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'The greatest obstacles to progress are lack of imagination about
the earth and its infinitely varied wealth of resources; 1lack

of organized, coherent accessible knowledge concerning many of the
key factors; and a widespread failure to seek out, learn and apply
even such knowledge and experience, already fairly substantial, as
now exists. ' K

It is particularly serious handicap that the main practical requi-
rement and opportunity for a concentrated point of knowledge required
in land evaluation, happens to coincide, in terms of organized studies,
with a no-man's land between climatology, soils, ecology, geography
and agronomy'. -Adapted from Nicholson (1970).
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1 INTRODUCTION

1.1 Background and Objectives

" Mozambique needs to increase its agricultural production in
order to: feed a growing urban and rural population and to produce
raw materials for local industry and export in sufficient quantities
to sustain a healthy economy.

Increased agricultural production can be achieved by more
‘intensive use of the land and by bringing additional land into culti-
vation both of which imply substantial changes in land utilization.
Even more profound changes in agricultural land use are brought
about by the re-settlement of the dispersed population into Aldeias
Comunais (communal villages), a corner-stone of Mozambique's policy
for rural areas.

The sound planning of changes in land use requires a thorough
knowledge of the natural resources, and a reliable estimate of what
they are capable of producing, so that reliable predictions and recom-
mendations can be made. 1In addition to production potential, the
conservation of soil andeater resources for use by future generations
requires consideration in planning land development.

A so0lid basis for agricultural land use planning consists of
adequate land resources survey, followed by the suitability assessment
of the land for specified uses (land evaluation). Mozambique's
Government agency responsible to carry out such studies is the Land
and Water Department of the National Agronomic Research Institute (INIA).
The Department prepares terms of reference and also controls surveys
commissioned to foreign consulting companies. '

s

The nature and quality of previous land evaluation studies
of the Department have varied considerably merely because of educatio-
nal background and experience of the technicians involved. Foreign
companieé usually imported their national land evaluation system.
Further unnecessary time has been lost where technicians developed
‘their own evaluation system for a specific area, whereas already con-
siderable experience in similar areas had been obtained by the
Department.

1
¢ . In view of the above. it was felt that guidelines for land
suitability assessment needed to be written, which would ensure con-
sistency and compatibility of results of evaluations. In particular
it was recommended that such guidelines should include a comprehensive
set of land quality ratings in order to capitalize on previously
gained experience. In addition, the guidelines should be designed
according to the principles of the FAO Framework for Land Evaluation
(FAO, 1976).
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The Head of the Land and Water Department requested the author
to write such land evaluation guidelines and consequently this acti-
vity has been included in his job description.

It is in the above context that the present guidelines have
been written. Other guidelines intended to standardize working methods
within the Department concern for instance thematic map preparation
(Spiers, 1984), Reporting and typography of reports (Voortman and Spiers,
1985) and fieldwork (Van Wambeke et al 1985).

1.2 Scope and Use of the Guidelines

Rainfed arable farming is by far the dominant type of land uti-
" lization in-Mozambiquef The present guidelines aim to assist in the
land suitability assessment for this kind of land use. .

The presented land quality ratings (chap.7), are based on
literature and on experience of the author, obtained from semi-detailed
and reconnaissance land resources surveys of Basement Complex areas
in Mozambique. The Basement Complex constitutes about 60% of the land
surface of the country and its extent is depicted in Fig. 1.1. The pre-
sented ratings may be valid under other circumstances but this requires
confirmation. '

The guidelines concern the first stage of a two-stage approach
towards land evaluation (cf.FAO, 1976). It relates the physical pro-
perties of the land with the ecological and agronomic requirements of
crops and with the type of land management. This first stage of land
evaluation can 'be followed by economic land evaluation in a sécond
stage, depending on the objectives and detail of the study. This second
stage of social and economic analysis has not been considered in the
present report. . )

The above choice is determined by the present staffing of the
Department, where the vast majority of ‘staff is specialized in land
resource survey and evaluation. In addition it was considered that
first-stage land -evaluation results have a relatively long time validity,
whereas economic evaluations are short-lived due to changes in costs and
prices. Moreover, the two-stage approach is much more straight forward
than the parallel approach (cf. FAO, 1976), with activities and respon-
sibilities being clearly defined.

