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Foreword

The papers presented here formed a part of the background documentation of an Expert
Consultation on Land Evaluation for Rural Purposes which was convened by the Food and
Agricul ture COrganisation of the United Nations in co-operation with the University of
Agriculture and the International Institute For Land Reclamation and Improvement, Wage-
ningen, Netherlands. The meeting was held at the International Agriculture Centre,
Wageningen, 6-12 October 1972.

The Consultation, which climaxed two years of preparatory work, was aimed at en-
couraging the standardisation of land evaluation methods as a means of improving communi-
cation between resource surveyors and those who need to make use of resource survey in-
formation, More specifically, it was planned to develop a framework of land evaluation
that would be widely acceptable to survey and plamning organisations alike and which would
meet the needs of the widest possible range of users. Proposals for such a framework were
developed, prior to the consultation, by two multidisciplinary committees; one in the
Netherlands the other within PAO, A document describing these proposals is included in a
report on the Consultation which has been published by, and may be obtained from, the In-
ternational Institute for Land Reclamation and Improvement, Wageningen, lf

Also included in the documentation of the Consultation but not previously published
was this series of papers which describe many of the approaches to the classification of
agricultural land developed or adopted in the past by different countries or by different
organisations throughout the world, They are reproduced here since, together, they are
thought to provide a valuable comparison of the diversity of existing methodology and,
individually, they record methods which have proved their worth in different environments,
It is hoped that a wider distribution of these papers will assist the many who, concious
of the importance of understanding the wise altermatives of land use, are presently en-
gaged in developing improved systems for evaluating land,

The reader will appreciate that the views expressed in these papers are those of the
respective authors and do not necessarily represent the views of FAO,

Edouard Sacuma
Director
Land and Water Development Division

1/ "Land Bvaluation for Rural Purposes", Publication No. 17, International Institute
for Land Reclamation and Improvement, P.0,Box 45, Wageningen, The Netherlands,
(Price: 9 Dutch Guilders),
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1. INTERPRETATIVE LAND CLASSIFICATION IN ENGLISH-SPEAKING DDI:HTRIESI/
(a working paper on some of the systems in current use and
gome of their adaptations)

INTRODUCTION

Many different kinds of land classification schemes and eystems have been used in
ingligh=-speaking countries, and a number of them have been adapted in other places. Land
clagsification syetems have evolved in response to the need for the classification of land=-
scape unite to help solve land use and land planning problems. Each system has been developed,
usually over long periods of time (decades), with considerable amounts of effort and evalu-
ation going into the formulation and philesphy of the classification systems. Different
environments have different land problems, of course, and different resources to meet the
needs., Land classification itself is not an end - it is a means toward an end. The desired
end for which land classifications are created is an improved physical and economic environ—
ment in which people can live more productive and satisfying lives.

Jacks (1946) reviewed land classification as it "relates to the grouping of lands
according to their suitability for producing plants of economic importance." The definition
of land classification as now generally ueed includes practically all aspecte of uses of
areas of land, including comprehensive and alternative uses of land, Former viewpoints of
soil conservation and production maximizations have been influenced increasingly by concepis
of ecological efficiency and environmental quality. New techniques in inventory of components
of land (some are discussed in Stewart, 1968) include remote sensing, aerial photographic
interpretation, mechanical and soil strength measurements, and computer technology (e.g:
data banks, map printout eyestems, retrieval programmes, systems analysis, mathematical
simulation models). The computer promises to be a useful tool in increasing quantification
of description of land class units, and in putting together, collating, and correlating
large amounts of data on soils, land use, slope, elevation, vegetation, climate, geology,
drainage, and cther natural resource and social attributes. Increasingly, many different
disciplines are being called together in task force efforte to solve land use problems. In
the future, land classeification will probably become more comprehensive as well as more
quantitative, and will be increasingly used as a basis for making both high-level planning
and low-level implementation management decisions.

In this paper some of the systems and applications of land classification are examined.
The land-capability classification of the U.S. Department of Agriculture hae perhaps been
most widely used and adapted, The U,S5, land=capability claseification ie basically a system
of aggregation of soil map units (from detailed maps) into groups of soils showing similari-
ties in responses to management, and similarities in hazards, limitations, or risks in use.
The land-capability system is used in the United States at the lowest levels on farmera'
fields, to help plan conservation practices and crop rotations for individual management
objectives; on the national level the land-capability classification is used to group soile
to summarize conservation problems and needs for solution on a national scale. The soil
surveys of England, Wales, and Scotland have adapted the principles of the U.S. system, but
regionalized it to fit local conditions; along with other changes, the British adaptation
eliminated the Class V of the U.S, system, and added climatic criteria relevant to Britain.
In Canada, the U.5. system has been modified to provide a soil capability classification
which forms part of the Canada Land Inventory; the revisions made in Canada are in several
reapects similar to those introduced in Britain. In East Pakistan, the principles of this
U.3. clasgification were utiliszed, but the environmental eituation of land resources and use
in East Pakistan was so drastically different from the conditions under which the classifi-
cation is applied in the United States that rather wide revisions were necessary for adapt-

ation.

1/ Condensed from a document prepared by Dr. G.W. Olson, Cornell University, NY, U.S.A.



Land classification methods for irrigation suitability, as developed by the U.S5. Bureau
of Reclamation, depend upon large scale maps of soils, topography, and other factors applied
in an environment that is economically feasible for irrigation development. OSupplementary
gtudies in the laboratory, greenhouse and field may also be carried out. The U.5. Bureau
of Reclamation irrigation suitability classification is a good example of a very intensive
land claseification scheme into which considerable investments are put for implementation
of large scale projects. The irrigation suitability classification has a very specific
purpose, but has been used in environments as diverse as the U,5.; Thailand and Brazil.

The Storie index is of intereat as being one of the earliest examples of a quantitative
approach to rating land potential based primarily on properties of the soil and climate. To
it local conditione, different values can be substituted for the various factors coneidered
in the formula.

The land systems approach to land classification, developed in Australia, aime at an
integrated evaluation of the total enviromment and the approach has been mainly applied to
the broad evaluation of large areas in both Australia and in parts of Africa. Terrain evalu-
ation paramctric methods offer some of the most exciting prospects for the future in land
clasaification, Much of the work presently done on the mechanically-measured landscape values
have been of an experimental or research nature. A great deal of work in this area has been
done by military research organizations in the fields of aerial photographic interpretation,
remote geneing, eatellite information relay, terrain evaluation, trafficability studies, and
computer programming for military intelligence. In the future much of this technology will
probably become available for civilian use, so that land classification can use some of these
methods to improve the gquantitative aspects. Computer technology is already being applied,
however, in larpe scale programmes of land use inventory in Canada, New York, Puerto Rico,
and geveral other places, In Canada, the land use inventory is tied in with capability
ratinge of the lands for agriculture, forestry, recreation, and wildlife.

Zach land claseification scheme tends to adapt iteelf to the local environment, re-
sources, and problems, The Cornell farm area classification is one example of a system
which has proved very useful in New York State, and which has been adapted, in part, in
several areas in Latin America and other places. The Cornell farm area classification gives
heavy emphasis to economic consideratiome, but also considers soil, climate, and other
elements of the natural environment.

LAND=-CAPABILITY CLASSIFICATION

One of the moet widely used systems of land claseification, commonly called land-capa-
bility classification, is that of the Soil Conmservation Service of the U.S, Department of
Agriculture, The classification is summarized in Klingebiel and Montgomery (1966). A bul-
letin and set of 50 slides introduce the concepts of the classificatiomn (SCS STAFF 1969 ).

This land-capability claseification ie based on a detailed soil survey, usually pub—
lished at scales of about 1120 000 or 1:15 840 in the United States. The classification
coneists essentially of grouping the various soil mapping unite "primarily on the basis of
their capability to produce common cultivated crope and pasture plante without deterior—
ation over a long period of time." The soil mapping unit is defined as the "portion of the
landacape that has similar characteristics and qualities and whose limits are fixed by pre—
cise definitions", and is the unit about which the greatest number of precise statements and
predictions can be made,

Capability units, into which soil mapping units are grouped, have similar potentials
and continuing limitations or hazards. 5oil mapping units put into a capability unit are
sufficiently wniform to (1) produce similar kinds of cultivated crops and pasture plante
with similar management practices, (2) require similar conservation treatment and manage-
ment under the same kind and condition of vegetative cover, or (3) have comparable potential
productivity., Use of capability wnite condense and simplify soil mapping unit information



for planning use and management of individual areas of land, as emall as several acres in
gize. A capability unit ie designated by a symbol such as III e-2. The Roman numeral de—
gignates the capability clamg where the land has ihe same relative degree of hazari or l.mit-
ation; the risks of soil damage or limitation in use become progressively greater from

eclass I to clasa VIII. The lower case letters designate subclasses which have the same major
conservation problem: e (erosion and runoff), w (excess water), z (root zome limitations),
and ¢ (elimatic limitations), The Arabic numocers indicate the capability umit within each
capabllity class and subclass.

Land capability clasees are used as a meane of introducing the map user to the more
detailed information on the soil map; the classes show the location, amowunt and general
suitability of the moils for agricultural use, the subclasses provide information about
the kind of conservation problem or limitation involved in land use. 3Both classes, used
together, provide the map user with general information about the limitations and problems:
involved for broad programme planning, conservation studies, and eilmilar purposes. The cap—
ability unit indicates moil areas that are enough alike to be suited to the same crops and
pasture plants, to require similar management, and to be similar in productivity and in other
regponees to management,

The land capability clasees are as followa:-
Clase I
Soile in Claas I have few limitations that restrict their use.

Seils in this class are puited to a wide range of plants and may be used safely
for cultivated crops, pasture, range, woodland, and wildlife. The soils are nearly
level or only gently sloping and erosion hazard from wind or water is low. They are
deep, generally well drained, and emsily worked soils. They hold water well and are
either fairly well supplied with plant nutriente or highly responsive ito inputs of
fertilizer,

The soile in Clase I are not subject to damaging overflow. They are productive
and suited to intensive cropping. The local climate must be favourable for growing
many of the common field crops.

In irrigated arcas, moils may be placed in Clase I if the limitaiion of the arid
climate has been removed by relatively permanent irrigation works. Such irrigated soils
(or soils potentially useful under irrigation) are nearly level, have deep rooting
zones, have favourable permeability and water—holding capacity, and are easily maintained
in good tilth., Some of the soils may require initial conditioning including levelling to
the desired grade, leaching of a slight accumulation of soluble salts, or lowering of
the seasonal water table, Where limitations due to salte, water table, overflow, or
erosion are likely to recur, the soils are regarded as subject to permanent natural
limitatione and are not included in Claes I.

Soils that are wet and have slowly permeable subsoils are not placed in Class I.
Some kinds of moile in Clase I may be drained as an improvement measure for increased
production and ease of operation.

Soile in Class I that are uped for crops need ordinary management practices to
maintain productivity - both soil fertility and soil structure. Such practices may
include the vee of fertilizers and lime, cover and green—manure crops, conservation of
crop residuss and animal manures, and sequences of adapted crops.

Claea 11

S50ils in Clase IT have some limitations that reduce the choice of plants or require
moderate conservation practices.



Seile in Class II require careful scll management, including conservation practices,
to prevent deterioration or to improve air and water relations when the soils are culti-
vated. The limitations are few and the practices are eamy to apply. The moils may be
used for cultivated crops, pasture, range, woodland, or wildlife food and cover.

Limitations of soils in Class II may include (singly or in combination) the effects
of (1) mentle slopes, (2) moderate susceptibility to wind or water erosion or moderate
adverse effects of past erosiom, (3) less than ideal moil depth, (4) somewhat unfavour—
able soil structure and workability, (5) slight to moderate salinity or sodimm easily
corrected but likely to recur, (6) occasional damaging overflow, (7) wetness correct—
able by drainage but existing permanently as a moderate limitation, and (8) slight
climatic limitations on soil use and management.

The soils in this class provide the farm operators less latitude in the choice of
either crops or management practices than soile in Class I. They may alsc require
special soil-comserving cropping systems, soil conservation practices, water—control
devices, or tillage methods when used for cultivated crops. For example, deep soils
of thie clases with gentle slopes subject to moderate erosion when cultivated may need
terracing, etriperopping, contour tillage, crop rotations that include grasees and
legumes, vegetated water—disposal areas, cover or green—manure crops, stubble mulching,
fertilizers, manure, and lime. The exact combinations of practices wary from place to
place, depending on the characteristice of the soil, the local climate, and the farming
syatema.

Class III

Scile in Clase III have mevere limitatioms that reduce the choice of plants or require
epecial coneervation practices, or both.

Soile in Clase III have more restrictions than those in Class II and when used for
cultivated crope the conservation practices are usually more difficult to apply and teo
maintain, They may be used for cultivated crops, pasture, woodland, range, or wildlife
food and cover.

Limitations of soils in Clase III restrict the amount of clean cultivation; timing
of planting, tillage, and harvesting; choice of crops; or some combination of these
limitations, The limitations may result from the effects of ome or more of the fol-
lowing: (1) moderately steep slopes; (2) high susceptibility to water or wind eroeion
or severe adverse effecte of past erosiom; (3) frequent overflow accompanied by some
crop damage; (4) very slow permeability of the subsoil; (5) wetness or some continuing
waterlogging after drainagej (6) shallow depths to bedrock, hardpan, fragipan, or clay-
pan that limit the rooting zone and the water storage; (7) low moisture-holding capacity;
(8) low fertility mot easily corrected; (9) moderate salinity or sodiwm, or (10) mod-
erate climatic limitations,

When cultivated, many of the wet slowly permeable but nearly level soils in Class
III require drainage and a cropping system that maintains or improves the structure and
tilth of the soil. To prevent puddling and to improve permeability, it is commonly
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The restrictions in use for soile in Class IV are greater than those in Class III
and the choice of plants is more limited, When these soile are cultivated, more care—
ful management is required and comservation practices are more difficult to apply and
maintain, 3Soils in Class IV may be used for crops, pasture, woodland, range, or wild-
life food and cover.

Soils in Class IV may be well suited to only two or three of the common crops or
the harvest produced may bte low in relation to inpute over a long period of time. Use
for cultivated crope is limited as a result of the effects of one or more permanent
features such as (1) steep slopes, EE; severe susceptibility to water or wind erosionm,
EE. severe effects of past erosion, (4) shallow soils, (5) low moisture-holding capacity,

6) frequent overflows accompanied by severe crop damage, (7) excessive wetnese with
continuing hazard of waterlogging after drainage, (8) mevere salinity or sodium, or
(9) moderately adverse climate.

Many sloping soile in Clase IV in humid areas are suited to occcasional but not
regular cultivation. GSome of the poorly drained nearly level soils placed in Clase IV
are not subject to erosion but are poorly suited to intertillable crops because of the
time required for the soil to dry out in the spring and because of low productivity
for cultivated crops. Some soils in Class IV are well suited to one or more of the
special crops, such as fruite and ornamental trees and shrubs, but this suitability
iteelf is not sufficient to place a s0il in Class IV.

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

Clans V

Soile in Claes V have little or no erosion hazard but have other limitations impracti-
cable to remove that limit their use largely to pasture, range, woodland, or wildlife
food and cover.

Soile in Class V have limitations that restrict the kind of plants that can be
grown and that prevent normal tillage of cultivated crope. They are nearly level but
some are wet, are frequently overflowed by streams, are stony, have climatic limit-
ations, or have socme combination of these limitations, Examples of Class V soile are
(1) soil of the bottom lands subject to frequent overflow that prevents the normal
production of cultivated crops, 32} nearly level soils with a growing season that pre-
vents the normal production of cultivated crops, (3) level or nearly level stony or
rocky soils, and (4) ponded areams where drainage for cultivated crops is not feasible
but where soils are suitable for grasses or trees. Because of these limitations cul-
tivation of the common orope is not feasible but pastures can be improved and benefits
from proper management can be expected,

Class VI

Soile in Clase VI have severe limitations that make them generally unsuited to culti-
vation and limit their use largely to pasture or range, woodland, or wildlife food and
cover,

Physical conditions of soils placed in Class VI are such that it is practical to
apply range or pasture improvements, if needed, such as seeding, liming, fertilizing,
and water control with contour fwrrows, drainage ditches, diversions, or water epreaders.
Soils in Clase VI have continuing limitations that cannot be corrected, such as (1)
steep slope, (2) severe erosion hazard, (3) effects of past erosion, (4) stoniness,

(5) shallow rooting zome, (6) excessive wetness or overflow, (7) low moisture capacity,



(8) salinity or sodium, or (9) severe climate. Because of one or more of these limit—
ations these soils are not generally suited to cultivated crops. But they may be used
for pasture, range, woodland, or wildlife cover or for some combination of theme.

Some soils in Class VI can be safely used for the common crope provided intensive
management is used. Some of the soils in this class are also adapted to special crops
such as sodded orchards, blueberries, or the like, requiring soil conditions wnlike
those demanded by the common crops. Depending upon soil features and local climate,
the soile may be well or poorly suited to woodlands.

Class VII

Soile in Class VII have very severe limitations that make them wneuited to cultivation
and that restrict their use largely to graszing, woodland, or wildlife,

FPhysical conditione of soils in Clase VII are such that it is impractical to apply
such pasture or range improvements as seeding, liming, fertilizing, and water comtrol
with contour furrows, ditches, diversions, or water spreaders. S5oil restrictions are
more severe than those in Clase VI because of one or more continuing limitatioms that
cannot be corrected, such as 31) very steep slope, (2) erosion, (3) shallow soils,

(4) stones, (5) wet soils, (6) salts or sodium, (7) wnfavourable climate, or (8) other
limitations that make them unsuited to common cultivated crops. They can be used
safely for graszing or woodland or wildlife food and cover or for some combination of

these under proper management.

Depending upon the spoil characteristics and local climate, soils in this class may
be well or poorly suited to woodland. They are not suited to any of the common culti-
vated crope; in unusual instances, some soils in this class may be used for special
crops under unusual management practices., OSome areas of Class VII may need seeding or
planting to protect the eoil and to prevent damage to adjoining areas.

Clasas VIII

Soils and landforms in Class VIII have limitations that preclude their use for commer—
cial plant production and restrict their use to recreation, wildlife, or water supply
or to aesthetic purposes.

Seils and landforme in Class VIII cannot be expected to return significant on-
gite benefits from management for crops, grasses, or trees, although bemefits from
wildlife use, watershed protection, or recreation may be possible,

Limitations that camnnot be corrected may result from the effects of (1) erosion
or erosion hazard, (2) severe climate, (3) wet moil, (4) stones, (5) low moisture
capacity, and (6) salinity or eodium.

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

The assumptions on which the classification is based arez-

1. That a combination of permanent moil characteristics and climate effects only are
taken as determinant; y

2. That within a class similarities are based on the range limitation for use;

3+ That a favourable overall long term investment ratic ies ome of the criteria used
for inclusion of a soil in a class;

4. That a moderately high level of management is assumed, based on local norms., Put
that the most favourable economic use is not implied in the allocation of a moil
for cropping capability;



5« That while Clasees I to V define soils suitable for long term cultivation there may
be greater within class variation in management requirements for perenniale than
between claBBes;

6, That water,stones, salinity problems etc., are not comsidered permanent factors for
the purpose of (1) above unless their extent or nature makes amelioration uneconomic;

7. Soile capable of amelioration are classified according to the probable subsequent
results, limitatioms, potential reversion etc. The economica of amelioration are
not a criterionj

8., Scile already ameliorated are grouped according to their continuing potential;

9, The assignment of specific classifications in an area can be changed following
major reclamation projects, the elfects of which are assumed to be consistent for
the foreseeable futurej

10. Groupings may be changed on the basis of new 80il capability information;
11. Socio—economic factors are not criteriaj

12, Soils I to IV require that mechanical cultivation is economically and practically
feasible;

13. Suitability for cumltivation does not exclude use for pasture,range, forest etc.,
and a claseification for these latter will not be coincident with the present onej

14. Specific assignment of classification indicem is done on the basis of research,
current practises and experience, Lacking data on current practiee, soils are
asgigned indicee through experience with similar nuil/climate conditions elsewhere.

The capability grouping of soils is designed (1) to help landowners and others use and
interpret the soil mape, (2) to introduce users to the detail of the soil map itself, and
(3) to make possible broad generalizations based on soil potentialities, limitations in use,
and management problems.

A publication by Brown (1963) illustrates how the land-capability classification is
used to help landowners and othera use so0il maps. Soila of the Flat Top Ranch in Boagque
Comty, Texas, were grouped into capability classes and the minimum conservatiom treatment
was specified for each class to meet the management objectives of the landowner. Deep
rooted legumes or perennial grasses were to be grown one year out cf every four on Claes I
goils, ome out of every three on Class II, one out of every two on certain Class III soils,
and four out of five years on Clase IV, Grasslands on the ranch in the higher capability
classes, not suitable for farming, were to be managed for better root development and plant
vigor by (1) leaving at least one-half of the annual growth and (2) providing timely rest
pericds to maintain the vigor of desirable adapted plants.

Almost all scil survey reporte currently published by the co—operative soil survey in
the United States have sections explaining claseification of the scils of the areas into
land capability unites - to introduce users to the detail of the so0il map iteelf,

Land-capability classification alsc assists in making possible broad generalizations
based on soil potentialities, limitations in use, and management problems in the United
States. Broad areas of land resource regions have been delineated (Austin, 1965) with data
from the land-capability classification and other sources. The national conservation needs
inventory, utilizing detailed soil and land use maps of 100 . and 160 — acre blocks from a
statistical sampling of about two percent of the privately-owned lands in the United States,
made extemsive use of the land-capability classifiation, partioularly in summarizing acre—
ages and future projections on conservation problems and land use relatiomships (Co-operative
Committee, 1965). Farm planning, urban planning, and regional planning in the United States
also makes extensive use of the land-capability classification.



The land-capability classification of the Soil Conservation Service of the U.S. Depart—
ment of Agriculture, of course, is seldom used in other countries exactly as it was developed
in the United States. Oenerally workers in other cowmtries adapt the principles of the
claseification, and come up with a modification more suitable to local plant and management
situations. In East istan, for example, the classification as used in the United States
was not well auited;" the envirommental conditions at hand were such that crops were grown
throughout the year, soil erosion is not a major problem, mmch of the land is flooded for
about half the year, and wetland rice is the principal crop grown. Classes developed were
Class I (Very good agricultural land), Class II (Good agricultural lamnd), Class III (Moderate
agricultural land), Class IV (Poor agricultural land) and Clase V (Very poor and non-agri-
cultural land). Subclasses included t (toxic materials), z (flood hazard), and x (hazard
of river erosion or alluvial burial).

LAND USE CAFPABILITY CLASSIFICATION

The land use capability classification used by the Soil Survey of England and Wales ig
basically an adaptation and revieion of the U.S5. land capability classification, modified to
fit conditions in Britain, Bibby and Mackney (1969 ) have summarized the classification in a
technical monograph, Some of the philosophy and history of land classification is put forth
in a Technical Report on classification of agricultural land in Britain (Minietry, 1962).
Clase V land, as defined for use in the United States, is not used in Britain. Definitions
of land use capability classes used in Britain are as follows.

Class 1
Land with very minor or no physical limitations to use,

S0ils are generally well drained deep loams, sandy loams, or silt loams, related
bhunic variants, or peat, with good reserves of moisture or with suitable access for
roote to moisture; they are either well supplied with plant nutrients or responeive to
fertilizers. GSites are level or gently sloping and climate favourable. A wide range
of crope can be grown and yields are good with moderate inputs of fertilizer.

Class 2

Land with minor limitations that reduce the choice of crope and interfere with culti-
vation.

Limitations may include, singly or in combination, the effects of (1) moderate or
imperfect drainage, (2) less than ideal root depth, (3) slightly unfavourable soil
structure and texture, (4) moderate slopes, (5) slight erosion, and (6) slightly um-
favourable climate. A wide range of crope can be grown though some root crops, and
winter harvested crops, may not be ideal choices because of difficulties in harvesting.

Clase

Land with moderate limitations that-restrict the choice of crops or demand careful
management, or both.

Limitations may result from the effects of one or more of the followingt {1)
imperfect or poor drainage, (2) restrictions in rooting depth, (3) unfavourable struct-
ure and texture, (4) strongly sloping ground, (5) slight erosion, and (6) moderately
unfavourable to moderately severe climate., The limitations affect the timing of culti-
vations and range of orope which are restiricted mainly to grass, cereal, and forage
crope. While good yields are possible, limitations are more difficult to overcome.

1/ Personal commmication to the author from H, Brammer, FAO Deputy Project Commissioner.



Class 4

Land with moderatsly severe limitatione that rerctrict the choi-e »f crops or reguire
very careful management practices, or both.

Limitations are due to the effects of one or more of the following: (1) poor
drainage difficult to remedy, (2) occasional damaging floods, (3) shallow or very
stony soils, (4) moderately steep gradiemts, (5) slight erosion, and (6) moderately
gavere climate., Climatic disadvantages combine with other limitations to restrict
the choice and yield of crops and increase risks. The main crop is grass, with
cereals and forage crope ae poemsible alternatives where the increased harzards can be
accapted.

Class 5
Land with severe limitations that restrict use to pasture, foresiry, and recreation.

Limitations are due to ome or more of the following defecte which cannot be cor—
rected: (1) poor or very poor drainage, (2) frequent damaging floods, (3) steep slopes,
(4) severe risk of erosion, and (5) severe climate. High rainfall, exposure, and a
regtricted growing season prohibit arable cropping although mechanized pasture improve—
ments are feasible. The land has a wide range of capability for forestry and recreatiom.

Class 6

Land with very severe limitations that restrict uee to rough grazing, forestry, and
recreation.

Of the following limitations one or more camnot be corrected: 81 ) very poor drain—
age, (2) liability to frequent damaging floods, (3) shallow moil, (4) stones or boulders,
(5) very steep slopes, (6) severe erosion, and (7) very severe climate., The land has
limitationse which are sufficiently severe to prevent the use of machinery for pasture
improvement. Very steep ground which has some sustained grazing valve is included.

On level or gently sloping upland sites, wetness is closely correlated with peat or
peaty or humose fluah soils.

Class 7

Land with extremely severe limitations that cannot be rectified.

Limitations result from one or more of the following defecta: (1) very poorly
drained boggy soils, (2) extremely stony, rocky, or boulder—strewn soils, bare rock,
scree, or beach sand and gravel, (1) untreated waste tips, (4) very steep gradients,
(5) severe erosion, and (6) extremely severe climate, Exposed situations, protracted
snow cover, and a short growing season preclude forestry, although a poor type of rough
grazing may be available for a few months,

The American subclass system is used, but an additional subclasa (indicated by lower
cape letter "g") has been introduced for gradient and soil pattern limitations on land use.
Effects of climate (c) have been carefully studied in Britain, and also related to land use
capability classes.

In Britain, land gradient (g) has a marked effect on mechanized farming. Slopes of
3-7° may cause problems with some gapping machines or mechanized weeders, precision seeders,
and some Toot crop harvesters. Slopes of 7-15°2 restrict the use of a combine harvester,
Two—way ploughing encounters diffioulties at about 11° slopes. Above 157 loading om trailers
im difficult. Slooes greater than 15° are not suitable for normal rotations and remain in
grass for long periods. Oradients above 20° are difficult to plough, lime, and fertilize.
Above 259 mome soil movement and the formation of paths across slopee by animale startas, and
no mechanized operations are poseible without specialized machinery.

Climate (¢) is also an important consideration in the land use capability classification
in Britain.  Climatic land use capability groups have been designed where rainfall - potential
trangpiration =< 100 mm (annual) and mean daily maximum temperature ie > 159C; where rainfall -
potential transpiration =< 300 mm and mean daily maximum temperature is 14-150C; and where
rainfall — potential transpiration => 300 mm and mean daily maximum temperature is < 14°C.



In general, altitude and annual rainfall also separate land use capability into the following
groups: (1) land over 2 00O feet is generally above the tree line and provides only poor
rough grazing, (2) land between 1 000 and 2 000 feet with more than 60 inches annual rain-
fall provides rough grazing but pasture improvement is generally not feasible, (3) land
between 500 and 1 000 feet with more than 50 inches amnual rainfall allowe pasture improve—
ment but is not suitable for arable crops, and (4) land between 400 and 600 feet with more
than 40 inches annual rainfall is mainly suitable for grass and limited arable cropping.

The report on soils of the Exeter district (Clayden, 1971) illustrates application of
the land ume capability classification to a specific area. Criteria of the claseification
of soils of the district are discussed in the report, and some classes and subclasses are
illustrated with photographs. A table in the report liste placement of each map wmit (Bcale
of 1 inch = 1 mile) into classes, and land use limitations of the mapping wnite. Some
earlier reports (Hall and Folland, 1970) assign grades to soil associations which are a bit
more generally defined, but follow the same general principle of land uee capability classi-
fication.

SOIL CAPABILITT CLASSIFICATION

S0il capability classification for apgriculture ie being used as part of the Canada Land
Inventory (Department of Forestry, 1965). 3Soil capability classification is made from soil
maps, and put into a computerized data bank system {Tomlinson, 1968). The soil capability
classification is modified from the U.S., land-capability clasesification, and resesmbles the
land use capability claseification used in England and Wales, but has been adapted to
Canadian conditionas.

