll use. This
kind of survey is suited to farm planning and zoning
proposals.

The specifications for each of these kinds of soll
surveys are currently subject to test and adjustment. At
the present time, there are efforts under way to develop
uniform criteria among all agencies in Venezueia. Comerma ¥

reports a tentative agreement in most specifications, summarized

below:
Kind of Soil Publication 5
Survey Scale Obs./Km Mapping Units
Detalled .1:30,000 50-200 Series, Families,
Undifferentiated
Groups, Complexes,
: Phases.
Semi Detailed 1:50,000 to 5-10 Families, Sub Groups.
1:100,000 Associations, Undif-
' ferentiated Groups,
. . Phases.
Preliminary 1:250,000 1 Great Groups, Associa-
tions, Phases.
Great Vislon - 1:250,000 0.2-1 Orders, Sub Orders,

Assocliations, Phases.

#Personal communication, July 1973.
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In other countriles definitions of levels and specifi-
cations vary widely, but in general three kinds of soil sur-
vey - detailed, preliminary reconnaissance, and schematic -
are common (Soill Survey Staff, 1951; Commisao de Solog, 1960;
Dev. and Res. Corp., 1967; van Wambeke, 1973; Olson, 1973).
Some modification of the current scheme in Venezuela is
possible in the future. On the one hand, it 1s expected that
the soll inventory currently conducted by COPLANARH be
concluded before 1990, probably by 1985. Since this inven-
tory is at the level defined as preliminary reconnaiésance
there would be no reason to keep the level of Great Vision
by that time. The area south of the Orinoco River should be
surveyed at the Great Vision level, or even at mixed level
with preliminary reconnaissance if possible, before that
time,‘too. It is not possible to examine here the actual
feasibllity of the latter goal, but 1t should be consldered
at least desirable at high priority.

On the other hand, the increasing changes in land use
from rural to suburban and urban will require more detailed
soil information than that provided by the detalled soil sur-
Veys as currently defined. Fof these cases, 1t might be
necessary to include one additional kind of soill survey simi-
lar to the ultra-detalled or high intensity surveys now in
use in othér areas (Olson and Marshall,.;967). Some areas
tha? are presently being surveyed at preliminéry or seml-

detailed level, like the central regioh of Venezuela, will
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require more deta;l in the near future because of competi-
tive land use pressures.

A possible form of soil maps in the future is the idea
of presenting maps of some region at a combination of scales.
The agriculturally oriented soil surveys 1n the past have
been mainly ceconducted in the valley areas, with almost no
consideration at all of the adjacent mountainous or hilly
areas. COPLANARH has indicated an increasing shift of
agricultural activity toward the low plain areas. Due to
the scarcity of good land for agricultural production, land
use planning policies and zoning regulations should be
designed to maintain these areas for farming. If this is
done, suburban developments and urban growth might be forced
to occupy hilly areas around present cities. The preparation
of maps at two scales could provide valuable soil information
for these areas before the conflicts arise, and permit some
establishment of criteria for land use at the early stages of
regional planning. '

The procees of development of Venezuela is occurring
in a similar fashion to the kind of development described by
Friedman (1966) for countries in a "transitional phase"
(midway between the preindustrial and industrial phases).
COuntries in such a situation are experiencing industrial,
political, agricultural, and other revolutions all at the
same time. It 1is not surprising then that the operations of
development, particularly those that result in land use
changes, ar. proceeding at a rate faster than the operations

