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1. INTRODUCTION
The ninth session of the East and Southern African Sub-Committee for Soil
Correlation and Land Evaluation, which took place in Lilongwe, Malawi, from 25
November to 2 December 1991, was officially opened by the Chief Agricultural Officer,
Mr. G.K.C. Nyirenda, on behalf of the Principal Secretary of the Ministry of Agriculture
of the Republic of Malawi. The FAO Representative in Malawi, Mr. G.K. Mburathi,
welcomed the participants. In attendance were officials from the host country, supporting
agencies, ten participating countries and observers.
In his opening speech, the Chief Agricultural Officer welcomed the participants,
thanked FAO and other organisms which contributed to funding the meeting and
expressed his country's pleasure in hosting this session of the Sub-Committee. Mr.
Nyirenda further shared the concern of FAO and other countries on the proper
utilization of soil resources and stressed the importance of keeping always in mind the
poor farmer when submitting recommendations to policy-makers.
The FAO Representative in Malawi, Mr. G.K. Mburathi, thanked the Government
of the Republic of Malawi, and in particular the Ministry of Agriculture, for accepting
to host the meeting. After a brief review of the purpose and history of the SubCommittee, he reiterated FAO's commitment to help member countries in their intent
to improve the management of their soils and emphasized the importance of computers
in soil data processing and land evaluation.
The delegate of Malawi, Mr. P. Banda, was elected Chairman of the meeting, while
Mr. A. Kintukwonda from Uganda, Mr. S.E. Mugogo from Tanzania and Mr. L. Chileshe
from Zambia were elected Vice-Chairman, and first and second Rapporteurs
respectively.
The programme included three days of formal presentation to assess and discuss
computerized soil databases and land evaluation systems in the participating countries
and a three-day field excursion to the southern part of Malawi (Lower Shire Valley). The
field trip provided an excellent opportunity to gain some insight into the land use systems
as well as the main soils of southern Malawi.
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3. PROGRAMME

Saturday, 23 and

-

Sunday, 24 November 1991: -

Arrival and accommodation in hotel of participants
Registration

Monday, 25 November 1991
09.00 - 09.30

Opening ceremony
Welcome address by Mr. G.K. Mburathi, FAO
Representative in Malawi.
Opening address by Mr. G.K.C. Nyirenda,
representing the Minister of Agriculture.

09.30 - 10.00

Coffee break

10.00 - 10.20

Election of officers

10.20 - 12.30

Agenda item No. 1: Computer assisted systems for
processing soil data and for quantified land evaluation.

10.20 - 11.00

-

Keynote paper by F. Nachtergaele, FAO, Rome

11.00 - 11.25

-

Paper by the delegate of Malawi

11.25 - 12.30

Discussions

12.30 - 14.00

Lunch break

14.00 - 17.00

Agenda Item No. 1 (continued):

14.00 - 14.25
14.25 - 14.50

-

Paper by the delegate of Kenya
Paper by the delegate of Sudan

14.50 - 15.15

-

Paper by the delegate of Uganda

15.15 - 15.45

Coffee break

15.45 - 17.00

Discussions

18.00 - 20.00

Refreshment

Tuesday, 26 November 1991
08.00 - 12.30

Agenda item No. 1 (continued):

08.00 - 08.25
08.25 - 08.50

-

Paper by the delegate of Zimbabwe
Paper by9 the delegate of Botswana

08.50 09.15
09.15 09.40
09.40 - 10.00

Paper by the delegate of Zambia
Paper by the delegate of Tanzania
Coffee break
Paper by the delegate of Ethiopia
Discussions and demonstration
Lunch break

10.00 10.30
10.30 12.30
12.30 14.00
14.00 17.00

Agenda Item No. 1 (continued):

14.00 15.30

Paper by observers on the topic

15.30 16.00

Coffee break

16.00 17.00

Discussions and demonstration

Wednesday, 27 November 1991
08.00 - 12.30

Agenda item No. 1 (continued):

08.00 - 09.00
09.00 - 09.15

Discussions and demonstration (continued)
Information on the field trip

09.15 - 09.30

Coffee break

09.30 - 12.30
12.30 - 14.00

Visit to Soil and Plant Analysis Laboratories
Committee on recommendations

Thursday, 28 November 1991
08.00 - 17.00

Agenda Item No. 2: Field trip
Lilongwe - Blantyre by road
1st stop at Bunda College
2nd stop at Ntcheu
Night in Blantyre (Kudya Motel)

Friday, 29 November 1991
08.00 - 17.00

Agenda Item No. 2 (continued):
Blantyre - Lower Shire
Discussion on erosion and steep slope cultivation
Visit to Kasinthura Research Station (2 to 3 profiles)
Night in Liwonde (Kudya Discovery Lodge)
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Saturday, 30 November 1991
08.00 - 17.00

Agenda item No. 2 (continued):
Liwonde
2 profiles (Planosols)
Visit to the game park. (Optional)

12.30 - 14.00

Lunch in Liwonde

14.00 - 15.30

-

Adoption of recommendations
Closing session

16.00

Depart for Lilongwe

Sunday, 1 December 1991:

Free or visit of Lilongwe

Monday, 2 to Wednesday, 4
December 1991:

Departure of participants
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4. OPENING CEREMONY
4.1

WELCOME ADDRESS BY G.K. MBURATHI, FAO REPRESENTATIVE IN
MALAWI

It is a pleasure for me on behalf of FAO to extend a very warm welcome to you
all to this East and Southern African Sub-Committee for Soil Correlation and Land
Evaluation. In particular I would like to welcome the course participants who have
travelled here from other countries in Africa. May I also take this opportunity to warmly
welcome all those who are joining the Sub-Committee for the first time. Some of you
might have spent days to reach here while some might have taken just a few hours. I am
sure you all now feel quite comfortable in this warm heart of Africa. You are all most
welcome.
First and foremost, I wish to thank most sincerely the Government of the
Republic of Malawi for accepting to host this meeting. More particularly, we are very
grateful to the Ministry of Agriculture for making all the necessary and protocol
arrangements for the participants to be here.
Distinguished participants, some of you may already be aware that this SubCommittee was established by FAO in 1974. This was as a result of the recommendation
of the African Ministers of Agriculture during the 7th FAO Regional Conference for
Africa held in Libreville, in the Republic of Gabon in August 1972.
The main purpose of this Sub-Committee was: (a) to lay foundation for initiating
soil correlation work at national and regional levels using the legend of the FAO-Unesco
Soil Map of the World as a system of reference to unite the cartography of soils; (b) to
identify and discuss matters related to soil classification, evaluation, management and
conservation which obviously call for regional collaboration, and (c) to find ways and
means for the establishment of regular working relationships on the above matters.
Since its establishment, the Sub-Committee met, under the sponsorship of FAO,
successively in Nairobi (Kenya) 1974, Addis Ababa (Ethiopia) 1976, Lusaka (Zambia)
1978, Arusha (Tanzania) 1980, Wad Medani (Sudan) 1983, Maseru (Lesotho) 1985,
Gaborone (Botwsana) 1987 and Harare (Zimbabwe) 1989 to discuss various topics
related to assessment, evaluation and management of soil resources.
We are most grateful today for the confidence given by our Member Governments
and the continuous interest and cooperation accorded to FAO's efforts by you, soil
scientists.
During your short stay in Malawi, you should take the opportunity of having
informal and formal discussions among yourselves in order to have appreciation of what
is being done in the areas of soils in different countries. In Malawi, FAO is involved in
two major projects i.e. "Strengthening Land Resource Evaluation Capacity" and
"Development of Conservation Measures and Messages". I am sure by the time you
leave you will have got a clear picture from the Malawi participants of what activities
13

Malawi is carrying out independently as a Government and also with complementary
efforts from other bilateral or multilateral agencies.
May I re-iterate here that FAO is very committed to assisting Member
Governments to continuously improve the management of their soils with a view to
optimally controlling further land and indeed environmental degradation.
Returning now to the order of the day, I sincerely believe that the theme of your
meeting is the necessary link between resources assessment and decision making for
optimal land use. Sound data processing and land evaluation are essential and of
particular importance for our continent where land degradation and soil erosion are on
the increase and a critical food situation is prevailing in many areas.
There is no doubt that the use of computer or in other words the application of
modern technology, will be of great value in such exercise. But one should not forget
that computer is a tool which has to be used wisely to attain better results. In fact the
problem is to avoid the perfectionist approach which constantly introduces improvements
and therefore never finaHzes the output. The power of the computer to handle vast
amounts of data, encourages this tendency.
Also of importance is that soil is only one component of the broader concept of
land which is the subject of evaluation in terms of production capacity. Other factors
such as climate, hydrology, vegetation, fauna, relief, health hazards as well as past and
present human activity are also to be considered. But in some countries data on those
factors are inexistent or unreliable and there is also a wide gap in the level of technology
and human resources among the countries in the region. Thus, at regional level, it is
imperative that account must be taken of the complementarity of the resources of
different countries. It is in this perspective that a meeting such as this acquires its full
significance.
Last but not least, I would like to express our gratitude for the work that has been
put together by both the organizers of this meeting, in particular the Soil and Plant
Laboratories Analysis at Chitedze Research Station, and Mr. Sant'Anna from our
Regional Office in Accra who has left no stone unturned to ensure that the arrangements
from our end are complete.
4.2

OPENING ADDRESS BY G.K.C. NYIRENDA,CHIEF AGRICULTURAL
RESEARCH OFFICER, REPRESENTING THE MINISTER OF AGRICULTURE

It gives me great pleasure to welcome you all to this 9th Session of the SubCommittee for Soil Correlation and land Evaluation for the East and Southern African
region of Africa. It is indeed a great honour for Malawi to host such a meeting of
distinguished soil scientists.
Malawi, like many other countries in the developing World which are largely
dependent on agriculture, knows that its greatest asset is the soil. The very essence of
our existence is dependent on this. This is even more so for a landlocked country such
14

as ours. We, therefore, share the concern of FAO and all other countries about the
proper utilization of our soil resources. As we are aware, our ancestors all over Africa
and the World as a whole have used soil as a source of their livelihood. They used it
without having in mind the need to conserve it and to replenish the lost fertility.
Conservation of the soil and sustaining its fertility is the very basis of good agriculture.
This is particularly important considering that increased land pressure due to population
increases in our countries has rendered shifting cultivation an inefficient system for soil
fertihty regeneration.
I am aware that in view of the subject matter being considered during the
meeting, your discussions will be very scientific. However, what the countries you are
representing will be looking and waiting for are the end results which will benefit the
poor farmer who does not understand your complex scientific expositions. His interest
is how to increase production and how to conserve the soil and its fertility. I do hope
therefore, that the end results of your deliberations will lead to increased agricultural
production in the member countries represented in the Sub-Committee. I noted with
interest that the next few days will involve quite a great deal of field work. Your trip to
the South of the country will give you some impression of the large variety of its
resources. It will also give you an idea about the extent and the current alarming rate
of soil degradation which , I hope, will make you ponder on possible solutions to the
problem. It therefore pleases me very much to see that you are prepared to go out and
rough it, so to speak. Although the meeting is only for a few days, it is my sincere hope
that delegates will have a fairly good picture of our types of soils, our problems with
regard to soil classification, and surveys, and the resultant agricultural programmes.
This is a true indication of the fact that the results of your meeting, even though
in your case they will be largely scientific in orientation, will be practical and relevant.
While I am certain that all of you here today will benefit from your sharing of
information, I believe that we, as a host country, will reap extra benefits from your
combined knowledge and experience. Classification of soils is important but it should
be standardized so that a common understanding would be fostered among users.
May I take this opportunity to convey our sincere thanks and appreciation to the
FAO, indeed to all those who so tirelessly contributed to the funding and organisation
of this important meeting. On behalf of the Malawi Government, I once again wish to
welcome you all and hope that you will have a pleasant stay in Malawi. Our resources
are small but I hope that what we offer will be adequate and conducive to your
deliberations. I wish you all a very successful meeting and look forward to your report
and recommendations.
It is now my honour and privilege, Mr. Chairman, to declare this 9th meeting of
the East and Southern African Soil Correlation and land Evaluation Sub-Committee
officially open.
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5. TECHNICAL PAPERS
5.1 COMPUTERIZED LAND RESOURCES DATABASES
AND LAND EVALUATION PROGRAMMES
by
F. Nachtergaele'