The Canadian soil capability classification (Department of Agriculture, 1970) has meven
classes, briefly defined as umder:

Class 1

Soile in this class have no significant limitationsa in use for crope.
Claas 2

Soile in this clase have moderate limitations that restrict the range of crops or
require moderate conservation practices.

Limitations of soils in this class may be any onme of the following: (1) adverse
regional climate, (2) moderate effects of accumulative undesirable characteristics,
(1) moderate effects of erosion, (4) poor soil structure or slow permeability, (5) low
fertility correctable with consistent moderate applications of fertilizers and lime,
(6) gentle to moderate slopes, (7) occzsional damaging overflow, or (£) wetness cor—
rectable by drainage but continuing as a moderate limitation,

Claas 3}

Soile in thie clase have moderately severe limitatione that restrict the range of crops
or require special conservation practices.

Limitations of scils in thie claee are a combination of two of those described
wder clase 2 or one of the following: (1) moderate climatic limitations including
frost pockets, (2) moderately mevere effects of erosion, (3) intractable soil mass or
very slow permeability, (4) low fertility correctable with consistent heavy appli-
cations of fertilizeras and lime, (5) moderate to strong slopes, (6) frequent overflow
accompanied by crop damage, (7) poor drainage resulting in crop failure in some years,
(8) low water holding capacity or slowness in release of water to plants, (9) stoniness
sufficiently severe to seriously handicap cultivation and neceesitating some clearing,
(10) restricted rooting zone, or (11) moderate malinity.



Class 4

Soile in this class have severe limitations that restrict the range of crops or require
special conservation practices, or both.

Limitatione of moile in this class include the adverse effects of a combinmation of
two or more of those described in classes 2 and 3 or one of the following: (1) moder—
ately severe climate, (2) very low water hold capacity, (3) low fertility difficult
or unfeasible to correct, (4) strong slopes, (5) severe past erosion, (6) very tract-
able mase of soil or extremely alow permeability, {T} frequent overflow with severe

" effects on crops, (8) severe salinity causing some crop failures, (9; extreme stoniness
requiring considerable clearing to permit annual cultivatiom, or (10) very restricted
rooting zone, but more than one foot of soil over bedrock or an impermeable layer.

Claas 5

Soile in this class have very severe limitatioms that restrict their capability to
producing perennial forage crops, and improvement practices are feasible.

Limitations of soils in this class include the adverse effects of cne or more of
the following: (1) severe climate, (2) low water holding capacity, (3) severe past
erosion, (4) steep slopes, (5) very poor drainage, (6) very frequent overflow, (7)
severe salinity permitting only salt tolerant forage crops to grow, or (8) stoniness
or shallowness to bedrock that make annual cultivation impractical.

Class &

Soils in thise clase are capable only of producing perennial forage crops, and improve-
ment practices are not feasible.

Limitationa of soile in thie class include the adverse effects of ome or more of
the following: (1) very severe climate, (2) very low water holding capacity, (3) very
steep slopes, (4) very severely eroded land with gullies toc numercus and too deep for
working with machinery, (5) severely saline land producing only salt tolerant native
plants, (6) very frequent overflow allowing less than 10 weeks effective growing, (7)
water on the surface of the soil for most of the year, or (8) stoniness or shallowness
to bedrock that makes any cultivation impractical.

Clams
Soile in thie claee have no capability for arable culiure or permanent pasture.

Scile in thia class have limitations so severe that they are not capable of use
for farming or pasture. These soila may or may not have a high capability for tirees,
native fruits, wildlife, and recreation.

501l areas in clasees 1—i4 are also capable of use for peremnial forage crops. Goil
areas in all classes may be suited for forestry, wildlife, and recreation.

Subclasses are divisiona within classes that have the same kind of limitations for
agricultural use. Limitations and esubclasses are (1) adverse climate (C), (?) undesirable
80il structure or low permeability, or both (D), (3) erosion (E) 34) low fertility (F),
(5) inundation by streams or lakes (I}, (5) moisture limitation (M), (7) salinity (N), 35]
stoniness (P}, (9) consolidated bedrock EH , (10) adverse soil characteristics (5), (11
topography (Tﬁ, (12) excese water (W), and (13) cumulative minor adverse characteristics (X).
Guidelines have been prepared for placing soils in classes and subclasses at the national
level, but some of these will require modification for regional applications in eastern,
western, and west coastal Canada. Sections in soil eurvey reports and maps describe the soil
capability classification as well as productive ratings (Reeder and Odymsky, 1969 ).

The Canada Land Inventory also results in maps of land capability for forestry, recre-
ation, and wildlife (McCormack 1971); the same claseification principles used for agriculture
apply alsoc to the other land uses., Subclasses for recreation include: (1) angl or view-
ing of sport fish (A), (2) family beach activities (B), (3) cance tripping (C), fﬁ? swimming
or boat mooring or launching (D), (5) vegetation possessing recreational value (E), (o) water—
fall or rapids (F), (7) significant glacier view (G), and (8) historic or prehistoric mite (H).



IRRIGATION SUITABILITY CLASSIFICATION

The land classification system of the Pureau of Reclamation of the U.S. Department of
the Interior has been used or adapted in many places for irrigation projectsa.

A good general summary of the Bureau of Reclamation's land classification is given by
Maletic and Hutchings (1967). Detailed aspects of the method are given in the Bureau of
Reclamation Manual (Bureau of Reclamation, 1953).

The selection of landa for irrigation involves social, economic, and physical factors,
and construction of irrigation projects is generally very coetly. Consequently, the select-
ion of irrigable lands depends basically on economic criteria; the feasibility of a project
ig determined by overall coete and benefits, which vary from project to project. According
to the concepts of the Bureau, lands to be irrigated should have a favourable 'payment cap-—
acity' which is defined as the rempidual amownmt of funds available to defray the cost of ir-
rigation water after all other costs have been met by the farm operator. Institutional fac—
tors, managerial levels, farm practices, cosi-price relationships, markete, social conditions,
climate, and other factors are considered in determining the payment capacity for each
project and part of a project. In general:

T= —a+ bl —ck -dXy

Whiere Y = Payment capacity (dollars)

X1= Productivity rating (percent)
Xp= Land development cost (dollars)
X3= Parm drainage cost (dollars)

a,b,c, and d = Constante derived from farm btudget analyses

A large investment may be made to reclaim a saline-—sodic soil which after improvement
would yield a net farm income of 3700 per acre; in another climate and economic metting where
net income after improvement would only be 330 per acre, a soil having cimilar saline-sodic

conditions would be regarded ms non—irrigable,

Fhyeical, chemical, and biological evaluations of project areas are very important in
the Bureau of Reclamation procedures, particularly for characterization of climate, soil,
topography, and drainage. In a given climatic setting:

E -\J(s, T D)

where
= Eoconomic parameter
5 = Soil characteristice
D = Drainage characteristica
T

Topographic characteristics

The factore 3, T, and D are everywhere considered, but the individual characteristice
of each, such as texture, structure, horizon arrangement, depth, salinity and alkalinity of
5y micro-relief and macro-relief of T, and surface and subsurface drainage of D, are selected
on the basis of relevance to prediction of E at the given time or place., For land classi-
fication purposes, the quality of land for irrigation use can then be indicated by land
classes that represent specified meaningful ranges in the value of E.

In general, aes climate favours higher farm incomes, greater expenditures can be made
for land forming, farm distribution systems, leaching salt and exchangeable sodium, profile
modification practices, and farm surface and subsurface drainage. When considered in terms
of land class determining factors such as uneven micro-relief; soil texture, structure, and



depth; exchangeable modium and moluble salt levels; permeability of subsetrata; and depth to
groundwater barriers, then more severe deficiencies involving such factors can be tolerated
in climates favouring high incomea than in those resulting in lower incomes.

General definitions of land classes used by the Bureau of Reclamatiom are as follows:

Clasn 1

Arable lands of clase 1 are lands that are highly suitable for irrigation farming,
being capable of producing sustained and relatively high yields of a wide range of
climatically adapted crops at reasonable cost. They are smooth lying with gentle
glopeas, The soils are deep and of medium to faizly fine texture with mellow open
structure allowing easy penetration of roote, air, and water and having free drainage
yot good available moisture capacity. These soils are free from harmful accumulations
of soluble salts or can be readily reclaimed, Both soil and topographic conditiona
are such that no epecific farm drainage requirements are anticipated, minimum ercsion
will result from irrigation, and land development can be accomplished at relatively
low cost, These landspotentially have a relatively high payment capacity.

Claas 2

Arable lands of clase 2 comprise lands of moderate suitability for irrigatiom
farming, being measurably lower than clase 1 lands in productive capacity, adapted to
a somewhat narrower range of crops, more expensive to prepare for irrigation, or more
costly to farm. They are not so desirable nor of such high value as lands of class 1
becanse of certain correctible or noncorrectible limitations. They may have a lower
available moisture capacity, as indicated by coarse texture or limited soil depth;
they may be only slowly permeable to water because of clay layere or compaction in the
subsoil; or they alsc may be moderately saline which may limit productivity or involve
moderate costs for leaching. Topographic limitations include uneven surface requiring
moderate comts for leveling, short slopes requiring shorter length of rume, or steeper
slopen necessitating special care and greater costs to irrigate and prevent erosiom.
Parm drainage may be required at a moderate cost, or locee rock or woody vegetation may
have to be removed from the surface. Any one of the limitations may be sufficient to
reduce the lands from clase 1 to claes 2 but frequently s combination of two or more
of them is operating. The clags 2 lands have intermediate payment capacity.

Clase

Arable lands of class 3 are suitable for irrigation development but are approaching
marginality for irrigation and are of distinctly restricted suitability because of more
extreme deficienciea in the soil, topographic, or drainage characteristics than those
desgcribed for clase 2 lands. They may have good topography, but because of inferior
soils have restricted crop adaptability, regquire larger amounte of irrigation water or
special irrigation practices, and demand greater fertilization or more intensive soil
improvement practices. They may have uneven topography, moderate to high concentration
of salines, or restricted drainage, susceptible of correction but only at relatively
high coste, GCenerally greater risk may be invelved in farming clase 3 landes than the
better classes of land, but under proper management they are expected to have adequate

payment capacity.
Class 4

Limited arable or special use lande of class 4 are included in this clases omly
after apecinl economie and engineering studies have shown them to be arable. They may
have an excessive specific deficiency or deficiencies susceptible of correction at high
cost, but are suitable for irrigation because of existing or contemplated intensive
cropping such as for vegetables and fruite; or they may have one or more excessive non-—
correctible deficiencies thereby limiting their utility to meadow, pasture, orchard, or
other relatively permanent crops, but are capable of supporting a farm family and meet-
ing water charges if operated in units of adequate size or in association with better
lands, The deficiency may be inadequate drainage, excessive salt content requiring
extensive leaching, unfavourable position allowing perlcdic flooding or making water
distribution and removal very difficult, rough topography, excessive quantities of loocme



rock on the surface or in the plough zone, or cover puch as timber, The magnitude of
the correctible deficiency is sufficient to require outlays of capital for land develop—
ment in excess of those permisaible for clase 3 but in amounts shown to be feasible
because of the apecific utility anticipated, OSubclasses other than those devoted to
special crop use may be included in this class such as those for sub—irrigation and
sprinkler irrigation which meet general arability requirements. Alsoc recognized in
clase 4 are suburban lands which do not meet general arsebility requiremente. Such

lands can pay water chargea or a result of income derived either from the suburban

lands and other sources or from other sources alone. The class 4 lande may have a
range in payment capacity greater than that for the associated arable lands.

Clapses 5 and & - Non—-arable

Clans

Lands of claess 5 are non-arable under exieting comditiome, but have potential
value sufficient to warrant tentative segregation for special study prier to completion
of the classification, or they are lands in existing projects whose arability is de-
pendent upon additional scheduled project conetruction or land improvements. They may
have a specific moil deficiency such as excessive salinity, very uneven topography,
inadequate drainage, or excessive rocks or tree cover. In the firat instance, the
deficiency or deficiemcies of the land are of such nature and magnitude that special
agronemic, economic, or engineering studies are required to provide adequate inform—
ation, such as extent and location of farm and project drains, or probable payment
capacity umier the anticipated land uee, in order to complete the clamsification of the
lands. The designation of class 5 is tentative and must be changed to the proper arable
class or to clase 6 prior to completion of the land classification. In the second
instance, the effect of the deficiency or the outlay necessary for improvement is known,
but the lands are suspended from an arable clase wtil the scheduled date of completion
of project facilities and land development such as project and farm draine. In all
instances, class 5 lande are segregated only when the conditions existing in the area
require consideration of such lande for competent appraisal of the project possibilities,
such as when an abundant supply of water or shortage of betier lands exisis, or when
problems related to land development, rehabilitatiom, and resettlement are involved.

Clase &

Lands of class 6 include those considered non—arable under the existing project
or the project plan because of failure to meet the minimum requirements for the other
classes of land, arable areas definitely not sumceptible to delivery of irrigation
water or to provision of project drainage, and class 4 and 5 land when the extent of
guch lands or the detail of the particular investigation does not warrant their segre—
gation, Generally class & lands comprise steep, rough, brokem, or badly eroded lands;
lands with soils of very coarse or fine texture; lands with shallow soils over gravel,
shale, sandstone, or hardpan; or lande that have inadequate drainage and high concen-
trations of soluble salte or scdium. With some exceptions, class £ lande do not have
sufficient payment capacity to warrant coneideration for irrigation.

In a given project area, specific limits of soil properties and other parameters are
set up to segregate the different classes. Flexibility in the limita relating to each clasa
ie required, of course, from project area to project area.

Detailed land classification is usually done at a map scale of 1314 800 (400 feet to the
inch) to provide adequate information as to the extent and character of the various lands in
each 4C-acre tract. A emaller scale, not less than 1112 000, may be umed on fully developed
areas or on highly miform new land areas where no specific problems are associated with
soils, topography, or drainage and non are anticipated. Base maps at scales of 1:24 000 are
cons idered only for reconnaissance studies by the Bureau, and are used for preliminary evalo-
ations and for drainage basin studies (e.g: runoff, conservation) of areas not to be irrigated,
but within the general project area.



At the large scales employed a great deal of information can be put on the map by use
of letters, numbers, and symbols. The following example of some standard mapping symbola
ig nsed in USER land classification surveysa:

land class soil deficiency topographic deficiency drainage
\ 1 [l deficiency
L ‘_{// = g e flooding

"!—‘—-—.____________
C 2 2 B_X leveling
land use productivity ™ land developm farm water management an alnability

Although the Bureau of Reclamation's irrigation suitability classification sets up
gpecific limite for classes and subclasses, the specifications are not absolutely rigid, and
can be modified from one project area to another. In Thailand, for example, a Clase 1R was
set up for arable lands for wetland rice (Bureau of Reclamatiom, 1967), and included:

Lands that are hlEhlJ" suitable for paddy rice p"“d“ctinn uniden e e
spaileof groticins mumiained el pelsyivsle Mo vislde of r%é'f* amsocs

—.;;ng:t:h_ bl e e T L % }

uﬁ;—u‘ubauwhﬁarﬁcteﬂﬂiﬁf il V- “can“ﬁlﬁﬁub-;th& 5

_nulf—mlbﬂrgencef tut: the: m;il&mp ﬁf _reduc‘t—ion—prnﬂ.uc‘tg_rar a&:lmit;.r Bhi’:-uld nﬂ"ﬁ'_
be toxic to plant growth.,. These landa should occupy a- poaitinn with project.
facilities to aseure adequate runoff of surface water, These lande shall have
relatively high net farm income potential.

The feasibility report for the Pa Mong area in the Mekong River drainage basin is a
good example of adaptability of the Bureau irrigation suitability classification., The
Stage 1 study (Bureau of Reclamation, 1970) determined (1) lands in Laos and Thailand that
would be of the most suitable quality for a first-stage irrigation development along the
Mekong River a short distance downstream from the Pa Mong dameite, (2) the area that could
be served by an economically located and sized gravity conveyance system originating at Fa
Mong Dam, and (3) the scale of development that could be utilized under the economic and
social conditions that are expected to prevail in the region with project development.

Improvements and changes in irrigation agriculture also necessitate that the irrigation
suitability classification be constantly examined and revised when necessary. In the
Phoenix, Arizona area (Glaon, 19?&), for example, urban and industrial developments are
taking over former agricultural lands within irrigation project boundaries at a fairly rapid
rate; urban encroachment of farmland ie encouraged because the water charges for urban in-
dustries and residences are the same as for agricultural irrigation customers. Concrete
pipe, weather modification, radio-controlled water gates, computer—controlled dispatch

| centres for water distribution, and improved watershed comservation practices (McMullin, 1967,
are constantly changing the payment capacity and cost bemefit ratices of irrigated agri-
cultural lands,

MODIFIED STORIE INIEX

Land claseification by quantitative productivity indexes has been used in many places.
The Storie index, developed at the University of Califormia, illustrates principles of ap-
plication of productivity indexes in land classification that have been relatively widely
applied (Edwards et al., 1970). The Storie index method has undergone a number of revisions
over the years, as more data have been gathered and more experience has been cbtained in
u!i:lg it.

Master ratings developed for Oahu lands (Nelson et al.,, 1963) were based on general
character of the soil profile, texture of the surface poil, slope of the land, climate, and



other physical conditions affecting use of the land;j ranges in percentage values were selacted
for the various factors which were appropriate for the local conditioms. The land productivity

index can be ptated as follows:

Land productivity index m A x Bx Cx X x 7T

where A = Percentage rating for the general character of the soil profile
E = Percentage rating for the texture of the surface horizon
C = Percentage rating for the slope of the land

X = Percentage rating for site conditiome other than those covered
in factors A, B, and C (e.g: salinity, soil reaction, freedom

from damaging winds)
T = Percentage rating for rainfall

The land productivity index is a product obtained by multiplying a series of percent-
age ratings. Percentage ratings are converted to decimal equivalente for use in the formula
and the resulting product is reconverted to a percentage basis. The percentage rating for
each factor (A4, B, C, X, Y) increases as the favourableness of that factor increases. As
the land productivity index approaches 100 percent, the agricultural quality of the land
increases. Less productive land types have indexes with lower values., If even one factor
alone has a low percentage rating, that factor can substantially reduce the lewvel of the
land productivity index.

The following then were the criteria used in Oahu and their assignment to the factors
Ay By Cy X%, and Y. They are not necessarily applicable to other parts of Hawmii:

Table 1
A — Soil Types
a) 7 immature soile; subclassified on drainage and depth 100 - 20%
b) 12 well developed moils, subclassified on drainage and depth 100 - 10%
at latter index bedrock is expoped
o) Lithosols and regosols 85 -
at latter index there is virtually no seoil
d) Man made soils Deep 95 - 805
Shallow, well drained 70 - 60%
B - Textures
a) Normal 100 - 65%
latter index for sands
b) Rocky 85 - 20%
latter index is for Pahoehoe
£ — Slope
0= 10% Index 1007 down to
5 8o Index 15%
X — Miscellaneous
a) pH 100 - BO%
b) Salinity 100 = 5%
c) Pertility 100 - 659
based on Py0s, K20, CaO by Truog
d) Erosion 100 - B5%
e) Wind 100 - 854
T - Rainfall 98 - 55%

_ztter index for under 20"



To illustrate the use of the revieed Storie index the procesa for deriving it for Oahu
land type 10 wae:

Land productivity index = A x BxC x X x ¥

i = 37 percent because the soil is deep, well drained, and has developed in
uplande or old alluvium on upland terrarces

B = 90 percent because the texture of the soilse ie silty clay loam

O = 100 percent because the slope of the land ia in the O to 10 percent
range

% = 74 percent [ Table 1 ) because the surface soil reaction is medium
acid to slightly acid (98), the fertility level is poor (82), a moderate
level of ercsion has occurred (92), and wind damage and salinity pose no

problems {113'0). The product of the percentage ratings for these factors
ig .98 x B2 x .92 x 1.00 x 1.00 = T4 percent

T = 92 percent because the annual rainfall ranges from 310 to 80 inches.

Decimal ecquivalents of vercentage ratings for individual factors were multiplied in
pequence (A x B x C x X x ¥Y)s The resulting product upon conversion to a percentage basis
conatitutes the land productivity index:

AxBxCxXxY = Land productivity index for type 10
97 T 90 x 1.00 x .T4 x .92 = ,59 = 59 percent

The land productivity indexes for the various factors are given in table 2 for some of
the land types on Oahu, Master productivity ratings (table 3}) are assigned when product-
ivity of all of the land types of Oahu.have been evaluated. Yields have been specified,
for example, for lands used for growing pinapples, sugarcane, vegetables, alfalfa, pasture,
oranges, papayas, bananas, and trees., This type of land claseification has not only been
of great value to help in managing the best lande for the highest yields, but it hase also
been used for zoning the best agricultural lands for preservation from wrban encroachment -
an agricultural problem of considerable magnitude at the present time in Hawaii.

Table ?. Percentage ratings of individual formula factors and land productivity
indexes for several land types

Land type A B c X T Land productivity index
No. i x & & Z &
1 96 95 100 95 90 78
10 95 95 100 17 80 56
20 95 36 a0 68 Bo 45
30 95 15 90 81 92 48
40 92 L 90 91 80 45
50 q0 a0 50 B1 B85 28
60 23 85 15 55 1 T




Table 3. Master productivity ratinge for land productivity indexes of Oahu

Ranges in land productivity index (%) Master productivity rating
85 - 100 A
70 - 84 B
55 = 69 c
0 - 5S4 D
< 30 E
J
LAND SYSTEMS

In Auetralia, parts of Africa, and in some otbher places;, the land egystems approach has
been widely used in land inventory. This technique generally identifies areas with reason—
ably similar and recurring characteristics of climate, vegetation, geology, scile, land use,
and topography. Generally the mapping is done at relatively small scale (e.g: € miles = 1
inch; Rowan and Downes, 1963), but individual soils or other land characteristics (Coaldrake,
1961,) may be mapped at larger scales in smaller selected areas, particularly for the speci-
fic purposes of working out the history of the landscape (e.g: Litchfield, 1969) or for
project developments (Churchwosd and Flint, 1956). Oenerally, considerable chemical, morpho—
logical, and physical analyses (Stace, 1961) accompany the small scale maps, and a consider—
able amount of reeearch goees into the identification, description, and delineation of each
land mystem. As scale of mapping increases, delineations can be made with fewer soils and
other variables, and more precise statements can be made about use and management of the
areas (Beckmann and Thompson, 1960; van der Eyk et al., 1969 )+ In some places interdisci
linary teams consisting of several experts (e.g: geomophologist, soil scientist, botanist
work together as the survey team in doing the field work and compiling the report.

The study of the land in north-western Victoria is a good example of the land mysteme
approach. The baeic aim of thie survey of 14 000 square miles was to describe the various
natural environments and their relationships to land use, The integrated approach, consider—
ing the total enviromment, is emphasized, In this region, for example, & classification of
land based primarily on soils would fail to emphasize the differences in the productivity
of the light-textured claye for cropping as affected by different climates; the light-
textured claye are productive cropping soils in the Culgoa land myetem where the average
annual rainfall ie 14 inches, but the same soils cannot be economically cropped in the
Millewa land syetem whero the rainfall is only 10 inches.

Thirteen land systems were delineated in north-western Victoria. The soils were classi-
fied into morphological groups and subgroups, the topography into landforms, and the native
vegetation into structural units., In each land mystem there is a limited range of landforms
and soils in a characteristic pattern. A difference of one inch in average annual rainfall
can be significant; in these places subdivisions are made of climatic zones on the basis of
isohyets which are superimposed on the land systems map. Land use in the various land aystems
ie discussed primarily from the point of view of the erosion hazard, erosion incidence, and
the pattern of conservation farming which has developed, General recommendations for use
of the areas for the common practices are made for the different land systems. They can
also be made for parts of each land system, within the influences of the identified and
mapped variables of climate, vegetation, geology, soils, land use, and topography. Speci-
fic recommendations for fields or parts of fields, however, must be made by consulting
agricultural officers or from large—scale maps made especially for farm planning, Specific
recommendatione cannot be made for emall areas from emall-scale maps.



MOIERN AIDS TC LAND EVALUATION

Recent trends and developments in this field are discuseed in the book Land Fvaluation
which is a collection of papera of a CSIRO symposium, organized in co—operation with UNESCO,
to review the "5tate of the art" (Stewart, 1958). Technigues and principles outlined in the
book have many applications to land claesification for agriculture, although many of the ap—
plications illustrated are in the field of engineering. The parametric approach, to estab-
ligh impartial quantitative measurements for which parameters can be established for land
classes, offers considerable opportunities to advance land classification from the present
more qualitative stage. Generally, however, use of land is dependent on the interaction of
a number of parameters of various attributes, and not upon a eingle variable which can be
eagily measured by a machine.

Use of computers, mathematical simulation models, remote sensing, and new engineering
devices (e.g: for soil strength measurement, for aerial photographic interpretation) sug-
geets that substantial improvemente in land claseification, or at least in measurement and
analysis of some of the important parameters, will be implemented within the next few years,
Computer data banks, computer map printout systems, and computer retrieval programmes are
already being used in several places to put together, collate, and correlate large amounts
of data on soile, land use, slope, elevation, vegetation, climate, geology, drainage, and
other natural resource and social attributes. At the present time most of the programmes are
in the repearch and testing stages, and have not been developed into really efficient work—
able gyetems., The first indications appear very promising, however.

LAND USE INVENTORY

Land use mapping ie one of the most preliminary and one of the mogt important of all
land claesification coneiderations. Gemerally the present land use has been affected by
the papt land use am well as by emvironmental attributes. PFuture land use also is likely
to be influenced by past and present land use. In several places, extensive programmes are
underway to map land use along with other natural and cultural resources (e.g: Swanson, 1969;
Tomlinson, 1968; Wiebe, 1971).

In Canada, data collected under the computer information eyetem is restricted to five
typest (1) the present use of the land, (2) the capability of the land for agriculture,
{3) the capability of the land for fnrastr:r, {4) the capability for recreation, and (5) the
capability for supporting wildlife,

In the United States, the land use and natural rescurce inventory of New York State has
mapped land use and collected the data in a computer system; soil, geological, and agricult-—
ural characteristices have been added to the computer system, and other physical, economic,
and social data will be added later, The inventory was made from recent aerial photographs,
with ground control, at a scale of 1:24 000, and transferred to topographic base maps,

After mapping and production of overlays, cells of one square kilometer were identified on
the maps as a geographic referencing system for data etorage and retrieval. The Universal
Transverse Mercator grid myetem wase used, with 140 000 celle covering the state. Data were
then suwmmarized by cell: percentages of a cell in a certain area land usej numbers of items;
numerical typee (presence or absence); or mileages of various point count items. These data
were then keypunched on special coding forms, stored on direct access disce (IBM 23116}, and
became available for quantitative analysis and display.

The Center for Aerial Fhotographic Studies at Cornell University, which did the work
under contract to the Office of Planning Co—ordination of New York State, with assistance
from the Laboratory of Computer Graphice at the Oraduate School of Design at Harvard Univ-
ersity, has developed two computer programmes that anyone can use, even without experience
with computers or computer programming, These programmes aret DATALIST, which pro .ces



inexpensive direct listings and summarics capable of arithmetic and logical manipulation;
and PLANMAP, which produces simple or weighted computer graphic dieplays of area or peoin
data or combinations of the two, PLANMAP, a computer graphic programme, may alsoc be used
to identify and display grid celles with certain very specific qualities or combinatione of
mualities involving any of the presently coded 130 land use characteristics.

Agricultural land use in New York State is classified first as active (in commercial
use ) or inactive (fairly recently removed from agriculture)., Active areas are delineated
according to ume by major enterprizes — orchards; vineyards; horticulture; cropland in-
tensively used for cash crope; and lard used more extensively for crops related to dairy
and poultry, pasture, and speciality farmas. Inactive agriculture classificationa include
land fairly recently removed from active agriculture but not yet committed to forest regen—
eration, and alec land waiting to be devecloped or under comstruction for urban uses.

CORNZLL FARM AREA CLASSIFICATION

The syastem of farm classification developed in the Department of Agricultural Economics
at Cornell University for use in New York State haa been discussed by several reviewing
authors (e.g: Jrcks, 1946; Hilton, 1962)., HRecently the system has undergone a number of
revieionse that have made it particularly useful for inventory, resource planning, and legie—
lative programmes. The Cornell classification is an economic land classification (or farm
classification) made to forecast the general degree of farming success likely in various
areaB. By evaluating the present condition of farms, predictions can be made about the
aconomic viability of geographic areas for farming in the future, Although the best farms
tend to be located on the better soils, provieion is made in the classification to alse in-
clude areas with good farms on poor soils, or poor farme on good soils. In Lewis County
{Conklin and Lucas, 1954 ), for example, land classes were set up to include the following
claes definitions:

1. A pattern of mmall ownerships or inadequate adjustment of farm enterpriees
perasiste on a land resocurce which is bagically etrong., This situation holds
farm incomes at a level much below the potentialities of the area:

2+ An extreme degree of skill, thrift, and attemtion to good farming practices
by a group of farmers may reise the agriculture of an area considerably above
the income level which is normally supported by its land resource. As long
as the tradition of good farming persiete among the farm operators, this
unusually high level of income may persist. The risk, however, is high.
Any unfavourable circumstances or o change in the character of the population
may upset the fine operational balance, resulting in a decline in incomes and
in probable deterioration of the capital structures.