--.The above does not preclude the land resource surveyor to use
social and economic data as much as possible if available. 1In addition,
the principles of land evaluation (cf. Chap. 2,3) still require the first-
stage evaluation to be made in terms rélevant to the economical and social
context of the area concerned.

The presented evaluation system is partly quantitative and partly
qualitative. Firstly climatic factors are evaluated quantitatively re-
sulting in climatic yield potential which sets the upper limit to crop
production. The degree to which the climatic potential can be attained
is determined by edaphic factors, which are evaluated in a qualitative
manner.

This report on purpose is entitled 'guidelines' and not 'manual'.
The rating scheme presented in Chapter 7 should not be followed blindly
as 1if it were a cookery book. This would under-estimate the-
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importance of local experience and the creativity of the land
evaluator involved. However, deviations from the present guidelines
judged to be relevant by the land evaluator, should be accompanied
by well founded arguments and/or field experience (e.g. crop yields).

1.3 Arrangement of the Report

The guidelines on rainfed land evaluation (sensu stricto) are
presented in Chapters 7 and 8: 'Land qualities and their assessment'
and 'Land suitability assessment'. The land evaluation system elabora-
ted for Basement Complex areas of Mozambique is explained herein.

In the preceding chapters general aspects on land, land resource:s
survey and land evaluation are summarized. .These chapters are partly
drawn from existing literature. With the choice of texts and the addi-
tions by the author, it is intended to provide a concise text relevant
to the conditions of Mozambique. Throughout chapters 2-4 ample use has
been made of quotations from the following publications:

~ FAO (1976): A framework for land evaluation. Soils Bulletin 32,
FAQO, Rome
~ FAO (1983): Guidelines: land evaluation for rainfed agriculture.

Soils Bulletin 52, FAO, Rome.

In order to avoid excessive citations in the text, these publica-
tions where quoted are indicated with (1) and (2) respectively.




2 OBJECTIVES AND PROCEDURES OF LAND EVALUATION

2.1 The Need for Land Evaluation

'Land evaluation .is the -assessment of land perfomance when
used for specified purposes. As such it provides a rational basis
for taking land use decisions based on analysis of relations between
land use and land, giving estimates of required inputs and projected
outputs. : ' '

The need for optimum use of land has never been greater than
at present. Rapid population growth and urban expansion make land
available for agriculture a relatively scarce commodity. The
increasing demand for intensification of existing cultivation and
opening up of new areas of land can only be satisfied, without damage
to the environment, if land is classified according to its suitability
for different kinds of use!(2) ‘

2.2 Objectives of Land Evaluation

'The principal objective of land evaluation is to select the
optimum land use for each type of land, taking into account both
physical and socio-economic considerations and the conservation of
environmental resources for future use’.

Detailed objectives vary considerably according to the purpose
and scale of the land evaluation. Every evaluation, however, should
address itself to the following questions, the answers to which should
be included in the results of the evaluation:

- How is the land currently managed, and what will happen if
present practices remain unchanged?

- What improvements in management practices, within the present
use, are possible? '

— What other uses of land are physically possible and economically
and socially relevant? e

!

- Which of these uses offer possibilities of sustained production
or other outputs?

- What adverse effects, physical, economic or social, are associa-
-. ted with each use?

- What recurrent inputs are necessary to bring about the desired
production and minimize the adverse effects?

-~ What are the outputs (products, services and other benefits)
of each form of use?

If the introduction of a new use involves significant change
in the land itself, as for example in conservation or drainage
schemes, then the following additional questions should be answered:

- What changes in the condition of the land are feasible and
necessary, and how can they be brought about?

- What non-recurrent inputs are necessary to implement these
changes?