SYNOPSIS
There is an upsurge of global awareness of and interests in environmental issues
and the need for sustainable development of natural resources. The achievement of the
later development for our land requires resource inventories and land evaluation which
involve the handling of huge amounts of data. Concurrent with these developments is
the prevalence of a new generation of computers capable of a more efficient data
processing and creation of databases and land evaluation programmes.
An overview of FAO's activities in these subject areas culminating in the
preparation of user manuals for the FAO-ISRIC Soil (Profile) Database (SDB) and the
application of the Automated Land Evaluation System (ALES) is given vis-a-vis the
usefulness, advantages and disadvantages of computers. Issues that need to be addressed
include the prohferation of computerized land evaluation systems and the need to
harmonize approaches, the problems involving the application of land evaluation
methodologies to land resources inventory data, and the integration of socio-economic
and physical parameters in the land evaluation system.

1.

INTRODUCTION

Since we last gathered, two years ago in Zimbabwe, two events occurred that are
of direct relevance to EASCO and- to the subject which we will be discussing in the
coming days. These events considerably enhance the importance of the topic chosen at
the time.
The first event is the explosive growth of interest in issues related to the
environment in general and to the husbandry of natural resources in particular. Indeed,
the World (with a capital W) seems rather suddenly to have woken up to the fact that
these land resources are not infinite and are degrading almost everywhere at an
incredible speed and intensity. Today, we can hardly open a newspaper, a journal or a
project document without stumbling over the words "sustainable development" on every
other page. In this context it is perhaps ironic to recall that the Framework for Land

Technical Officer, Soil Resources, Management and Conservation Service, Land
and Water Development Division, FAO, Rome.
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Evaluation, published by FAO in 1976 stated that: "The suitability ratings must aim at
a land utilization on a sustained basis".
Rather than to indulge in self-congratulation of the "I told you so" kind, FAO and
national institutions that have been working for years on inventories, conservation and
management of natural resources should seize this opportunity to make the techniques
they developed over the years, better known and integrated with other related disciplines.
Land resource inventories and land evaluation are two prerequisites for any
rational, wise and sustainable use of land anywhere and hence the objectives of the
EASCO network are very opportune and the topic of this meeting is particularly well
chosen.
The second, perhaps more predictable, (r)evolution that has occurred over the last
two years is the continued increase in computer power in speed, in storage capacity and
in commercial software availability and this coupled with decreasing prices and a
reduction in size. Computers as accessible tools are now available to most if not all
national institutions concerned with natural resources.
This evolution makes it possible to store, retrieve and analyze a huge number of
land and farming systems data and also, to create databases and land evaluation
programs of ever increasing complexity which is not always an advantage. The time is
not far off that a land use planner will sit next to a soil profile in the middle of a
farmer's plot and generate land use options and yield predictions from a computer the
size of a pocket calculator.
This evolution will make our discussions even more topical than they were two
years ago.
,"

2.

FAO'S ACTIVITIES IN COMPUTERIZED
EVALUATION PROGRAMS

DATABASES AND LAND

FAO through its Regular Programme and partly through interaction between field
project and Regular Programme activities has been quite active in this subject over the
last two years. A summary of activities follows:
2.1

Land Resources Inventories

The complete Soil Map of the World at 1:5 miUion scale has now been d'gitized
in ARC/INFO. The diskettes and the user manual for the African continent are now
available to interested parties.
A World Soil Resources map, at a scale of 1:25 million, was produced for the
ISSS Congress in Kyoto in 1990. A World Soil Resources Report (No. 66) that
accompanies this map contains general information on soils, climate, land use, land
degradation and the expected influence of global climatic change on soils is now ready.
The digitized version will soon be available also.
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The Revised Legend has been reprinted and at the same time some errors and
ambiguities in the original 1988 text have been corrected. Also a draft document on the
use of third level soil subunits has been prepared and we hope to finalize the remaining
chapters on subunits for all tropical and subtropical soils by 1992.
Another important publication was the new Guidelines for Soil Profile
Descriptions, produced together with ISRIC, which is written in such a way that it is
compatible with the computerized Soil Profile Database.
2.2

Soil Database

On the basis of feedback received an updated version of the FAO Soil Database
has been prepared and a new user manual has been written. There is still a lot of scope
for improvement and changes in this database, notably the need for translations and the
possibility to link this database with a statistical program. Interfaces between this
database and computerized land evaluation systems have been written but at present they
are very specific and dependent on the land evaluation methodology followed.
2.3

Computerized Land Evaluation Systems

Under the Regular Programme and in some selected field projects (notably in
Kenya, China, Nigeria and Nicaragua) the Agro-ecological Zones (AEZ) methodologhas been further refined and incorporated in a program called APT (Agricultural
Planning Toolkit). Results in Kenya have been submitted to the Government and may
appear as a Soils Bulletin in 1992. The expansion of AEZ and APT through links with
climatic and soil databases and computerized land evaluation systems, such as SDB,
CYPPAC IV, Meteo, ALES, LEGS etc., are ongoing.
A major contribution of FAO in this field is to disseminate information on what
new techniques and models have been coming on the market. A very comprehensive
review of hardware, software and minimum data sets for a whole range of systems is
under preparation and will be published in 1992. A preliminary draft which discusses
only the systems used in FAO projects is on show.
Finally, a user manual for ALES applications has been prepared, based on the
experience gained with this system in Malawi, Mozambique and Yemen.
2.4

Related Work

The integration of socio-economic and physical land parameters has always been
a stumbling block in the practical applications of the Framework for Land Evaluation.
A Methodology called LEFSA (Land Evaluation and Farming Systems Approach) has
been developed by the Agricultural Services Division and the Soil Resources,
Management and Conservation Service of FAO and ITC, Enschede, the Netherlands,
which describes ways and means to tackle this problem.
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Another development worth noting is the publication of a new version of
CROPWAT by FAO's Water Service. This is particularly relevant in the light of our last
meeting in which the assessment of available soil moisture was discussed.
An expert consultation took place on the set-up of a crop requirement database
and this is a particularly interesting subject for land evaluation applications. Also Land
Use Planning case studies in different countries were discussed in an expert consultation
and these and the Guidelines for Land Use Planning are now available on request.
3,

ISSUES AND CONCEPTS TO BE ADDRESSED

3.1

The Proliferation of Computerized Land Evaluation Systems

There is a growing concern within our Soil Service that the number of different
systems that have been applied for land evaluation is growing exponentially. Indeed, at
present, there may well be about 50, if not more than 100, different systems that all
pretend to apply the principles of the Framework for Land Evaluation. Although the
development of this type of system is fairly recent, there is already a need to harmonize
the approaches if technology transfer is to be achieved. This kind of meeting is the ideal
forum to exchange ideas and to try to come to some consensus on ways and means to
achieve this.
3.2

Technical Issues
a.

Some controversy has arisen on how to apply a land evaluation
methodology on land resources inventory data. Some people have
advocated a "point" (or profile) data analysis, others have gone for a "land
unit approach" characterized by a typifying pedon that can be a
hypothetical soil profile.

b.

Most systems now available have paid a lot of attention to the climatic
aspects of land suitability. For instance, radiation and moisture availability
simulations take up a disproportionate part of the programs when
compared to soil or landscape characteristics/qualities: one may wonder
if the evaluation of this is always justified.

c.

Most land evaluation exercises, particularly those working desk bound in
linkage with GIS systems, tend to forget the disproportion of reliability of
scale that nearly always exists between the climatic map and the soil map.
To give only one example the 1:1 million scale soil map of Botswana
contains about 800 soil units and is linked with a Soil Database of 4000
profiles. On the other hand, there are only about 10 synoptic climatic
stations in the country. This clearly illustrates that chmatic boundaries
cannot just be overlaid on the soil map to form land units.
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3,3

d.

Another technical weakness in many computer land evaluation systems is
the lack of management factors included in the evaluation. Fertilizer
response curves for instance, seldom figure in such programs.

e.

A last remark in this respect is the need for validation of the obtained
land evaluation predictions or crop growth simulations. There is a definite
need to start collecting production figures, land management and actual
land use information if the exercise is to have any scientific validity. This
in turn implies the need for broad cooperation with other disciplines and
agencies.

Computerization: pros and cons

Without going into all the arguments that can be made for or against computer
use, it is undeniable that the computer is a time saving device in the long run. In the
short run, the time needed to conceive and debug a land evaluation program or a
database is a real constraint unless one profit from the work done by others as I hope
you Mdll all do during this meeting. Some dangers of computer use are however less
apparent and I would like to draw the attention to three of them; the first one is that
a computer might look smart but is not: it is and remains a fast and faithful calculator:
unaware users may believe the result they obtain simply because the computer produces
them, while it is in fact the expert behind the program that has produced them.
Programs are only as valid as the expert knowledge that went into it and the use of
wrong or unreliable data will result in nonsense (GIGO: Garbage in, Garbage out).
The second danger is that computers require the availability of programmers,
systems analysts, etc. These kinds of manpower are in short supply not only in Africa but
throughout the world. In the long run this problem might be solved but for the moment
I believe that it does not make much sense to use sophisticated programs unless training
and reintegration of computer analysts is foreseen in national institutions that make use
of this technology.
Finally, there is a danger that staff will spend all their time at the computer and
neglect the field work which is essential to provide a reliable database. No African
country has yet got enough information on soils to be able to slack off on survey, and
even in the developing world only Belgium has. Mozambique is a good example of a
country with excellent computerized programs based on poor ground truth for most of
the country which will need careful checking now that fieldwork is possible again.
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DISCUSSIONS
Question:

Many countries at the moment are opting or planning to opt for community
based, grass root level participatory land use planning, which requires 1:10 000
or larger scales. Is there any attempt by FAO to develop computerized land
evaluation systems to address these large scale operations?

Answer:

Yes, I fully sympathise with the feeling expressed in this questioru Of the
systems I am aware of the CYSLAMB system of Botswana probably comes
closest to this scale of application.
The knowledge of the farmer and the inclusion of his knowledge in a crop
requirement database has been discussed by the FAO Soil Resources Group
but there are practical problems of implementing such a scheme
systematically. Soil surveyors should, while carrying out surveys, also draw on
local knowledge to enhance land evaluation.
The soil surveyor/land evaluator should work closely with researchers and the
extension staff to get data for model validation. Directives should be given for
the type of information required for validation.
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5.2 THE LAND RESOURCES DATA BASE AND AUTOMATED LAND
SUITABILITY ASSESSMENT IN MALAWI
by
P. Banda* and A. Lorkeers"
SUMMARY
The UNDP/FAO Land Resources Evaluation Project, MLW/85/011, has
developed a methodology for land resources survey and land suitability appraisal and has
applied these methods in a nationwide survey at scale 1:250 000 and some semi-detailed
survey (LREP 1991a). The methodology was designed for studies at reconnaissance to
semi-detailed level, but can also be used for detailed surveys. The resources inventory
consists of the survey of soils, physiography, agro-climate and present land use and
vegetation. The Land Resources Data Base (LRDB) was designed to store information
on all four items. It provides an interface with the Automated Land Evaluation System
(ALES) which enables export of land resources data to ALES and import of land
suitability related data from ALES. It has many features specific to the kind of land
resources data collected and processed by the Land Resources Evaluation Project
(LREP).
1.