Evaluation of the farm areas is donme in a fairly systematic and quantitative fashion,
mainly from the economic point-of-view to evaluate capital investment and potentialities,
but considering all other relevant information as well. Maps are made at a scale of
1124 000 of the farms in the following fashion (Nobe et al, 1960):

"4 crew of four men travelling in a carryall-type vehicle made the field examinations.
The vehicle was equipped with a work table, filing cabinets, and a recordins machine,
One man followed the route on the aerial photographs as the group travelled, and made
continuous verbal notes on the recording machine, These notes described the buildings,
fields, crops, livestock, and other visible characteristics of the farme. Points were
numbered on the air photos and the notes were made with reference to these numbers to
permit an interwoven record. Another man, following the route on topographic and soil
maps, made a written record of observations about relationships between the mape and
the kind and level of farming observed, The third man supplied the others with photo-
graphs and maps from the files, and consulted reports of soil studies, farm management
surveys, climatic data, and other specialized materials as these became relevant at



various points along the route. The fourth man was the driver. The crew made north-
south traverses acrose the entire area at 5 to 10 mile intervals, travelling in as
nearly straight lines as possible. In this way they travelled on all types of roads
and saw as wide a range as possible of the use conditions that exist in the area.

The air photos, for both the areas seen in the field and those not seen, were later
examined in detail in the office. All notes made in the field were used at this time.
Studies of the photographe for areas that had been seen, together with the notes, made
it pomsible to claseify by photographic interpretation the areas that had not been seen.
Further studies of soil maps, climate data, farm management surveys, and other materials
were made., This work produced a classification of farms; a classification arranged
according to the intensities with which farms are being used., Farms were claseified
individually, then the areas were mapped to ghow differences among farms and between
regiona.”

In inventory evaluations, the Cornell farm classification has proved to be very valu-
able, particularly for predictive implications (Olson and Hardy, 1967) and for programme
planning (Conklin, 1969). The system enables integration of the following considerations
of agricultural land use: (1) soil resources, topography, conditions of climate, and water
resources; (2) location, markets for farm products, and access roads; (33 the level and
condition of farm investments in real estate and non-real estate items; (4) the present and
most probable levele of farming skills; (5) the feasibility and rates of adoption of new
technologien; (6) competition from substitute products and other farming regions, and local
income alternatives; (7) patterns of farm ownership and operation; and £) levels of farm
community morale, urban influences, and governmental policies affecting farming.

The Cornell system has been effective in presentations to the public and to legislative
groups, because it has several levels of generalizations or simplifications. Mape have been
constructed, for example, at scales of 1:24 000, 1:250 000 and 1: 500 000; these maps in
three colours ghow the classes (Conklin and Linton, 1369 )2

fireen identifies farmes that appear capable of supporting viable farm business

for the foreseeable future. Their land is well adapted to modern farming methods,
current capital investments are usually adequate and in good repair, new improve-
ments usually keep pace with technical developments, and most operators are akill-
ful and dedicated te continuing their units in agriculture.

Yellow identifies farms near enough to the economic margin to make their future
somewhat uncertain. Income prospects now provide these farm families the option
of continuing in farming, but not all will prefer this option to non-farm employ-
ment, and further developments in farm technology will tend to put these operators
gradually at a disadvantage. Only two—thirds of these farme are expected to paes
to the next generation ae full-time units, but individual circumstances will deter-
mine which businesses discontinue.

Red identifies farms judged obesolete for full-time use under modern farming
conditions. Thie includes full-time and part-time farms, but units converted
primarily to residences or other non-farm purposes were excluded from clasei-
fication altogether.,

Use of the maps and reports has convinced the general public and lawmakers in New York
State that agriculture is an important industry, and deserves to be protected. Recent
legislation hae provided for establishment of agricultural districts, where farming is
likely to remain viable and continue into the future. These agricultural districte are
given preferential tax treatment to encourage farmers to continue production on their farms,
and are also protected in other ways from urban construction encroachments and urban economic
preasures,



S0IL SURVEY INTERFRETATION

Joil survey interpretation deale with use of specific Boil areas (Bortelli et al., 1966
Steele, 1367); it ie similar to land classification except that it is not so broad or com-
prehensive, being confined generally to interpretation of soil map delineations and inter—
pretation of descriptions of soil profiles. Increasingly, however, soil survey interpre—
tation ie broadening ite scope to include also many envirommental attributes that can be
directly or indirectly related to goil profiles and to soil areas.

jo0il moisture regimes, as affected by climate, are also receiving prominent place in
80il classification system (Soil Survey Staff, 1970); in the Uhited States temperature
meapurements in soil profiles are being made routinely and climatic effects on specific
soile are being increasingly measured and quantified (Fritton and Oleon, 1972,

Seil survey procedures, and soil survey interpretations, are becoming more quantitative
B0 that they can be better fitted inte parametric land claseification schemes. Engineering
analyses are being adapted to better described scils for the various uses that must be made
of them, Emphasie is being increasingly placed on the comprehensive uses of goila; suita—
bility of seils for roads, foundations, sewage disposal, and irrigation affects development
of agriculture and rural areas as well ae urban areas; interpretations affect ing woodland,
rangeland, wildlife, and envirommental quality are being considered to be more important
from the point of wiew of the total environment. New kinds of engineering analyeses, like
measurement of co-efficient of linear extensibility (Soil Survey Staff, 1967), are of import-
ance to determine trafficability of moils for heavy agricultural machinery as well as to
determine probable performance of roadbeds of superhighwaye. As more data becomes available
to relate to epecific moil properties, soil profiles, and soil map units, better predictions
can be made about performances of specific soils under certmin management conditions.

A8 an increasing amount of data is collected and related to specific soil series and
80oil map wnits, ratings are being made of capability, suitability, or limitations of the
soils for the various uses to which they must be put. Ae soil series and soil map unite are
precisely defined, then predictions of performance or statement of limitations about a
specific soil under a specific use can be made with equal precision. Interpretations such
ap these are currently being standardized and computerized for soils inm the United States.
501l survey reports currently being published in the Urited States contain interpretations
of soil map wnite for many uses as well as yield estimates for different levels of manage—
ment (Edwarde et al, 1970; Giddings et al., 1971). Additional information, like location
of frost pockets and marketing conditions, are necessary supplements to the soil information,
more related to land claesification and economic comsiderations.
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2, INTERPRETATIVE LAND CLASSIPICATION IN FRENCE-SPEAKING COWNTRIESY

DIFFERENT TIFES OF LAND CLASSIFICATION MAFS

Throughout the world the usual purpose of pedological studies is to obtain a better
understanding of the environment in order to promote further development of agriculture,
forestry and similar activities. Maps (including erplanatory texts) produced for thism end
maiy have one or more purposes, €,g1

1« Actual soil use — an inventory of the exieting state of vegetation and
management ;

2+ Agricultural productivity - a map intended to¢ provide data for improved
production through the informed selection of BDilfﬂrcp combipation and
the poseibility of improvement of techniques not amounting to a drastic
change in current methods;

3. Agricultural potential - a map intended for the intemsification of agri-
culture through maximum investment and the accompanying radical changes
in current technigues, Irrigation, drainage, new crops, market gardening,
are amongst the possibilities;

4. Non—agricultural "mecondary” mape used for civil engineering purposes and
arising ae a direct consequence of the high level of information available
from the best type of pedological maps. Of comsiderable impostance in
developed countries.

Technigques used to provide map data

i. Pedological studies which lead to pure soile maps and from which a great
many interpretative mape can be derived.

Interpretative maps can wery often be used to reconstitute the original
soil map., Such pedological maps are costly because of the time consuming
nature of the data collection.

2. Phyto-sociological studies in which are determined the association of soil
with natural and imposed vegetation., These cost less but are time consuming
for the botanist who hae to learn the local flora and there are difficulties
with the correct assignment of soil factors to vegetation aseociation. The
method has ite highest value in areas where an envirommental factor is really
dominant, euch as aridity in the south of Tunisia or excess of moisture in
Sologme tf-‘ranca b

3. Combined geomorphological/pedological studies in conjunction with vegetation
as derived from aerial photos with careful ground checking permit, a soil
inventory to be ptarted. Made at 1:50 000 = 1:200 000 these studies indicate
the zones for more intensive survey., The cost im low im relation to full
pedological survey but the method is not very appropriate in areas with iren-
stone cuirasse or calcareous cruste, nor in the flat Sudan-Guinean savannas
or the equatorial forest. Basic referencee for these approaches in scientific
literature aret

Aubert and Fournier 1955 "Les cartes d'utilisation des Terres" Sols Africains
III.1. B9-109, and the U,3, Bureau of Reclamation lLand Classification Handbook
1951

1/ Summary in English of the document "Conception et Réalisation dee Cartes d'Utilisation
dee 3ols par les Pédologues d'Expression Francaise" which was prepared by M.J. Boyer,
Directeur de Recherchee, O.R.5.T.0.M., Paris.



tut Frencn speaking pedologists have rarely conformed 4o these systems and
almost always substantial modifications, to accomodate local cenditions, have
been made.  As a result there is a great diversity of soil map types, ranging
from TRAT)/and OMVA'e transpositions of the USER syatem to 5Ci's map of the
Aisne region, the latter a most complete example.

CLASSIFICATION OF LAND UTILIZATION FAPS

1o  Actusl usare maps document agricultural and forestry use of Jand at a given
moment. Their interest is more social and historical than agricultural.
Rarely requested as a prime object but sometimes arising from current siudies,
guch maps provide a mine of information whose walue increases with the passage
of time, The 3E3 map for Brive is cited.

2. GSoil characteristic maps om which are displayed physical, chemical and hy-
“draulic properties of scile (sometimes of each oil horizen) of the parent
material, Typically these do not offer comment cn crop petentialities but
they may indicate major favourable or adverse factors which can te interpresed
by the agricultural scientisi. Existing crop or vegetation conditions may eI
shown. The map, however, shows principally the permanent factors and =0 it
should not become obealete for perhane 50 years if the survey is really ex-
haustive (and hence costly). The cost is the main inconvenience, for tlLe
survey should be made of all permament factors regardless of their preeesnt
relevance. 30GETHA, OSCE?, IR'T and ORSTCM provide such maps zni even reontisnm
poseibls ecrope in the legend.

3. Thematic maps which are prepared in response to a specific purdose oFf JleLiTun
such asai 2

a) areas suitable for irrigation;
b) erosicn potential;
¢) suitability for a mew cropj

d) specific civil engineering needs.

Such maps may be prepared mainly or wholly in the eoffice 1f a sl charect-
eristic map is available, They can be prepared in isolaticn but such mipr
are generally made obeolete by the improvement in techmique and changer in
economic Tactors and may have a life of only a few yesrs. Agaia, the aotud
implementation of the recommendations based on the map may raise problens
for which the map is inadequate.

With this in mind pedologiste try *c foresee probiems by indicating not
only the limiting factors but alec the most commonly eccurring favourables
factora moat likely to influence future trends., These maps of 2n inter-
mediate nature are sgtill much less expensive than a full survey map.

4. Agro—pedological inventory maps usually made at gcales between 1:50 000 and
1:500 000 and most frequently at 1:100 (00, are either:

a) An inventory in the strictest sense and intended to delimit the zones
most iikely to repay intensive study. These are broad reconnaissance
gtudies carried out with a low deneity of ground cbservations;

b} Smzll mcale maps smynthesised from larger scale studies, PBoth of these
types of maps, because of their small scale, are of more interest to
plannera and economists than to agriculturaliste.

1f For sxplanation of abbrieviated titles of organizations mee 'Sources' at end of this text,



PREPARATION OF SOIL CAPABILITY MAPS

General

S0il capability maps show a jurxtaposition of areas each of which represents a soil unit
in terms of use/suitability. Words such as "classe" and "subclass™ are sometimes used by
French authore to describe the units but not in the same senee as these termes are used in
the United States; they must always be understood as wnits of s0il. These mape present those
factore believed to have substantial influence positive or negative on crop growth generally
and on specified crops.

Some of the factors aretg

Physical: slope, soil depth, texture, salinity, stones, toxicity, calcium,
water status.
Chemical: ocontents of N, P, K, absorption status, pH.

However, mapping of chemical data is less common. The French consider that these
factors are far from permanent and very sueceptible to modification by man,

French practice is not usually restricted to dieplaying limiting factors. Those likely
to be favourable and of apprecianble extent will probably be shown but solely in regard to
presence and intensity. Conclusions are not commonly stated.

Three gystems are usedt

al characteristics
b) thematics
c} intermediate (a combination of a) and b).

The following examples give some idea of the methods of mapping for each system:
Characteristice depend on what is coneidered the most prominent or moet important of

the factors. These will then receive the principal indicator namely flat colouring.
Secondary factors in order of importance are generally indicated by:

Barring of the colour vertically, obliquely, horizontally;

Striping of two or more colours to show conglomerates of units of one factor
or two factore of equal importance;

Delimitation of areas accurately by overprinted lines, dashes or dots, generally
black, white or blue;

Overprinting of circlea, triangles, squares, grids, providing a general guide
to an area and ite boundaries;

Overprinting of lettera and numbers.

Examples of this usage with the factors in order of importance aret Aieme (SCA).
Texture 14 classes from pure sand to pure clay in basic colours and hatching giving top soil
and lower horizon. Calcareous material yellow; peat, water, and substrata-striping., Hydro—
morphism by overprints. Lime, stones, and certain profiles by overprints. Drainage and
water capacity in the legend.

SCET=-Inter uses much the same system, For both systems, scales used are 1:2 000 -
1125 000. At smaller scales maps are illegible or must be oversimplified.



Soil depth and texture

Similarly CNABRL use coloure for three soil depths, and for texture, by shading based
on the GIPA triangle. Slope is by black etriping. Hydromorphism, lime, stones, and salinity
are all overprints, Decep horizons and parent materials are indicated by symbols in "windows".
Again the same Bcales to cover all factors, while at 1:50 000 deep horizon is omitted and
stones, lime and hydromorphism are simplified. At 1:100 000 upwards only depth, salinity,
hydromorphy and slope are depicted.

Fhyto—sociological

CEFE de Montpellier choose vegetation and water reserve for thelr main factore in
colour. They diestingpuish "Helophillic", "Hydrophillic”, "Meschygrophillic)"Mesoxerophillicy
and"Yerophililic"asgociations in the Sologne.

None of the "characteristic" systems listed above provide more than a detailed or very
detailed summarv of the soil characteristics. Capability is not included in the work but
pay be used to derive thematic "capability" maps.

Thematic System

Used by IRAT, ORSTOM, SCET-Inter, CNABRL, 35BS, OMVA to provide mape indicating the
degroe of guitability for a crop or emall range of crops throughout a particular area.

Such a map provides an integration of factors, not individually displayed, considered
as influential for the specified crop(s). Occasionally individual factors are displayed if
they are "limiting" or totally inhibitory. In addition to crop capability, guch mape muy
give irrigation potential, erosion likelihood, water availability etc, The make-up of the
map is gencrally simple with a minimum of overprinting.

Such maps reflect the current interplay of economic trends with agricultural techniques
and materiale. A1) of which can alter fundamentally within a year. The map is, therefore,
of short life only unless there exists also a pure moil map by means of which the thematlic
map can be upgraded in the light of improved techniques etc.

Intermediate mapping

as done by SSSPH, IRAT, SURT-Inter, SOGETHA, SES, OMVA, INRA consiste of a combination of the
two mystems characteristic and thematic: It 1a the type most frequently used and allows a
reconciliat ion between the pedologist wanting to inventory all the soil properties and the
user immediately interested only in a very few, and unaware perhaps that the rroposed action
will generate a new set of problems not answerable from a map of too limited a scope.

Such a map is a compromise, Its content is dependent principally on the finance allot—
ted to it (to the collection of data for it Yo It will vary from at best a puwre character—
igtic map provided additionally with a full interpretation appropriate to the questiona eet
and at worst an entirely thematic map restricted to display of a few "limiting" factors and
their disposition. Hxamplea aret

Irrigation suitability by OMVA which are virtually characteristic maps provided with
an interpretation for irrigation and drainage with six classes gimilar to the USHER and
"downgrading" factors slope, relief, terxture, depth, porosity, permeability, gtructure,
salinity, limes. The maps are in black and white,

Irrigation reclamation by AGG with limiting factors; two major of: alope over 15%, and
a 80il less than 40 om depth; and two minor of: unfavourable texture and mediocre fertility.
Permitting six suitability classes based on the integration of the limiting factors in each
sector, The maps prepared for agricultural use will also display texture lime, reclamation
need, subsoil, substrata.



Integrated textural maps by IRAT made in Madagascar on heterogeneous deep alluvial soile
of which the principal control is the capillary rise of water. Definitions are of soil to
120 cm and from 120-220 with integrated textures for each. The resulting combinations lead
to eleven classes of crop suitability from high to non—cultivable, Definitions for specified
cropas are given. Additionally, since levelling and irrigation ie possible as an alternative
to groundwater use the author proposed to add the textural classes and horizons for the top
(120 em) layer where such techniques could be employed.

Suitability for dry-farming/irrigation in Algeria is mapped using three maps: one pure
goils, one suitability for dry crops and one for irrigated crops. Omn these, suitability is
displayed by a colour and a letter for crop type and a number for suitability. A mirxture
of crops have their letters entered in a cartouche with subscript numbers (of suitability)
againet each letter. Certain desirable/essential worke are also indicated such as drainage.
These mape though thematic in character, are not of a temporary nature becamuse of the wide
range of options displayed and the resulting capacity for usage over a wide spectrum of
economic/technical combinations.

Suitability mape by SCET for Cahors define 11 units of soil combining slope, texture,
goil depth, substrata, stones., Each unit is precisely related to an approximate crop. Ir-
rigation needs are dieplayed. 11 colours are used for the eleven umits.

Thus there are a range of syetems of intermediate mapping of which the commom factor is
the provision of information as far beyond the immediate needs specified as finances will

permit. And with the maximum of adaptation to local conditions and phencomena,

Characteristic maps are normally specified in France as although costly, they can then
gerve a very wide spectrum of uses, Thematic and intermediate mape are mostly specified
overgeas though they are also occasionally used in the metropolitan territory.

EVOLUTION OF THE CONCEPT OF A UTILIZATION MAP

Studies in esoil mapping started 25-30 years ago in North Africa, 15-20 years ago 1in
Prance, In the beginning thematic maps were moat frequently requested either for new crop
promotione or for a specified regtricted mumber of factors considered vital by the client.
The latter approach being unwelcome to pedologists led to the soil survey being considered
an expensive and unwarranted lurury.

However, the limitations of pure thematic maps and thelr evanescence soon became ap—
parent leading to a reassesement of the pedological poeition. And so to compromises between
the two positione. As examples 12 years ago maize cultivation in the coocl cloudy Aieme
valley would have besn thought langhable, Now, thanks to adapted varieties and the opening
of a new demand through the Common Market, this area is an important maize oroducer. Again,
in the msouth of France peach suitability studies were baped on lime contents. Now there is
a lime resistant rootetock and the criteria for peach production have been significantly
revieed,

This type of technological revolution is slower in the developing countries so the purely
thematic map may be expected to have a longer life. But still the pedologist in the light
of these trends, prefers to show contributary factors which can, if necessary, be reassessed,
rather than an arbitrary integration not capable of resclution into ite significant phyeical
components. And so to an increasing extent maps of pure characteristice are prepared to-
gether with interpretative legends or ancillary mapes., Which latter can be oriented townrds
the non-agricultural client when requested.

Nevertheless, characteristic mapes have their drawbacks. The first of which is cost.
Sscondly that the pedologist conscious of the actual needs of the survey and of the need for
sconomy may restrict or slant his choice of items for recording and thus fail to collect



data whose importance lies in the future rather than in the present. And it must be remem—
bered that there is a practical limit to the data which can be displayed on a map of working
scale, And that the pedologist will have to supply a base for interpretation of the data
displayed or to prepare a thematic map therefrom.

This ie now the general trend in French circles and it does illustrate the confidence
built up between pedologists and their employers.

Development and appreciation of suitability

Having defined or recorded the seil properties the pedologist has to produce a method
of interpreting these in terms of the crop suitability in question, if he is to produce a
thematic or intermediate map or an interpretative annexe to a characteristic map. Loecal
conditions will determine the procedure to be followed. OCenerally a survey of farmers and
research studies will produce some correlation between cultivated plante and the socil data
being recorded, There will be a subjective element in such a correlation but nevertheless
it will be based on quantifiable cbmervations.

The pedologist will probably try to rank his factors in order of apparent eignificance
for crop growth (general and specified). Lack of water or flooding is inhibitory for all
crops whereas texture or pH affects different crope in different directions. The AGG method
has already been mentioned, major factors slope and goil depth; minor factors texture and
fertility; gpiving rise to 6 capability classes.

OMVA has a similar system based on salinity and texture together with stones, structure
and permeability.

SCAP define four series of factors - absolutely limiting: slope, shallow soil, water
logging, salinity. Limiting: rock, excess water, high lime, salinity in clay. Unfavourable:
steep slopes, shallow soils, active lime, stones, salt in eandy eoil, deficient in water.
Infavourable minor: friable horizons, limited water, temporary waterlogging, stones, lime,
less favourable texture, low fertility.

From these factors in combination seven suitability classes are defined. However, it
must be remembered with all these methods and those following that the pedologist's judge—
ment is involved,

Numerical indices

STORIE, SCET, OMVA, RIQUIER, DURAND, CNABRL have used systems in which each factor was
given an index commonly 1-5, sometimes 1-20 or as a percentage of 100 percent. Major factora
cover the entire range of indices (which may even include negative values) and minor factors
only a part, e.g: level of organic matter 80-100f. These indices may be multipled together,
added or expressed separately as a series in ranking order. Certain indices or index levele
have been included or indexed in this manner with the priorities dictated by the local
conditions.

Computerization

The use of the computer to provide suitability assessments has been considered but the
initial investment in programming and research ies heavy having regard to the complexity of
the inter-relationships. SOGETHA ie one organization which has made a start and hae produced
a programmed scheme., This, however, has not yet passed the test of time,

Bvolution of norms expreassing fertility

The procese has taken place via the use and adaption of the American system and is now
! tm!ﬂ;t_-_&ﬁ!&!:,_ 8.0rizinal norme concaived as functinng af
Fatigan - émﬁﬁ over: 50 o ‘cdarde fﬁmmﬁ fn”'uéﬂa
become " the benchmark, Lime Gontents at 051,




Texture is expressed through the GEPPA triangle. These are some current examples in a proceas
gtill very much under way. Again, the French attitude is towards localized norms rather than
an attempt to fit local phenomena into a global system,

Bvolution of colour and other representation

In this instance there is a distinct trend towards standardization of wiew point.
Green is used for the best soils, most favourable factors, highest capability classes. Tel-
low is used for the intermediate classes and red for the lowest levels of fertility. Blue
is used for hydromorphic representation. And where symbole are concerned, there is a desire
to etandardize usage in a similar manner. The only exception to this trend is in Tunisia,
where the display is designed to give the maximum visual impact.

To sum up the trend is towards the collection and mapping of complete data covering the
maximum of soil information and from which more specialized maps can be produced. And that
in the sphere of thematic representation, harmonization of colouring and printing is accepted
in principle and in the process of adoption.

GENERAL CONCLUSION

The goil use maps developed by French pedologists are diverse in form and concept. In
apite of a certain originality in every map, introduced by the concern of each author to adapt
as exactly as poesible to local conditions, one can claseify them in the following way:

= maps of actual land-umse making a special point of human enterprise on the
land whilst indicating the main natural formations of vegetation, Unfortunately,
these are not often madej

= thematic use maps showlng cultural suitability for one or a small number of
eultivated plants or ealse the study of several simple factors (for example,
the reserve of available water);

- maps of soil characteristice which describe a certain number of soil character-
istice in the most exhaustive poseible manner, without predjudging the cultural
ecapability of the eoil and ite future use; in summary, a map of the properties
of a superficial formation which is the soil (pedon);

= intermediate maps combining in various degrees the principles of the maps of
80il characteristice and those of the thematic maps. These intermediate maps
are often the result of a compromise between the needs of the client and the
wish of the pedologist to provide a document which is as general as possible.

The present evolution in the mapp of applied pedology tends more and more towards
elaboration of the characteristice mape (or of intermediate maps which approach the charact-
eristice map); the thematic map will then become a thing of the past.

Thus the map of soil characteristice becomes a kind of commmal store from which one
can extract thematic maps relating to agriculture or to other activities (public works,
urbanization).

One can aleo note a tendency towarde standardization of cartographic representation,
already far advanced for colours but much less so for symbole and overprints.

The causea of this evolution ares

- recognition of the rapidity of development of agriculture especially in the
developing countries which leads to accelerated 'ageing' of the thematic maps
in contrast to the maps of soil characterietice which, being very gemeral
documents, appear to have a longevity which is clearly more satisfactory,



- the demand for use maps by users who are not farmers or agronomiste but
public works engineers, town planners, etc.

In conclusion, the map of characteristice is the product of two considerations:

= to produce a general, long-lasting document;

- to reach the widest range of users, agriculture remaining, neverthelesa, the
privileged client.

(NOTE: This summary does not include extensive appendices which formed part of
the original document prepared by M. Boyer. These appendices provide
details of methods used by various French-speaking organizations for
rating and presenting data on texture, salinity, lime content, content

of stones, soil depth and slope.)
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3 LAYD EVALUATION AND CLASSIFICATIOR IN EAST-EUROPEAN COUNTRIESL/

INTRODUCTION

Specialists of all East-European countriea are deeply concerned in the elaboration of
methods for land evaluation and in the practical implementaticn of tie cvaluation and classi-
fication of farm and forest landa. Research Institutes of these countries have co—operated
for more than 12 years in this sector.

The examination of the main pre—ococcupations and achievements in the development and in
laying the foundatiion of work for the estimation mnd claseification of the production pot-
ential of farm landa should take into comsideration the following aspects:

1« theoretical principles and work asempticne:;
2. the object of land evaluationj
3. natural and man-created conditions coneidered;

#s the manner of expressing taxomomical and claseification categories, used for
land evaluation;

S5« theoretical land evaluation bases and schemes of the general systems;
5. wcorrelation between land evaluation and sconomic elements of production;
T« practical application of land evaluation workaj

8. period of validity of evaluation systems; the differential effect of additional
investments in agriculture and foreetry., In thie paper the author seeke to
synthesize the achievemente of the last ten y=ars. He ia fully comscico +hat
the subject is far from being finalized, so much the more that researches wir=
intensely continuing and new and valuable facte may appear at any time.

THECRETICAL PRINCTIPLES AND WORE ASSUMPTIONS

411 principles for th2 approach of land evaluation probleme appro=:uately originate
from the same apsumption, i.et that the determination of the farm land's production poten-—
tial should be made by coneidering the characteristice of thoee production factors which
control plant growth om a certain part of a given area.

With a few exceptions, stressed by some URSS (1) and Bulgarian (2) Scientisis - wh-
propose as & methodelogleal principle the claseification of farm lands according 4o the’r
eccnomic repulte, ignoring the factoras which determinw itheme resulim ~ all the other
research and practical procedures are based on the knowledge and use of analvtical meihods
for the determination — in a larger or lepeer measure — of the natural and man cres.ed con-
ditions controlling yields per hectare.

The specialists supporting the "ecconomic™ stand point of land evaluation, consider that
the total return from plant production and the net return are the only criteris which shonld
be used as a base for farmland evaluation and claseification. This principle was used by
the former Land Survey Service of the Austro-Hungarian FEmpire, and was based on the po—called
"gadastral net retwrn® which also included livestock. EHowever, ecologiste and pedologiste
from other countries do not coneider thie principle as satiefactory from the theorstical

i/ bty Ir. D, Teaci, and Mr, M, Burt, Institute d'Etudes et de Recherches Pédologiques,
Bucharest, Homania,



stand point, as it does not study those factors which contirol crop production. The said
scientists believe that when evaluating and classifying farm lands, one should etart by
knowing the characteristics of environmental factors and the way in which each of these
factors and conditione affect crop production.

Two basic principles may be simultaneously defined, as far as the manner in which land
evaluation is expressed i.e: 1) a formulation by relative values or comparison with a given
standard - usually the best lands; 2) a formulation by absolute values, i.e: in the cost of
the land as a monetary expression of the value of ite use.

Thim symthesis of work-assumptions shows that in the case of the smo-called "economic
principle", we start from the idea that yield is the only base for determing the production
potential of lands, while the "ecological principle" - which may be considered as deter—
mining the causes affecting production — may be umed to determine the causes which produce
erops, This principle is based on the assumption that actual possibilities are available
for determining the way in which each of the production factors affects crop production and
determines a certain percentage of it.

OBJECT OF LAND EVALUATION

The following unite are generally considered as land evaluation objectst

- ecologically homogeneous parts of the area (EHA };
= plots considered from a soil purvey stand point;
-~ lands belonging to private individuals or to state and -ﬂo-up-arativa farms.

If the principle of land evaluation according to production is used then the object of
evaluation can only be a portion of land, having a predeterminated area. On the other hand
if the ecological and pedological principle is to be applied then it is essential to first
draw up a detailed pedo—ecological study of the area and to determine the characteristics
of each of its homogeneous portions. It is obvious that the final characterization of farms
or other units is obtained by a computation of the marks or average classes of the weighted
means (EHA) of all the areas covered by each of the ecologically homogeneous unite.