of getting the information that is necessary for a planned
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development. Here and there, pressures of all kinds force
the decision makers to implement development propdsals with
only limited information available. Ih this set of con-
ditions, the tendency might be to widen the scope.bf soil
surveys by including in them more information on aspects
such as land evaluation, sociology, geology, and hydrology.
For example, it was recently recommended that due to the
successful experience obtained in soil surveys at the Divi-
sion of Edaphology by the integratibn of geomorphology and
edaphology, this good experience should be more extended to
serve the purposes also for land and water conservation sur-
veys. The orlentation proposed included the preparation,
during the operations of the soll survey, of a set of maps
including lithologic map, vegetation map, structural-stability-
of-solls map, and others (Tricart, 1972). This proposal was
made in the context of surveys for basin conservation and
planning, and for particular application to the area at the
south end of the Maracaibo Lake; but the implication was to
develop a methodology for general application in soil sur-
vyes for the whole country. There 1s little doubt that such
an amount of information may be helpful for basin conser-
vation purposes and that the purposes that motivated the
author were of interest. But this kind of enlargement of
soll surveys may have an opposite effect t6 what has been
considered throughout this document the primary fuﬁction of

soil'surveys, namely, to produce enough good information
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about soils in such a way that it can be used for many pur-

poses. Evaluation of natural resources is a complex job that
requires the cooperation of specialists from many sciences.
.Soils are only}one of the many factors in land use, and even
rational land use 1is only one of several goals in sound
development planning. ‘- To-:play a significant role in the
achievement of these goals, the best thing that soil survey
can do 1s to produce the best possible soil information.

Other kinds of information are the resporisibility and dominion

of disciplines other than soil scilence.

Other Surveys

To supply other information required for an orderly
national development, other alternatives can be explored.
At most, soll surveys can provide the basis for interpreta-
tion for several uses. But detalled information on aspects
other than soils is neither possible nor necessarily desirable
in soil surveys. The current needs of the country in this
regard may be met by other approaches, like that followed
for the development of the Guayas River basin of Equador
(OAS, 1964). 1In order to provide the information necessary
for the basin's development, an "Integrated Natural Resources
Eval_ ation" was prepareﬁ by a team of technicilans répresent-
ing the disciplines of geology, forestry, soil science,
irrigation engineering, demography, and geography. This work
presented information on natural resources and their

potentials that was reliable enough for setting development
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guidelides because the appraisal of each factor was made by
authorized specialists in each field. This kind of work
~could be explored 1in Venezuela, elther by coopérative efforts
with international organizations or by appropriaye national
institutions, as is done in Peru, Soil surveys in Peru are
conducted by the Ministry of Agriculture, mainly for irri-
gation purposes. To serve the needs of development planning
in regard to basic information at a national level, the
Natlonal Office of Natural Resources Evaluation (ONERN) was
creatéd in 1962. This agency is in charge of the inventory
and integrated appraisal of the natural resources for develop-
ment purposes. Zamora¥* has reported that the main executive
branch of ONERN had already studied more than 15 million
hectares of land with multidisciplinary teams that evaluate
climate, solls, hydraulic resources, geology, mining, and
forestry. The integrated studies of natural resources are
published at a scale of 1:200,000. Othgr efforts in this
context in Latin America are reported by Olson (1971b). It

is Interesting to note that the need for studies of this kind
is common to many countries on other continents. In Canada,
for example, the concept of integrated studies is being
carried out in ecological inventories for regilonal planning.

by the General Directorate of Forests (Jurdant, et al.,

¥Carlos Zamora, Director of Integrated Studies of ONERN,
personal communication, Marca 1972.



143

1969). 1In Australia, the different requirements aré met by
a variety of kinds of special studies and maps, iﬁcluding
terrain classification for engineering purposes (Grant, 1968),
reports on geology, geomorphology and soils (Maud, 1972),
groundsurfaces of specific areas (Beattie, 1972) and sys-
tematic surveys of natural resources (Christian and Stewart,
1952). 1In the United Kingdom, needs for planning of
engineering construction and military operations are met by
terrain evaluation studies by the Oxford-MEXE-Cambridge
Group (MEXE, 1965; Brink, et al., 1966; Beckett and Webster,
1969; Crawford, et al., 1969). Similar works in South Africa
and Nigeria are reported by Brink, et al., (1966). Nearly
all the works in Australia and the United Kingdom, and the
work by Jurdant, et al., (1969), in Canada that are cited
here deal with landscape units called a variety of names like
land unit, land facet, or land systems. ¥