LAND RESOURCES SURVEY

1.1

Introduction

The land resources assessment and land suitability appraisal consist of a first
phase of land resources inventory and a second phase of land suitability evaluation. This
paper mainly discusses the second phase which is Land Suitability Evaluation.
The resources inventory phase mainly consists of surveys of soils, physiography,
agro-climate, vegetation and present land use. For land suitability evaluation land units
are used, which are defined by characteristics of soil, physiography and agro-climate. All
information on the land units is stored in a computerised Land Resources Data Base
(LRDB). This database also includes information on present land use and vegetation,
which is described for each soil unit.

Soil Survey Section, Department of Agricultural Research, Ministry of
Agriculture, Malawi.
'* UNDP/FAO Land Resources Evaluation Project (MLW/85/011).
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1.2

Soils and Physiography

Soils and physiography are described in terms of "miscellaneous land units" and
of "soil units".
Miscellaneous land units are types of land defined by one outstanding
characteristic which severely Hmits its use for agriculture and forestry. For example, E very severely eroded land (badlands), M - perennial marshes, V - land with very steep
slopes (>55%).
The term "soil unit" is an abbreviation of "soil and physiography". There are four
levels of generalization, the first and highest being soil parent material symbolised by a
capital letter and consisting of six classes (Table 1). This is followed at the second level
by dominant slope inclination ranging from 0-55 percent in 1 to 5 classes (Table 2). The
soil group, the third level, comprises 13 soil groups (Appendbc 1) defined in conformity
with the FAO-Unesco-ISRIC Revised Legend for the Soil Map of the World (FAO,
1988). Soil units, without inverted commas, are the fourth and lowest level in which the
soil family and a number of additional land characteristics are used to sub-divide units
of the third level. The symbol for a soil unit consists of four elements, starting with the
symbols for the three higher levels of generalization and ending with a serial number,
eg. Alf4.
The soil mapping units are areas on the Soil and Physiography Map defined by
one soil unit in the case of a homogeneous soil mapping unit and by two soil units or one
soil unit and one miscellaneous land unit in the case of a complex soil mapping unit.
The symbol for a soil mapping unit consists of the relevant soil units and miscellaneous
land units, eg: AlV3/Alg2 or X5p/R. In the case of a complex soil mapping unit it is
assumed that the first soil unit takes up to 70 per cent of the area and the second unit
or miscellaneous land unit, 30 per cent.
1.3

Agro-climate

Data gathering on climate is based on agro-climatic zones (FAO, 1978). Detailed
records (1955 to 1985) from 18 meteorological stations and 318 rainfall stations in
Malawi are arranged by Region and District and kept in a climatic data bank.
The Climatic Data Analysis Programme of FAO's Agricultural Planning Toolkit (FAO,
1987) and IBM compatible micro computer were used for the calculation of, among
other things, the following seven agro-climatic parameters:
length of growing period (LGP, in days),
quality of moisture supply (P/PET),
mean temperature during the growing period (T-GP, in °C),
mean annual rainfall (P-an, in mm),
mean number of dry months per year (DM)
mean annual temperature (T-an, in °C), and
mean minimum temperature of the coolest month (T-min, in °C).
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These parameters have been combined into 149 mapping units (Agro-climatic
zones) and correlated at the national level. The resulting agro-climatic zones, numbering
1 to 149, with the spatial distribution have been indicated on maps at a scale of
1:250 000.
Table 1.

Soil Parent Material Classes
Description

Symbol
A

Fluvial, colluvial and/or lacustrine sediment

B

Mafic* igneous and metamorphic rocks

D

Medium- to fine-grained or mixed coarse- to fine grained sedimentary
rocks

S

Coarse-grained sedimentary rocks

X

Felsic* and intermediate igneous and metamorphic rocks

z

Aeolian deposits

* Note:

Table 2.

mafic =

rocks with dark-coloured (ferromagnesian) minerals.

felsic =

rocks with light-coloured minerals such as feldspar and
quartz.

Slope Classes
Class

Slope range (%)

1

0-2

2

2-6

3

6 - 13

4

13 - 25

5

25 - 55
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2.

THE LAND RESOURCES DATA BASE (LRDB)

The Land Resources Data Base (LRDB version 2.0) described in the Revised
User Manual and Technical Manual (LREP, 1991b) is specially designed for the Land
Resources Evaluation Project (LREP). It is a menu-driven computerized system for
storage and retrieval of information relevant to the assessment of land resources, with
special emphasis on agriculture.
LRDB is written in dBASE 111 + Ver. 1.1 programming language and can be
installed and used on micro-computers running under DOS 2.3 or higher. It provides an
interface with ALES which enables export of land resources data to ALES and import
of land suitability related data from ALES.
2.1

LRDB Data

LRDB provides the tools to store information on soils and physiography, agroclimate, land units and present land use and vegetation. Facilities are included to
retrieve the data according to various criteria and display suitability and severity level
values calculated in ALES, taking account of the FAO standard notations. Most of the
information stored in LRDB is coded. A dictionary is provided for decoding and the
user can, if necessary, make modifications and amendments to it.
Data are stored at study area and national levels. The four data files containing
correlated data at the national level are:
Soil units,
Agro-climatic zones,
LRDB code dictionary, and
ALES code dictionary.
At the study area the following eight data files contain data which are not
correlated over the whole country:
Land units,
Distribution of soils units,
Present land use and vegetation.
Land mapping units,
Suitabilities for each evaluation model.
Severity levels per model, and
Yields per model (not yet implemented in LRDB).
The contents of the data files used in ALES are followed by their diagnostic
characteristic code as shown in Table 6.
2.2

Programmes and Functions
The functions LRDB can perform are grouped into six activities:
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Enter/edit,
Display/print,
Export,
Import,
Calculate, and
Housekeeping.
All data, except those in data file 'J-Results from ALES', can be edited, deleted,
appended or shown in a short list. Data entry codes can also be quickly listed for
checking purposes.
Data at study area and national levels can be retrieved and sorted out either
alphabetically or numerically.
The export and import features export land unit data to ALES and import land
suitability data from ALES. Export and import are done for one evaluation model at
a time and can cover a complete study area (all land units) or for units sorted by parent
material; parent material and slope class or parent material, slope and soil group. In
importing suitability classes, a maximum of three limiting factors per suitability class are
accepted. Export of land unit data for other general applications outside ALES, e.g.
export to a geographical information system (GIS), is not yet implemented in LRDB
version 2.0.
The calculated feature enables both automatic storing of soil mapping units in the
database as read from the land mapping units and the computation of total areas and
percentages of soil groups, slope classes, agro-climatic zones and combination of these
three.
The 'Housekeeping' functions are mainly related to disk file management.
3.

AUTOMATED LAND SUITABILITY ASSESSMENT

The methodology used for land suitability appraisal is based on the Framework
for Land Evaluation (FAO, 1976) and a series of subsequent publications (FAO, 1983,
1984, 1985). The current methodology follows a two-stage approach, whereby the
physical suitability is assessed first leaving the socio-economic evaluation to follow at a
later stage. Physical suitability is, however, assessed within existing socio-economic
constraints. Suitability refers to use on a sustainable basis. The implication is that land
is suitable for a certain use if this does not result in significant degradation. Suitability
for crops is expressed in classes which relate to a percentage of the maximum attainable
yield.
3.1

Land Use Types (LUTs)

A distinction is made between major kinds of land use and LUTS. A major kind
of land use is a major subdivision of rural land use with clearly defined levels of
technical inputs and an associated socio-economic setting (Table 3).
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Table 3.

Attributes of the Two Management Levels Considered in Land Suitability
Appraisal

TRADITIONAL
1 MANAGEMENT

IMPROVED TRADITIONAL
MANAGEMENT

PRODUCTION
SYSTEM

Rainfed cultivation of presently
grown crop mixture

Rainfed cultivation of crops grown in
pure or mixed stands

TECHNOLOGY
EMPLOYED

Local cultivars. No fertilizers or
chemical pest, disease and weed
control ridges with sub-optimal
spacing and contour-alignment,
sub-optimal plant densities and
weeding.

Improved cultivars. Early land
preparation and timely planting.
Limited use of fertilizers and
pesticides. Composting and
manuring. Correct plant spacing and
adequate weeding. Cultivation on
correctly spaced and contour-aligned
ridges. Extension advice is followed
||

POWER SOURCES

Manual labour with hand tools.

Manual labour with hand tools
and/or animal traction with improved
implements.
||

LABOUR
1 INTENSITY

High, including family labour.

High, family labour as well as hired
labour.

CAPITAL
1 INTENSITY

Low, no use of credit

Intermediate, access to credit

MARKET
ORIENTATION

Subsistence production plus
commercial sale of surplus.

Subsistence production plus
commercial sale of cash crops

||

INFRASTRUCTURE
REQUIREMENTS

Limited access to markets and
agricultural services.

Free access to market facilities and
agricultural service.

||

LAND TENURE

Customary land with traditional
rights.

Clisiomary land with traditional rights

LAND HOLDINGS

Small and usually fragmented.

Small and sometimes consolidated.

RECURRENT
INPUTS REQUIRED

Traditional seed, human labour.

Improved seed, human labour and
animal power, fertilizers and
pesticides.

{{

{|

A LUT is a specific kind of land use defined in more detail. In this study LUTs
are pure stands of arable and tree crops selected on the basis of their agro-climatic
suitability, present existence and in some cases on the basis of market demand and
Government policy. The LUTs considered are given in Table 4.
The major kinds of land use considered are rainfed cropping under traditional and
improved technical management with their main characteristics given in Table 3, wet
land rice under traditional management and forestry.
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Rice is the only crop considered under wetland management. The varieties are
improved strains of the traditionally grown Faya variety. Irrigation works other than
simple ditches and bunds made by hoe are absent. Water is supplied by natural flooding
from a nearby river and/or from adjacent slopes, and is supplemented by rain water.
The general management conditions are similar to the conditions assumed for rainfed
cropping under traditional management (Table 3), but planting is done on the flat after
an initial nursery stage, and most produce is sold on the market.
The land suitability appraisal for forestry assesses the suitability of the land for
a number of forestry species known in Malawi and for which suitability is confirmed in
at least some part of the country. It provides valuable information for farmers who plant
trees as a source of firewood and timber, and commercial forestry. Trees are grown
mainly for the purposes listed in Table 4.
3.2

Land Characteristics (LCs) and Land Qualities (LQs)

Land qualities are composed of a limited number of land characteristics which
varies with the LQ being assessed. The LQs and the LCs that define the LQs are
presented in Table 5. Table 6 lists all diagnostic land characteristics for the four major
kinds of land use. The relevant LCs are measured, inferred or sometimes estimated.
3.3

Automated Land Evaluation System (ALES)

The computerized land evaluation relies mainly on the Automated Land
Evaluation System (ALES), version 2.0 (Rossiter and Van Wambeke, 1989). Additional
software for interfacing ALES with the Land Resources Data Base and for manipulating
output was created in the project (LREP, 1991a).
ALES is a microcomputer programme that implements the FAQ land evaluation
methodology.
It provides the structure to create models in terms of land characteristics (LCs),
land qualities (LQs) and land use requirements (LURs). A strictly parametric approach
is followed in which severity levels are assigned to relevant combinations of LC values.
The models take the form of "decision trees". Production costs and yields can be
incorporated in the models, but this option is not used in the project. ALES computes
the land suitability of each land utilization type (LUT) - land unit combination - either
by selecting the lowest factor rating (this approach is used in the project) or by following
user-made suitability rules, and presents the results in a physical suitability evaluation
matrix.
ALES is written in the MUMPS programming language (Data Tree Inc., 1986).
The hardware required consists of an IBM-PC XT (8086) or compatible computer with
640 Kb or more and a hard disk with a minimum of 5 Mb available diskspace. The
operating system is MS-DQS or PC-DOS version 2,0 or higher.
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Table 4.