Until about 10-15 years ago, land evaluation and classification were drawn up for three
main categories of land use: farm lands, pasture lands, and forests. At present, and chiefly
in Romania, an evaluation of all agricultural uses and for various crop plante has been
adopted, as the land is not used "in general” but for well defined purposes and ag it aleo
behaves differently, according to specific uses and to the cropa planted,

NATURAL AND MAN-CREATED CONDITIONS CONSIDERED

In the course of the evolution of land evaluation methods and concepta, a large number
of suggestions were made with respect to the number and nature of the environmental and econ—
omic factors to be considered,

The number of these elemente ranges from several hundreds - in which case only approx-
imations can be made on the manner they affect production - and five or tem, in which case
we may attempt to determine their gquantitative influence on product ion.

Table 1 presente the main factors considered in East=European countries when elaborating
land evaluation methoda,



Natural and economic factors considered for land evaluation and claspification

Table 1

Natural factora

Economic factors

Country Climate Topo—  Hydro- 1 Soil Distance 3State Plot  Flot

graphy logy to of shape area

> markets roads
T Prm Texture Depth [lumus pH Gleyfica~ Salinity
tion

Bulgaria x x x x x
Czechosle— x x x x X x
vakia
G-Dqu x X
Poland x
Romania X x x x x x x x x x x x x
Hungary x x x
U. S.5.R. x ¥ x x x




The minimal list of environmental factors and of their characteristics should include:

I, Cosmic and atmospheric factors
Light: duration, intensity

Temperature: averages, maxiomm, minismum totals
Rainfall: averages, evapotranspiration etc.
Wind: frequency, strength, direction

II. Edafic factors and conditions
Topography: forms, energy, slope

Lithology:  texture, geochemice, mineralogy
Hydrology: water: ite existence, nature and dynamics
Soilt depth, texture, humus content, reactions, gleyification, salinity etc.

I1I, Biological factors

Vegetal cover
Soil microfauna and microflora
Obviously, the number, nature, and characteristics of the above mentioned factors is
far from being exhaustive. However, in certain cases some factors and conditioms, mainly
some of their characteristics, are correlated and may be eliminated from the above list, as

they are reciprocally conditioned and therefore determine certain relationships between
them.

One of the most difficult tasks when studying problems related to land evaluation and
clasgification is the identification and isoclation of the effect of each factor. That ia
why the multiple statistical method is required and a large number of situations must be
coneidered in order to be able to examine a variable, all the other factors being constant.

According to several scientists from Eastern-Europe the following economic factors
should be coneidered:

= the distance to markets;

- the state of the roads;

= the area and shape of plots.

A8 a rule the following economic indexes are considered, as they express the final
production results:

- yield per hectare;

- coste per hectare and tonne of products;

= walue of the total crop production per hectarej

-~ net returns per heoctare;

- production coste per hectare,.

Economic indexes may wary very much as they actually represent the factors for comparing
the modificatione of the various features of envirommental factors and conditions.



EXFRESSION OF CLASSIFICATION CATEGORIES FOR
LAND EVALUATION AND CLASSIFICATION

Generally, the various categories of land quality are expressed as classes. However,
the relationship between these classes is only relative and it is often necessary to explain
the way in which the absolute values of these classes decrease or increase.

The number of classes varies with countries and authors, the highest number met in the
ppecialist literature being 11, and the lowest 3.

As early as the past century and simultaneously with the definition of the notion of
land evaluation, scientists suggested that soil quality should be expressed in pointe by
drawing up schemes including a series of marks for the various features of envirommental
factore.

Expresaing soil quality by means of closed schemes, with points ranging from 0 to 100
is actually the relative expression of soil gquality as compared with a gtandard, As a rule
thie standard is expressed as the optimum ecological condition. Schemes with 100 pointe are
in turn divided in classes by introducing a series of intervals either from ten to tenm, with
ten classes, or from 20 to 20 with five classes. Sometimes eight classes are established.

Leaving aside the difficulty of theoretical basie of the cloged land evaluation schemes
with 100 points in use in Europe, we must recognize that the latfer offers several operational
advantages, being easy to use and expressing more accurately the relativity of the "value"
of land evaluation claeses or points.

Recent researches mostly carried out in Romania show that a mathematical basies for land
evaluation schemes with 100 pointe may be obtained.by using the determinants ( ) cal=-
culation method.

Another way of representing land evaluation categories is by using crop plants which
may be grown on a certain category of land, as for instance: land or soilsj for wheat and
beets, rye and potatoes; lupin and seradela. Maturally even in this case, significant uif-
ferences of value exist from one land category - thus expressed - to another, which are «ven
in some cases subdivided (Poland, D.R.G., Hungary - a former suggestion, 1961). In other
cases, lande are classified according to the number of plants that can be grown and in which
those lande allowing the largest mumber of plants to be grown are congidered the best.

THRORETICAL AND ECONOMICAL BASIS OF THE GENERAL
LAND EVALUATION SCHEMES AND SYSTEMS

S0il fertility, or more accurately, the productivity of farm and foreet lands, is a
particularly complex economic and social category so that it is very difficult to express
properly and ie the cause of endless controversy.

In all areas of human development, the notion of "good" and "bad" lands has existed
gince the furthest antiquity. However, never has a unit of measure, this "goodnese" been
defined in universally accepted terms.

A4 multitude of factors and natural or man—created conditions control the production of
spontaneous vegetation and crop plants, and interact for reciprocally stimulating or imped-
ing growth. However, each of them acte in ite own specific way.

In the course of time and chiefly after nutrition mechanisms of plants had been ex-
plained, several attempts were made to define the chemical and physical factors of plant
nutrition, and factors capable of affecting planit growth and fructification were identifien,



It ie largely known that all environmental factore, excepting topography and edaphic

volume = differentially affect production, with a curvilinear representation of their favour—
ability rising from a minimum t0 an optimum and then going down again towards the minimum
when the respective factor is in excess or becomes harmful. This action may be principally
expressed by the following curve:

ntly
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Moet of the land evaluation schemes have been based on the vrincivle according to whinh
product fon  incréases similtanecusly with the increase of the characterization values of th
features of factors.

Thie procedure is erroneous, and therefore the schemes were often criticized.

Sometimes, along with the physically measurable elements, several so—called quality
indexes were also considered which affected both the production and land management levels

Frequently evaluation schemes concern only the soil, as the latter is considered as
being the depository of all the influences of the other environmental factors and comseque
as faithfully representing the global ecological conditions, Sometimes certain correction
are included according to climatic indexes (Bulgaria, Hungary).

During the last ten years (1962-1972), researches were undertaken in Romania for a
methodology for the drawing up of land evaluation schemes, Resulte are summarized here—
after,

Considering that it ie not poseible to determine an absolute walue for land on a mone
tary or gold base, the old conception of drawing up schemes based on "evaluation points”
was conserved. The best ecological condition being accordingly marked with 100, and comsi
ered as being in a relative relationship with the others.

Consequently the manner in which each production factor with a measurable property
(chemical, physical, hydrological, heat, etc.), affects the production level of a certain
s0il, or rather of an ecologically homogeneous area should be determined.

A large number of data were gathered, concerning effective chemical and physiecal seil
characteristics and ecological conditione were accurately determined as well. Simultaneon
production data were obtained for the main field-crops, both from experimental statioms an
production unites and in certain cases also information on cost prices.

Calculation of the simple correlation of production with a series of envirommental
characteristice (soils, climate, topography, hydrology) shows in the first place the way
these characteristice are correlated with production. In order to avoid erroneous data, a
preliminary selection of cases was made, s0 that only the studied factor would be variable,
the others remaining am far as possible constant.

Significant linear and curvilinear correlations were thus obtained, aseessing correla-
tive relationshipe between the various features of natural factors and crop production,

On the basis of the results obtained, several empirical curves were plotted, showing
the way in which the various environmental features affect orop plant production.

Simultaneously, information was obtained concerning the rate of production increase wi
the value of independent variables,respectively of characteristics of ecological conditions
taken individually, changes.

Further multiple correlations were computed.



Knowing that RZ represents the global determination of the respective correlation, partial
determinants were calculated in the case of multiple linear correlation,

Cne of the main conclusions to be drawn from these studies is that in order to obtain
maltiple correct correlatione and respectively a correct determination of the part each en—
vironmental factor and condition play in production, the following principles should be
regpected:

1. To accurately determine the actual and possible area of growth and fructification
for crop plant for which land evaluation is made, and to eliminate from the very
beginning all imposeible or absurd cases;

2 Inta concerning the characterization of envirommental features used in the computer
for obtaining multiple correlations in order to determine the part of the various
features play in erop production, should have a correct ecological significance as’
they are obtained from simple correlations according to their actual effect

i» The studied community should: a) be representative, b) exceed 50-100 cases having
4 rational and uniform agrotechnical levelj the cause factors (Xq) should be prop-
erly selected so that the global determination (R2) be in excess of 0,80.

The number of factore studied ranged from 3 to 7. As a rule it is wime to Tirst estab-
lish partial correlations between all the factore which can be considered and to eliminate
all the interrelated ones, sc as to reduce calculations and to obtain higher levels of
determination,

Land evaluation schemes for conditions prevailing in Romania have been drawn up consid-
ering the following characteristice of environmental factors and conditione:

1« <limate 1«7+« Mean annual {emperatures
142+ Mean annual rain fall

2+ Topography 2.1, 3lope
Cs2s Exposure

3« Hydrogeology 3¢1s Depth of the water table

3.2, Nature of water {salt content)
3.3, Floecding hazards

1, Soil fA¢1s Total depth (edaphic volume)
4.2, Hurue content (t/ha)
4+3. Available water capacity mm/150 cm
deds PH
4.5, Tota) Fallg content
4.5, Talinity level
1.T« Gleyification

Based on the above meniioned principles, Fig.1 illustirates several empirical curves
showing the way in which the yield of a certain erop plant - say corn — may be affected by
each of the considered features, Some of the curves are based on calculations, the others
being more assumptions developed for the use of further research in this field.

dimilar research and studies are at present carried out in all the countries of Eastern
Burope. They will help 4o shortly establish a series of land evaluation systems specific to
each of these countries. Although based on an unitary principle, i.e: the mathematical
determination of the basis of evaluation schemes, theee systems will be adapted to the epec-
ific conditione of each country. DBesides a wnitary methodology does not imply an identity
going as far as the superposing of all indexes, but rather the respect of objective precred-
inge based on biclogical and economic laws and on the social relationehips existing at a
certain stage of development of our society,



Fig. 4. — Some examples of empirical curves for the establishment of parameters
on the base of natural daks concerning the Features of environmental Fac-
tors. in view of bheir use For bhe calevlakion of Fackors' relative weight, for

COrn growing.
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RELATIONSHIPS BETWEEN FARMLAND EVALUATION AND CLASSIFICATION
WORK AND THE ECONOMIC ELEMENTS OF THE PRODUCTION UNITS

The actual purpose of farmland evaluation and classification work cencerns the rational
and efficient use of these lands and just returns for all workers in this branch of economy
(farmers, hired labour). In all cases, this kind of activity is carried out with a well
defined pragmatic purpose and only the theoretical premises require effective scientific
research.

The economic elements with which farmland evaluation and classification studies are
conéerned and related are finally synthetized by the returne obtained per unit/area of the
agricultural activity, and in particular crop production.

Land evalustion and classification allow us to determine the rational economic and
social limits of land use by analysing economic relations of each time period, with respect
to the actual needs and capacity of man to use land in a given form.

Tn all the countries considered, the land categories determined by evaluation and classi-
fication are given an economic interpretation expressed by synthetic indexes (marks, points,
classes ) with an actual signification for the production potential. Thus for instance in
Romania, it is possible to obtain in the present phase and with an above average technology
for each evaluation mark (points) of a given crop,60-T0 kg corn, 50-60 kg wheat, 30-55 kg
sunflower, and 400-600 kg potatoes.

This method of expression is very useful and adequate for agro-economists as it enables
them to use the data in the computer. Thus presentation of ecology in a quantitative instead
of a qualitative form, becomes the only one to be processed in mathematical models.

PRACTICAL APPLICATION OF LAND EVALUATION AND CLASSIFICATION WORKS

The use of land evaluation data in econom:c studies is as old as this activity itselr.
in some cases application, if required by siringent necessity, even preceded drawing up of
theoretical premises.

The range of application of land evaluation in the above-mentioned countriee, is ae
shown in table 2, However, owing to their close relationship with some aspects of the econ-
omic and fiscal activities, it is not possible to present the whole range of their possible
uses.

As a whole, however, classification based on land evaluation may be used for the out-
lining and redistribution of the differential ground rent which appears whatever the form of
land tenure may be as a consequence of productivity differences and of the differential
efficicncy of the steps taken for agriculiural crop production increase (additional invest-
ments in farming acti\riti&B].

Tn some countries (Poland, G.D.R.), the cost of land is computed on basis of land evalu-
ation data and of general economic relationships, both for buying and selling in the range of
farm and forestry production, and for estimation purposes when land is reallocated as to
usage (industrial and social objectives, roads etca Je

Coneidered as an essential part of the cadaster, land evaluation has the main task to
allow drawing up the qualitative inventary of land resources, which is the base of all current
and prospective economic plans.



Table 2

Nain wectors of wme of lamd evalwatiom amd classificatien data in some mecialist countries

Flald of activity

Techaical Techaical and scomnmmic Economic and tax pelicies
Countriea Investments Anoually dif- Prodwction Selection Crep Land Taxen Subvent icna
fearentinted zomation of usem location differentinl

pricas

Bulgaria x x : 4 x

Czachomle— x x x x x

vakie

g.D.H. I I x x X x

Poland x x x x

Romania x x x x x x

Hungary x x x x x

B.3.5.R,. 4 X I x




FERIOD CF VALIDITY OF LAND EVALUATION AND CLASSIFICATION WORKS.
ASPECTS OF THE DIFFERENTIAL FEFFECT OF ADDITICNAL INVESTMENTS IN
AGRICULTURE AND SYLVICULTURE

Having as a main feature the close relationship with the economic and social conditions
of the time when ihey are undertaken, land evaluation and classification have a periodical
character and therefore must be periodically brought to date, when so required by social and
economic conditions.

We may distinguish on the one hand several ecological factors which remain unchanged
for quite a long time, and on the other rapidly changing elements. Changes accelerate as
farming and egylviculture become more intensive, following an increase of invesiments and
technical equipment.

It is, therefore, ¢ the utmost importance to understand accurately and in time,the
way in whign ‘he various ecological factors may produce more in the given new conditicns.

The normal interval of time after which any land evaluation should be revised is about
10 years. In some instances, however, classification systems such as the German or Austro-
Hungarian remained mnmodified for more than 40 and 50 years respectively.

However, those systems too are subject at present to adaptations and corrections in
order to bring them up-to=date.

The period of validity alsc depends on the rate of application of the new technical
findings, so that it is believed that in some instances these periods should be reducec o
5-7 years.

Concerning the effect of capital and current investments in agriculture, ii shogid he
kept in mind that these investments highly complicate land evaluation and classificition.
™o influence of fertilizers and plant breeding nesociated with the unlimited range of
natural conditions requires careful arrangement of the factors forming wide ranges of cur-
relations. This arrangement should br such as to enable us to determine for each particular
ecological condition the action of each mew Teriilizing or plant breeding method and the
economic regults obtained in these new conditionn.

Repearches carried out both in Romania and nome other countries of Eastern—Burope, nave
helped to determine some aspects of the increase of land potential, as a consegquence of 1ir—
rigation, drainage, and erosion control, (n the base of thepe data it will be poraible to
determine the required modifications of clasaes and Jand evaluation marks respectively and
to select new areas to be reclaimed with respect to the pomseible economic effect.

The effects of the various reclamation works vary, depending on ecological conditions,
Thus for instance in Romania, irrigation applied on sandy soils increases yields by ~ tc 7,
while if applied on groundwater weitted chernczem, yield increaees will te as low as i,7 or
1,2.

Similar examples may be given for a number of cases. However, as research in this [lels
is only in its infancy, no conclusion may yet te d-awn.

SUMMART

Highly important studies, research, and operatione are being achieved in the Easi-
Buropean countries concerning evaluation of farm and forest lands. Methods used are speci-
fic to each of these countries. Most of the land evaluation methodologies are based on a
common principle, i,er the determination of the production potential of landa on the basis



of features of the controlling environmental factora. Omn the other hand it is comeidered
that land evaluation is valid only for a certain periocd of time and therefore should be
periodically adapted in accordance with the development of new technologies and the bio—
logical amelioration of plants.
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4 A SUMMARY OF PARAMETRIC METHOIS OF SOIL AND LAND HLWW

INTRODUCTION

The parametric method consists of (1) evaluating separately the different properties
of soils and giving them separate numerical valuations according to their importance within
and between each other, (2) combining these factors (numerical values) according to a math-
ematical law taking into consideration the relationshipe and the interactions between the
factors to produce a final index of performance, (3) which in turn is used to rank soils in
order of (agricultural) value.

Thig method hag most varied possibilities such as the classificatiom of sells according
to fertilizer meed, suitability for irrigation, transport of heavy loads, forestry, or
pimply to "display the agricultural potential in the widest sense,

PRINCIPLES OF THE METHCD

Bach factor has an influence on'the final result according 4o ite own equation other
factors being considered constant. For example, production is a positive function of depth
of soil. The index of this factor is a mathematical function based on 55150100 (1-e—8x)

which expresses that when the depth of seil increases, the production also increases, at
first rapidly then tending to an asymptote, constant for any givem crop but varying accord-
ing to the rooting depthe of different crope. Thus a = 0.10 for market gardening with little
root growth and 0,02 for forest trees.

This equation arises from experimentation and is empirical and can cnly be confirmed
by the actual yields.

The combination of facters toc include their interactions may follow any of three methods.
(1) additive, (2) additive and subtractive, (3} multiplicative, (4) a more complex equation:

P = f(C'xC"yC"'zetc)

P om CX'+C"F + C™2 seueal(1)
PaC'ys + 0% —C''"'s5 .....(2)
Pa(0x') (0F) () caess (3)
P=A (1=(x=b) (y-c) (2-4) seuas)

P the production (kg/ha); x y and z being factorst depth of soil, texture, saturaiicn
etca,; Ab ¢ d are constants, C' C" C"' are the mathematical functions appropriate to the
individual factors.

The moet simple, the additive method, postulates that each factor operates without
mutuwal interfarence which does not seem to be the case in nature. The additive and sub—
tractive method assume that all the favourable factors add together while all the harmful
ones subtract from each other, The multiplicative method is certainly an improvement and
allows using the law of the minimum., TYield ie limited by the lowest factor. Particularly
if it is a factor inhibiting production it will be indexed "0". So thie method of calou—
lation appears realistic and conforme to the experimental data.

Example: increase in production as a function of nitrogen applied ﬁth,"withuut irriga—~
tion. (mee Fig.2,)

1/ Prepared by J. Riquier, FAO, Rome, and incorporating material from Riquier and Schwaar
(1972).



The Baule function (Baule 1937) is a multiplicative use:
Fomk {1 =) [1aa™0 a0 5ie

other and more complex functions can be utilized and are characterized by a family of curves
e.gt (x=P) (y-P) (100-P) = A, (see Fig.2.)
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Generally, production ie expressed as a percentage of the maximum obtainable with all
conditions optimal,

_ If one uses the crop as parameter one can determine the suitability of a (specified)
soil for that crop., Vary the parameter (alter the crup], calculate the resulting indices
and the highest index specifies the crop most suited to that msoil.

Conversely specify the crop and take the soil(s) as parameter(s). The highest index
now shows the goil most suited to that erop.

If in addition external factors such as slope, climate etc., are used then a soil
claspification is produced.

THE MAJOR PARAMETRIC METHOIS

A great many parametric methods already exist; wmfortunately, none of them are pre—
eminent, It smuet be noted, however, that considerable improvements have been brought to
these methode with respect to the number of productivity factors coneidered, the adoption
of the multiplication procedure, the inclusion of meveral crops etc. It is believed that
the most difficult point to overcome is to develop further and to adopt intermationally a
satisfactory method of worldwide range application,

Historically, the first application of a parametrioc method seems to have been made by
FACKLER (1?23] in Bavaria., Thie extremely simple method, later adopted as a reference for
land taration, is based on the addition of a few factors only - humus content, depth of soil,
etc. It is prone to the above mentioned short-comings of the aritlmetical procedures.

A popular method is the Storie Index (1937) revised in 1944, 1948 and 1955. It is &
multiplication method based on factore such as the scil series, the slope and meveral others.
Its drawback is the introduction of the soil series because some of the characteristios in—
cluded in this synthetic factor are introduced again in the formula through other specific
factors., The Storie Index was developed in California with reference to the soil series of
that region; conmmequently, other indices wust be proposed slmewhere whenever new soils ooccur,



Clarke (1950) developed a productivity index based on a very simple multiplication
formula substantiated by field trials; this formmla considers the three following factors
only: texture, depth,and drainage of soile,

Riquier, Bramac, and Cornet 51970} proposed a mmltiplication method neing seven physi-
cal and chemical characteristice (or their substitutes) of the moil with a view to obtaining
a sufficiently general productivity index covering the three following major agricultural
areas: crops, pasture, and forestry. The limiting factors can be improved or even suppressed
through adequate improvements. For example, the malt content will decrease with soil leach—
ing practices producing lower ealinity waluem; this new value is then introduced in the
general formula, thus yielding the potential productivity after improvement. There is great
flexibility in the method since it is also possible to introduce in the formula the kind or
level of upgrading which is economically or technically feasible. However, the system over-
simplifies the influences of both climate and improved management practices on productivity.

In the USSR, Blagovidov (1960}, Taychinov (1971) and others apply some simple f‘acturu;
e.g: humus content, texture, etc., and add them together. Their ambition does not go beyond
the formulation of indices of regional value.

More elaborate methode have been developed by Bulgaria and Romania.

The Poushkarov Institute in Sofia, in particular, set up a comprehensive land evaluation
method using the addition procedure for some factore and multiplication for the others.

It is believed to be the firet time that different evaluatione were made for different
crope — wheat, maize, sugarbeet, lucerne, cotton, apples, grapes, etc. Naturally this leads
to the production of a large number of tables. An attempt to appraise the economical walue
of the land in terms of income per hectare is thus made with relationship to the product-
ivity of the various crops comsidered in one rotation, their respective area, the present
marketing price, etc. Although some factors extermal to the soil are comsidered too, for
example irrigation and slope, others such as the application of fertilizers are overlocked,
probably because they are too difficult to evaluate, Apart from the inherent faulta of the
addition procedure already mentioned, the indexins is inconsistent. In the case of grares
for example, a water table level lying between O and 300 em is considered prohibitive and
indexed O accordingly, although it is obvious that a water table level of 299 cm doee not
imply zero productivity.

In Romania, Teaci (1964 and 1970) is ocurrently applying an addition and substraction
method using compounded factors (-15 to + 15 for the slope, O to & for the total phosphorus
content (ete, ). As in the Bulgarian method, correction factors are used to multiply the
figure of the addition and evaluation is also made for a number of cropsm. The climate, the
relief and the hydrologicel conditiona contribute 26, 20 and 20 percent respectively of the
final score, The socil component covere the remaining 34 percent of the productivity evalu-
ation, This distritution of influence on the final rating may be appropriate for Romania,
but is clearly not equally applicable elsewhere,.

Searl in Trinidad and Tobago (1968) and Millette and Searl (1969), in Canada, multiply
non-easily modifiable factors such as texture, depth of soil, topography, and climate, by
easily modifiable factors like nutrient elemenis, moisture regime, pH and stoniness. They
compute two indices, one for the present productivity and the second for the potential prod-
uctivity. For this, they give a maximum value to all the easily modifiable factors. The
improvement coefficient ie given by the ratioc between the present and the potemtial prod-
Ectivi‘cie:;l. This smytem is very similar to the one proposed by Rigquier, EFramac and Cornet

loc.oit ).

In France, Durand (1965) and recemtly Duclos (1971) have proposed a multiplicative and
an additive—pubtractive method respectively. The latter aims at the determination of the
mitability for management rather than the productivity and provides for cartographic re—
presentation.



Sye and Frankart (1971) have developed a smltiplication method for the soils of the
humid tropics. It considers the following criteriat profile development, parent material,
depth, colour, drainage, pH, base saturation and development of the A1 horizom of the soil,
Like the Storie Index, the profile development factor actually refers to the type of moil
considered and thus suffers from the same drawbacke. In thie methed, improvement measures
are taken into comsideration but without computing their influence on productivity. The
climatic factor does not appear in the formula and it ies supposed to be very warm and very
humid.

For the goils of the arid and semi-arid zones, Sye has worked out, together with
Verheye (1972) another multiplication method yielding two indices: ome capability index
for irrigation and one land productivity index for a number of crops. The former involves
the following factors: texture and depth of soil, CaCO; and CaSOy contents, Na saturatiom,
salinity, drainage and slope. In addition to these factors (other than the mslope) the
productivity index considers the following factors: development of the A1 horizon and
weathering estage of paremt material, The correlation between capacity for irrigation and
productivity is not established.

An addition and gubtraction method comprising a large number of indexed factors was
proposed for use in Indonesia. Unfortunately it shows all the major short-comings of all
the addition proceduress a limiting factor has little bearing on the final evaluation
result whenever the other factors are good., At present Driesse 1/ is developing in Indonesia
a mach more satisfactory method based on the multiplication procedure. It considers 15
significant factors related to soil conditions and emvironment, 5 land-uoe categorizs and
3 management levels., The management levels are introduced after improvement; this latter
value has to be obtained by field trials, This point is indeed the most delicate part of
the problem and it has not been solved yet satisfactorily by any system.

A complex mathematical model w = applied in Algeria by the SOGETHA (multivar experi-
mental programme) with a view to predicting the production of date palme in the Oued Rhir
Oasis. This model can be easily computerized. Morecver, by application of the multiple
variable method, the computer iteelf can help in determining the correlation between produc—
tion factors and productivity, thus leading to their eventual objective itranslation in terms
of mathematical functions.

Another complex mathematical model of wider scope and compass than the proceeding one
but based on the same principles, is currently beirg tested by Riguier at FAO.

PROSFECTS OF PARAMETRIC METHOIS

All the non-parametric methods are by definition of a subjective nature., The para-
metric ones have a definite advantage over thesme because they imply the non—subjsctive treat-
ment of standard mathematical models. It must be accepted, however, that in parametric
methods, only the mathematical treatment of factors is purely objective; the selection and
compownding of these factors ie still prone to variable intensities of subjectivity accord—
ing to the kind of mathematical procedure followed. Realizing the complexitiy of the problem,
it ie clear that men will always have the responsibility of selecting and assigning mignifi-
cant factors, but should then aim at limiting to an acceptable minimum the role played by
subjectivity in these operations. This can only be done if the consideration of the signi-
ficant factors retained reflects results of field trials and if these results have a
statistical walue. The existing parameiric methods are still in need of varying degress of
improvement with respect to the introduotion of a olimatic factor, the introduction of plant
coefficients, the definition of characteristic functions translating into continuous curves
the correlation which existe betwsen each individual production factor and productivity

1/ Personal commmication Dutch bilateral assistance, Bogor.



(thus suppressing the undesirable application of discontinuocus steps), In particular, there
ie a need for the creation of an optimum complex mathematical model able to show as object-
ively ae poseible the interactions between all the significant production factore coneiderec
and productivity.

It is very probable that the use of parametric methods will undergoe two distinct but
complementary types of evolutiomn., Firstly, rather simple mathematical models will continue
to be applied for use at a national or at & regiomal level in thoese countries where the
amount of information on eoil conditions and environment doee not yet allow the systematic
application of more complex formule. Such simple parametric methods will have to be amended
when and if necespary following the improvemente above; or they will have to be selected
from already improved methods estimated to match beet prevailing local conditiona. Secondly,
complexr mathematical models will be further developed and refined with a view to establishing
a wmiversally acceptable index.

ATNANTAGES OF PARAMETRIC METHODS

1. Bach factor and ite interactions must be congidered;

?+ Subjectivity,a drawback to other methods is s#liminated, The indices and the
equations can be standardized;

i, If the factors are well chosen the method ie of universal application. An equation
expresaing the relation of a crop to its enviromment can be applied to other areas
of the world. The soil classification is thus comparable between regions;

4+ Une can introduce plant parameters into the eruations and determine suitability
for each separate cropy

5e Or conversely if one igmores the individual plant parameters a soil potentia.ity
clasaification is obtained;

6. Upgrading and development are affected by limiting factors (such as low fertility
status requiring uee of fertilizer) but improvements will in their turn medify the
production factors which, whem introduced into the ecuation, will give a new
potential, The method is very simple and one can repeat for succesaive improve—
mente of varied intensity;

T« The system is quantitative. It expresses production in kgfha for a predetermined
level of cultivation. Economiests can predict outputs and inputs. A balance sheet
can be predicted given the choice of crop and cultivationj

&, The method is particularly adapted for computers and data banks. The general
mathematical relationship ie programmed. And the introduction of the approrriate
parameters soil/climate/crop as given in the data bank immediately allows a
quantitative evaluation of the potential of the crop in the area.