-6 -

The evaluation process does not in itself determine the
land use changes that are to be carried out, but provides data
on the basis of which such decisions can be taken. To be effec-
tive in this role, the output from an evaluation normally gives
information on two or more potential forms of use for each area
of land, including the consequences, beneficial and adverse, of
each' (2). E :

2.3 Principles of Land Evaluation

'The framework for land evaluation (FAO, 1976) was formula-
ted specifically to satisfy the objectives stated above. The
'Framework'.is'dynamic in concept and aims to predict the effects
of changes in land use through an understanding of the relationships,
both ecological and socio-economic, which exist between a given tract
of land and its use. It therefore has an advantage over systems of
land capability or suitability classification which are based on
static, mainly physical factors. The 'Framework' is based on six
principles' (2).

i Land suitability is assessed and classified with respect to
specified kinds of use

The concept of land suitability is only meaningful in terms
of specific kinds of land use, each with its own requirements
for climate and soil. For example, land very suitable for
rice is often not suited to6 maize. Land use may be defined

in broad terms (e.g. rainfed agriculture) or more specifically
(e.g. a tobbacco-maize rotation under improved traditional
management) .

ii Evaluation requires a comparigon of the benefits obtained
and the inputs needed on different types of land

Any kind of land use requires inputs, varying from labour only
to fertilizer, fuel, machinéry, etc. Suitability for each

use is assessed by comparing the required inputs with the goods
produced or other benefits obtained. It is very often the

case that the difference between the best land for a given crop
and less good land lies not so much in the yields obtained as
in the inputs needed to achieve a satisfactory yield.

;
iii A multi—disciplinary approach is required
In addition to specialists in land evaluation itself, the

disciplines most likely to be needed in an evaluation study
for rainfed agriculture are;

- soil survey, soil conservation, agroclimatology, agronomy,
economics. However, land evaluation requires more than the
sum of the mentioned fields and indeed is rather an inter-
disciplinary than multidisciplinary activity. The land eva-
luator or team leader should have a sufficiently wide back-
ground of knowledge to overview the fields of the different
specialists and to ensure interdisciplinarity.It is further

¢ useful that the team members are trained or have systematized
experience in more than one speciality and/or include in the
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tean, members. specialized in interdisciplinary sciences like
land ecology, farming systems, etc. Where no team is available,
a single land evaluator should attempt to achieve a interdis-
ciplinary approach, or at leeast avoid undue bias towards the

- methods of one discipline (e.g.soil science or economics).

Evaluation is made in terms relevant to the physical, economic
and social context of the area concerned

Land which is suitable for a given crop in one region will not
always be suitable in another, because of differences in labour
costs, capital availability, levels of technical knowledge posse-
ssed by the farmers, local export markets, systems of land tenure
which are socially and politically acceptable. The assumptions
in the respect which underly the evaluation may differ from one
region to another. Many of these factors are often implicitely
assumed; to avoid misunderstanding and to assist in comparisons
between different areas, such assumptions should be explicitly
stated. : :

\ .

Suitability refers to use on a sustained basis

'The aspect of environmental degradation is taken into account
when assessing suitability. Thére might, for example, be forms
of land use which appeared to be highly profitable in the short
run but were likely to.lead to soil erosion, progressive pasture
degradation, or adverse changes in river -regimes downstream: .- Such
consequences would -outweigh the short-term profitability and cause
the land to be classed as not suitable for such purposes'(l)t

Evaluation involves comparison of more than a single kind of
use ‘

'This comparison could be, for example, betweem agriculture
and forestry, betweem two or more different farming systems, or
between individual crops. Often it will include comparing the
“éxisting uses with possible changes, either to new kinds of use
or modifications to the existing uses. Occasionally a proposed
form of use will be compared with non-use, i.e. leaving the land
.in its unaltered state, but the principle of comparison remains.
Evaluation is ‘only reliable if benefits and inputs from any given
kind of use can be compared with at least one, and usually several
different alternatives. If only one use is considered there is
the danger that, whilst the land may indeed be suitable for that
use, some other and more beneficial use may be ignored'(1l).

The present guidelines intend to translate the above concepts
into a practical system of land evaluation for rainfed crop
production .. Prior to carrying out land evaluation, however,
it is necessary to understand how it related to other stages
in the overall process of rural development planning.