Land Utilization Types

RAINFED CROPPING,
IMPROVED
TRADITIONAL
MANAGEMENT (2)
(itm-model)

WETLAND
CROPPING,
TRADmONAL
MANAGEMENT
(r-model)

FORESTRY (3)
(f-model)

Bulrush millet

Bulrush millet

Bunded rice

Acacia albida

A

Cassava

Cassava - long cycle

Azadirachta indica

F,P,T

Citrus

Cassava - short cycle

Callitris caicarata

P,T

Cotton

Citrus

Callltris hugellii

P,T

Cowpea

Coffee arabica

Cassia siamea

F,P

Groundnuts

Cotton

Cordyla africana

F,P,T

Irish potato

Cowpea

Eucalyptus
camaldulensis

F,P

Maize

Groundnuts - long cycle

Eucalyptus grandis

F,P

Phaseolus beans

Groundnuts - short cycle

Eucalyptus tereticomis

F,P

Pigeon pea

Irish potato

Gmelina arborea

F.P,(T)

Sorghum

Maize - long cycle

Melia azedarach

F,P

Soybeans

Maize - short cycle

Pinus caribaea

T

Sunflower

Phaseolus beans - long cycle

Pinus kesiya

T

Sweet potato

Phaseolus beans - short
cycle

Pinus patula

T

RAINFED CROPPING
TRADmONAL
1 MANAGEMENT (1)
(tm- model)

;

Main use

Pigeon pea

1 Wheat

Sorghum
Soybeans
Sunflower
Tobacco -air -and firedcured
Tobacco - flue-cured
Wheat

(1)
(2)
(3)

Only varieties available to the traditional farmer.
Improved varieties if available.
Explanation of abbreviations for main use:
A = Agro-forestry
F = Fuelwood
P = Pole wood
T = Timber
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Table 5.

Land Qualities and Their Composition in Terms of Land Characteristics
(for explanation of symbols see table 6).

1 LANDQUALmES
RAINFED CROPPING,
TRADmONAL
MANAGEMENT
(tm-model)

RAINFED CROPPING,
IMPROVED
TRADmONAL
MANAGEMENT
(itm-model)

WETLAND RICE,
TRADITIONAL
MANAGEMENT
(r-model)

FORESTRY
(f-model)

LAND CHARACTERISTICS

c
e
f
k
m
n
r
w
x

Temperature regime
Erosion hazard
Flooding hazard
Soil workability
Moisture regime
Nutrient availability
Rooting conditions
Oxygen availability
Toxicity/acidity

T-an, T-EGP, T-min
Erod, P-an, Sd, SI
FI
Mop, Sr, Ver
Dm, LGP, P-an, P/PET, Sd, SI, Soil-c, TI
K, N, P
Mop, Par, Sd, Sr, Ver
Dr
pH, Sal

c
e
f
k
m
r
t
w
x

Temperature regime
Erosion hazard
Flooding hazard
Soil workability
Moisture regime
Rooting conditions
Nutrient retention capacity
Oxygen availability
Toxicity/acidity

T-an, T-EGP, T-min
Erod, P-an, Sd, SI
FI
Mop, Sr, Ver
Dm, LGP, P-an, P/PET, Sd, SI, Soil-c, TI
Mop, Par, Sd, Sr, Ver
CEC
Dr

c
m
n
r

T-GP
Dr, FI, P-an, SI, TI
K, N, P
Sd

X

Temperature regime
Moisture regime
Nutrient availability
Rooting conditions
Toxicity/acidity

c
m
r
s

Temperature regime
Moisture regime
Rooting conditions
Soil related factors

T-an
DM, P-an
Sd

pll, Sal

pH

Dr, soil

|

1

1

i

!

1

11

II

The four major kinds of land use considered appear at the highest level in ALES,
in the Main Menu:
tm-model =
itm-model =
r-model =
f-model =

Rainfed cultivation, traditional management
Rainfed cultivation, improved traditional management
Irrigated cultivation, traditional management
Forestry

The four evaluation models are run by ALES completely independently of each
other: each evaluation model uses its own decision trees and its own data base, and has
its own evaluation output (see Figure 1). Considerable overlap occurs between different
evaluation models (for example between itm-and tm-models).
At the next level ALES has three main components:
models
data
evaluations
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To fully understand the explanations given in the following sections, it is
recommended that the reader checks with relevant sections in the ALES manual and
runs the ALES applications on screen.
ALES

LRDB

LRDB

X-modeI
LAND
RESOURCES
DATABASE
(LRDB)

LRDB-ALES
INTERFACE

MODELS
1. LC descriptions
2. LUT specifications
3. LURs

ALES
COMPUTATION

DATABASE
1. Climate
2. Soil
3. Topography/others

ALES
EVALUATION
MATRIX

ALES-LRDB
INTERFACE

LAND
RESOURCE
DATABASE

FINAL OUTPUT
OF
EVALUATION
RESULTS

* X is tm-, itm-, r- or f-model

Figure 1.
3.3.1

Input and Output to and from ALES
Models
Land Characteristics Description

Twenty nine diagnostic LCs are used in the four different land evaluation models
(see Table 6). LCs in ALES are defined in terms of units of measurement, number of
classes, class symbols and class limits; eg: for SI - dominant slope class (compare v/ith
Table 2): unit of measurement is percentage, classes are 1, 2, 3, 4 and 5, and class limits
are respectively 2, 6, 13, 25 and 55. The LC definitions are identical to the specifications
given in the Land Resources Data Base (LRDB).
ALES allows the user to group a number of LCs together and create a new LC,
which can be used instead in the decision trees. Thus, the number of LCs used in the
decision trees can be limited, which makes the models easier to construct and
understand.
Land Utilization Type Specifications
LUTs are single crops or single tree species under specified management, and
there are 18 LUTs in the tm-model, 24 LUTs in the itm-model, one LUT in the r-model
and 16 LUTs in the f-model, totalling 59 (see Table 4). Firstly, LUTs are briefly
characterized and the number of factor ratings used for each LUT is given (seven in the
present methodology). Secondly, LURs are defined for each LUT.

32

Table 6.

Diagnostic Land Characteristics

RAINFED
CROPPING,
TRADITIONAL
MANAGEMENT
(tm-model)

LAND CHARACT ERISTICS
Group

Symbol

Name

CLIMATE

DM
LGP
P-an
P/PET
T-an
T-EGP
T-GP
T-min

Mean number of dry months/year
Reference length of growing period
Mean annual precipitation
Quality of moisture supply
Mean annual temperature
Mean temperature during end growing period
Mean temperature during growing period
Moan minimum temperature of coolest month

X
X
X
X
X
X
X
X

CEC
Dr
Erod
K
Mop
N
P
Par
pH
Rmf
Sal
Sd
Soil
Soil-c
Sr
Tex-p
Tex-t
Ver

Cation exchange capacity {0-50cm)
Median soli drainage class
Soil erodibility factor (1X2)
Potassium (0-50)
Mopanic soil properties
Nitrogen (0-50cm)
Phosphorous (0-50cm)
Paralithic soil properties
Median soil reaction (0-50cm)
Rock and mineral fragments profile
Salinity (0-50cm)
Effective soil depth
Soil group
Soil properties combined (3)
Surface stoniness and rockiness
Texture profile
Texture topsoil
Vertic soil properties

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Fl
SI
Tl

Frequency of flooding
Dominant slope class
Topolocation (4)

X
X
X

SOIL

TOPOGRAPHY
and OTHERS

(1)
(2)
(3)
(4)

RAINFED
CROPPING,
IMPROVED
TRADITIONAL
MANAGEMENT
(itm-modet)
X
X
X
X
X
X
X
X
X
X
X

WETLAND
RICE,
TRADITIONAL
MANAGEMENT
(r-model)

FORESTRY

(f-model)

X

1

^

I1

^

1

X
X

X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X
X

X
X

X
X
X

"Erod" has different values in the itm-model (factor for ridging included) and in the tmmodel (no ridging factor included).
"Erod" is derived from "P-an", "Soil" and "Tex-t"
"Soil -c" includes the following soil characteristics: "Mop", "Rmf, "Tex-p", "Tex-t" and "Ver"
"Tl" is derived from "Dr" and "Soil".
Land Use Requirements

In ALES, LURs are defined through decision trees. Decision trees are land
quahty models in which severity levels (which are identical to factor ratings) are assigned
to each combination of LCs. Thus LURs are related to LQs and a structure for
matching is created. In Figure 2 an exam.ple of a severity level decision tree is
presented. The number of severity levels used in the decision trees is seven:
1
2
3
4
5
5
7

=
=
=
=
=
=
=

si
sl/s2
s2
s2/s3
s3
s3/n
n

- highly suitable
- highly to moderately suitable
- moderately suitable
- moderately to marginally suitable
- marginally suitable
- marginally to not suitable
- not suitable
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The LQs used are listed in Table 5. There is a decision tree for each LQ, for
each LUT, resulting in 160 decision trees to define the tm-model, 212 for the itm-model,
5 for the r-model and 64 for the f-model, totalling 441 (Table 7). The amount of work
involved in creating 441 severity level decision seems prohibitive but ALES has facilities
to make the process manageable. Within one major kind of land use, all LUTs use the
same set of LQs for land suitability assessment, with only perennial crops using one LQ
less (k, workability). A detailed overview of the composition of decision trees in terms
of LCs is presented in Table 8. The severity level decision trees are made up of a
number of LCs varying from one to seven. For example, the decision tree for
temperature regime (c) for wheat under traditional management (tm) consists of only
one LC: T-EGP, and the decision tree for moisture regime (m) for perennial crops under
traditional management (tm) consists of seven LCs: DM, P-an, P/PET, Sd, Soil-c, SI and
Tl. Three LCs, Rmf, Tex-p and Text-t, appear unchecked in Table 8 because they only
occur in inferred LCs.
For land suitability appraisal at the traditional management level, nine land
qualities are used which are defined by 28 land characteristics. At the improved
traditional management level also nine land qualities are used, but here they are defined
by 26 land characteristics (see Tables 5 and 6). Six of the land quality definitions are
identical at the two management levels, but three important differences occur.
The first difference is the use of land quality "nutrient retention capacity (t)" at
the improved traditional level instead of "nutrient availability (n)". It is assumed that at
the improved traditional management level fertilizers are available in sufficient
quantities, and therefore a low quantity of inherent soil nutrients can never be a limiting
factor. "Nutrient availability" does not therefore need to be considered at this level.
Instead "nutrient retention capacity" is of more importance, since the fertilizers will not
be effective if they are not retained by the soil for a sufficiently long period.
The second difference concerns the land quality "soil erosion hazard" (e). One
of the characteristics used in the definition of this requirement is the soil erodibility
factor (Erod). This factor is assumed to have a more favourable value under improved
traditional management since ridging is assumed to be properly aligned along the
contour, than under traditional management where ridging is usually practised but not
always properly aligned.
The third difference is in the land quality "moisture regime" (m). For several
crops slightly different LGP ratings were used for the two management levels. This is
due to different growing cycles and different resistance to moisture-related pests and
diseases of traditional varieties versus improved cultivars.
The two other land suitability appraisal models - wetland rice and forestry - are
composed of five and four land qualities respectively, and are defined by a limited
number of land characteristics (see Tables 5 and 6). In these three models only basic
interactions between the LUTs and their environment are described, since detailed
information on the data required is generally lacking.
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Figure 2.