IRAWBACKS OF PARAMETRIC METHOIS

1« Action of certain factors, such as light and photo periodism, the inoidemce of
disease etc., are diffioult to evaluate and are badly dooumented. Slope is a
complex factor further complicated by soll degradation;

2s Interactions are not well known. Multiplication rather than addition is empirical
and no more than an approximationg

3. The elaboration of the standard values is experimental and based on comparisons
themeslves subjectivej



4. Tt is difficult to choose independent factors. One must aveid a reintroduction of
a factor in a common characteristics;

5. Certain data is missing. It has to be replaced by approximations;

6. The mathematical model may hide or hinder a comprehemsion of the true procesas.
Alternatively it may prove helpful;

7. The comparison between regions is difficult. It is necessary to return to a
comparison of limiting factors.

CONCLUSION

The parametric method provides an attempt to express land evaluation in quantitative
terms compatible with modern facilities for calculatiom. It introduces guantitatively the
use of yield and productivity in a manner which provides commmication between the pedologist
and the economist. It can easily be integrated with other global methods of land classifi-
cation to provide an evaluation of the agricultural value of the soil.
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Se LAND EVALUATION FOR AGRICULTURAL USE PLANNING -
AN ECOLOGICAL METHOD]

SUMMARY

In agricultural land use planning there existe a great need for the identification of
various development alternatives. ©Such alternatives should deal with the wvarious combina—
tions of farming practices taking into consideration the development needs and the existing
socio—economic conditionm,

. Por the systematic identification and comparison of such altermative roads to develop-
ment a land evaluation method is proposed which relates the physical qualities of the land
with both the ecological and farming requirements of the plants.

The basic idea underlying the proposed method is that land should be rated on its value

(suitability) for a specific purpose, since there is no absolute and generally applicable
value of land.

INTRODUCTION

Definition of land

In the context of this study the term "land" comprisea all but the purely mocio—economic
and human attributes of the enviromment, important for agricultural production (see also
Christian and Stewart, 1964),

Ecological land evaluation

The ecological approach t¢ land evaluation presented here systematically relates the
physical qualities (attributes) of the land with the ecological and agricultural require—
ments of the plante and with the requirements peculiar to the pertinent types of land wtili-
zation.

Thie results in a technical suitability classification of the land for certain defined
types of land utilization. This is a pragmatic classificatiom.

Economic land classification

The proposed land suitability claspification represents the firet stage of the overall
land evaluation procedure. The subsegquent stage is the economic land claseification which
ie a synthesis of the suitability classification and the relevant social and economic factors
(Kellogg 1961, Vink 1960),

The economic land classification or recommended land use classification im beyond the
scope of this report. However, the data provided by the land suitability classification
(which is a technical feasibility classification for a defined purpose), serves the require—
ments of the economic land classification. As such,ecological land suitability classifi-
cation provides a reliable base for rural land use planning development, and enviromnmental
control or readjustment.

etherlands) being a summary of a document which will be published under the same title by
the International Institute for Land Reclamation and Improvement, Wageningen, the Netherlands.
This paper was read at the first FA.D_}’E!'IF Latin American Ssminar on Systematic lLand and Water
Resources Appraisal, Mexico, November 1971 and is an elaboration of the system of soll survey
interpretation, developed in Brazil (Beek, Bennema, Camargo, 1964 ).

_E/ By K.J. iuh, FAO {3antiago) and J. Bennema, Agricultural State University, Wageningen
N



Land evaluation and land use planning

In land use planning there is a great need for alternative sclutions comprieing a variety
of technical possibilitiea for development. These soclutiona should take into consideration
the locally most feasible methods of management, in view of the needs and the socio—economic
conditions. The proposed gyetem is constructed im such a way that its application automati-
cally leads towards these alternmative solutions.

There is also a great need for flexibility. (De Vajda, 1969)., Easy revision of the
conclusion, and inclusion of solutions not previously envisaged, must be poasible, The
presented approach offers this poeeibility of eamy revision, because it is built up by con—
gecutive steps., In the case of newly arising situations it is uwesually not necessary to go
back to the data of the original surveys, but a nexrt step can be used, where the data of
the survey are gyntheeized for the application.

While natural resources surveys as such can be carried out to a great extent independ-
ently from the work done by other specialists concerned with land use planning, close co-
operation with agriculturists and crop specialists is however required during the suitability
classification, while alsc contacts are needed with epecialists of the socio—economic and
organizational disciplines. The latter contacts will intensify cduring the stage of economic
land classification, and the greater part of the responsibility will then devolve upon the
latter apecialiets.

Fifge 1. shows the relationship between the tasks of the socico—economic disciplines and
of the disciplines in the field of natural rescurcee and agriculiure in land evaluation.
It also indicates the moast important points of comtact:

1. the definition of poseible eolutione as expressed in the defined land
utilization types; and

2, the establishment of the land management specificatione and the land
puitability classification for the relevant wtilization type.

THE ROLE OF NATURAL RESOURCES SUHVEY AND LAND SUITABILITY
CLASSIFICATION IN ACGRICULTURAL LAND USE FPLANRING

Genaral

Fig, 2. indicates the role of resources survey, and of land suitability classification
in a model of an overall land use planning project designed for thie specific purpose,

The planning model (Fig. 2) consists of three phases:

a) the pre-project;

b) the reconnaissance phasej and

c) the detailed phase.

fuantitative data related to the best use of the land and water resources under the

given socio—economic conditions become available with greater precision and detail during
each consecutive phamse,.

During the planning project three main questions have to be answered:

i should the development project be effectuated or not?
2« what are the feasibilities? and
3+ how ghould the development project be carried out?
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e emphasis is shifting during the planning feom the Tirst gquestion %o the last one.

The scheme ig an outline for the plamming of a relatively lavge area, in which many

diseiolines are lovolved, Is the plasning of smaller or less complicsted areas, phases b)
and c) are often combined.
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The plamning phases

Phase a), the pre-project. This phase comeists of an exploratory "Broed stroke" orieni-
ative study of the composition of the natural resources, the agricultural posgibilities and
other mepents relevent t¢ the agvionitursl devaiopment plamuing. Fast Tinding is an Lo e
ant agpect of phase a).

In this phase a broad switability classification will be made which, integrated with
the sooiowaconomic senditiows, will fwmish a2 broad lsnd classification.

Fhage b), ihe resomnaisssnce phass. Strong emphasis is laid during this phase on the
inventory of the area. The number oi specialists directly imvolved will be greater than in
phage a) and generally more time in the field will be needed in order to obtain the necces~-

gsary more detailed data.

Short term ecxperiments can ba sarvisd outy such e wmeaswrements of soil properties,
related to irrigetion and drainage possibilities. If sufficient field experimente and
fundamental research cagnot be dome in the region iteelf, a great deal of sxirapolation
from resulte in other areas with improvement practices under similar land conditions is
required at this stage.

Phase b) is concluded with the formulstion of an outline of the lend development plan.
The conclusione reached ty the various disciplines are mynthesized intc an overall plan of
recommended land use {economis land slassificstion) and of fars produstisn. 4 cholse is
hereby made from the alternative solutions.

Fhass ¢ ), the detailed phase. The cenizal question iss; what should be done during
the programme effectuation? Detziled aurveys and sindies are necepsary to snewer this gues—

tion, Theme surveva and studies should be carrisé out in pilot aveas, andfor in larger areaw
where a more intensive use will be made of the land.

One result ig the overall land claseification for reccamended use, reconeciling the tech—
nical possibilities with the needs for production and development, the socisl and ecunomic
needs and feasibilities and the organizatiomal and institubtionsl Teasibiliities for changing
the production methods.

Tha report of phamse o) should be ascepisble to a bank for invesiment purposes and ghould,

I therefore, fully show the economic snd Timencial implications of the project.

The steps

The five different steps of the agriculiural development plaauning project desoribed
hereafter repeat themselves in each of the phases a), b) and 5 {see Fig.zg. The focus will
be on natural resources surveys, on land muitability classification and on the relation of

: these agpeobs o sther sobivities of the jeojest.

Step 1 ¢ praparation. The activitise to be devalopsd in esch phase veguire preparations,

. 8.gt the provision of gtaff, office space, transport and collection of all kinde of necessary
. materinis. Tt is.imperative for successful operations to havs aerial photographs snd $0po-
- graphie maps available befors the next sisp wharts.
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Step 2 : the surveys and investigations, A wide range of disciplines is often involved
in theme gurveys. The following aspects are important:

- mnatural resources;j

- poclo—economic conditionse;
- agricultural services; and
= human resources.

In the land evaluation the surveys of socio—economic conditions, agricultural services
and human resources have to be fully integrated with the natural rescurces surveys in orient-
ing the land evaluation towards the recognition of suitable types of land utilization. An
integration between the different natural resources surveye is alseo necessary.

Thie can be obtained in two ways. The land can be surveyed as an integrated unit (e.g:
land syetems | or as synthesis of peparately surveyed land attributes. For small scale
surveys integrated land unite may be more practical, whereas the surveys of the geparate
attributes [e.g: soil surveys, vegetation surveys, etc. )y become more indicated for detailed
scales.

The surveys in the different phases will be carried out at different scalesi

— the small scale surveys (1:100 000 — 1:500 00 or emaller) of phase a) will
serve to get general information about the land conditions in the area;

- in phase b) (sBcales 1125 000 — 13100 000) more detailed information will be
furnished regarding the area still included in the development plan;

—~ in phase ¢) (scales 1:5 000 — 1:25 000) surveys will also include the survey
and etudy of pilot areas to collect data in relation to specific uses of the
land e.g: for irrigation, drainage, and soil conservation,

Fhoto interpretation with some limited field check will in many cases furnish the data
needed in phase a), If the same information has to be gathered by field work alome, much
time is lost. During phase b) photo interpretation is also a usual technique. Generally
more additional field work will be needed than in phase a), but if the surveyor has a good
wmderstanding of photo interpretation much time can be saved, In phase c) photo interpre—
tation may be of less importance, although (depending on landacape and purpose ) it can often
be of great value and in many cases it is essential.

Step 3 : the land suitability classification. The data of the natural regources survey
are interpreted in terms of technical feasibilities for defined uses, During the survey 1t
is necessary to have clearly in mind what additional data besides those normally provided
by the survey will be required for step 3. This step has been dealt with in more detail in
part III, as it represents the essence of thie paper.

Step 4 : economic land classification. The economic land classification is a guantita-
tive classification of land units based on cost/benefit analyses for specific land wtiliza-
tion types. This might include an optimizing of the main production factors guch ae farm
pize, labour intensity and capital input level,

Quantitative economic land classes do not necessarily coincide fully with the qualitat-
{ve technical land suitability classes. The latter classes do support, however, the deter-
mination of economic land classes by providing essential data on land management and improve-
ment cost as well as estimates of benefits to be expected in terms of predictable yields.
The main difference in the land suitability classification and the ecomomic land classifi-
cation is that land suitability classification aims in the first place at a aystematic
comparative study of the development prospects of a variety of land utilization types for
given land conditions. Economic land classification deals only with one or a few promising
- wtilization types which are then analysed in great detail on their ecomomis value in socio—
sconomic and financial terms.



Step 5 : reporting, By using the presented scheme of agricultural land use Planning,
two interim reports and a final report have to be made,

The interim report of phase a) (the pra-prujuct; deals mainly with the formulation of
the planning project. The interim report of phase b) (the reconnaissance phase ) will give
the first outlay of the master plan which will be finalized during phase ¢) (the phase of
detailed studies), In these reports a full integration should be achieved of all the die-
ciplines contributing to the planning project. Overall land claesifications are, as was
already stressed earlier by the descriptions of the phases, an essential part of theme
reporte.

PROPOSAL FOR A LAND SUITABILITY CLASSIFICATION METHOD

The basic idea underlying the proposed method of land suitability classification is
that land should be rated only on ite value for a epecific purpose, since there is no absol-
ute and generally applicable value of land.

For a good understanding of the method several basic elements are explained first:
- the definition of land utilization types:

- the concept of land qualities; and

- the determination of land improvement capacities,

Land utilization types

Land evaluation should include at its earliest stages a broad selection of types of
land utilization which are relevant under the given environmental socic—economic and overall
national or regional political conditions.

Depending on the intensity of the study, separate alternatives could represent broad
differences in icultural use (e.gt irrigated arable farming; rainfed arable farming;
range land; atcfﬁ? specific aspects of such use (e.g: gravity irrigation; sprinkler irri-
gation); or even specific crops, Refinement of the definition of land utilization types
should never exceed limite set by the detail of the project and the availability of reliable
data on ecological environment and management responae., The following factors are important,
most of which can be quantified per wmit area and have a marked influence on the productive
capacity of the land:

a) Produce is definitely the most diversified and important factor., In ite widest
sense not only primary bioclogical productionm could be included (pastures, crops, forests)
but also secondary productiom (livestock, wildlife) as well as other altermative types of
land utilization am engineering and outdoor recreation.

b} Capital intensity determines possibilities for improvement maintenance and conser—
vation of the land conditions. Technically it would be possible to condition virtually any
given site to matisfy a particular need or requirement, However, the extent to which this
ocoure, in practice, depends on the inherent characteristics of the land conditioms, the
cost of modifying them in relation to the value of the desired product, and the availability
of private and public capital. 4 distinction must be made between:

= non-recoring input requirements or development cost; and
= recurring inputs.

Within each biological production process several input levels can be distinguished,
At least two levels are suggested: low (traditional, present land utilization type) and
high (advanced, modern, potential land uwtiliszation type).




c) Labour intensity is a variable influenced by the level of applied capital and tech-
nology, and by the labour requirements of the produce concerned, Since employment oppor-
tunities are a major issue of most development policies, this factor should be taken into
consideration when alternative land utilization types are formulated,

Variable ratios of capital/labour intensity also influence the recommended execution
of initial special site conditioning works,

d)} The source of farmpower to a great extent symbolizes the accompanying set of agri-
cultural implements, and the level of capital inputs on the farm, The set of agricultural
implements, in its turn, represents a combination of farm management practices significant
for the land utilization type, The performance of each set of agricultural implements is
affected differently by the agricultural land conditions. An important distinction is:

- engine-power operated machinery;
- animal power: and
= Manpower,

e] The level of technical know-how of the Farmer, It is often the relatively low
level of technical know-how of the local farmers which limits the possibilities For ambi-
tious land and water development schemes to splutions of only an intermediate level of
technology and efficiency, a restricted range of crops, less sophisticated farm machinery
and a restricted capital input level,

F) Farm size is closely related te most of the other factors, In certain cases it is
determined beforehand entirely on the basis of socio-economic considerations rather than
alse considering physical conditions, It would be desirable to recognize the Farm size as
a major variable within a certain range and which is definitely established at an optimal
level during the sconomic land classifFication,

Sometimes other factors are variables of dominant importance, such as land tenure
systems and the status of infrastructure,

Criteria for defining separate land utilization types need to be agreed upon. The
feasibility of identifying a range of possible systems on a global basis should be investi-
gated, iF possible through groupings which represent several levels of generalization, It
should be noted that earlier conception of "level of management” is fully covered within
the proposed concept of Land Utilization Types.

Larnd gualities

The data of the surveys are used to establish First the major qualities of the land
(xellog, 1953; 1961; Vink, 1960},

Major land qualities are main land characteristics as seen from the view-point of the
ugser: the farmer, the forester, the hunter, as well as seen from "the view point" of the
plants and animals., Major land qualities could also be called major ecological conditions,
including phyto-ecdogical, bio-ecological, human-ecological and agroe-ecological conditions,
Phyto-, bio- and human ecological conditions are related with requirements of respectively
plant growth/animal growth and health and well being of human beings. Agro-ecological
conditions are related with management practices in agriculture {or in the widest sense
rural-ecological conditions as related with management of rural uses),

Each major land quality has its own direct functional relationship with a specific
use and has a distinct influence on a particular major requirement of that use, This makes
it possible to treat the different major qualities as separate factors in that use,



Availability of water for plant growth in the growing season is an example of such a
major guality. Soil texture is an example of a land characteristic which is not a major
guality because it does not have a direct functional relationship with the use but only
an indirect one, The major quality availability of water for plant growing depends on many
single and compound land characteristics, one of which is texture. The weight of each
characteristic depends on the total set of characteristics.

The definition of a major land quality reads as follows:

A major land quality is a complex attribute of the land which acts largely as a separate
factor on the parformance of a certain use, The expression of each land quality is determined
by a set of interacting single or compound land characteristics having different weights in
different environments depending on the values of all characteristics in the set,

Major land qualities in relation with agricultural use can be grouped according to the
kind of requirement they serve, for instance:

Major land qualities related with requirements of plant growth

- availability of water
- availability of nutrients,

Major land qualities related with requirements of animal growth

- nutritive value of grazing land
- available drinking water
-. absence of endemic diseases,

Major land qualities related with requirements of natural product extraction

- presence of valuable timber
- presence of medicinal plants
- accessibility of the terrain

Major land qualities related with requirements of management practices in plant pro-
duction, animal production or in extractions

- possibilities of mechanization
- resistance of the soils against erosion,

Land qualities and productivity ratings. It is often possible to make a reascnable
estimate of the productivity of a land unit for a utilization type in terms of yield per
surface unit (crops, meat, milk, extraction products), Theestimated productivity can be
used as an element in the suitability classification. It replaces those major land
qualities which affect productivity. The number of major qualities to be considered in
the conversion table decreases considerably if production levels are introduced. For exam-
ple: a suitability classification is made for coffee growing under modern management and if
productivity levels under such management are known, then only this productivity as well as
the major qualities resistance of the soil against erosion and possibilities for mechanization,
have to be considered. If the productivity levels are not at all known such qualities as
availability of water, availability of oxygen, nutrient status of the soils, together with
climatic factors have to be taken into account. See also tables 1 and 2,

Land gquality grading. Each major land quality or the production potential has to be
clagssified in different grades. In the case of potential land use the expected grades of the
major land gqualities after improvement should be estimated. When the improvement has been

implemented, we are dealing with the real grades of the major land qualities after improve-
ment, which we hope will match the expected grades,




Most of the major land qualities cannot be measured directly but are determined by a
set of measurable land characteristics, For instance: availability of water is determined
by such properties as effective soil depth, s0il texture, ground water level, precipitations
and evaporation., Each of these properties has its importance as part of the whole set of
properties, Effective soil depth will, e.g,: have much influence in s0ils without ground
water level and under climatic conditions, where there is a dry pericod within the growing
season, But if the ground water level is high or precipitation is abundant the whole year
round, then soil depth 18 of less importance.

Often the survevor or the land evaluation specialist will reach his first conclusions
about the grade of major qualities by observing plant 1ife and Farm management, Lack of
available water will e.g.: show clearly in the kind of natural plant vegetation, and in the
crop choice, Quantitative data from laboratory, field experiments and meteorological stations
provide additional information, If part of an agricultural planning project, then the major
qualities will in phase a) often be based on qualitative and semi-qualitative field dara
alane, while in phases b) and ¢), quantitative data from field and laboratory will become
more impartant., It is also possible to use a parametric approach to determine the grades,
which will require careful quantitative measurements of the contributing land characteristics
and an assessment of their weights in each situation. The resulting grades related to plant
growth quantified by such a parametric approach could further be used in an bicleogical growth
equatian,

Plant and land management practices may vary widely in their requirements and toclerance
towards the grades of land qualities distinguished, therefore the land quality classification
does not pretend a listing of grades from good to bad., It is better to use such terms as
high and low, For instance: high availability of watetfoxygeqfnutrients; high resistance
to erosion, In the case of risk of flooding and toxicity such terms as high or low absence
of risk could be used,

In a further stage of the land evaluation the grades of the land qualities are compared -
in conversion tables - with the requirements of the different utilization types. Only after
‘this comparison can it be indicated on firm grounds to which extent a major quality of a
certain land unit should be considered as a limitation for the utilization type under con-
sideration,

For the grading of qualities, grades can be Formed which have either only local impor-
tance or which tend to have a more regional application,

For grades of local importance the total amplitude of the quality as it occurs in the
project area is subdivided in as many grades as are possible and useful,

In a regional classification the grades have to be defined beforehand, The definitions
of the different grades will mostly refer directly or indirectly to a major utilization re-
quirement corresponding with the land quality under consideration.

Land improvement capacity

An assessment of the improvement capacities of land qualities has tote made as far as
they are of interest for the considered land utilization types.

The technical improvement potentialities of the land qualities comprise many aspects
such as the improvement of the fertility status by using fertilizers, the improvement of
the water availability by irrigatien, the improvement of oxygen For roots by drainage, the
improvement of possibilities Ffor mechanization - for instance by removing stones, the con-
trol of erosion with so0il conservation practices and the control of floods with embank-
.ments,



Table 1.

Conversion table
Suitability for irrigated agriculture as a function of the grades of land

qualities and the level of improvement inputs,
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The conclusion of this part will be an indication of improvement requirements for
specific utilization types for each quality in terms of inputs requirements and improve-
ment effectiveness, Five capital input levels for land improvement are proposed:

low;

medium;

high;

very high with normal recurring costs;
very high with high recurring costs,
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In an improvement capacity, table 3, the grades of the qualities and the yield
potential improvement are shown for each relevant input level (improvement effectiveness),
Thig is done in a five-point scale:

L

1 = very high;
2 = hlgh.

3 = medium;

& = low;

5 = very low,

Table 3. Improvement capacity
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Functioning of the proposed land suitability classification method

Fig. 3. shows the land suitability classification method in ite most eimplified form,
giving only inputs and output. The inputs coneiet of data om the physical environment and
of a description of the relevant utilization types, the land suitability classes being the
output.

Input I = The data on the physical environment comprise the delineated and classified
land unite and the information about these units which ie needed for the suita-
bility classification. Which kind of information will be required depende
partly on the land use foreseen, It is often not possible to define at the
beginning of the resources surveys the relevant utilization types in precise
terme. However, at this stage it will be possible to deascribe in broad terma
which kinds of broad land uses are relevant for the suitability classification.
This information can be very helpful to determine the scope of the surveys and
to indicate which data about the land have to be collected.

Input FI — The relevance of the utilization types should be decided from a study of human
requirements and further from what ie already known about the socic—economic
and environmental conditione (Fig. 1). The relevant utilization types are thus
already adapted to the conditions of the environment as far as these are known,
while the suitability c¢lassification proceeds with a further adaptation in the
light of new information,

Some of the land utilization types may have a complementary function. They are
only relevant if the suitability for other more relevant utilization types is
low. If for instance in the first place agricultural land for cropping is
needed in view of employment, the less labour intemsive grazing or forestry
will be only taken inio account for those land wnits which are not suited for
cropping. The aystem ae applied in thie case resembles in this aspect the land
capability aystem of the USDA Soil Conservation Service, which has the priority
of relevance of cropping above grazing and grazing above forestry as ite bamic
principle.

How the data about the land are processed in the land suitability classification is
not shown in Fig. 3. The processing im merely indicated as "conversion table"™,

Fig. 4. presents the system in a more elaborated form. This figure indicates how the
major requirements of the relevant utilization types and the corresponding land qualities
of the different land units determine the land suitability classes. Examples of major
requirements and of their corresponding land qualities ares water requirement for plant
growth — availability of water for plant growth; mechanization requirements for the defined
utilization systeme — possibilities of mechanization. Instead of the ecological qualities
aleoc the yield potentials can be used,

It will be understood that a land unit is classified as being well suited if its
qualities fully meet the requirements of the utilization type in question, The unit will
be classified as not suited, if one or more major requirements are not met at all., If re—
quirements are not fully met, an intermediate clase will be indicated. The influence of the
levels or grades of the land qualities in the determination of the quality clase can be shown
in conversion tables. The conversiom table occupies a central position (ses Fig. 3; 4 and
5) construction requires the interdisciplinary contact between the resource surveyors on one
hand and agronomists, crop specialists, farm management specialists on the cther. Examples
of conversion tables are shown as tables 1 and 2,

The item, land suitability classes, in figures 4 and 5, has been expanded to include
the item management specifications.

It is assumed in the suitability classification, that the farmers adopt management praoc—
tices In accordance with the conditions of the land units. This leads to a number of Bpaci-
fications for the management of theme land wnits,
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If major improvements of the land conditions are foreseen, suitability classification
should be concerned with the classification of the ilmprovement capacities of the land and
with the evaluation of land conditions after improvement (see Fig, 5). In effect this is &
claseification of potential suitability.

In this study major improvements are considered to be those which require large scale
land and water engineering operatione such ae the irstallation of irrigation and drainage
syatems and the terracing of hilleides.

Such improvements which can cause a radical change in the land conditiona have a deter—
mining influence on the poseible types of land utilization, while the envieaged types of
land utilization determine the relevancy of the improvemsnts.

The item, land suitability classes, has been expanded with the items, management epeci-
ficatione and improvement specifications. The latter specifications indicate what operations
have to be undertaken to make the potential suitability a reality.

Improvement specifications relate to operations which apply once only or which recur
sporadically, while the management specifications relate to practices which are cyclic and
recur mostly annually.

Land suitability classes

Suitability clasees indicate the relative benefit which the utilization type is expected
to derive from the land wnit, assuming that land improvement and management practices are
those pertinent to the land utilization type.

Three levels of detall are proposed: Land suiltebility clams, distinguished by the
degree to which the land meets the requirements of the specified land utilization and the
required input level; Land suiltability subclass, distingmished additionally by the nature
of the diagnostic criteria that are not optimal (the limitations) and the nature of the dom-
inant improvements where applicablej and Land suitability wnit, used mainly in high or mod-
erate intensity surveys to separate areas with differsnt improvement and management require-
ments within one subclass.

The referencea in the following definitione to production levels and to acceptable or
unacceptable cost are made under the assmmption that the defined land utilization type is
relevant: i.e: that the use is economic in at least part of the total area considered.

Class 1 — Good (well suited)

Land suited to the defined land utilization type after improvements where applicable,
having no limitatione to this use, or only minor limitationse that will not sericusly reduce
production levela or that can be corrected at readily acceptable cost.

Major improvements where necespary are relatively simple, or apply to all land in the
area considered,

Management practices required to ensure sustained use without hazard to the land re—
sources are normal and can be implemented at readily acceptable cost.

Class 2 - Moderate (moderately suited)

Land suited to the defined use after improvements where applicable, but having one or
more moderate limitations that will significantly reduce production levele or that require
correcticn at significant cost.

Major improvements where necessary are mors difficult or expensive than in the came of
Class 1 land but their cost is acoceptable,

Measures required to ensure sustained use without hazard to the land resources may be
more difficult or expensive to apply and maintain than in the case of Class 1 land but their
cost 1e acceptable.
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Class 3 — Restricted (marginally suited)

Land marginally suited to the definel land utilization system, after improvements where
applicable, having one or more severe limitations. These seriously reduce average production
levele or cause erratic variatiome in production, or require correction at high cost.

Major improvements where necessary are still feasible but difficult and expensive.

Measures required to ensure sustained use without an wmacceptable degree of hazard to
the land resources are still feasible but may be difficult and expemsive to apply.

Class 4 — Unsuitable (not suited)

Land having limitations which are or appear so severe as to preclude successful appli-
cation of the defined land utilization system, or which cannot be corrected except at an
wnacceptable coet,

Major improvements where needed may not be feaeible or may be so expensive as 1o be
impractical.

Measures required to prevent an umacceptable degree of degradation of the land resources
may not be feasible or their coet may be umacceptable,

Claeses are thus defined in terms of increasing limitations and decreasing profitability:
a "value judgement" mainly based upon physical and technical consideration.

The most important application of these land suitability classee is in the melection
of land which is expected to be relevant for further coneideration for the development
proposed,

The land suitability subclasses and unite play an important part in the subsequent
quantitative and economic studies which are limited to the classes expected to be relevant,
as well as in the establishment of management and improvement specifications.
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[ MULTI-FURPOSE LAND EVALUATION IN IRﬁHlf

In developing a method of land evaluation applicable to Iran, the following peinis were
taken into account:

- the background information available and experilence gained in land evaluation in
Iran;

- the conditions of the land resmources and of land use in the country;

- the specific needs of land evaluation according to the present trend of development;
- the recent advances on the subject.

. BACKGROUND

Considerable information had been gathered on the different aspects of the land resources

of Iran: climate, eoil, topography, geologic subsiratum, present land use, etc. The avail-
able data could be claseified in two categoriest

- General information on the whole country on each of the aspects of the land resources
was available in the form of publications with a small scale map (Scil Map of Iran,
Land Use Map of Iran, Geological Map, Climatic Atlas, Vegetation Map, ete)s The maps
are at secales varying from 131 000 000 up to 1:5 000 000. They are used for general
reference and for general planning, but have not been integrated into a single map
of land regources of the country;

- Detailed information wae aleo available on eelected areas, namely those where devel-
opment projects were gptudied andfﬂr implemented, Mape on soils, present land use,

topography, etc., were produced for these areas at scales varying from 1:10 QU0 up
to 1:100 Q00.

The land evaluation on these development project areas was made essentially on the basis
of s0il studies and only according to a system of land claseification for irrigation based on

present land limitations, Further interpretations were then made for each project with their
own criteria.

Another type of land evaluation wae aleo made by fertilizer triale on wvarious crops in
farmers' fielde. These investigations gave, by area or region, an appraisal of fertilizer
requiremente and the average attainable yields with addition of fertilizers.