2.4 The Role of Land Evaluation in Rural Development Planning

"In the cycle of rural development planning illustrated in
Figure 2.1, land evaluation forges a link between the basic surveys
of resources and the taking of decisions on land use planning and
management. The outcome of decisions following land evaluation may
be project implementations. Alternatively, the evaluation may have
indicated a need for “pedefinition of objectives and the carrying out
of more detailed surveys and evaluation, as indicated by the feedback
loop. A typical sequence would comprise a reconnaissance survey and
land evaluation resulting in project identification in terms of areas
and land use types, followed by more detailed surveys and evaluation
resulting in project implementation (or rejection) in these areas.

There is no sharp boundary between land evaluation and the
taking of decisions on land use planning, development and management.
The land evaluation procedure does not of itself take such decisions.
It can and should, however, make recommendations. The main objective
of land evaluation is to put at the disposal of the user, whether
farmer, planner, government official or politician, relevant informa-
tion about land resources that is necessary for planning, development
and management decisions. The end result of a land evaluation survey
is thus a number of clear recommendations, with alternatives, on
appropriate types of land use, together with their consequences'.(2)

2.5 Outline of Land Evaluation Procedures

'Used in its broadest sense, the process of land evalution
includes the basic land resource surveys (e.g. soil survey, analysis
of climatic records) which form one of its major sources of data.
In a narrower sense, evaluation is the interpretation of this collec-
ted data in terms of resources and limitations for land use. The diffe-
rence is mainly a semantic one; whichever view is taken, land
evaluation is most certainly not a 'desk exercise' but requires a
considerable amount of field survey and data collection activities'.(2)

Figure 2.2 depicts the full process of a land resources survey
and land evaluation study. Any study starts with 'initial consulta-
tions', which consist of discussions between those commissioning the
survey and those responsible for its execution. Initial consultations
are called for when the need for.change in land use is felt at the
decision making level, based on policy objectives and existing (broad)
knowledge of socio-economic and eco-physical conditions of the country
and its regions. -During initial consultation the study area is
delineated, the most adequate type of survey defined, the timing of
survey and reporting are determined. The land utilization types which
require evaluation are defined in a general matter.

After a quick perusal of available data and for instance
satellite imagery, it may appear that some of the underlying assump-

tions during the above discussions prove (partially) incorrect and a
second round of consultations may be necessary to adjust the objecti-
ves of the study.




DEVELOPMENT
- OBJECTIVES

AVl

BASIC SURVEYS
(DATA COLLECTION)

l

LAND
EVALUATION

AV4

DEVELOPMENT
DECISIONS
‘(LAND USE PLANNING)

REDEFINITION
OF OBJECTIVES

N

, OR
EITHER '

PROJECT
IMPLEMENTATION,

\/

MONITORING

rural development planning

Source: FAO, 1983

Figure 2.1 Generalized sequence of activities in
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Thereafter field studies of the various data required
can commence. During the survey, the land utilization types
will be further detailed, in an iterative manner, based on
- results from socio-economic and agro-economic analysis as well
as from present land use and the agro-climatic characteristics
of the area under study. Once these land utilization types have
been determined in detail, the land use requirements of the same
can be determined. '

These land use requirements are to be compared with the
land qualities which in the mean time have been determined through
the survey and mapping of land resources. The process of comparison
is called 'matching' and leads to the suitability classification of
each land unit for each land utilization type. From the ecological
land suitability classification the most productive land use can
be determined.

However, the ecologically best adapted land use is not
always selected for a development plan. Compatibilization has to take
place with other sectors of development, the socio-economic condi-
tions in and outside the region, the constraints of present land
occupation and also development plans existing for other regions.
This phase of regional spatial planning should be executed by planners
assisted by politicians, decision-makers and the land evaluators
themselves.
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3 DIFFERENT KINDS OF LAND EVALUATION

In Chapter 1 the kind of land evaluation described in this
report has been introduced: ecological, partly quantitative and
partly qualitative. The land evaluation studies presently executed
by the Land and Water Department can be further classified in various
‘manners depending on the choosen guiding principle:.

- general purpose or special purpose land evaluation
- 1level of detail

- current suitability or potential suitability assessment
These aspects are described below.