Example of Decision Tree: e (erosion hazard), itm, poor-cover annual
crops
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3.3.2

Data

ïn the database the land units are described in terms of diagnostic LCs in a
sequence determined by predefined templates. ALES uses a separate database for each
major kind of land use. The land unit definitions and data are loaded from the Land
Resources Data Base (LRDB) through a special interface. Two types of LCs exist in the
ALES databases:
LCs taken directly from LRDB. This applies to 26 LCs, of which 23 LCs
occur as such in LRDB, and three LCs - Mop, Par and Ver - are taken
from LRDB characteristic "Soil group".
LCs inferred from other LCs in ALES. This applies to three LCs: Erod,
Soil-c and Tl. See above.
Number of Decision Trees per Major Kind of Land Use, per Land Quality and pei
LUT (For explanation of codes see footnote of Table 8)

Table 7.
j
MODELS

ii
tm

c

e

LAND
UTILIZATION
TYPES
(LUTs)

MODEL

NO. OF
DECISION
TREES

Wheat
Other
annuals
Perennials

1
IS

AH crops

icin

LAND
UTILIZATION
TYPES

c

Wheat
Other annuals
Perennials

1
19
4

18

e

All crops

24

All crops

24

1

All crops

18

k

Annual crops

16

k

Annual crops

20

m

Annual crops
Perennial
crops

16
2

m

Annual crops
Perennial
crops

20
4

r

Groundnuts,
Tobacco
Rootcrops
Other
annuals
Perennials

2

Other annuals
Perennials

15
4

3
11
t

All crops

24

All crops

18

w

All crops

24

X

All crops

c

LAND
UTILIZATION
TYPES

Rice
Rice
Rice

1
1
1

r

Rice

1

X

Rice

1

TOTAL

5

c
m
n

H

2

13

X

MODEL

24

All crops

f

c
m
r
s

LAND
UTILIZATION
TYPES
All
All
All
All

trees
trees
trees
trees

TOTAL
TOTAL

NO. OF
DECISION
TREES

2

f

w

1 MODEL

NO. OF
DECISION
TREES

160

II

212

TOTAL

{{

OR, IN SUMMARY:
NO. OF DECISION
TREES

1

tm-model

160

itm-model

212

1

5

j

64

1

r-model

1

1 f-model

1 TOTAL

1

'*''^

36

NO. OF
DECISION

TREES
16
16
16
16

64

1

Table 8.

Summary of Decision Trees in ALES (See footnote for explanation of symbols)
AGRO^UMATIC CHARACTERISTICS

MODEL

tm

itm

LAND UnUZATION
TYPES
c

All crops

f

All crops

k

Annual crops

m

Annual crops
Perennial crops

n

All crops

r

Groundnuts, tobacco
Rootcrops
Other annuals
Perennials

w

All crops

X

All crops

P-an

P/
PCT

All crops

f

All crops

k

Annual crops

m

Annual crops
Perennial crops

T-an

T-EGP

T-GP

T-mIn

CEC

Or

All crops

w

All crops

X

All crops

K

Mop

N

P

Par

pH

Rmf

Sal

Sd Soil

Soll-C

Sr

Tex-p

Tex-t

Ver

Fl

SI

Tl

X
X

X

X

X

X

X
X
X

X
X
X

X

X
X

X
X
X

X
X
X
X
X

X

X
X

X
X

X
X

X
X
X
X
X

X
X
X

X

X
X

X
X

X

X
X
X

X

X

X

X

X

X
X

X
X
X

X

X
X

X
X

Groundnuts, tobacco
Rootcrops
Other annuals
Perennials

t

Erod

X

Wheat
Other annuals
Perennials

e

r

LGP

Wheat
Other annuals
Perennials

e

c

DM

TOPOGR. +
OTHERS

SOIL CHARACTERISTICS

X
X
X
X

X
X
X
X

X
X
X

X
X
X

X

X

X
X

X
X
X

X
•X

X

II

Table 8.

Summary of Decision Trees in ALES (Cont'd)
SOIL CHARACTERISTICS

AGRO-CLIMATIC CHARACTERISTICS

MODEL

1r

f

c
m
n
r

LAND UTIUZATION
TYPES

X

Rice
Rice
Rice
Rice
Rice

c
m
r
s

All trees
Ail trees
All trees
All trees

Footnote:

DM

LGP

P-an

1

P/
PET

T-an

T-EGP

T-GP

T-mIn

CEC

Dr

Erod

K

TOPOGR. +
OTHERS
Mop

N

P

X

X

Par

pH

Rmf

Sal

Sd

Soil

Soll-c

Sr

Tex-p

Tex-t

Ver

Fl

Si

Tl

X

X

X

X
X

X

X

1

1

X

X

X
X
X

X
X
X

X

The models (first column In this table) consist of major kinds of land use broken down into land quality submodels, which In turn consist of a varying number of land characteristics. The abbreviations used are given below:

Major kinds of land use:

tm
ttm
r
f

LfJ
OO

Land Qualities:

- Ralnfed cultivation under traditional management
c
- Ralnfed cultivation under improved traditional management
e
- Irrigated cultivation under traditional management (bunded rice) f
- Forestry
k
m

- Temperature
- Erosion hazard
- Flooding hazard
- Soil workability
- Moisture regime
- Nutrient availability

r
s
t
w
X

- Rooting conditions
- Soil requirements
- Nutrient retention capacity
- Oxygen availability
- Toxicity

Aqro-cllmatic Characteristics:

Soil Characteristics:

Tonoqraohy and Other Characteristics:

1

DM
LGP
P-an
P/PET
T-an
T-EGP
T-GP
T-min

CEC
Dr
Erod
K
Mop
N
P
Par
pH
Rmf
Sal
Sd
Soil
Soll-c
Sr
Tex-p
Tex-t
Ver

Fl
SI
Tl

1

- Mean number of dry months/year
- Reference length of growing period
- Mean annual precipitation
- Quality of moisture supply
- Mean annual temperature
- Mean temperature during end growing period
- Mean temperature during growing period
- Mean minimum temperature of coolest month

- Cation exchange capacity (0-50 cm)
- Median soil drainage class
- Soil erodiblilty factor
- Potassium (0-50 cm)
- Mopanic soil properties
- Nitrogen (0-50 cm)
- Phosphorus (0-50 cm)
- Paralithic soil properties
- Median soil reaction (0-50 cm)
- Rock and mineral fragments profile
- Salinity (0-50 cm)
- Effective soli depth
- Soli group
- Soil properties combined
- Surface stoniness and rocklness
- Texture profile
- Texture topsoil
- Vertic soil properties

^-- !-t

!-|

Ori a

Q.

tjj

- Frequency of flooding
- Dominant slope class
- Topolocatlon

In the ALES databases the data are organized according to three different
templates:
Agro-climatic characteristics (varying from eight LCs for the tm-model to
two for the r-model);
Soil characteristics (varying from 17 LCs for the tm-model to three for the
f-model;
Topography and other characteristics (consisting of three LCs).
3.3.3

Evaluations

ALES matches the land use requirements with the data in the data base and
determines the land suitability of each LUT - land unit combination by the law of the
minimum, i.e. the lowest severity level in all models determines the overall land
suitability. The results are presented in an evaluation matrix; they are in the form of a
number (1 to 7) indicating the overall severity level with LQ letter suffixes added for
main limitations. These matrices can subsequently be exported from ALES and
imported into LRDB through an interface.
4,

CONCLUSIONS

The overall conclusion is that ALES and LRDB are important tools in land
suitability assessment in Malawi. They allow a very quick land evaluation once the land
use requirement models have been built and the land resources data base has been
estabhshed.
The major problem in using ALES is related to the creation of the knowledge
base (land use requirement models). It is a relatively time consuming and tedious
exercise. However, the problem is of limited importance since most users of ALES are
likely to re-use their models for evaluations of other areas. Once the land use
requirement models have been built and tested they form an evaluation system that can
be used for any dataset.
Large datasets or large number of land use types which were troublesome in the
past, because they had to be dealt with manually, can be handled now without difficulty.
An evaluation can be easily recalculated after adjustment of one of the land use
requirement models or correction of land unit data.
ALES models have to be built by the user and can therefore make full use of
expert judgement based on local knowledge; the models can be geared to the type and
level of detail of the data available, to the crops, crop varieties, crop mixes or crop
rotations to be evaluated, and to specific management conditions. There is, in theory, no
limit to the complexity of the models constructed, neither in terms of detail of the data
nor in terms of number of variables used.
39

If good quality yield data from different representative agro-ecological conditions
are available, then ALES is a useful tool for simulating variations in natural environment
and management. If no local yield data are available to calibrate the land suitability
calculation, land evaluation with ALES is arbitrary. Under such conditions models such
as WOFOST and CYPPAC IV have certain advantages. On the other hand, there exists
nowadays a considerable bibliography on estimates of crop requirements such as
temperature regime, LGP, salinity and acidity.
ALES is scale independent.
The system is flexible: new models can be added to the system or existing models
can be fine-tuned by the user. It is also rather user-friendly and quite self-explanatory.
ALES does not provide any mechanism for calculation of formulas. However,
calculation can take place outside ALES and values can be imported as an ALES
characteristic.
Interfaces must be made to enable entry of data from existing databases, and to
enable modification of ALES output in a more presentable form, since the printing
options provided are too limited.
A gross-margin analysis can be made for each land unit - land use type
combination.
Linking of LRDB with a GIS is not yet established, but would mean a major
improvement in presenting the huge amount of land resources and suitability data
gathered in the project.
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KEY TO THE SOIL GROUPS OF MALAWI
Symbol

SoiI group

Correlation with FAO (1988) soi I units and phases

Diagnostic soil characteristics

Completely included

1^

Partly included

|

lithic

effective depth 30-50 cm and > 220% fine earth

lithic phase

V

vertic

clayey topsoiI (> 30% clay) and deep, wide cracks
when dry

Vertisols, Vertic Luvisols and
Cambisols

f

fluvic

flooding and sedimentation at regular intervals

Fluvisols

s

salic

high salinity (> 4 imho/cm) in most of the upper
100 cm

Solonchaks & salic phase of Gleysols,
Phaeozems, Calcisols, Cambisols and
Luvisols

9

gleyic

seriously impeded drainage, with or without
seasonal high groundwater

Gleysols

a

arenic

sand or loamy sand texture throughout upper 100 cm
or less if soil depth is less

Arenosols

mopanic

within 50 cm from surface horizon with a
- high bulk density and
- extremely hard consistence (dry) and
- very low permeability

calcaric

calcareous in most of the upper 100 cm or less if
soil depth is less

paralithic

highly weathered rock which starts within 75 cm and
continues to at least 150 cm and > 20% fine earth
in the upper 75 cm

r

dystric-ferralic

- low base saturation (< 50%) in at least part of
the upper 50 cm and
- low CEC clay (< 24me/100g) in most of upper 100
cm

Acrisols

Ferralsols, Cambisols

X

eutric-ferralic

- high base saturation (> 50%) throughout the upper
50 cm and
- low CEC clay (< 24 me/100g) in most of upper 100
cm

Lixisols

Phaeozems, Ferralsols and
Cambisols

d

dystricfersialic

- low base saturation (< 50%) in at least part of
the upper 50 cm and
- medium-high CEC clay (> 24 me/100g) in most of
upper 100 cm

Alisols

Nitisols, Cambisols

e

eutric-fersialic

- high base saturation (> 50%) throughout the upper
50 cm and
- medium-high CEC clay (> 24 me/lOOg)

Luvisols

Phaeozems, Nitisols and
Cambisols

, m

c

1^

Regosols

Planosols, Luvisols

Calcisols & Calcaric Regosols &
Calcic Luvisols
Regosols, Phaeozems and
Cambisols

lï^

Jrs

1^

lr^

lbs.