LINES OF ACTION

The study of thie available information and of its prepent utilization led to recommend-
ing the following lines of actiont

1. The different aspects of the land needed to be more clomely integrated:t climate,
soil, topography, vegetation andfur present land use were shown by separate maps.
Mapas of land resources had to be prepared — grouping all this information together.

if Based upon a paper entitled "A method of Land Evaluation in Iran" by M., Vakilian and
‘P,J. Mahler — proceedings Land Evaluation Seminar, 8—13 March 1969 — Publication No,249,
50il Institute of Iran, October 1970.
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There was a need for maps showing the distribution of the lands of each province
for regional planning at scales intermediate between those of the existing mapst
18250 000 = 13500 000,

Land evaluation alse needed to be made for uses other than irrigationt dry farming,
range, forests, etc., — both for planning and for specific project studies.

Land evaluation wae not restricted to an assessment of present limitations, but
also appraised the need for land improvement and land conservation work and the
potentialities of the lands after improvement.

Data on mo0il, climate, and present use had to be linked with the resunlts of experi-
ments. For this purpose, it was recommended that experiments be conducted under
controlled conditions on representative aites of defined types of land, &soc that
the results could be safely extrapolated to other areas with the same type of

land.

.There wae a need to evaluate the land of various regiones with the same standards,
For this purpose, norms of land evalunation had to be prepared for each type of
land use,

GENERAL PRINCIPLES OF THE LAND EVALUATION METHODS IN IRAHlj

Since the different aspects of the land resources were studied by different govern-—
ment bodies, the methods of "a priori" integrated survey could not be applied. 4
methed of integration "by stages" was necessary, leaving to each study its individ-
uality and permitting a progressive integration of the data, essentially on the
basis of a framework of phyeiography and soils. Preparation of maps of soils and
physiography were therefore considered as a prerequisite for elaborating land
respource maps. This integration led to defined "land units" described as a combi-
nation of conditions of climate, soils, physiography, vegetation or present land
use, and drainage over a certain area. These could, in general, be recognized on
aerial photographs.

The presence of mountains in most of the regions of Iran makes the pattern of land
unite rather intricate. It is therefore necessary in Iran to show on the map the
actual distribution of these individual land units separately. Use of complex
mapping units such as "land systems" would lead to grouping, within the same mapping
unit, lands of quite different potentialities. This would not provide an adequate
inventory of land resources for evaluation. However, in order to avoid the dif-
ficulty of defining and mapping -all the existing different land units, major types
of land units have been defined, such as alluvial plaine, gravelly piedmont fans,
flood plains, etc, By recognizing and mapping these major land resource types, the
main land resources of each region could be shown on the map and individually evalu—
ateds In some complex cases and where repetitive patterns of land unite were ob-
served, land systems could be defined, However, the maps show the composing land
types within each land system,

The land evaluation should be a multi-purpose one, Potentialities have to be
studied peparately for each major land uses irrigated crops, dry farming, pasture,
etc. This land evaluation should permit comparison of the various potentialities
for different uses of the same land unit and also the potentiamlities of different
land unite for the same use. This comparison requires the definition of "clasmes"
of different potentials. A aystem of & land classes being already used for irri-
gation in Iran, the classification adopted for the other uses was devised with &

lf An extract from the Manual of Multi-purpose land classification of the Soil Institute of
Iran - Chapter 2 "Basic objectives, principles, and assumpiions™ anmexed to this paper
providea more details.



classes also, having the same general definitions, but based on a wider range of
parameters and different criteria according to the land use contemplated.

As a result, the land evaluation had to be presented in the form of a table, giving
the land classes of each land unit for each major land use. (See section B.2.1, of main
text. j
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The trend of development in Iran required an evaluation of the investments needed
for improving each potential land use, It was therefore necessary to make the land
evaluation under two sets of assumptionst (a) in the first case, evalumate the
present potential with improved management practices, but without investmente for
land improvement or land conservation workj (b) in the second case, one evaluates
the "potential after initial input™ i.et with improved management practices and
the removal, by capital investment, of some land limitations and degradation hazards
by drainage, levelling, salt leaching, etc. For this purpose, 4 levels of initial
capital investment were defined (low, moderate, high, very high). (See section
6v2.2, of main text,)

The last principle of the method of land resource evaluation in Iran was that the
data should be presented in a simple way, easily understood by the non-specialists.
It was therefore necessary to avoid, as much as possible, the use of technical or
gcientific vocabulary not in common use, It was also important that the maps
should be easy to read, with a limited number of mapping units. The users cannot
take into account all the local differences found in soils, topography, drainage,
etc. Land resource maps should therefore summarize,synthetize and simplify the
existing maps on each factort soil, climate, topography, etc.

AFPLICATION OF THE METHOD

Different types of land evaluation studies were developed.

Te
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Land evaluation for planning;

Mape of land resources and potentialities of large regions at scales 11250 000 to
11500 000;

Maps of land resources and potentialities of limited areas at scale 1120 000 or
1150 000,

Land evaluation for specific development projects at ecalea varying from

13110 000 up to 13100 0003

Land evaluation for irrigation projectsj

Land evalunation for forestry development.

Local and detailed land evaluations

Begides these activities, rapid land evaluations called ™site evaluations™ were made
on request for land use recommendations on the basis of field observations and laboratory
data on Boil and water samples.



FURTHER STUDIES

Further studies are being implemented in order to extrapolate regulte of trials and
experiments to wider areas on the basis of soil surveye and land resource surveys, ("trans-
fer" method of evaluation).

Standards for specifications of land classes were also dnvalapad,ifun as to provide a
more precise and objective basis for evaluation of land potentialities (parametric method
of land evaluation). These standards are being further elaborated as more information and
more experience becomes available.

These further studies should make possible the full implementation of a "by stages
integration and evaluation method" which proceeds by successive approximations and appears
to be the most puitable method for conditions encountered in Iran, (See Fig. 1.)

Storage of data on cards (filing and coding system), may alec make possible in the
future, more comprehensive processing, using computers.

ANNEX

Extract from the Manual of Multi-Purpose land Classification of the Soil Inetitute of Iran

Chapter 2. BASIC OBJECTIVES, PRINCIPLES AND ASSUMPTIONS

Whereae the primary objectives of land classification for irrigation are the comparative
assessment and selection of irrigable lands, the multipurpose land classification has a
double objective:

= the selection of the most suitable lands for a given use;
- the determination of the most suitable use(s) of a given land.
The fulfilment of these objectives implies, firstly, the assessment of the land potent-

inlities for each type of use considered, and, secondly, the comparison of these potentiali-
ties for the selection of the most suitable land use or land capability.

These assessments and comparisonse should meet the basic requirements of objectivity,
accuracy, consistency and practical usefulness which apply to any land classification,

FPor this purpose, it is necessary to specify under which conditions and assumptions
the land classification is made and also set out the criteria, norms, definitions and
standard procedures for it.

Since a given land unit may be equally suitable or suitable in varying degrees for
several land uees, it is not desirable to define mutually exclueive land classes such as
lands suitable for forestry only, lande suitable for dry farming only, etc. Consequently,
it ie necessary to first claesify the lands for each land use separately without considering
the desirability of other land uses and independently from geographical distribution, extent
and location of these lands., This leads to make as many land claseifications as there are
land uses considered. Por example, a land will be placed in clases 3 for dry farming, in
class 1 for range, in class 5 for forestry, etc. The whole set of land classifications
expresses the potentialities of the lands for different uses,

1/ Manual of Land Classification for Irrigation (second approximation, 1970, subject to
revision) Soil Institute of Iran, Publication No.205. Jan., 1970.
Manual of Multipurpose Land Classification (first draft. subject to TEYiliﬂnJ Soil
Institute of Iran, Publication No.212. March 1970.
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Moreover, a land that has a restricted suitability for a given use at present, may
become suitable for this use after removal of some limitations by land improvement worke.
It is therefore necessary to appraise the potentialities under two sets of assumptions:

a) without land improvement: present potent ianlities

b) after land improvement: potentialities after initial input
[specifying the type and degree of land improvement required ).

Other inputs may remove or overcome temporarily some limitatioms: +these are the man
ment practices which have to be repeated annually or for each crop rotation. The land
potentialities will, in general, increase as more inputes are made in terms of management
practices, fertilizers, varieties, etc., It is therefore necessary to specify at which level
of management the evaluation of the land potentialities is made. In general, the assumed
level of management is the one which is easily attainable at present by the average good
farmer in the area with the help of extension mervices.

ﬁmuﬁg the lands which are not suitable for a given land use at the level of management
considered, some may be suitable under special conditions of management (either more or less
intensive) or for a special purpose (land protection and recreation) and bring indirect
benefits. A special class 4 is defined for these cases.

Moreover, at a given level of management, different lands may have the same potentiality
but require different set of management practices. It is therefore necessary to indicate
the type of limitation and problems by differentiating sub—oclasses within land potentiality
classes (sub-class with soil limitation, sub—clase with climate limitation, etc.), and also
supplement the classification by recommendations on the most suitable managemeni practices,
adapted crops and rotation, etc., for each soil mapping unit within a given land potentiality
class and sub-class.

Soil mapping unite requiring the same management within the same land potentiality
class and sub—class are grouped into a "land management wnit".

Other as sumpt ions

The classification is based upon the intrineic characteristice of the land itself.
The extent of the land, its shape and location in relation with those of other lands, its
distance to market, to sources of irrigation water, to roads, its ownerships, present field
pattern, are dieregarded.

The costs of land improvement works which are not exclumively required for a specific
land wnit are also not considered in the classification (for example, main irrigation and

drainage canals).



7- TRRIGATION SUTTABTLITY CLASSIFICATION :f

BASIC STRUCTURES

The land classificarion system of the Bureau of Reclamation of the U.5. Department of
the Interior has been developed to guide formulation and plans for irrigatieon projects and
subsequent use to assist in constructine, developing, and operating such projects. A rigid
or Fixed methodoloagy is not used. Instead, general principles are applied to fit land classi-
Fication to the economic, social, physical, and legal patterns existing in the project area,

To permit transfer and exchange of experience, comparability is generally maintained
among such features as symbolization, terminology, and mapping procedures for defined levels
related to the intensity of the investigation.

The physical, soil, topographic, drainage, climatic, and water quality Factors are in=
terrelated, These factors influence the needed crop production inputs and yield outputs,
which in turn are controlled by technological levels, economic conditions, social organi-
zation, resourcefulness of people, and the goals of the development. Planning of irrigation
projects can be accomplished by using the land classification survey as a systematic, in-
tesrating process For many of these plan determining elements.

The irrigation suitability classification meets to the extent practicable the tradi-
tional classification principles., These are (1) the classification must be based upon
a single principle - some one aspect of the Facts to be classified must be selected and
adhered to for the entire classification, (2) the classification should be exhaustive -
it should include everything to be classified, {3) the subdivisions should be mutually
exclusive - the facts are arranged in discrete and determinate groups.

The first principle is met by selecting an economic Factor that is matched to the de-
velopmerrt goals, For this purpose, single factors such as gross crop income, net farm in-
come, or payment capacity are generally used, Selection of such factors to define ranges
in the basic land classes is thought to permit more efficient planning than using qualita-
tive expressions of expected soil productivity under irrigation.

In selecting irrigable lands, mutual exclusiveness is achieved by specifying nonover-
lapping ranges in the value of relevant physical characteristics of the land and relating
these to selected ranges and economic output expected under irrigation. In field practice,
it is Pfrequently difficult to maintain this exclusiveness because spils and landscape
transitions occur evervwhere and continuity rather than discreteness characterize this
universe. It is inevitable, therefore, that difficulties will arise at the margin of
irrigable or nonirrigable land.

In addition to the Foregoing, four basic principles are followed in structuring rhe
classification to Fit the project's setting, These may be identified as the principles of
prediction, economic correlation, arability-irrigability analysis, and permanent-changeable
factors.

1/ A contribution prepared by staff of the Bureau of Reclamation
of the United States Department of the Interior,



Under the prediction principle, the classes in the system express the socil-water-crop
interactions expected to prevail under the new moisture regimen resulting from irrigation.
The classitication, therefore, identifies and evaluates the changes anticipated to be
caused by irrigation and plans are tormulated to assure that a successful, permanent agri-
cul ture will result.

Examples of changes that may be induced by irrigation are development of shallow
water tables causing drainage problems and relatea salimity, sodic, and aeration conditions
which unfavorably influence crop growth; modification of slope and microrelief by land
forming; and alterationd soil profiie characteristics by deep ploughing, chiseling, or
addition of amendments, The irrigation water may cause favorable changes in the salinity
of soils throusgh leaching, or an unfavorable increase in salinity through hign water tables
or insufficient application of irrigation water, Depending upon water quality, the exchnange-
able sodium level of the so1l may equilibrate at levels Pavoring water movement through the
s01l or it may increase the level causing the soil to pecome impermeaple. Calcium carbo-
nate and gypsum may pe precipitated or dissolved. Texture may be chaused by sediment-laden
water, Orsanic matter Levels wiil cnange and new biological populations will aevelop in the
soil. Floodine of soi1l, as practiced under rice cultivation, instantly sets into motion
a series of physical, microbiolosgical, and chemical processes which influence crop growth.
These include retardation of saseous exchange between soil and air, reduction of the soil,
and the electrochemical and chemical changes accompanying the reduction, Carbon dioxide and
other gases (nitrogen, methane, hydrogen) are produced in the soil and tend to accumularte,
build up pressure, and escape as bubbles. There is a decrease in redox potential, increase
in pH, and an increase in specific conductance. Also, the flooding causes dentrification;
accumulation of ammonia; reduction of manganese, iron, and sulfates; accumulation of the
products of anaercbic organisms; and other secondary effects of reduction,

The future drainase conditions in the proposed project area are recognized prime
determinants of the permanency of irrigated agriculture. The dynamic equilibrium level
of ground water and the relation of water input to output are major factors influencing the
success of irrigated aericulture, The changes which will occur in salinity, exchangseable
sodium percentage, and aeration conditions in the root zone are larsely controlled by these
Factors, It is an essential consequence of the prediction principle that the land classi-
fication survey must, therefore, deal not only with the soil but the substrata conditions
as well.

To meet requirements of the prediction principle, land classification survey orsanizes
and synthesizes facts concerning such parameters as {a} drainage requirements, Lb] equi=
librium salinity levels, (c) equilibrium exchangeable sodium levels, (d) water requirements,
(e) soil productivity Following land forming and expected soil profile modification practi-
ces, (f) crop production inputs and outputs, (g) anticipated land use and management prac-
tices, (h) chemical suitability of the water supply, (i) quality of return flow, (j) flood
hazard, and (k) soil erosion,

The economic correlation principle involves relating, within a eiven project setting,
the physical factors of soil, toposraphy, and drainage with an economic value. In the Bureau
of Reclamation system, the economic value is defined as payment capacity - the residual
available to defray the cost of water after all other costs have been met by the farm
operator, Depending upon the purposes to be served by the land classification, other economic
values may be chosen to define land class, On the Canadian prairie provinces, net farm in-
come is used as a measure of the producing ability of various classes of land. In planning
water development projects, the economic basis For the land classification is usually cho-
sen to contribute toward determining whether irrigation is feasible for increasineg net
farm income, how irrigation might be planned to achieve the most benefits, and to evaluate
the interrelationships of investment feasibility and optimum water use,



With land classes defined as economic entities, a set of relevant and mappable land
characteristics is chosen for the time and place to provide a physical definition of the
Lang classes. The set 13 referred to collectively as the land class specifications. These
land class determining factors generally consist of observable morphologic characteristics
such as texture, structure, depth, presence of hardpans, sand, gravel, caliche, or other
root-limiting influences, consistence, color, mottling, kind and amcunt of coarse frag-
ments, kind and thickness and sequence of horizons, laboratory measurements including
particle size distribution, clay minaralogy, cation exchange capacity, soil reaction,
gypsum lime, and organic matter. They also include the topographic features of microrelief
and general gradient, and the surface and subsurface drainage conditions. The land class

determining range of such physical characteristics will vary with the economic, ecologic,
technological, and institutional factors prevailing or expected to prevail in the area, As
a consequence, land classes express the local ranking of land for irrigation use, e.g.,
beat suited, moderately suited, poorly suited, and unsuited for irrigation development.

The permanent-changeable Factors principle recognizes that changes in Land arising from
irrigation development impose a need to iaentify characteristics that will remain without
major change and those which will be significantly altered, This ideatirication permits con-
struction of a consistent set of land class determining Factors assuring uniform appraisal
of land conditions by the various soil scientists engaged in making the iand classificaticn
survey. Usually, the permanent factors include such characteristics as soil texture, depth
of soil to gravel, cobble or bedrock, depth to lime zone, claypans, hardpans, and macro-
relie¥, Typical changeable factors include salinity levels, exchangeabic scaium percentage
ievels, pH, microrelief, water table levels, flood hazxard, brush and tree cover, and rock
cover. Whether given characteristics will be changed will usually depend upon economic con-
siderations. The land classification survey thus deals with two aspects of this principle,
Can the cnange be physically accomplished, and what degree of change is economically Ffea-
sible? This willbe largely dependent on the economic setting of the project. For example,
a large investment may be made to reclaim a saline and sodic soil which after improvement
will yield a net Parm income of 3 200 per acre, In another climatic and economic setting,
where net income after improvement would only be § 30 per acre, the scil having similar
saline-sodic conditions would be regarded as nonirrigable. In the latter case, it would
be infeasicle to make the change. It 1s evident that the goal of tne development will
determine how far it would be feasible to carry out such remeaial measures. IF attainment
on a self-sustaining cietary balance and economic growth is the goal, then a substantial
investment can be made in improving unfavorable land Ffactors. This would be particularly
true under those conditions where the land resources available for development are limi-
ted aud, therefore, maximum utilization is deemed essential. If the goal is maximum econo-
mic efficiency, then the amount of change that could be made would be controlled by the
relationship of benerits and costs for including such increments in a project plan. Invest-
ment decisions are thus involved in most cases, and these should be guided by the corre-
lation established between the physical and economic Factors in the land classification
system,

The arability-irrigability principle states that the selection of lands for irrigation
proceeds through an initial step in which land areas of sufficient productivity to warrant
congideration for irrigation are identified and that there is superimposed upon this deter-
mination the selection of the lands to be specifically included in the plan of development.
The former may be termed "arable" lands, and the latter "irrigable" lLands. The selection
of arable lands is guided by an economic value such as gross crop income, payment capacity,
or net farm income, as chosen to define the land classes, On the other hand, the irrigable
lands are chosen tnrough the plan tormulation process. Here, water is allocated to irrigatiom,
hydroelectric power, municipal and industrial water supply, and other project purposes. The
irrigabie area is thus selected 1n relation to the vater aillocated to irrigation and 1o Lhe
size ang location of the distribution and drainage system. Funaamentally then, the selection
of lands Ffor irrigation is a 2-step process: |1) selection of an arabie area as guided by
farm production economics, ana (2) selection of an irrigable area is guidea by Tuec economics

of p.an rormulat.on, Llne Steps are interrelated auwd often complex, requiring closc interdis-
ciplinary cooperation.



The application of plan formulation criteria to the classification generally leads
to successive elimination of identifiable increments of arable lands from the plan of
development, Typical adjustments include (1) elimination of noneconomic increments such
as those that are too costly to serve, drain, or provide distribution works, (2) con-
formance of land area to the available water supply, (3) elimination of tracts located
above water service delivery elevations, (4) exclusion of isolated segments, odd-shaped
tracts, and severed areas that cannot be efficiently Ffitted into the farm unit pattern,
(5) deletion of proposed public rights-of-way, and (6) elimination of areas unable to
meet minimal criteria for economic returns under the plan., Of these factors, it is evi-
dent that Items (1) and (6) will again be goal-dependent,

APPLICATION OF METHODOLOGY

The system of selecting lands for irrigation is guided by a series of somewhat inter-
related stages. These may be identified as the presurvey, survey, and postsurvey stages,

Before the land classification is started the matter of handling land development
costs is determined, Methodology between countries may vary according to whether the Govern-
ment expects the landowner to pay for all development costs or if the Government does all of
the on-farm development with no direct cost to the landowner. The land classification would
be varied to show a reduced payment capacity and lower land class where land development
costs are borne by the farmer. When development costs are handled as a Government expense,
they do not influence the land class,

The presurvey stage involves study of the land resources, associated productivity,
and drainage capability experiences in a Ffully developed irrigated area having physical
and climatic conditions similar to the area of investigation, Field experiments may also
be used to provide the initial data for developing classification specifications, In some
instances, demonstration and experimental farms are established toe provide answvers to
questions pertaining to management systems, fertility, liming, irrigation practices, and
other factors.

During the presurvey stage, the project scils are studied and available soil survey
data evaluated for applicability to the selection process. 5So0il survey work is examined
in the field to appraise reliability for irrigationm suitability evaluations. Additional
field work requirements, if any, am established.

During the presurvey stage, available data on crop production, land development
requirements, methods of irrigation, level of skill to be applied by the Farmer, and re-
lated economic considerations are evaluated. These provide a basis for study of the agri-
cultural economy under future conditions with the irrigation scheme in operation. Such
data provide a basis for developing the definition of land classes and the physical nature
of the spil, topography, and drainage conditions which will constitute each land class.

"Data on the water quality are also studied and their potential effect on the soils
appraised, Only the soils which will respond Favorably to the type of water available
for irrigation are selected for development,

A significant undertaking during the presurvey stage involved the analysis of the
probable influence of specific physical, chemical, land, and water factors in the economics
of production and the cost of land development. Preliminary farm budget studies are usually
done at this time to define the selected range in economic values, such as net farm income,
which will be used to define each land class.



The characteristics and qualities of lands that determine suitability for irrigation
use varies with each project., The land class determining factors represent selected and
correlated ranges for such characteristics as texture, depth to bedrock, hardpan, sand,
gravel, caliche or other root-=limiting influences; structure, consistence, color and
mottling, kinds and amounts of coarse fragments, and kind, thickness, and sequence of ho-
rizon., In addition, the prediction aspect of selecting irrigable lands require many labo-
ratory measurements. Performance gualities are also either measured or inferred. These
would include factors such as fertility, productivity, erodibility, and drainability, as
well as such measurable factors as infiltration rate, hydraulic conductivity, moisture cha-
racteristics, and moisturesholding capacity.

Topographic characteristics considered consist of the degree of slope, relief,
and position, These factors are evaluated as they influence land development needs and
costs, method of irrigation, design of on-farm water conveyance systems, erosion hazards,
crop adaptability, drainage requirements, water use practices, and selection of management
systems, In classifying lands for irrigation, it is necessary to make decisions regarding
the extent to which slope and relief will be modified by landforming, and to make estimates
regarding the amount, type and cost of land development.

Surface and subsurface drainage requirements are considered in the selection process.
This is usually done by a coordinated effort between land classification and drainage
specialists. The objective of drainage requirement studies is to assure that the areas
included in the plan of development will have favorable surface and subsurface drainage
conditions, or such remedial measures as may be needed can be economically provided to
support a sustained irrigated agriculture,

In the survey stage, appropriate land classification specificatiomns are applied in
the performance of the arable classification, This involves field traverse; so0il and
substrata cbservation and sampling; laboratory analysis of soil samples; delineation of
the land classes, subclasses, informative appraisals, and the related procedures nece-
ssary to accomplish the field survey work. Performance of the field work is guided by the
type of investigation being performed. These may be of reconnaissance, semidetailed, or
detailed grade, If the reconnaissance studies show promise of achieving the development
goals, then more detailed studies are subsequently performed.

The requirement for investigative detail is set not only by the type of investigation
being formed but also by the complexity of the landscape being investigated. In accompli-
shing the field survey, the Bureau of Reclamation generally uses not more than six land
classes defined on the basis of their range in payment capacity. In short growing season areas,
fewer land classes are sufficient, Class 1 lands have the highest level of irrigation sui-
tability.

Class 2 lands have intermediate suitability. Class 3 lands have the lowest suitabi-
lity for general farming., Class 4 designates special use classes such as 4F, fruit, or
may be used to designate land with excessive deficiencies which special engineering or
economic studies have shown tobe irrigable, Class 5 is used as a temporary designation
for lands requiring special studies before a final land class designation can be made,
and - Class 6 is land not suitable for irrigation development.

Subclasses are used to indicate the reasons land is placed in classes lower than Class
1. This is shown by appending the letter 5 for soil deficiency, t for topographic deficiency,
and d for drainage deficiency to the land class designation. Subclasses of the land classes
2, 3, 4, and 6 are s, £, d, st, sd, td, and std.The mapping unit symbol also provides for
ihnuing the present land use, productivity level, development cost, water requirement,
drainage requirement, and as needed, special appraisals to indicate specific deficiencies,



For drainage evaluation purposes, the field work involves numerous observations and
measurements of conditions of the substrata as well as the true solum and surficial parent
materials, Some observations to depths of at least 10 feet are used in all investigations,
and to greater depth as needed depending upon the particular type of landform encountered,

In the post survey stage, the arable land classification may be modified as additional
pertinent physical engineering, hydrologic and economic information is obtained, Arable
classification adjustments are needed if the final project plan and costs for water and
drainage are significantly different than original estimates. During the postsurvey stage,
application is made of tests for the engineering feasibility and project formulation cri-
teria of benefits and costs, repayment, and the operation, maintenance and replacement
costs as needed to select the plan and related irrigable land under the development goals,

Rerults of the land classification are applied to (1) selection of irrigable lands,
(2) determination of water requirements, (3) selection of land use and size of farm,
(4) selection of the land development methods, (5) determination of payment capacity,
(6) determination of irrigation benefits, and (7) development of layouts for irrigation
and drainage system.



8. LAND PRODUCTIVITY EVALUATION IN BULGARIA 1/

Introduction

Agriculture in Bulgaria is rapidly develoring in the recent 23 years, The yields from
the main crops are the best testimony for that. Twenty five years age the average yield of
wheat was approximately 1,0 - 1.2 tons per hectare, now it is 3.5 - 4.0 tons per hectare,
for corn it was 1.5 = 2,0 tons per ha, now it is 5.0 - 6,0 tons per hectare, The capital
investments in agriculture now are several times higher than.those in 1948, The gquantity
of the introduced fertilizers has reached about 180 kg of nutrient elements per ha, The
areas under irrigation have increased from 30,000 ha to 1,200,000 ha, that is to say 25
percent of the arable land is under irrigation. The average size of one farm in Bulgaria
until 1948 was 0.6 ha, After the creation of co-operative farms and establishment of Agro-
Industrial Complexes the average size ranges from 30,000 ha to 50,000, It is quite obvious
that under this dynamic development of agriculture new problems will arise in the field of
agricultural science. One of these problems is land productivity. It comprises some na-
tural problems, as well as economic ones,

Previous Attempts at Soil Grouping and Land Productivity Evaluation

The so0ils surveys in Buloaria have been carried out on the scale 1:25 000.
Recommendations for rational use of the individual land units were made as integral part
of the spil reports, Thess recommendations can be considered as interpretations af soil
maps, So0il Taxonomic units were grouped according to the criteria shown in table 1. It
iz clmar that these criteria comprise mainly some indices reflecting the ecological
conditions (scil indices : stoniness; depth of parent material, if hard; salinity; and
geographical indices: slope, water table, altitude, length of plot). The altitude re-
Flects the temperature characteristics of the climate,

Later on principles for langd classification were worked out on the basis or more
detailed soil and climatic factors, It is in conformity with the different requirements
of the crops grown in Bulgaria, The criteria of this more detailed classification are
shown in table 2, Additional soil indices have been taken into consideration, such as pH ,
texture coefficient-Q (the ratio between clay in B horizom and clay in A horizon), texture
of top soil and sub-soil,

lf Prepared by: the Bulgarian working group: Prof, I. Garbouchev,
Dr. H. Trashlisv, Dr. 5. ¥Krastanov, in ceollaboration with:
Prof, M, Elgabaly (UAR), Dr, M.L, Dewan (India), and Dr. T.
Dkuno (Japan) of FAD,
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Criterion for grouping of soils {creiers}

Arable z i Unsuitable
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Table 2

Criterion for detailed grouping of soils (suborders)

-

Crops Orchards Veget— Vine— Tobacco Pastures Meadows Unsuitable
Indeaxes on on ables yards on on on Forests for
dry dry land on on dry land dry land dry land Agriculturd
land dry dry
land land
1 2 3 4 5 6 T it 3 10
Climatic
for the growing > 150 = 200 - > 100 =120 150 = 200 = 200 -
period V=VIII (pption{
year
Et"far the S2 100 >2 500 >2 500 >3000 >3 000 - - = "
period with t%8
|Soil:
Texture =
phye. clay & 5 20 20-75 10-T5 10-60 1060 = >20 i up to 10
Depth of soil:
to hard rock 2 50 > 100 > 50 > 100 > 30 >15 100 15 up to 5
on soft rock no import. - - - - - - = -
pH gy 4=T,5 - 5 =5 F=Ty5 - > 4 - -
Texture coef-
ficient < 3 2 < 2 < 2 -
Underground
waters in cm < 50 =150 £ 50 <. 300 < 50 < 30 = 10 <= 50 up to 30
Steepness of <15° upto 25° = 3° up to 25° 2. 15° - up to 7° - > 40-50°.
elope 27 4654 56k 465 27T% 124 1
[Erosion <. medium < medium < medium - - = up to - -
Salinity: med im
] water soluble - o
salts < 1% <z 0,84 <0,8¢ Z.0,8% £.0,8¢ £ 1% Z 1% £ 0.8% £ 1%
) exchangeable
NHa mg/equ < 20 £ 15 < 15 < 15 < 15 < 20 < 20 =13 =20
Stonineas: to weak to weak - - - - no - very sirong
Altitude above _ . oo = 800 = 600 = 600 <= 1 000 - 21800 =1 800 -
[sea level

# Physical clay particles less than 0,01 mm.



The main principles in creating the methods of land classification was to take into
consideration the unfavourable values of different indices which show that certain product-
ion is impossible. In this way a land can be divided into two categories: suitable and
non suitable. The suitable lands were divided into classes according to the conditions for
this respective crop. This division was made on the basis of evaluation of the ecological
conditions for the main crops grown in Bulgaria. In extensive farming it is relied ex—
clusively upon the natural soil fertility and is evaluated chiefly by the storage of
nuitrients. With the intensive farming considerable amounts of fertilizers are used. Under
these conditions the most important soil and climatic indices are those which favour the
efficient fertilizer utilization. The Bulgarian method for land evaluation was created on
the basis of this principle. The integrated indices, compriesing a number of gingle scil
properties, have great importance in the conditions of intensive farming. These indices
are: thicimess of humus horizon; thickness of soil (for soils developed on hard rocks):
texture coefficient; pH; humus content; water table; texture of top or sub-soil
(depending on the ﬂrﬂp?- Evaluation of those factors was very subjective, It was based
on experience and scientific knowledge with regard to their importance in crop formation.
The soil value was calculated from the values of each single factor. If one of the above
mentioned factors was zero, the total soil evaluation should be equal to zero (table 3).
Thie points out the equivalence and unchangeability of the fertility factors.