3.1 General Purpose and Special Purpose Land Evaluation

'A general purpose land evaluation assesses the suitability
of an area for all relevant forms of use. These include both existing
uses and new ones, for example the introduction of new crops. Evaluation
may be made in terms of major kinds of land use, but usually it is better
to amplify these at least to a limited degree into individual crops under
broadly defined management levels. By no means all the kinds of use
will be given at the start of the survey, since one of the aims of a
general-purpose evaluation is to identify, investigate and describe poten-
tial new uses.

In a special-purpose land evaluation the kinds of land use to be
considered are restricted and at least partly stated in the objectives.
This situation usually applies in evaluation carried out at the project
level and may also apply at regional scales. Examples at the recon-
naissance level are surveys to locate the most suitable areas for rainfed
agriculture itsqlf, to be potential arable land, or for the develop-
ment of certain crops'.(2) At a more detailed level the objective may
for instance involve the definition/bf appropriate cropping patterns
depending on the degree of salinity of the soils in a well defined area.
Before commencement of the study, salinity is already defined as a ‘
\major constraint to crop production.

Table 3.1 presents @ subdivision of surveys based on their
purpose, which also bears an influence on the way of reporting.
. !
3.2 ., Level of Detail

A subdivision of land resource surveys according to their
level of detail is presented in Table 3.2. The level of detail of the
land resource survey generally sets the limit to the detail and reliabi-
lity of the land evaluation, and consequently sets the limits for
‘what purposes the study is adequate.

3.3 Current and Potential Land Suitability Classification

'A classification of current suitability refers to the suitabi-
lity for a defined use of land in its present condition, without
major improvements. A current suitability classification may refer




Objectives

Sampling Approach

LN

Level of Detail

Utilization

Documentation

General purpdse

Most or all units identi-
fied by aerial photo. or
satellite image interpre-
tation (systematic)

National
Exploratory

Reconnaissance
Semi-detailed

Regional Planning
(multi-sectoral)

Report with gene-

| ral maps on

resources and land
suitability

Special purpose

Most or all units iden-
tified by aerial photo-

(Reconnaissance) -

Semi~detailed

Local planning
(mainly in the

Report with general
and applied maps

fied by aerial photo or
satellite image interpre-

tation -
(non-systematic)

-

tion of promising
areas

-interpretation Detailed agricultural
(systematic) sector)
Special purpose Some of the units identi- Exploratory Quick identifica- |Brief report with

(sketch ) maps on
natural zones and

estimated land
suitabil;ty

Special purpose

Some of the units identi-
fied by aerial photo-

interpretation
{non-systematic)

Site evaluation

1/

Problem solving
Site selection

Brief report with

sketch map or oral
communication

Table 3.1. Characteristics of different survey types.

1/ Site evaluation apart from land resources implies the consideration of the social and
economic environment necessary for proper assessment.
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Survey Type Extent Type of Land Evaluation Objectives/Possibilities Land Resource 1/ Progress 2/ Map Scale Remote Sensing
g Information Wof /man/year Technique
BErploratary | National | Qualitative ecological” | Identification of areas - altitude 3/ 1:500 00O Satellite imagery
Regional with high potential; - rainfall 1:2 000 000 |photo-mozaics
, elimination of areas where| -~ agro—<climatic
) more detailed surveys are 20nes
not justified - landform/relief
- - major landscapes
(defined by phy-
siography and vege
\ tation zones)
Recomiais~ Regional | Qualitative ecological location of most promising | - altitude 10 000 1:100 000 = [Satellite imagery
sance general ‘econamics zanes and determination -~ rainfall 25 000 1:250 000 photo-mozaics -
of breodly defined land ~ ggroclimatic zone. Small Scale
utilization types, ecolo- | ~ landfarm/relief aerial photos (1:70 00(
gically suitable and -~ landscapes and e 1:120 000)
socio~economically rele- large individual medium scale aerial
vant, Identification land wits photos (1:30 000-
of plaming problemns aid 1:50 000)
development altermatives
Semi - Regional | Quantitative ecologi- Detailed determination of | ~ altitude 1 000 1:50 000 JMediun scale acrial
Detailed Local cal including input- best adapted land utiliza-| -~ rainfall 2 500 1:100 00O photos (1:30 000-1:50 000}
autput relations tion types; location of | - agmro-climatic zoncs
of land utilization farm blocks; feasibility |~ land wnits
types; full economic studies of large projects
appraisal for feasibi-
lity studies
Detuiled Local Quantitative ecological Detailed definition of - (altitude) . 100 larger than| Larpe scale acriad
and econamic appraisal ecological and econamic ~ {(rainfull) 20 1:25 000 photos (1:5 000-1:25 000)
constraints/possibilities | - (agroclimatic zones) irripation '
for land mawgencat and - landform/relief 4/ 1:10 000 -