Jo

DISCUSSIONS
Question:

What type of soil data base is used? How comprehensive is the range of land
characteristics stored? How compatible is this data set with the FAO Soil
Data Base?

Answer:

dBase III soil data base. Comprehensive data set, of which only a few land
characteristics are presently used for the land evaluation model. No direct link
with SDB.

Question:

How are point data and (more important) land units georeferenced, in view
of the anticipated introduction of GIS System?

Answer:

Point data are georeferenced in long-latitude; land units form essential/focus
point of LRDB; they are referenced by a code as GIS implementation is
possible after digitizing.

Question:

How is mixed and intercropping handled? Has an attempt been made to
define land utilization types in that respect?

Answer:

No; only single crops are evaluated.
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5.3 COMPUTER ASSISTED DATA STORAGE, PROCESSING AND LAND
EVALUATION IN KENYA
by
W.W. Aore', M.G. Mwago", P.T. Kamoni' and P.M. Maingi"

SUMMARY
The paper presents the development of natural resources information and
achievements to date. The first Kenya Soil Survey Information was adapted from the
ISIS system developed at ISRIC for storage of site and profile characteristics. The
system which includes procedures for storing, editing, selecting and printing soil data has
currently been replaced by the FAO-ISRIC Soil Database. A recent acquisition of GIS
hardware and software has greatly enhanced the institutional capability to computerized
land evaluation. The Automated Land Evaluation System (ALES) is currently in use for
land evaluation purposes.
1.

INTRODUCTION

In a country where population pressures on the land are high and coupled with
limited availability of good agricultural land, rational utilization of soil resources assumes
great importance for optimum and sustained food production. In order to increase the
productive capacity of agricultural land, decisions of land use are required which often
involve change. Sound land use planning decisions are based on the understanding of
the natural environment and the kinds of land use engaged. Integrated surveys, that is,
socio-economic surveys, natural resource and agricultural surveys generate the raw agroecological and agro-economic data on which evaluations are based. The evaluation
process consists of matching the land quahties of the delineated land units with the
physical and technical requirements of the relevant land uses identified. Manual analysis
techniques can only be attractive for relatively small quantities of data, and where
analysis techniques are effectively fixed.
Through the years, Kenya Soil Survey has acquired extensive data on soils, land
use and vegetation of the whole country. This information is in the form of reports and
maps. Effective use of these data depends upon the existence of efficient systems that
can store and transform them into usable form for a particular set of purposes. On a

Kenya Soil Survey, Nairobi, Kenya.
Jomo Kenyatta University, College of Agriculture and Technology, Nairobi,
Kenya.
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global scale, this increasing demand for the data in recent years has led to rapid
developments in the application of computers in handling environmental, natural
resources and socio-economic data and the creation of sophisticated information systems.
At a country level this need resulted in the acquisition of two personal computers in
1986, for storing and manipulating the data acquired by the Kenya Soil Survey.
The amount of data involved is enormous especially when seen in the context of
natural resources management. The concept of Geographic Information Systems was
therefore seen as a valuable tool in this process. For storing, manipulating and
displaying all data, a well designed data base and a selected set of models for
manipulating this data became a necessity.
In March 1991, a Geographic Information System (GIS) was procured, installed
and immediately put into operation. The GIS describes spatial and non-spatial data of
objects in terms of their geographical position with respect to a given coordinate system
and their relationship with the non-spatial attributes and the spatial relationship between
these objects for describing how the objects are linked together. Spatial data is then
used in analysis, using suitable land evaluation packages - to date Automated Land
Evaluation System (ALES).
2.

SOIL DATA STORAGE AND PROCESSING

2.1

ISIS Soil Database

The first Kenya Soil Survey Information System was an adaptation of ISIS system
developed at the International Soil Reference and Information Centre, the Netherlands.
This computerized soil database was used in the storage of the site and profile
characteristics of the profile description collection that had accumulated through time.
The ISIS system includes procedures to store, edit, select and print soil data
(Fig. 1). ISIS operates on dbase III"^ (Ashton Text, 1984) relational database
management system.
Soil description/
analytical data

Input screens

Soil
database

Edit

Figure 1.

ISIS Set-up
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Output

Selection

Screen
Printer

This data base has now been replaced by the recent FAO-ISRIC Soil Database
(FAO-ISRIC,. 1990). The coding system used in the data base follows the draft version
of the revised FAO Guidelines for Soil Profile Descriptions (1990).
2.2.

Geographic Information System (GIS)

Until recently, all spatial data were stored and presented to the user in classified
form on paper maps, and time series data as lists and graphs. With the introduction of
a Geographic Information System spatial data is now stored in classified form. This
basic data can later be transformed, combined and displayed as required according to
the needs of the users. Spatial data about soil, land use, climate, vegetation and others
are stored in the GIS by digitizing in terms of basic geographic entries such as points,
lines and areas.
a.

Graphic database

The vector data structure represents point entities by their coordinates, line
entities by a chain of uniformly or non uniformly spaced coordinates and area polygon
entities by their boundaries.
Analogue data (maps) are converted into digital format using a table digitizer.
The data are captured and stored in vector format.
b.

Attribute database

Arc/dBase provides facilities to perform several operations commonly required
in manipulation of attribute data. These operations include:
adding new datasets to the database
inserting new data into existing datasets
retrieving data from existing datasets
updating and/or transforming data from existing datasets
deleting data from existing datasets
removing datasets from the database
c.

Data analysis and cartographic manipulations

Analysis and data handling are performed in both the attribute and graphics
databases. This include conventional data analysis and manipulations capabilities, such
as map overlaying (eg. soil data can be overlaid with other spatial resource data for
analysis and display in the GIS), reclassification and other cartographic modelling
techniques. Interpretive maps can be computer generated from the soil geographic
databases after entry in a GIS. Single or multipurpose maps can be made by querying
the database for the soil characteristics deemed useful for display, eg. display areas
where the soil pH is less or more than desired value.
Cartographic modelling makes use of internal tabular data in which each map has
one or several tables that include a specific single attribute of pertinent map. These
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I
tables can be obtained from the relational database or generated by GIS operations.
The map containing information on each of the polygons (map units) can be reclassified
using tabular information generated by a previous GIS operation or data coming from
the relational database. The new dataset could be the final result of a given application
or it can constitute input to a model or analysis procedure within a given scenario. In
each case the new map can be generated rapidly when required.
d.

Data display and results

The system provides capabilities for displaying results in both graphic and tabular
formats. Maps are displayed on the graphics colour screen before being sent to the
colour plotter for printing. Map legends, titles and other cartographic information are
displayed as required (orientation, scale bar).
Tabular data can be displayed using the report writing capabilities of the
relational database.
3.

OTHER RELATED COMPUTER ASPECTS

3.1.

Availability of Water

The availability of water for plant growth is expressed in terms of the length of
the growing season. A computer program (in Lotus) is used to calculate the water
balance of different soils in given agro-climatic zones. The calculation takes into account
long term average precipitation, potential evapotranspiration, estimated surface run-off
and soil moisture storage capacity. The available soil moisture storage capacity (S) is
calculated for three different depth classes of a given soil in relation to the rooting
patterns of the plants under consideration.
,•'1

The computed water balance for the National Agricultural Research Laboratories
(NARL) is presented in Table L
For the National Agricultural Research Laboratories, with a Nitisol on 3% slope
and arable land use, the surface run-off coefficient is estimated to be 0.05.
3.2.

Long Term Annual Rainfall

For more detailed studies two computer programs, developed at ITC, the
Netherlands, are utilized. The first program is based on long term average rainfall data
which is entered by keyboard into a personal computer and processed. Cumulative
probability curve is produced. The results are either presented in a table or plotted on
a graph. Regression is then applied to obtain a best line of fit at a desired confidence
level.
The second program takes into account long term average monthly precipitation,
potential evapotranspiration and soil characteristics according to the method proposed
by Thornthwaite and Mather (Donker, 1987). Additions to the original methods include
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direct run-off reference potential Evaporation (Er) which is adjusted to crop potential
evapotranspiration by Kc factors (Ea = Kc *Er).
Table 1.

Water Balance for NARL

Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

rainfall

52

45

106

223

168

42

15

27

22

54

133

85

Annual
973

eff. rainfall

49

44

101

212

160

40

14

26

21

51

126

81

924

Eo

173

176

183

146

125

113

106

116

140

158

141

159

1738

Et

115

117

122

97

83

75

72

77

93

105

94

106

1159

PE-Et

-66

-74

-21

115

76

-35

-58

-52

-72

-54

32

-25

Where PE = effective rainfall (mean annual rainfall - run-off in mm); ds = surplus
soil water balance from previous month in mm and Et = potential
evapotranspiration in mm.
Soils
(mm)

Depth
(cm)

Apr

May

Jun

50

50

50

50

15

32

80

60

80

80

45

32

120

120

115

120

85

Jan

Feb

Mar

Jul

Aug

Sep

Oct

27

Nov

Dec

Annual

32

To obtain the above calculated values of the moisture stored in the soil at the end
of a certain month, the balance should be made up by adding the figures of soil
moisture surplus from the previous month to the (PE -Et) values, with a maximum
of (mm) for the soil depth under consideration.
(PE+ds)Et (growing month/s)
Depth (cm)

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

50

.49

.37

.83

2.18

2.52

1.19

.41

.33

.22

.49

1.34

1.05

80

.49

.37

.83

2.18

2.88

1.59

.82

.33

.22

.49

1.34

1.05

120

.49

.37

.83

2.18

3.30

2.12

1.38

.68

.22

.49

1.34

1.06

Nov

Dec

Annual

Calculation of growing months
Depth (cm)

Jan

Feb

Mar

Apr

May

Jun

0-50

0

0

.5

1

1

1

0-80

0

0

.5

1

1

0-120

0

0

.5

1

1

Jul

Aug

Sep

Oct

0

0

0

1

1

5.5

1

0

0

0

1

1

6

1

.5

0

0

1

1

7

Interpretation:
rooting depth
0-50 cm
0-80
0-120

growing season (months)
A

B

3.5
4
5

2
2
2
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Annual

3.3

Program to Predict Yield

Use monthly rain and PET data which is converted into daily values, hence, it is
assumed that there is daily rain and daily evapotranspiration.
e.g.