The climatic conditions for the basic crops were evaluated individually, and a map
with coefficients for the whole country was compiled. The final evaluation of the ecological
conditions (land evaluation) was calculated by multiplying the soil marks by the climatic
coefficients, The principle of estimation of the climatic indices taken into consideration
for the different crops is shown in table 4. The soil and climatic conditions were con—
sidered as equivalent fertility factors. The climatic coefficients range from O to 1.
Certain soil can develop completely its productive possibilities for individual crop if the
climatic coefficient is 1, while the same soil at a zerc coefficient has no productivity
because of the climatic limitations. The criterion for the reliability of land evaluation
of the obtained yield from the respective crop.

Another peculiarity of the land evaluation method in Bulgaria wae the establishment
of correction coefficients for the management practices and more dynamic processes, which
change the productivity. Such coefficients were establighed for irrigation,; salinity and
erosion (table 5; 6 and E]. Steepness of slope and length of field were considered as
economic indices and their correction coefficients were established according to the
influence upon the production cost. This couniry was divided into 165 regions with similar
ecological and economic conditions. The above method was applied to the land evaluation
of each region. The obtained results are used for planning of agriculture, financing of
the farme and redistribution of the differential rent. This evaluation was the first
approximation in this respect. The problem should not be considersd complete. It was only
& beginning that should be continued with the aid of some new statistical methods.

Mathematico-Statistical Approach to Land Froductivity
Evaluation

In the last 3-4 years there have been applied the following mathematico—statistical
methods: analysis of the main components and regression factorial analysis. Due to the
fact that the relationship between yield and the tested factors was not very well expressed
at T = aa,Iﬁ+h we tried to establish the relationship according to the equation:

Y = TE(Z,‘ZE“ v-zn'x1xzo LR .Iﬂ-} i TE(H]'

where Y = yield, Z = climatic and X = soil factors.



Table

3

Evaluation of soil indexes for corn

S0il indexes Values Hotes
Texture
Gravelly clay 9] When the water table isg from
Sandy ) o} -20‘?; clay ] 100 to 300 em, all scils excepy
Light sandy clay 20 =30% clay 50 the gravelly and sandy soils
Medium sandy clay 30 -45% clay 70 acquire an index value of
Heavy sandy clay 45 = clay 100 100.
Light clay 60 =70¢ clay 70
Clay above T5% clay 50
Depth of humus
horizon in cm under 20 20
20 <30 80
30 =50 90 :
50 =80 100
above B0 100
Depth of soil under 30 O (nly for scils on hard rock.
in em 30 =50 5 The index values are trebled.
Texture coefficient
under TO When the water table is from
1 = 1,3 100 100 to 200 cm, the index wvalue
143 = 2 90 is 100.
above 2 20
pH above T,5 80
645=T45 100
5 =6,5 30
under 5 40
Humus contents under 1 40
in % 1=2 T0
2= 95
3= 100
above Ly 100
Water table in 0=50 0 Only for soils with a water
om 50=100 80 table from O to 300 cm.
100300 100




Table

4

Averare values of agroclimatic conditions and coefficients for

the different crops

G Thdlces Aver Coef= | Aver Coef- | Average| Coef= | Ave Coef= | Average Coef- | Aver Coef- |Aver Coef-
e value fficient| wvalue [ficient| wvalue ficient| wvalue [ficient| wvalue L}‘cien‘t value Licient lue [ficien
I - III v v Vi Vil

Cotton|t® for the up to 0,2 3 400-| 0,5 3 600-| 0,7 3 800-| 0,8 3 900-| 0,9 above 1,0 reginnal 0

growing |3 400 -3 600 -3 800 -3 900 -4 000 4 000 above

period * 500 -

600 m

Wheat |Balance of| —150m | 0,8 |-15%0 wp| 0,9 |-100 up| 1,0 0 mm 0,6

moisture to =100 to 0,0 _

for the i i

period |

IV + VI |

#*) Curulative total of daily o




Table 5

Correction coefficients for erosion and accumulation

e Ty o Calcaresous Leached and Grey and Light—grey
and typical podzolized cinnamonic cinnamonic,
Rk ot RSO ATOH chernozems, chernozems forest podzolized
: chernozem— and dark soils and brown
or accumulation smolnitsas grey,cherno— forest soile
zem=emolni-
teas
1 2 3 4 5

I. For wheat; maize, sunflower vegetables,
sugar beet, lucerne.

Slightly eroded 0,85 0,88 0,75 0,50
Moderately eroded 0,65 0,70 0,60 0,30
Strongly eroded AT 0,40 0,25 0,15
Slightly accumulated

(up to 20 cm) 1410 1,05 1405 1,00
Moderately accumulated

(up to 50 cm) 1,30 1,10 1,10 1,05
Strongly accumulated

(above 50 cm) 1,50 1,30 1,30 1,10

II. For cotton

Slightly eroded 0,95 0,595 0,95 0,95
Moderately eroded 0,70 0,75 0,70 0,30
Strongly eroded 0,40 0,40 0,40 0,10
Slightly accumulated 1,05 1,05 1,05 1,00
Hoderately accumulated 1,10 1,10 1,10 1,00
Strongly accumulated 1,10 1,10 1,10 1,00
I1I1I. For orchards
Slightly eroded 1 1 1 1
Moderately eroded 1 1 1 1
Strongly eroded 0,30 0,80 0,80 0,80
Slightly accumulated 1 1 1 1
Moderately accumulated 0,90 0,50 0,90 0,90
Strongly eroded 0,90 0,30 0,90 0,90




Table 6

Correction coefficients for irrigation

Crops
Soils
wheat maize, cotton orchards tobacco vine- lucerne
sunflower yards
gugar beet

1. Chernozems 1,2 1,6

(calcareous,

typical) 1,2 1,6 1,3 1,4 1,3 1,2 241

2. Chernczems

(1eached and

podzolized) and

dark=grey forest

soils : ) 1,4 Ty 2 1,9 192 1,1 2,0
3. Grey forest 1,1 1,3 1,0 1,8 1,1 1,1 1,8
4. Light-grey

foreet soils 1,0 1,1 1,0 1,0 1,0 1,0 1,2
5« Chernozem—

smolnitsas 142 1,6 1,6 1,4 11 151 2,0
6. Cinnamonic

forest

(leached and

typiecal) 152 1,6 1,6 1,9 2,0 1,2 2,0
T+ Cinnamonic

forest

(podzolized) 11 1,5 1,4 1,5 1,8 1,1 1,4
8. Brown forest 1,0 1,0 1,0 1,0 1,0 1,0 1,0
9. Headow .

(chernozemlike,

alluvial-meadow,

meadow-cinnamonic,

meadow chernozem-

smolnitsas) 1,2 1,6 142 2,0 y I 0,9 1,8
10. Rendzina 1,2 . 145 45 1,0 1,3 192 145
11+ Delluvial 151 194 194 2,0 2,0 1,0 1,0

Correction for cotton irrigation is done only in the cases when the climatic
coefficient for a definite region is higher than 0,5.

Correction for tobacco irrigation is done only in the cases when the climatic
coefficient for a definite region is higher than 10,7,

Soil values are corrected by climatic coefficients and the numbers obtained are
corrected for irrigation for all crops except for cotton and tobacco.



Correction coefficients for salinity of soils

Table

1

Degree of esalinity
O weal § weak : weak: Solonchack Solonetz
P ja) water- a) water— S water— exch. Na
soluble salte soluble salts ° aalubl e aRdt soluble Eﬂmg,.f"equ.
. 0,3=05¢ 0,8 - 1% SR T alts
b) exch. Na b) exch. Na b) e;cch_ Ha" above 1 %
5=10mg/equ. 10=15 mg/equ. 15220 mgz/equ.
Wheat 0,90 0,80 0,70 0,10 0,10
Haize 'L.90 0,80 0,70 0,10 0,10
Sunflower 0,%0 0,80 0,70 0,10 0,10
Cotton 1,0 0,90 0,80 0,20 0,20
Tobacco 0,80 0,70 0,50 0,10 0,10
Lucerne and
Sugar best 1,0 0,95 0,95 0,50 0,20
Orcharde and
Vegetables 0,85 0,70 0,50 0 0




Table &

Correction coefficients for steepness of slope

and length of plot

( Percent of decrease of the basic evaluation )

Orore lSteepnuau of slope in degrees Length of plot
up to 3 3=6 6-9 G=12 abowve 12 above 50—  200- up to 200
. 600 600 350

1. Wheat - 2 10 13 16 - 3 9 12

(h&rle;r}
2. Maize - 3 12 15 18 - 3 10 13
L 3. Sunflower - 3 12 15 - - i 10 13
4. Sugar beet| = 3 10 13 - - 3 8 11
5. Tobaecco - 1 3 6 10 - 1 2 4
6. Cotton - 3 10 13 - - 3 8 1
T+ Tomatoes

and

peppers - - - s 2 o 1 5 1
8. Potatoes - 3 12 15 18 - 3 8 11
9. Lucerne - 2 8 15 18 - 2 6 8
10. Vineyards - 2 9 13 16 - 2 & 8
11. QOrchards - 2 ] 13 16 ~ 2 6 8
12. Natural

meadows - 2 12 18 22 - 2 6 8




Mean, standard deviation and coefficient of variation

Table 2

Variables Mean 5.D. C.V.
y=x,_ yield (wheat) 353 kg/dka 93,1 6,4 %
x, Tex:fP top soil 5 53% 10,0 19,6
x, Tex/P subaoil 547% 10,3 18,9
X, Tex. coef, 1,08 0,30 29,8
xt.} Humue top 2,34 0,69 28,8
Xg  Humus sub 2,00% . 0,83 41,3
x, T.N. top 0,133% 0,038 28,8
xg T.N. subsoil 0,109% 0,039 35,6
*g pH top 5,89 0,83 14,0
x,, PH subsoil 5484 0,90 15,4
x,, Hy.Mois. top 5,03 1,98 3543
L Hy. subspil 5,62 1,81 32,2
x,; CaCOy top 0,43 1,37 311,8
x,, €aCO, subsoil 0,55 1,14 318,1
115 _ Depth Humus 55,5m 15,3 27,6
16 P;:;Elfa&ﬂ 55,6™" 15,6 28,1
X, Sum. Temp. 5°C 79139 18,0 22,7
X.q Supply moisture 132,5““ 23,6 12,9
Xiq Precip. - May 106,2 34,5 32,4
X, Temp. — - Hay 19,2 1,14 519
x.. Balance W.S. 9,22 68,5 943,0

21




Y = 1366 - 3B,Dx13 - 3,05{:14 - o,63}2-198.7fx4 —1,16}2—
- 14,87(xg=1,76)% = 48,8 x 0

From the above equation we estimated for x  an optimum value 1.16 and for x. - 1,76.
The iattei 1s improbable. It is well known that the observed optimum for xg due to
hail., Prom the equation it is apparent that there is negative correlation between yield
and mean May temperaturas.

On the basis of the above equation and some agronomic consideration we suggest that
the following indicee should be included in the recommended model:

Te Gaﬂﬂjﬁ in top soil

2, Humus % in sub-soil

3. (Tex Coef. -1 .E:IE

4. (temp. in May = 15,:::}2
5. Temp. May

6. Texture of top meoil

7. Balance of water supply
8. (Balance W.5.)°

At present research work is carried out in 43 experimental stations and 140 fields in
co-operative farms are under examination for the purpose of land evaluation. Later, the
data collected will be processed. It is forseen that the research studies will continue up
till 1975.

We think the application of the parametric approach to the land productivity evaluation,
using the mathematico—statistic method will enable the establishment of objective methods
for yield prediction. On the basis of such comprehending experiments are carried out for
parametrizing the elements of the eco—systema. Data for 20 climatic, over 40 scil and more
than 10 geographical indices are collected from different locations in this country. The
yield and soil management data are collected from the same location. The individual factors
of fertility will be studied in model experiments apart from the above field experiments.
After processing of the data it should be possible to find out a detailed method of yield
prediction. In our opinion the final purpose of land productivity evaluation should be the
elaboration of methods for reliable control and management of fertility. The modern computer
technique and communications favour the fulfilment of this task. The socialist erganization
of agriculture in Bulgaria enables the successful performance of such problems.

Conclusion

1. Land productivity should be studied mainly by parametric method, using stable
soil factors. The climatic factors should be studied separately. Their influence on
yield formation can be expressed by coefficients. The influence of other changeable factors
like irrigation, salinity, eroeion, =0il management, fertilizer application, etc. can alsc
be sxpressed by coefficients. This is the only way to simplify the mathematical equation
(reducing the number of indices to the admissible minimum).

2. The number of indices can be decreased by using integrated ones, which express
quantitative influence of several factors or the dynamice of certain factor aleng the
depth of the profile. The indices can bereduced by some simple processings as well.



3. On the basis of the knowledge about ecological factors and their functions in
¥ield formation for a definite crop it is poassible to establish mathematical models and
examine them by simulation of the variations in different ecosystems.

4. It is absolutely necessary to establish a bank for collection of reliable soil
and climatic data, data for managerent, fertilizer application, irrigation, etc. and
the yields from the respective crop. The number of indices to be collected should be
determined after profound investigations.

5« The experiments carried out under controlled conditions can be of extraordinary
importance for land productivity evaluation and yield prediction.



9. LAND EVALUATION STUDIES IN IRELAND lf

INTRODUCTION

A widespread land-evaluation programme was carried out in Ireland back in the early
part of the 19th century under the direction of S5ir Richard John Griffith. This evalua-
tion which was based on the capacity of the land to produce certain crops was used mainly
for taxation purposes, and has not been superseded up to the present time, Because of
changed technology, however, certain anomalies in this evaluation are now apparent %1%.
Subsequent to Griffiths evaluation an attempt was made to prepare "agrologic maps" (2
which yere based on a comparison of the soil as determined by chemical analysis with
Griffiths evaluation, These agrologic maps were subsequently lost,

S0IL SURVEY

Systematic soil survey work based on modern principles commenced in Treland in 1959
when the Agricultural Institute was established. It was decided to prepare soil maps
for each of the twenty-six counties, For this purpose field mapping was carried out at
a scale of 6 inches to 1 mile (1:10,560) but these maps were reduced to ¥ inch to 1 mile

(1:126,720) for publication purposes,

QUALITATIVE LAND EVALUATION

In addition to the systematic soil survey itself the suitability of the soils for agri-
cul tural, horticultural, forestry and amenity uses is determined, Based on their suitabi-
lity for production the soils are grouped into suitability classes and a suitability map
produced to accompany each soil map,

The suitability classes range from those with soils suitable for a wide range of farm
enterprises and which have few limitations other than possibly their low pH and nutrient
status to those with very severe limitations and which have an extremely limited potential
in agriculture, Such soils may be more suitable for recreational or amenity purposes,

Six suitability classes ranging from A to F are usually esatablished,
Class A

The soils placed in Class A are well adapted to modern techniques. Their main limiting
factors of low pH and nutrient status are easily overcome by liming and fertilization. They
can withstand the impact of heavy machinery, cultivate easily, allow early growth in spring
and are capable of carrying large stocks of srazing animals over a prolonged period of the
year without suffering physical damase,

1/ by M.J. Gardiner, Head, National Soil Survey of Ireland.



Class B

Class B soils have a more limited potential use-range than those in Class A and are
generally only of moderate suitability for cultivated crops, pasture and forestry. Limi-
tations include coarse texture, somewhat weak structure or the necessity for constant
attention to drainage maintainance,

Class C
=338 ~

The soils included in Class C have a more limited potential use-range than those
in Classes A or B and they are generally only of moderate suitability Ffor cultivated
cropping. Compared to Class A soils the effort required to develop a suitable tilth by
cultural operations is greater and they are slow to warm up in spring due to their high
moisture status. Growth is slow early in the season and harvesting by modern mechanical
means is often difficult due to soft ground conditions., Economically, therefore, arable
crop production is at a disadvantage compared to production from Class A soils,

They are well suited to pasture production and output can be very high. However,
to attain this, they require constant attention with particular reference to grazing
management. Allowance must be made for resting the pastures during wetter pericds to
avoid pouching by grazing stock. For this reason the high mid-season production must be
exploited to the full by conserving surplus summer growth as silage or hay for winter feed.

Class D

Class D soils have a limited potential use-range due mainly to poor natural drainage
conditions and in some also to weak structure and heavy texture resulting in slow permeabi-
lity. They are poorly suited to cropping and provide poor growth conditiens in spring.

They are more suited to pasture production but the restrictions to output and utili-
zation and the procedures required to attain maximum returns, are similar or even more
pronounced than those necessary on Class C soils.

Class E

Class E spils have a very limited potential use range. Main limitations are shallow
depth and rock outcrop., Steep slopes prevail in some and pan formations in the profile
can be a serious problem, restricting water movement and root penetration,

Class F

The potential use-range of these soils is extremely limited. They may be very poorly
drained, very shallow or have very frequent steep slopes, Only limited improvement for ex-
tensive grazing or Ffor forestry may be possible and for these reasons, therefore, they are
often more suited to wild life or amenity development.

RESOURCES INVENTORY

After each soil map is completed, the extent of occurrence of each soil is measured.
When this information is combined with the soil suitability or soil drainage classification
as outlined above, the results constitute an inventory of the soil resources and potential
within each county.

Some of the survey results indicate great differences in the agricultural potential
between different counties and regions. A comparison of counties Wexford, Limerick, Carlow
and West Donesal shows this clearly (Table 1).



Table 1 - Seil suitability classes as a percentage of the total area For counties
Wexford, Limerick, Carlow and West Donegal.

Area Soil Suitability Classes (%)

Statute Acres I II I11 Iv

County Wexford 584,521 a0 13 22 5
County Limerick 661,738 38 8 43 13
County Carlow 221,540 67 4 23 6
West Donegal Region 263,050 1 & 30 3

K.B. V-acre = 0,405 ha

One of the most striking features of these Findings is that West Donegal with only 1%
of Class T land has more holdings per square mile than County Carlow which has 67% of Class
1 land. The question of whether areas like West Donegal can maintain as many holdings as
exist at present is immediately raised. The extent of occurrence of 38% Class T soils in
County Limerick by comparison with 60X in County Wexford and 67 % in County Carlow is also
noteworthy especially in view of the popular reputation which County Limerick enjoys for
sood quality land. Provisional fiqures for percentages of different soil suitability classes
in a number of other counties indicate the considerable differences between them in soil
resources (Table 2),

Table 2 - A soil suitability classification for some Irish counties,

Soil Suitability Class (%)

County

I 11 ITI Iv
Roscommon 35 38 18 1
Monaghan 28 a1 18 9
Mayo 23 20 12 45
Cavan 23 53 13 1M1
Sligo 21 41 16 22
Clare I 14 14 46 26
Donegal 13 25 2 &0
Kerry 10 14 23 53
Leitrim &1 2 &4 53

QUANTITATIVE LAND EVALUATION

Measurements of crop yields have shown considerable performance variation between
the different soil series already mapped even where management and Fertilizer use are
of a uniformly high order. Such yield measurements for sugar beet (3) and for wheat (Table 3)
show a range of yields from 35.0 to 48.0 tons/ha and from 55 to 71 cwts/ha respectively
(2,800 to 3,600 kg/ha) on different soil series.



Table 3 - Sugar beet and wheat yields on different soil series,

Sugar Beet Wheat
Soil Series Tonne/ha Soil Series cwts/ha
Broadway 47.7 Clonroche - 71.0
Clonroche 43.9 Screen 95.5
Screen 8.4 Rathangan 55.8
Rathangan 35.1 Macamore 57.5

N.B. 1 cwt = 50.8 kg

As a result of these and other measured performance variations of different soils
a large-scale productivity experiment has been laid down on a number of representative
soils throughout the country, It is hoped, through this experiment, to establish not only
the absolute performance variations between the different soils but also any seasonal diffe-
rences existing, In this way, Farm management practices can be matched to the most suitable
crops and to total and seasonal grass production patterns which are characteristic of diffe-
rent soils. It will help to make possible also the application of the particular fertilizer
treatment most suited to individual seoil types.

NATTONAL FIGURES

From the new soil map of Ireland (4) the extent of occurrence of each great soil sroup
association was calculated and the results, together with the land-use interpretation fin-
dings were compiled to accompany the soil map (5). These results showed that the different
soils have permanent limiting factors ranging from very strong limitations in some to only
slight limitations in others, The extent of occurrence of soils in these different cate-
gories as well as the kind and degree of limitation involved is shown (Table 4).

Table 4 - S5o0ils with varying degrees of limitations to agricultural use as a per-
centage of the whole country,

Degree of Limitation Type of Limitation % of Country
A 5light No serious limitations 35.8
Moderate Somewhat shallow depth 10.4

Coarse texture

C Moderate to strong Somewhat shallow depth 13.4
' Somewhat high altitude
Poor permeability, poor structure
Somewhat heavy texture

D Strong Very poor permeability 11.2
Foor structure
Heavy texture

E Very strons Rock outcrop, shallow depth 20.6
Steep slopes, high altitude




RANGE OF USES TO WHICH THE DIFFERENT SOILS ARE SUITED

The soils were then srouped on the basis of the range of uses to which they are suited
under normal manasement and fertilizer practices. The results (Table 5) showed that AppTo=
ximately 32% of the total land area has a wide use-range with limitations that are overcome
by normal manuring and management practices. Another 9% has a somewhat limited use-range,

Table 5 - Ranae of potential uses of Irish soils

Use-range catesory % of total area
T 1 Wide 32.2
2 Somewhat limited 9.0
3 Limited 29.6
4 Very limited 9.5
: 5 Extremely limited 18.1

This constitutes a total area of 41% of soils with a wide or only somewhat limited range
of potential uses,

Soils in the limited use-range category are those mainly unsuited to tillaee but suited
to a permanent grassland system (and mostly suited to forestry also); these occupy 29.6% of
the country. The remaining 27.6% have an extremely limited use-range; the potential for
agricultural development in areas occupied by such soils is greatly restricted,

The usefulness of such figures is based not only on the fact that the amount of land in
various use-suitability and limitation categories is calculated but alsc that the map it-
self shows the resional distribution of these categories,

POORLY DRAINED LAND

It was possible also from the survey findings to make an assessment of the total amount
of wet land in the country., It was found that (exclusive of the major peat areas) 29% of
the country is occupied by poorly-drained mineral scils. When the soil characteristics of
the wet land were taken into account, it was found that the 29% total could be broken down
into 18% of soils which are wet because of heavy texture or poor structure, or both and 11%
which are wet mainly because they are situated in low-lying positions. These latter soils
would be classified as sround-water gleys whereas the former would be classified as pseu-
dogleys. The techniques necessary for the successful artificial drainage of these two soil
types may be quite different and since there is a considerable annual investment in land
drainage in Ireland, the breakdown of the drainage problem on the basis of causative effect
is regarded as most important,



GRAZING CAPACITY MAP

Land-use in Ireland is dominated by pasture production and with some 85X of the land
devoted to pasture, the livestock industry plays a most important role in the national
economy,

The present livestock population has been estimated at 5.2 million livestock units
(L.U.). The extrapolation of animal production experimental findings from the various
research stations to the country at large was made possible by the publication of the Soil
Map of Ireland (1969). This extrapolation (6) showed that approximately 10 million livestock
units could be carried on the lowland mineral soils by the application of existing knowledge
and techniques. Since the present livestock population is estimated to be 5.2 million live-
stock units, it can be seen that almost 100% increase in livestock density is possible on
the basis of our known soil resources,

Considerable differences were found to exist between the different scoils in the country
in this resard, In a comparison of four counties, it was found (6) that present stock den-
sities in County Roscommon and in County Leitrim are approximately 75% and 50% respectively
of those in counties Limerick and Wexford. This is a reflection of the type of soils occurr-
ine in each county as is shown by comparing the actual number of livestock carried with
what is possible according to the extrapolation of research findings (6). It was found
that possible improvements in livestock units per 100 acres were 103X, 81%, 70% and E5% for
counties Roscommon, Wexford, Limerick and Leitrim respectively,

FUTURE PROGRAMME

The future programme is based mainly on the preparation of county soil maps at a
scale of 1 : 126,720, A number of these have already been published e.q. (7), (8), (9),
(10), (14). However, continuing emphasis will be placed on both the qualitative and quan-
titative interpretive work so that the basic soil survey programme will be as useful as
possible in the planning of optimum land use. Where possible the basic seil and land-evalua-
tion information will be correlated with the other physical, economic and socioclosical fac-
tors which are also highly important if we are to have a comprehensive understanding af the
problems involved., Two such resource surveys have already been completed (12}, (13). The
ultimate aim of the programme would be to recommend the zoning of crop and livestock pro-
duction on the basis of the most suitable soils and climate and the establishment of farm
management systems based fundamentally on the seascnal pattern of production particularly in
relation to pastures,
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10. THE CONCEPT OF LAND UTILIZATION TYPES -V
SUMMARY

For the purpose of land appraisal, the concept "land utilization type" represents a
broadly generalized emquivalent of the management factor in rural land use, It is a tech-
nical organizational unit in a specific socio-institutional setting.

For the definition of a utilization type several key attributes are proposed which
have been singled out for their marked influence on the production capacity of the land:
1) nature of produce 2) land tenure system 3) size of farms 4) labour intensity 5) capital
intensity 6) level of technical know-how and 7) farm power (source and accompanying im-
plements),

Only a broadly generalized concept is presented and key attributes eventually will
need to be sub-divided precisely as is practical for the overall purpose of the land
appraisal study.

Key attributes can be related to specific land management/engineering practices, which
indicates their significance for the evaluation of input requirements and the socio-economic
analysis of use alternatives,

Finally, the importance of present land use classification is stressed when defining
relevant land utilization types. Reference is made to existing systems of land use typing.
Coordination in approach and terminology with agricultural statistics and agricultural geo-
graphy is suggested,

INTRODUCTION

The objective of this Expert Consultation g{ is to discuss multi-disciplinary land evalua-
tion methods and to make specific proposals for standardization of methodology and termino-

logy.

Our discussion should result in the development of a standard framework for land eva-
luation that will indicate present and potential suitability of identified land units for
alternative uses.

Furthermore, our terms of reference mention that such alternative uses should be
judged relevant, in rather broad social and economic terms,

The main purpose of this paper is to introduce some diagnostic criteria which may
be considered key attributes for the characterization of land utilization types at a high
categorical level of generalization (Chapter 4.2.2, Background document) 24 It is hoped that
this panel can arrive at some agreement if such attributes should indeed Dbe singled out
ard if a more detailed classification applicable to the more detailed phases of land apprai-
sal will be needed,

1/ by Klaas Jan Beek, Coordinator FAO/UNDP Regional Project LAT 70/457 "Systematic Land
and Water Resources Fvaluation? Santiago, Chile.

2/ References to 'Expert Consultation' and 'Background document' throughout this paper re-
late *o an FAD Consultation on Land Bvaluation for Rural Purposes canvened in Wageningen,
6-12 October 1972, A report on this meeting including the Background Document is publi-
shed as Publication No. 17. International Inst, of Land Reclamation and Improvement,
Wageningen, Netherlands,



MULTIDISCIPLINARY CONCEPT

Land utilization types, as conceived here, require multidisciplinary cooperation for

their formulation.

Fig. 1 (from BEEX-BENNEMA 1971) indicates the position of the utilization type in the
overall land evaluation procedure.