Tarm and
Iri-

improveent;
project planning;
ntion surveys

- soil series & phases

= detailed vepetation

types

1/ For definition of 'landscope' and 'land wnit' sec chapter 5.2
d/ Rate of progress assumes full use of systamatic acrial photo-interpretation and stratified samling and includes rcpor'tmg
3/ The progress of exploratory surveys depends on its objectives and the degree to which fieldwork is required (sampling approach)

a/ Progress in - irripation surveys in alluvial valleys is estinnted st approximotely 90 Wl / man / year

Table 3.2 Level of detail of surveys and their role in agricultural land use planning.

Saurce:

odupted from Spiers and Voortmin, 1978
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to the present use of the land, either with existing or improved
management practices, or to a different use.

A classification of potential suitability refers to the
suitability, for a defined use, of land units in their condition
at some future date, after specified major improvements have been

‘completed where necessary.

In classification of potential suitability it is important
for the-user to know whether the costs of amortization of the capital
costs of improvements have been included. Where these are included,
the assumptions should state the extent to which inputs have been
costed and the rates of interest and period of repayment that have
been assumed'.(1) Usually the choice of the period of repayment,
determines the final outcome. It is further recommended to lock
for secondary effects, both positive and negative when using these
data for a cost/benefit analysis.

'Classification with amortization is only possible if the
repayment of capital costs can be apportioned to identifiable areas
of land. If the benefits from major expenditure are not confined
to the agricultural sector (as in multi-purpose irrigation and power
schemes), responsibility for capital repayments is difficult to
assess. In these circumstances, amortization costs will usually be
excluded from the .evaluation' (2).




4 LAND UTI LI ZATI ON TYPES

The definition of land utilization types is-one of the main
activities in land evaluation (cf. Fig. 2.2). Below some genera
principles for their definition and specific guidelines for Mbzam
bi que conditions are presented.

4.1 Maj or Kinds of Land Use and Land Wilization Types

"Qre of the principles of the Framework for |and eval uation
(FAQ 1976 ) states that land suitability is assessed and classified
with respect to specified kinds of use. It follows that types of
land use for which the land is being eval uated must be clearly defined
The 'Framework' recognized two |evels of detail at which land use is
def i ned:

- Amgjor kind of land use is a major subdivision of rura
| and use.

- Aland utilization type is a kind of land use defined in nore
detail, according to a set of technical specifications in a
gi ven physical, economc and social settling . (2)

Rainfed agriculture itself is a najor kind of |and use, but
as such not very neaningful for evaluation. Even at a reconnai ssance
scale it is nore useful to base the evaluation on land utilization
types, defined at least as individual crops under broadly specified
nmanagenent” | evel s (e.g. high and |ow | evel s of inputs/nmanagenent).

4.2 What Constitutes a Land Wilization Type?

"Aland utilization types consists of a set of technical speci-
fications within a soci o-economc setting. As a mninmmrequiremnent,
both the nature of produce and the setting nust be specified. A
single crop can be regarded as a land utilization type only provided
a statement is nade as to the socio-economc setting in which it is
cultivated, as productivity varies considerably according to the tech-
nology available to the farner'. (2)

Bel ow a checklist of headings is given that can be used for
a detailed description of land utilization types. Sone of these nay
be common to groups of land utilization types, others specific to
i ndi vidual types. The nunber of aspects to be described, and nore
particularly their detail, depends on the scale and objectives of the
survey. |In rapid reconnai ssance surveys, sone aspects may be omtted
or noted only briefly.

- Qops grown

- Mrket orientation

- Capital intensity

- Technical know edge and attitudes
- Power

- Mechani zati on