Type of crop
Av. moist, capacity
Av. moist on planting
No. of growing stages

:
:
:
:

wheat
100mm (storage capacity of soil in root zone)
50mm
6

Kc values at different growing stages
0.35
0.80
1.10
0.80
0.70
0.35

Establishment
Tillering
Head development
Flowering
Yield formation
Ripening

Planting month - April
Day of planting - 15th
Program execution starts plotting daily excess or deficit in mm and totals the
results for each growing stage. Ilien it prints out the date used and plots a 'soil water
diagram' which shows how much water is stored and depleted during the growth. Values
obtained are now looked up in the table of Doorenbos and Kassam (1979) and can be
introduced at the start of the method. The deficit percentages in the print out are deficit
versus what the plant would have used had it been adequately supplied with water.
3.4.

Statistical Analysis and Word Processing

SPSS/PC is a statistical package that is utilized for statistical purposes. SPSS/PC
contains powerful faciUties for interactive data entry, data editing and data analysis. The
statistical package is easy to use and consists of the most commonly used procedures and
methods - a fairly complete set of non-parametric tests and the more conventional parts
such as analysis of variance and regression analysis.
Several soil properties and parameters have been related to basic information
available in the' data base. Estimations of soil water retention have been implemented
in the information system. Regression analyses have been carried out on select 3d soil
groups regarding the contribution of organic matter and clay fractions to the cation
exchange capacity of the soils. These are continuously adjusted as additional information
is gathered.
Soil survey information in report form is stored on floppies using Word Perfect
5.1. Printing quality is enhanced by the use of Harvard Graphics.
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4.

LAND EVALUATION

The acquisition of GIS hardware and software by the Kenya Soil Survey in 1991,
greatly enhanced the institutional capability to computerize land evaluation. With a well
stocked Soil Data Base (SDB) using pedotransfer functions, which relate basic properties
of land, water and climate to land qualities, the magnitudes/values of land qualities for
various mapping units can be computed.
The analysis of basic socio-economic data produces geographical clusters which
may be used for defining certain key attributes of land utilization types in an area.
Several land qualities have been used in Kenya including:
availability of moisture
availability of nutrients
availability of oxygen
erosion hazard
salinity hazard
sodicity hazard
possibility of mechanization
Although all these land qualities are employed, the degree of detail distinguished
when defining land qualities differ greatly due to the type of basic data required ar '
their availability. In Kenya the two land qualities which have been described in great
detail are: availability of moisture and erosion hazard.
The computer assisted activities in the land evaluation process undertaken so far
are grouped into the following categories:
a.
b.
c.

Generation of land qualities for specific LUT's in mapping units from
basic data using specific pedotransfer functions.
Specification of suitability classes in terms of land quality for a specific
LUT.
Computation and assignment of suitability of mapping units for specific
land utilization type.

Each of these computerized activities is discussed briefly for land qualities
availability of moisture and erosion hazard.
4.1.

Availability of Moisture
a.

Generation of land qualities

The land quality availability of moisture is assessed either as moisture deficits
experienced by a crop/LUT over selected period or in terms of the length of the growing
season. In each case the LQ is generated from the basic parameters - percentage
organic matter content, texture, bulk density, effective soil depth and rainfall.
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Firstly the available moisture storage capacity is estimated through multiple
regression computations (i)

RAM = 44.42 - 14.39xi - 0.24x2 - O.lTxj - 0.097x4 - O.OSxj multiple R =
0.657

(ii)

TAM = 17.85 - 12.74xi + 27x2 + 0.067x3 + 0.25x4 - 0.36x5 multiple R =
0.685

where RAM = Readily Available Moisture (FF 2.3 - PF 3.7)
TAM = Total Available Moisture (PF 2.3 - PF 4.2)
Xj = bulk density
X2 = percentage clay
X3 = percentage sand
X4 = percentage silt
X5 = percentage carbon
Crop water requirements is computed for selected periods from Penman Eo and
crop coefficients (Doorenbos and Kassam, 1979). Through water balance calculation e.g.
through FAO - CROPWAT, 1990), the moisture deficit is computed for selected periods
according to the equation

where

MD

= P + SMS - Etc

MD
P
SMS
ETC

=
=
=
=

moisture deficit
rainfall
soil moisture storage
crop evapotranspiration

The moisture deficit for annual crops, e.g. maize, is calculated per decade during
the growing season. For annual crops, monthly cumulative moisture deficits are
computed over selected periods.
The alternative approach of length of growing season, mainly applied for annual
crops, determines the duration over which the water requirements for a crop is satisfied.
The length of growing period is subsequently used for suitability rating.
b.

Specification of suitability classes

Specification of the ranges of moisture deficits for each suitability class are
achieved through regressions between moisture deficits and yields. For maize the
following regression has been used.
Y
where Y
X
(r^

= 5.64-0.257X
= yield (tones/ha)
= cumulative moisture deficits
= 0.618)
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The regression equation relating copra yield (Y) to moisture deficit during 29 and
24 months (xj and X2 respectively) preceding the year of harvest are used to specify the
suitability classes.
Y

= 218.9 - 0.49X1 (r^ = 0.562)

Y

= 221 - 0.0582x2 (r^ = 0.581)

and
The regression equation between cashew yields (Y) and the August - December
moisture deficits (x) is
Y = 261 + 0.645 (r- = 0.593)
The suitability classes for coconuts and cashew nuts were defined according to
arbitrarily selected but specific declines in yields due to the moisture deficits experienced
by the crop.
The August-December moisture deficits are rated for cashew nuts while the 24
month deficits are used for coconuts, as shown in Table 2.
Table 2.

4,2.

Suitability Classes for Availability of Moisture for Coconuts and Cashew
Nuts
24 month
deficits for
coconut (mm)

AugustDecember
deficits for
cashew

Rating
classes

% decline
in yields

1

0-10

0-570

160

2

10-25

571-1140

161-320

3

25-50

1141-1700

321-470

4

50-75

1701-2200

471-625

5

>75

>2200

>625

Erosion Hazard
a.

Generation of land quality

Susceptibility of an area to soil erosion is dependent on rainfall erosivity, soil
erodibility, slope length and angle and vegetation cover. The basic parameters slope
length, slope angle, and vegetation cover are rated individually in semi-quantitative terms
in absence of definite quantitative pedo-triangle functions relating them to actual soil
erosion.
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Soil erodibility is also rated semi-quantitatively through basic parameters organic
matter content, flocculation index - the ratio of natural clay to dispersed clay, bulk
density and the silt/clay ratio.
Rainfall erosivity is quantitatively related to actual erosion through rainfall
intensity and its attendant kinetic energy. In the absence of widely distributed data on
rainfall intensities, rainfall erosivity is computed through erosivity factor
generated/computed from annual rainfall and kinetic energy according to the equation.
KE

= 22.82X - 15795

where KE

= Kinetic Energy

R

= 0.029KE -26.0

where R

= Erosivity Factor

b.

Specification of suitability classes

The specification of suitability classes for this land quality is based on semiquantitative empirical relationships between the basic and generated parameters and
observed or simulated erosion. This is achieved by summing up the individual subratings
and assigning the final rating so as to reflect the observed field or laboratory simulated
erosion.
The rating criteria of the basic and generated parameters used in Kenya are
presented in Table 3.
The land qualities availability of moisture, availability of nutrients, erosion hazard
and other relevant land qualities are used for a complete physical land evaluation. A
physical land evaluation of the Kwale area using Automated Land Evaluation System
(ALES) is presented as a case study of computerized land evaluation.
Subrating and Rating of Erosion Hazard

Table 3.
Rating
class

Slope
length
(m)Rl

Slope
angle
(%)R2

Erosivity factor

n

%C

Silt/clay

Erodibility
rl, r2, r3

Erosion
hazard

1

50

15

100

2

70

0.2

3^

8

2

51-100

6-8

101-200

1-2

50-70

0.2-0.4

5

9-40

3

101-200

9-16

201-300

1

50

0.4

6

41-170

4

201-300

17-30

30MO0

-

-

-

7

171-320

300

30

400

-

-

-

8-9

>320

15

Source: Gatahi M.M (1984)
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4.3

Physical Land Evaluation of Kwale Area Using ALES

The Kwale area covered by this evaluation is located in the South Eastern part
of Kenya. The area is bounded by latitude 4°S to the North, longitude 39°E to the West,
the Kenya-Tanzania border to the South and Indian Ocean to Indian Ocean to about
435m in the Shimba Hills. The most commonly grown crops include coconuts, cashew
nuts, maize, sugar cane and cassava.
This land evaluation was based on land resources data of a reconnaissance soil
survey of the area at a scale of 1:1 000 000 (Michieka et ai, 1977). The evaluation was
only carried out for maize and coconuts.
The diagnostic land qualities for cultivation of maize and coconuts in the area are:
availability of moisture
availability of nutrients
availability of oxygen
erosion hazard
The generation criteria, computations, ratings and their application in ALES are
described briefly below:
a.

Availability of moisture

In this case study availability of moisture was assessed using the FAO Agroecological zones methodology - viz, calculation of the length of the growing season
through a water balance approach.
Monthly water balance for maize and coconuts was computed using Lotus 123,
taking into consideration rainfall, evapotranspiration, readily available moisture and
effective soil depth.
Evapotranspiration was assumed at 2/3 Eo. In absence of annual potential
evaporation (Eo) data, the empirical equation of Braun (1977), was used to compute Eo
Eo = 2175 + 2.47d - 0.358h
where d = distance in kilometres from the coast
h = altitude in metres above sea level
The ratio of monthly evaporation to annual evaporation is constant for stations
in the coastal area (Gatahi, 1983). This relationship was used to compute monthly
evaporation for rainfall stations using the ratios for Mombasa, which are presented in
Table 4.
The lengths of the growing period for maize and coconut were computed and
rated into four classes as shown in Table 5.
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Table 4.

Monthly Evaporation as Percentage of Annual Evaporation for Mombasa

Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Ratio

9.96

9.67

10.44

8.51

5.57.

6.62

6.24

6.62

8.17

9.24

9.48

9.48

Table 5.

Ratings of the Length of Growing Season for Maize and Coconuts
Length of growing season (months)

Rating (severity
levels)

1
b.

Maize

coconut

1

5-12

6-12

2

4-5

4-6

3

3-4

3-4

4

<3

<3

Availability of nutrients

This land quality was assessed through the basic parameters, cation exchange
capacity (CEC), percentage carbon (%C), available phosphorus (P-Olsen), exchangeable
cations potassium (K) , calcium (Ca), and magnesium (Mg).
The assessment of this land quality effectively using the law of minimum is
hampered by the vast number of combinations possible for each rating class at various
levels. A decision tree was therefore used for its assessment in accordance with the law
of minimum. The ratings of each of the basic parameters used in the decision tree is
presented in Table 6.
Table 6.

Rating of the Basic Parameters for Availability of Nutrients

Parameters
1 Rating

CEC me/lOOg

%C

Avail. P ppm
(Olsen)

Exch. K
me/lOOg

Exch. Ca
me/lOOg

Exch. Mg
me/lOOg

1

>10

>1

>10

>0.5

>3.0

>1

2

4-10

0.5-1.0

5-10

0.2-0.5

1.5-3.0

0.5-1.0

3

2A

0.25-0.5

2-5

0.1-0.2

0.5-1.5

0.2-0.5

4

<2

<0.25

<2

<0.1

<0.5

<0.2

c.