These kinds of studies have some similarities with soil
surveys; the mapping units are physiographically defined by
alr photo interpretation, and in many cases named by soil
related terms like "Materitic ironstone céprock to surface”

or "residual soil." Soil information, however, is reduced to

¥A class project work for the Course Agronomy 503, Soil
Morphology, Genesis and Classification, at Cornell University
presents definitions for many of the most common terms (Anony-
mous, 1969). :

)
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engineering characteristics of major soils 1n the terrain
unit, except for the groundsurfaces that include a des-
eription of materials down to a certain depth that may
resemble a brief soil profile description. Some of these
studies (Jurdant, et al., 1969; Maud, 1972) may have solls
information in appreciable detail. The objectives of most
of these studies, andAthe objects studied, are differenf from
those of a soil survey. They may be an interesting approach
for general natural resources evaluation or other purposes,
and the possibilities of similar studies for Venezuela
should be explored. The discusslon here attenpts to show

mainly that evaluation of natural resources at integrated

levels is a matter'of necessity for many countries, but that
such evaluation is made through speclal studies that are
different from soil surveys. Moreover, these integrated

studies do not eliminate the need for soll surveys.



CONCLUDING REMARKS

The economic development of Venezuela from a transitional
soclety to an industrial country is affecting thé physical
resources of the nation. Soil resources are being more in-
tensively used and shifts in the spatial distribution of land
use patterns are occurring on both developed and new areas.
Planning and organization of soill resource use in these
conditions require some improvement above the current status
of soil information acquisition and use in Venezuela. Improve-
ment is needed on both the general status of soill survey in
the country as a national program and on specific soil survey
projects for glven areas.

There is a need for a national cooperative effort in
soil survey in Venezuela. This effort can be accomplished
either by formal agreement among all national agencies involved
or by a single new soil survey institution. In either case,
coordlination and cooperation are necessary to provide for a
general framework of work, common objectives, establishment
of priorities, and short and long term programs. Specific
soll survey projects for individual areas should be designed
to fit specific objectives within a generai framework to
prevent unneceSsary duplications in the changing conditions

of the near future. Soill survey projects of specific areas

145
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~can be done by operations, techniques, and procedures within
common standards tofconﬁribute to the 6vérall sg%}:survey
program. To maintaln reasonabie scientific stagaards in a
program of this type, a national ser&ice of soil correlation is
considered an imperative need. Improved definitions.and
de&criptions of solls .will assure quality and uniformity of
the soil information produced by government and private
institutions. It will also permit the transfgr of knowledge
from studied areas to new areas which is necessaﬁy to present
and future actions on land use planning and implementation

of plans and policies.

A cooperative soll survey also involves relationships
with people from other areas of soil science, from other
disciplines, and from teaching institutions. The soil survey
reports are made to be used by people that are interested in
many uses of soils, including agriculture, highways, buildings
and regional development proposals. Evaluation of soil
as a natural body for such a varlety of purposes requires
interdisciplinary work and the use of information available
from research and experience from several dlsciplines. This
requires, in turn, well prepared soil scientists. Univer-
sitles play.a major role in giving to soll scientists the
potential and tools by which they can perform a useful and
satisfying service. Cooperation with universities would also
benefit soll survey through research in'ageas of soll science

such as soil gehesis, 8011 fg?ti;iﬁ&;&ﬁdeQil»ménaSGment-
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Research in the field of soil survey itself and further
-education and training are necessary in a soil survey program.
There are substantial grounds for hope in this universities~
soll survey relationship in Venezuela. A cooperative soll
survey 1ls then not only necessary but seems to be a feasible
éffort in Venezuela. Some major goals have been stated and

' some of the means to accomplish these goals were discussed

in this document. The future of soll survey as a cooperative
effort, however, depends on the commitment and effective

actlons of all interested people.
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