Apparently the subject occcupies a boundary position correlative with sciences other
than soils. Although this may represent a special attraction it can also be a source of
confusion when approached unmethodically,

I_.E-auiing questions when defining land utilization types are:

a, are the characteristics relevant and sufficiently mutually exclusive in their in-
fluence on land productivity?
b. can each characteristic be graded/classified in a practical way, distinguishing

relevant groups/levels/threshold values which are meaningful Ffor the purpose of
land evaluation?

c, can subsequent socio-economic analysis quantify their influence? (production
functions),
FIG, 1
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In broad reconnaissance studies it is not necessary that the pure influence of each
diagnostic characteristic on land productivity is known, It is often the combination of
characteristics which is relevant. In detailed quantitative studies however, multifacto-
rial regression analysis and multiple correlation would permit the assessment of the Ffunc-
tion of each variable in the production process (VASIL 'YEV, 1967).

XEY ATTRIBUTES OF LAND UTILIZATION TYPES
As key attributes only those factors have been selected which have a marked influence
on the productive capacity of the land,
The following seven Ffactors have been selected:
A. Biological
1. Produce

B, Socio-Economic

g Land tenure system (legal status)
3. Size of farms

4, Labour intensity

5. Capital intensity

6. Level of technical know-how

C. Technical
T Farm power (source and accompanying implements)

Sometimes other factors such as the status of infrastructure, location, degree of commer-
cialization, availability of credit and markets are variables of dominant importance.

Each factor has been broadly commented on in the Background document pp. 42-44, repro-
duced as Annex 1 of this document,

DETERMINING UTILIZATION TYPES AND LAND SUITABILITY: AN ITERATIVE PROCESS

The selection of relevant land utilization types mostly takes into consideration
the quality of the land., In almost every project requiring land evaluation albeit crop
diversification, settlement, or merely the introduction of specific management improvements
(fertilizer promotion, drainage, introduction of new machinery) increased productivity is
one of the objectives. Even if social benefits have a much higher priority (land reform)
land should be able to meet minimum requirements of management response and productivity.

In the overall land appraisal, selection of relevant utilization types and the determi-
nation of land suitability follow an iterative procedure: two mutually inter-dependent
problems are solved simultanecusly by getting a tentative solution to ome (first outline
of land utilization type) that is used in getting a tentative solution to the other (is the
land unit suitable for the chosen utilization type)? That, in its turn is used in impro-
ving the solution to the first one (adaptation of first outline land utilization type to
additional knowledge on suitability of the land unit) etc.



BIOLOGICAL AND AGRICULTURAL PRODUCTION SYSTEMS

NIX (1968) describes primary biological production as the result of dynamic interactions
between genctype and physical environment in an attempt to model biological production systems,

Yg (T) qu yg (Re, Rw, Rn, Rg, Rb) dt
Yg = biological yield of genotype g at time T

Yg = rate of change of Yg which is a function of:
Re = energy Regime
. Bw = water Regime
Rn = nutrient Regime
Rg = gas Regime
Eb = bigotic Regime
. (A1l functions of time t)

Theoretical production ecology is making considerable effort to evaluate the basic
biological production processes and to predict potential yield by the use of simulation
(building of models).

In the context of land evaluation a land utilization type could be considered a broad-
ly generalized equivalent of the management factor, which distinguishes agricultural produc-
tion from potential biological production., It manipulates one or more terms in the biolo-
gical yield equation. Produce in its most detailed definition would compare to the genotype
in the formula of NIX. Thus the utilization type has a determining influence on the real
yield/potential yield ratio.

PRODUCTION FUNCTIONS

Land evaluation should meet the requirements of subsequent socioweconomic analysis,
Therefore, it is not sufficient that agricultural production processes are traced through
only in biological, chemical or physical terms, though be it very important for the iden-
tification of potential yield levels,

The scope of this expert panel rightly places great emphasis on the identification and
preliminary evaluation of input requirements associated with alternative uses (chapter 1.2,
background document).

Land gtili:ltion types somehow will need to indicate the input side of the agricultural
production process: kinds and grades (levels) of inputs, how and in which proportion inputs
can be combined, and at what times,

The land utilization type has been conceived to serve this purpose: esach type, depen-
ding on the required detail, represents a certain range of inputgﬁmanagement practices which
can be applied if the specific land qualities would require these: a technical organizatio-
nal unit in a specific socioinstitutional setting.

There are many different combinations of input factors, that will produce a certain vield.
However, different yields on a specific land unit result from different input combinations
(production-functions in economic analysis),



It should not be impossible to prepare a fairly complete list of "land" management
practices 1/ and to examine the feasibility of their application in relation to the
several grades of the proposed diagnostic attributes of the land utilization types.
(Annex 2).

In typology of existing land use "land" management practices are mostly included
in the characterization of the land use pattern.,

LAND UTILIZATION TYPE AND FARM MANAGEMENT TYPE

-

The previously described iterative process indicates how land evaluation proceeds
stepwise in matching the relevant qualities of the land unit to the requirements of re-
levant land utilization types. For our purpo$e the land unit is normally a mapping
unit, restricted in its application by the scale of the map. Only very large scales
will be able to produce land units which permit listing of management specifications
for individual farm land units. But even then the land utilization type does not become
the equivalent of farm management type, first of all because only "land" management
practices are considered and second because farm management i3 an economic discipline, con-
cerned with decision making on the combination of all kinds of inputs, not only those re-
lated to the manipulation of land qualities.

For successful land utilization, correct decision making concerning imput combinations
is essential. Land evaluation, by formulating land management specifications for relevant
land utilization types, can contribute significantly to this success also on smaller map-
ping scales,

Land use planning in large territories with limited information on land resources in
particular, would benefit from a multicisciplinary approach to the evaluation of land re-
sources and the preparation ur couairy-side o reyional iaud suitability maps for a ranpe
of alternative land utilization types (land use zoning).

LAND UTILIZATION TYPES AND PRESENT LAND USE

Perhaps the focus of this expert panel does not place sufficient emphasis on the
importance of present land use in land appraisal.

In a majority of cases land appraisal will need to be carried out in areas with
an established land-use pattern. Here the solution of relevant land utilization types will
very much depend on the interpretation of the present situation and of passed trends in
land use, Good understanding of present land use is also important for easy reference to
the various types of land use occuring elsewhere, In particular land tenure and Ffarm size
can be of dominant influence on eventual land use changes, Other important factors when
projecting yvield increases are: the really felt need for higher income, additional labour
requirements, added value/added cost ratio of new inputs, available credit, marketing
prospects and the available rural extension service.

1/ "Land" management = manipulation of land qualities



EDELMAN (1949) proposed a range of five types of land classification for development
planning:

Land classification according to:

1. natural conditions (soil-climate etc. classification)
2. present land use

3. land suitability for alternative uses (use capability)
4., recommended land use (socio-economic analysis)

S classification for programme effectuation.

The first type has been purposely excluded from this panel, which is only concerned
with iq;erpretatiun. The second type does not receive specific attention in the Background
document, therefore the only type excluded is the present land use classification,

The third type (land suitability has been sub-divided in three kinds (Background
document Chapter 5,2.1.):

X i) actual suitability classification
ii) potential suitability classification (without amortization of major capital
inputs)
iii) potential suitability classification (with amortization of major capital inputs).

The fourth and the fifth type have been listed in Chapter 2 of the Background docu-
ment, representing after land evaluation the second and third stage in planning land develop-
ment and readjustment.

This panel aims at a certain standardization in approach and presentation. Therefore,
when discussing the concept of land utilization types, it will be justified to analyze the
progress made by other specialized fields, scientifically concerned with the typology of
land utilization., Mention is made here of agricultural statistics and agricultural geo-
graphy.

It is desirable for purposes of cross reference that their terminologies are compared
and to a certain extent coordinated,

AGRICULTURAL STATISTICS AND LAND USE TYPING

Reference is made to the FAO World Census 1970 which is based on a long check-list
of items including 0) holding, holder, tenure and type of holding. 1) land utilization
2) crops 3) livestock and poultry 4) employment in agriculture 5) farm 6) agricultural
power and machinery and general .transport facilities 7) irrigation and drainage 8) ferti-
lizers and soil dressings 9) wood and fishery products 10) association of agricultural hel-
dings with other industries,

This check-list is expected to provide sufficient flexibility to meet the requirements
of individual countries to formulate census questionnaires in accordance with local con-
ditions, At the time it should allow for the preparation of internatiocnally comparable
statistics,

Coordination in the classification of those items on the check-list which concern
both the Census and land evaluation is recommended, It must be kept in mind that the essen-
tial subject of agricultural census is the holding (farm unit) whereas the focus of land
evaluation is the land unit. It will depend on the intensity (Scale} of the land evaluation
how close relevant possibilities (land util;:ation types) approximate the concept of a hol-
ding model,



AGRICULTURAL GEOGRAPHY AND LAND USE TYPING

Agricul tural gengrAphy studies the areal variation of agriculture and prepares land
use maps. Mention is made of the world land use map, (scale 1:1,000,000) which is under
preparation by the International ‘Geographical Union, The legend of this map should comprise
valuable elements for the construction of land utilization types within the framework of
land evaluation.

A similar anxiety often expressed by land evaluation specialists concerning the con-
text in which land should be compared and the importance of its areal variation and value
can be found amongst agricultural geographers: " Should the accent be on relationships be-
tween rural activities and the physical environment? Should the purpose be to discover eco-
nomic differences? Can generalizations ("laws") be derived from the study of variation or
should one dwell largely on the unique combination of factors in each circumstance?

(GREGOR 1970).

Land evaluation when orienting itself towards the most beneficial methods of rural
land use in an ever changing process of inter-action between man, culture and nature may
often find itself Facing a unique situation to which no established laws apply when it
comes to the determination of recommended development alternatives, The uniqueness again
will be partly determined by the scale at which the land evaluation is executed,

Land use typing is probably the most inter-disciplinary step in the land evaluation
procedure, correlative between the physical sciences and the social economic sciences.
Conceivably in being a correlative science, research on land utilization types has not
yet received the attention it deserves, However, the diminishing force of physical barriers
to agricultural development as compared to socioc-economic constraints stresses the need for
strengthening such research by geographers, soil scientists and agronomists alike,

IGU PRELIMINARY SCHEME FOR TYPOLOGY OF WORLD AGRICULTURE

The Commision on Agricultural Typology of the International Geographical Union
has conferred on various occasions. As a result a preliminary scheme For the typology
of World Agriculture has been prepared by J. KOSTROWICKI (1971). The proposal is based
on 20 selective diagnostic variables (features) each of which is divided into 5 classes by
distinguishing 4 critical threshold values for each feature (Annex 1),

The selected 20 variables are supposed to be of a synthetic significance and of univer-
sal character and to cover most aspects of agriculture, The 20 variables are arranged into
typograms/star diagrams to express graphically the agricultural type under consideration.

It was decided that a typogram which does not differ from the model type by more than 4 of
the variables, is considered being of the same type, A world-wide examination resulted in
24 world types of agriculture (Annex IT). It is interesting to review the 20 diagnostic
features and the threshold values distinguished for each of these. As a rating system, it
resembles the rating of land qualities into several grades (BEEK-BENKEMA 1971).

However, for the rating of land qualities natural (ecological) threshold values have
been selected sifnificant for the purpose of land evaluation, whereas all 20 features of
the agricultural typing have been sub-divided (perhaps too systematically and arbitrarily)
into 5 levels each, Such strictly mathematical sub-divisions may not always be significant
for the purpose of typology. However, they may be useful for the systematic grouping after
data collection when large amounts of data are involved, as in the case of agricultural census,



A certain correlation exists between the threshold values established by KOSTROWICKI
and by the FAO World Census. Good correlation can be found in Kostrowicki's features 1 and 2
For which the FAQ Census proposes greater detail, A fair correlation exists for the Kostro-
wicki Features 3,3-6.1-6.4=6.5. For the other Features combination and recalculation of
data of the FAD Census would allow for some correlation with Xostrowicki proposals.

Features and diagnostic levels proposed to this panel for the identification of land
utilization types and features and ratings proposed by Xostriwicki have several aspects in
common but serve different purposes, Land utilization types for land evaluation are selected
use possibilities, development alternatives, whereas the agricultural types proposed by
Eostrowicki are a taxonomic classification of existing land use. Both proposals have in
common that they are meant to be flexible, and can be expanded into more detailed sub-
groupings in accordance with required detail.

The level of detail presented in the Xostrowicki proposal gives valuable ideas for
reference when defining land utilization types For low intensity studies. As a system it is
too restrictive and in relevant aspects too schematic for land evaluation purposes, (in-
cluding such items as mechanical pover, organic manuring, chemical fertilizing, irrigation,
Farming systems),
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ANKEX I 1/

IDENRTIFICATION OF LAND UTILIZATION TYPES

Since land suitability to a large extent depends on the purpose which the land is re-
quired to serve, it is proposed that relevant use possibilities (land utilization types or
development alternatives) should be identified at a very early stage in the land evaluation
procedure and should, therefore, serve as the subject matter of separate interpretative
classifications. Each evaluation as such would be considered independently and without
reference to the desirability of other relevant uses of the same land, A given use possi-
bility may be relevant only in parts of the area studied and would only be investigated
there,

Only the most promising development alternatives would be selected for interpreta-
tion, The surveyor would require guidance in this choice before basic survey starts; he
would perhaps identify Further possibilities during the survey. An excessive range of
interpretations must be avoided since it would confuse the user, The degree of refine-
ment of the definition of land utilization types should be compatible with the objectives
and intensity of the study and the availability of reliable data on ecological environment
and management response. Extrapclation and transfer of analogy may help in assessing sui-
tability of relatively unknown areas, but such data cannot replace the need for local re-
search.

Depending on the phase of the development planning process and the currespnndiﬁg inten-
sity of the study, separate alternatives could represent broad differences in agricultural
use (e.g. irrigated arable farming; rainfed arable farming; rangeland; etc.) specific aspects
of such use (e.g. gravity irrigation; sprinkler irrigation); or even specific crops. Here
only the essential distinguishing factors are dealt with, which have a marked influence on
the productive capacity of the land., The following factors are important, most of which can
be quantified per unit area:

Eag Produce

b) Capital intensity

(c) Labour intensity (man months/ha)

Ed; Farmpower (source of power and HP/ha)
e) Level of technical know-how

(£) Parm size

(g) Land tenure

Sometimes other factors, such as the status of infrastructure, are variables of domi-
nant importance,

Produce 1is definitely the most diversified and important factor. In its widest sense
not only primary biolegical production is included (pastures, crops, forests), but also se-
condary production (livestock, wildlife), as well as other alternative types of land utili-
zation such as outdoor recreation, The produce to a great extent determines the importance
of the other factors pertinent for a land utilization type.

Sometimes different types of produce represent a single land utilization type (mixed
Farming models, crop rotations), Evaluation should then be undertaken for the land utili-
zation type as a whole, which gives a better picture than a separate evaluation Ffor each
produce component, However, for reasons of comparison it will be advisable to compile the

1/ Extract from Background Document to an Expert Consultation on Land Evaluation for Rural
FPurposes, Wageningen, £-12 October; this section being based largely on an unpublished
report by K.J. Beek (1971},



However, for reasons of comparison it will be advisable to compile the suitability for the
land utilization type on the basis of the suitabilities for the individual component,

Capital intensity determines possibilities for improvements, maintenance and con-
servation of the land conditions,

Technically, it would be possible to condition virtually any given site to satiafy
a particular need or requirement. However, the extent to which this occurs, in practice,
depends on the inherent characteristics of the land conditions, the cost of modifying them
in relation to the value of the desired product, and the availability of private and public
capital.

A distinction must be made between:

- Non-recurring (capital) input requirements or development cost,
- recurring production inputs (including operation and maintenance where relsvant),

Within each ( biological ) production process, several input levels can be distinguished.
Only a few levels are suggested, Several land evaluation studies distinguish at least two
levels: low (traditional, present land utilization type) and high (advanced, modern, poten-
tial land utilization type).

For crop production, four or Five input levels may be of interest, OF course, very low/
low/medium/high capital inputs would relate to specific types of crop production, Inputs
per surface unit for grazing and forestry are generally of a different order of magnitude
from those for crop production,

Labour intensity is a variable influenced by the level of applied capital and tech-
nology, and by the labour requirements of the produce concerned. Since employment oppor-
tunities are a major issue of most development policies, this factor would need to be taken
into consideration when alternative land utilization types are Fformulated both in terms of
permanent and seasonal employment,

Variable degrees of capital/labour intensity also influence the recommended execution
of initial special siteconditioning works,

The source of farmpower to a great extent determines the accompanying set of agri-
cultural implements, and the level of capital inputs on the Ffarm. The set of agricultural
implements, in turn, determine a combination of possible farm management practices signifi-
cant for the land utilization type, The performance of each set of agricultural implements
is affected differently by the agricultural land conditions. Important distinctions are:

- engine-power operated machinery
- animal power
- manpower,

The level of technical knowhow of the farmer is an important data for the definition
of the land utilization type. A major task of the multi-disciplinary land use planning
team would be to visualize harmonious land utilization types embracing farming, land mana-
gement and land improvement practices within the ability of a majority of the farmers and
ranchers concerned,

It is often the relatively low level of technical know-how of the local farmer which
limits the practical possibilities of potentially ambitious land and water development sche-
mes to solutions at only an intermediate level of technology and efficiency with a restricted
range of crops, less sophisticated farm machinery and a restricted input level.



Farm size is an important factor in the definition of land utilization types. It
is closely related to most of the other factors, In certain cases it is determined in
advance entirely on the basis of socio-economic considerations without reference to
physical conditions, In the planning process, it would be desirable to recognize the farm
size & a major variable within a certain range to be determined with increasing precision
during each phase of landuse planning and finally established at an optimal level, in
harmony with the other elements defining the land utilization type during the economic land
classifitation,

The land tenure system may be an important factor in determining and defining
appropriate land utilization types, The existence of some legal, customary or otherwise in-
stitutionalized relationship between government, society, groups and individuals may limit
development alternatives, through rigidity of ownership rights and associated duties having
important social, as well as production, relationships.

Criteria for defining separate land utilization types need to be agreed upon. The
feasibility of identifying a range of possible systems on a global basis should be in-
vestigated. It is recommended that the Expert Consultation recognizes the essential elements
which characterize the land utilization types, expresses an opinion on the classification
of these elements, if possible through groupings which represent several levels of generali-
zation, It whould be noted that the concept of 'level of management' is included within the
proposed concept of Land Utilization Types.



EEY ATTRIBUTES OF LAND UTILIZATION TYPES

ANNEX TI=1
FPRODUCE ¥ CAPITAL INFUTS FARMPOWER EMPLOYMENT
AFFECTED SEMI- PEREN- NATURAL CULT. DEVELOPMENT ANNUAL :
LAND ANNUAL ANNUAL NIAL GRASS GRASS MIXED WD FOUR
HMANAGEMENT PRACTICES QUALITIES CROPS CROPS CROPS  LANDS . LANDS FORESTRY FARMING LOW MEDIUM HIGH LOV MEDIUM HIGH HAND ANIMAL WHEEL WHEEL LOW MEDIUM RIGH
TROP MANAGEMENT
Rotations X x X X X X X X X X X
Rotation grading X X x X X X X
Fallows X X X X X X X X X X X
Special Planting Procedures X X X X X X X X X X X
Strip Cropping X X X X X X x X X X X X
falt tolerant crops X X X X X X X X X X X X X
Deep rooting crops x X X X X X X X X X X X
Cover crops X X x X X X x X X X X X x
Sod crops
Close, non cultivated cropping
Grass crops ¥ x b3 X X by X ® % X X
Shelter belts X X X X x X X X X i
Growth regulators X x X X x X X X X X X
Selective cutting
Controlled grazing X X X X X X X X X X X X X

Fertilizer spraying x x X



ANNEX II-8 KEY ATTRIBUTES OF LAMD UTILIZATION TYPES

FRODUCE CAFITAL INFUTS FARMFWER EMPLOTMENT

HUHAGTHENT PRACTICES ¢ AFFECTEDR SEMI-  FEREN- RATURAL  CULT, CEVELOPHENT AMNUAL

LAND FMNUAL  ARNUAL KIAL GHASE ©  EASS MIXED ™01 FOtR
SOTL MANAGEMENT QALITIES CROPS  CHOPS  CROFS LARLS  LANDS FORESTRT FARMING LOW MEDTIM HIGH LOW MEDTUM WEGH HAND ANDUL WEEL WHEEL LOW MEDIUM HIU
WEMICAL FERTILIZERS X X X X I 1 x X X X be X X | X X
CROANIC MANURING b X X ¥ X X X X X X X X X X X
LIMING X X X X X X I x X X  { x X X X X X
SOTL AMENTMENTS (GYPSIM, SULPHIR) X X X I X X X X I x H X X X
LEA CHING b1 X X X X X b X X x X X X X X
SOIL CONDITIONERS X X e b X X b X X ¥ X
WEEDTING X X X x X X X X X e X X X X % X
WEED FREE NON TILLAGE X X X X X X X X X X X
MULCHING X X X X X X x X X X x X 4
MINTHTM TILLAGE X I 4 X I X x X x I X X
SOTL OOVER WITH DEAD MATERIAL X I X I X X X X I X I X
CROP AESIDUE MANAGEMENT X i X X X X X X I X X X
DUME STARTLIZATION X I X 4 I X X X 4 X I X X X
CONTOUR  CULTFVATION 1 I X X X I I I X X X X E X X
TIERIDHTHG I X X X X x X X X X
SOIL PUFTGATICH X X X X X X X
CHISELING X x x X x x x X
500 SEEDING I I X X X X X x X I X



AMMEX IT-3 KEY ATTRIEUTES OF LAND UTILIZATION TYPES

FPRODUCE CLFITAL INTUTS FARMPOWER, EXPLOTHENT
HAMAGEMENT PRACTICES : AFFECTED GEMI-  PEREN- MATURAL CULT. DEVELOPHENT AMNURL
- LaMD ARNUAL  AMSUAL BLAL ASE  ASS PFEESTRY MIXED VERY ™I PR

SOTL MATER EMGINEERING GUALITIES CROPS CROPS  CROPS  LANDS  LANIS FARMING MEDTIM HIGH EIGH LOW MEDTUM HIGH HAND ANIMAL WHEEL WHEEL LOW MEDTIM  HIGH
LAND EMOOTHING I I I 4 I I X b4 X
LAKD GRADING X I X X 1 X T ¥ 1
LAND 1EVELLING X 4 X I X X X X x
EEF PLOVING X 4 ) 4 I I x k3 1
[EEF FLOWING “SANDIRG = X X 4 I X
SABS0TLING X X I X I I o X X
RIDGE TERRACES X I X X x X X X X k4
BROAD BASE TERRACES X I X X X X X X X X X X X
BENCH TERRACES ) I X X X X X X ¥ X X X
HROAD CHAMMEL TERBACES X x X X X X X X X X I I X X
LEVEL TERRACES X i X X X
RIDGE COMSTRUCTION X x I X X X X X X X X X X
CONTOUR BANKS X e | X X X X X
DAM CONSTROCTION X i I x X X ¥ 4 x e 1 X X X b1
DIXE CONSTRUCTION 4 x X X I X X X X X
BEDDING X X X x X I X I
SIRFACE INATN CONSTROCTION X X 1 %  § 1 4 X ¥ X x X X X X
'DIVERSTON CHAMMEL CONSTRUCTION x X X x 1 I x X x X x x X
CANAL CONSTRUCTION X X X X X I X X X X I X it
DITCH LINING X X X I X X X X X X X X
MOLE TRATH THSTALLATION X X I x I X o 4 X
TILE DRATH TMSTALLATION I X o X I X X ) 4 X X X X
BRUSH CLEARTHG X X 1 I X X I x X x x
JUNGLE CLEARTHG X I X X 1 X X I X X X
PTONEERING (STUMP REMOVAL AND

CONTROLLED BURNIMG) X I X X X X I I x X X X X X
SPONE HEMOVAL & i i I X I X I 1 X H X X
ROCK BLASTING b X X X X X X X
GULLY CONTROL X I I X I I I X X X X X X 4
MECHANICAL WINDEREAKS X 1 I X X x x X b1 S



AMNEX IT-h

33 ELAMPLES OF LAND UTILIZATION TYPES

Ho Irrigntion

Dry Foraing
smoll holding, handlpbow-
animedl labou
mrdern
hertioultwre
anrwal frults and vogotables, handlaobour
arfival frults and vegetables, modcern
rercnndsl frudts, hand lobows
perennial fruits, sodern
Mixod Farming
fiold erops, cultiwgted posturc, anisals
ficld arops,; cwltivated posture; modern
Ariculturs
amual industrial esrops, handlaobour
anmual industrial orops, anlenl power
amnal industrial crops, medor; seell plots
amnial industrdal crops, medern,; large plots
ormgal fleld crops, hondlobeur
anmunl fleld ersps, onleal power
annual ficld crops; ispreved; anienl power
© anmial fleld erops, medern, loarge plots
semi-ammugl industrinl crops, handlabour

ANNUAL
FRUTTS INDUE-
VEGETABLES TRIAL

(x)
()
{x)

HMoE M M

somi=gnnunl industrial crops, improvaed, labeur’ fntonsive
somlegnnunl industrial orops, medern, lobowr extensive

peronrdal industrinl orops, libowr intensive
poronnial industrinl srops, labour extonsive

- pomaal fleld creps, leproved torroced cultivation

GUrnzing matural grossland
mptural grosslond, lmproved
cultivoted grassland (meat)
cultivated grossland (edlk)
Forostry commercial timber troditliconal
sommercial tisber, imtensive
Dedmted annual frudts and vegetables
armunl industrianl crops,; labowr extensive

arnual industrinl arops, labour intenslve
prnunl fleld orops, labour extenslve

FRODUCE
CROPS

SEMI -ANNUAL
INDUS-
FIELD FRUITS THIAL

s

e e e et

()

FERENNIAL
INDUS -
FilUITS THIAL

GRAZING

HATURAL

CULRIVATED

FORESTRY

MIXED

ANNUAL

AR

Calls

L

&
Culie



ANNEX II-h

Supplesontary irrigation
geml-annual crops

perennial crops

annual frults and vegetables .
irrigated rice; fully mechanized
irrigated rice, lpbour intensive

Persanent Drpinage

"polder" modorn, fieldorops

ANKUAL
mu%’:s INpus-
VECETABLES fRIAL
X

PRODUCE

CROFS

SEMI -ANNUAL

INLCUS-
FIELD FRUITS TRIAL

x {x)

PERENNIAL
INDUS -
FHUITS TRIAL

{x) X

GRAZING

HATURAL CULTIVATED FORESTRY

MIXED
ANNUAL CROPS
CULTIVA ';‘EII GRAZING
IN'&J?EIAL E@E

C.0. [ 1



ANMEY, IT-4

CAPITAL FARM POUWER EMPLOYMENT

DEVELOPMENT RECURRING INTENSITY
HFUTS INFUTS THACTCR
TRACTOR & WHERL

39 EUMPLES OF LAND UTILIZATION TYPES
e LOW MEDIUM KWIGH LOW MEDIWM HIGH HAMD ANIMAL 2 WHEEL CRA LW MEDIUM HIGH

¥o Irrigation
Farmi
small holding, handlabour X X X
animal labour X X X X
oedorn X X X X
Horticulture
annual frudts and vegetables, handlabour X X X X
anmel fruits and vogetables, modern ¥ X X ¥
peronniel fruits, hand lgbour X X X
peranndal frults, medern X X X X
Mixed Forsing
field arops, csultiveted pasturs, animals X X X X
fiold crops, cultiveted pasturs, modern 1 X X 4
fgeisul ture
annual industripl crops, handlabour X X X X
annual industrinl erops, animal powor X X X X
annual industrinl srops, modern, small plots X X X X
annunl industrial crops, medern, large plots X X X X
ornnl Field crops, handlabour X X X X
annual flold crops, animal powver X X X X
armual field crope, isproved, animal power X X X X
ennupl ficld crops, modern lorge plots X X X X
send-annunl industeinl crops, handlabour X X X X

ront-ormal sndustrio} gropey Iepegied x . x "

mi 1 d
seml-arnun "M“trlﬂl:ﬁ&!'u“ﬁmfh X . X

pererminl industripl crops, labour imtensive

perennial industrisl crops, labour extonaive

sBbunl field crops, lmproved terraced cultivation
Grazing

natural gragssland X

natural graseland; improved

cultivated grosslond, (Deat)

eultivated grosslond (s1lk) X X x

o e w
=i
-
i

o
2

i
b |
o



AHMEX, TI-Y4

GAPITALL FARM POWER EMPLOYMENT
DEVELOPMENT RECTURRING INTENSITY
INFUTS HEUTS TRAOTR
TRACTCR U 1
LOWw HEDIUM HIGH LOW MEDIUM HIGH HAND ANTMAL 2 WHEEL CRA Low MEDIUM HIGH
commerclnl timbor troditional X X A X
commercial timbor, intensive X X x X
Irrlm‘tud
arnnual fruits ond vegotables x X X X
amnnual industrial crops, labour extensiva X X X X
onmual industrial cropa, labour intensive X X x 4
ammual field crops, labour extensive X X X x
Supplementary irrigation
semi-nrmual crops X X x X
pererndal crops X X X X
arnual fruits and vogetobles X X X X
irrignted rico, fully mechanized X X X X
Irrligated rloe, labour intonsive X X X X

Pormanent drainngo

"polder” medern, flcld crops X X X X