Availability of oxygen

This land quality is assessed qualitatively using soil internal drainage class which
are visually observed in the field. The rating classes used for this land quality are shown
in Table 7.
4
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Table 7.

Rating Classes for Availabiüty of Oxygen
Rating

d.

Drainage class

1

well to excessively drained

2

moderately well drained

3

imperfectly drained

4

poorly to very poorly drained

Erosion hazard

This land quality was assessed as described earlier.
presented in Table 3.
5.

The rating classes are

CONCLUSIONS

In the past five years, the Kenya Soil Survey has been involved in developing
and/or testing computer assisted soil information storage and retrieval systems. More
recently (1991), the institution acquired a Geographic Information System (PCARC/INFO). From this short experience the KSS has found that computers have greatly
enhanced the capacity for:
data storage and retrieval;
data manipulation and analyses;
generation of land qualities from basic physical data using established
pedo-transfer functions.
In addition computers have greatly reduced the time required for data retrieval
and management, computation and displays of land evaluations, editing and up-dating
soil information for specific areas.
Computer assisted systems for data storage, management and land evaluation are
very demanding in terms of specialized manpower requirement especially for data input
and management. Indeed specialized manpower is a prerequisite for an effective data
management.
Computer assisted land evaluation has been and continue to be constrained by
several factors, notably:
a)

lack of established pedo-transfer functions for generating quantitatively
defined land qualities from basic data.
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b)

lack of land evaluation packages with high interactive capacity to deal with
sub-programs which generate quantitatively defined land qualities and the
key attributes of LUTs.

In spite of the above mentioned constraints, computers have provided an easier,
quicker means of storing, retrieving and manipulating soil data and executing land
evaluations for better land use planning, for enhanced and sustained agricultural
productivity.
Geographic Information Systems are important tools for handling soil survey
information, and in particular, for handling soil data in combination with other spatial
data. GIS provide a number of analysis functions which are useful for planners and
decision-makers who are dealing with land use management and the possibility of
exploring possible land use alternatives so that one can hopefully avoid implementing
strategies which may be economically or environmentally unviable.
Finally, computer assisted soil information management and land evaluation are
not an end in themselves. Research work must continue in order to establish more
pedo-transfer functions and relationships (quantitative) between land qualities and yields.
More interactive land evaluation packages must be developed to further improve land
evaluation results and reduce manual manipulations during the evaluations.
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DISCUSSIONS
Referring to your approach of calculating moisture limited yield:
(a)

did you consider validating your crop yields from field trials?

(b)

did you use the originally published Kc & Ky factors (Doorenbos and
Kassam), or did you adopt these in your validation process (the
original Kc & Ky factors were derived for irrigated crops) ?

(a)

Since there were not enough data on actual crop yields from the field,
this attempt was not made.

(b)

The originally published values were used and a validation was
obtained by a regression curve.

How many observations were used to produce the regression curve?
Between 100-300 observations, depending on the area for which the specific
regression was derived.
The rating classes for availability of oxygen are derived from the FAO system
but this is not very accurate. What is the possibility of using field method of
measurement that would accurately predict he availability of oxygen?
It would be desirable to make Redox determinations for availability of oxygen
but in Kenya routine soil survey work excludes such determinations.
Therefore, the current option is to use the FAO system.

5.4 COMPUTER ASSISTED SYSTEM FOR PROCESSING SOIL DATA FOR
QUANTIFIED LAND EVALUATION IN UGANDA
by
A.F. Kintukwonka*

SUM^'IARY
Soil information on soil survey, soil and plant analyses and fertility capability
classification and its management in Uganda is presented. The current state of computer
use is given and future applications of computer assisted systems for soil data analysis
and land evaluation are proposed. The procurement of the necessary hardware and
software and the lack of trained manpower have constrained the development of
computer assisted system for data processing.

1.

INTRODUCTION

The use of computers for various tasks including scientific data analyses,
secretarial work and accounting purposes is increasing in Uganda. Among the most
common types are the relatively cheap microcomputers, with IBM Personal Computers,
IBM Compatibles and Apple Computers being the most widely used. These are usually
donated by Agencies, including USAID, EEC and CIMMYT and are mainly found in
academic and commercial institutions. The cost of the necessary hardware and software
and the lack of trained manpower have constrained the development of computer
assisted system for data processing.

2.

STATUS OF SOIL INFORMATION IN UGANDA

Soil information in Uganda include data on soil survey and soil and plant analyses.
Fertility capability soil classification is currently undergoing testing and evaluation.
2.1

Soil Survey in Uganda

Attempts at soil survey in Uganda started in 1930. Although initial results were
unsatisfactory, further improvements culminated in the production of the Provisional Soil
Map of East Africa (Milne, 1936) and a coverage of Kigezi and Busoga districts by A.P.
Griffith.

Kawanda Research Station, Kampala.
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Real systematic soil surveys at national level were carried out between 1955 and
1960. The main purpose of the survey was to classify and map the soils of the country
with the objective of assessing their productivity. The results of the survey (scale
1:250,000) are presented in six Memoirs published by the Agricultural Research Division.
The mapping unit used was the soil series/association. Soil units were given local names
but no attempts were made to correlate the 138 units identified. Current attempts at
correlation have proved impossible due to lack of comprehensive profile descriptions and
adequate laboratory analyses.
Available soil survey data include the reconnaissance survey produced in 1960.
It serves its purpose as an exploratory step to discover and outline areas of soils suitable
for intensive development but is of very little value for more detailed planning and
advisory purposes. Also available in the country and covering less than one percent of
the total area are isolated detailed and semi-detailed survey, all carried out on special
requests. Because of the specificity of these surveys the information obtained is of
limited application. However data accumulated from such surveys need to be
computerized for storage, retrieval and to facilitate information flows among soil
scientists.
A proposal for strengthening the National Soil Survey and Land Evaluation
Capability has been submitted for funding. A major objective is the unification of all
units presently involved in soil survey and evaluation within the research station at
Kawanda/Namalere. There is also the need to set up a computerized database which
can be correlated with other land resource data to complement the establishment of a
National Environmental Information Centre using the GIS.
2.2

Soil Testing and Plant Analyses Data

Uganda has one main laboratory at Kawanda Research Station which caters for
farmers. It has facilities for routine soil analysis, for soil fertility evaluation and fertilizer
recommendations. The routine analysis involves the determination of pH, soil organic
matter, acid extractable phosphate, potassium and calcium and mechanical analysis.
Values of total nitrogen and sulphur are inferred from organic matter. Crops in Uganda
have shown very little response to magnesium containing fertilizers. Extractable
magnesium and micronutrients are therefore not routinely determined but the latter is
determined on request. Two hundred soil and 100 plant samples are handled weekly.
The results of the analyses are tabulated on one side of a laboratory data sheet
while the other side bears the recommendations. Recommendations for fertilizer and
agricultural lime are made from the results of the analyses and a Fertilizer Guide
provided through research work. No soil amendment is required for high values of soil
test results. The following is an illustration for the data in Table 1.
Table 1.

Soil Analysis (Bukalasa Experimental Farm)

1 pH
1 6.5

Organic
matter %

P
p.p.m.

Ca
mg/lOOg

K
mg/lOOg

Clay %

6.0

60

223

60

28

62

Silt % 1

5 1

This sandy loam has a high nutrient status therefore fertilizer and limestone
application is unnecessary for a wide range of crops (compare Tables 1 and 2). The
results are expressed as low, medium and high in the Fertilizer Guide. In using the
Guide, soil type, previous crop, crops to be grown and results of fertilizer trials are
considered.
Without computers, there is always an element of individual judgement in
interpretations and recommendations. However there is a possibility for computerizing
the above results with a clear soil testing programme comprising three parts: laboratory
results; soil nutrient levels; and fertilizer recommendations.
The computer can easily interpret the soil test for P, K and Ca as low, medium,
high or excessive. With the accumulation of large masses of data from soil and plant
analyses, only computers can process the data with speed and accuracy.
Table 2.

1

A Guide to Analytical Data Obtained by the New Routine Methods for
0-20 cm Soils from Uganda

Analysis

Low value

Medium value

High value

pH

5.2

5.7

6.2

Agricultural lime

% Organic matter

3.2

4.5

6.0

1. Nitrogen fertilizer (eg. manure, sulphate of
ammonia, calcium ammonium nitrate, ASN,
Urea)
2. Phosphorus fertilizer (eg. manure, SSP and
TSP)

1 Extractable P p.p.m.

5

12

20

Phosphorus fertilizer (eg. manure, SSP and TSP)

Extractable Ca
mg/lOOg

35

120

200

Calcium fertilizer (eg. manure, lime, SSP)

Extractable K

15

35

50

Potassium fertilizer (eg.mulch, manure, MOK and
sulphate of Potash)

1 mg/lOOg

Relevant soil amendment available in Uganda

|

N.B: Below the low value a soil amendment is likely to be of benefit to most crops.
Above the high value a soil amendment is unlikely to be of benefit to most crops.
2.3

Testing and Evaluation of the Fertility Capability Soil Classification System in
Uganda (FCC;)

This work has just been started in Uganda. The FCC system has been designed to
group soils that have similar inherent fertility related properties and to provide
recommendations of appropriate technology designed to help alleviate limitations.
The system can be used by the on-site fertility manager to facilitate easy arrival at a
set of pertinent management practices or direction for research. It also indicates where
various practices should be focused, estimates current and future requirements for
fertilizers and serves as the soil component for some agronomic and climatic models.
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The FCC is presently being tested for its efficiency as a land classification system.
Work done so far is carried out in the laboratory with a few field and pot trials for
verification. One constraint under experimentation is phosphorous retention by silicate
clays, iron, exchangeable aluminium and aluminium oxides. Regression equations are
used to predict amounts of P to apply. Similar equations would be derived for other
constraints considered in the FCC system.
These equations together with more work on climatic influences on fertility are
expected to facilitate the formulation of a soil fertility management model. The latter
model would reduce the period of fertilizer recommendation trials and thereby reduce
the cost of research in such disciplines.
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DISCUSSIONS

Question:

With regard to your fertilizer recommendations, may I ask if the fertilizers are
freely available to all farmers in the country?

Answer:

Fertilizers are now readily available in Uganda although quite expensive for
an ordinary farmer. It is usually the medium and large scale farmers who
apply fertilizers to boost crop production especially for export.
The Government has now diversified crop production and instead of relying
on coffee, cotton and tea for export, food crops are grown for home
consumption and surplus for export.
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5.5 COMPUTER ASSISTED SYSTEM FOR PROCESSING DATA:
A PROPOSAL FOR LAND EVALUATION IN ZIMBABWE
by
C.W. Kanyanda' and B. Nyamwanza'

SUMMARY
The accumulation of soil data made it necessary to develop a computer based
system for storage and retrieval. The system consists of programmes written in
FORTRAN to input, check, store, extract and output data on site/soil profile
descriptions and laboratory analyses. At the moment there is no computer assisted
system for land evaluation but it is realized that more use could be made of the
computer than just being a storage and retrieval tool. Current efforts are therefore
directed at the acquisition, development and testing existing programmes and packages
that would enhance the analysis, mampulations and simulation of the accumulated data
for such applications to soil classification, and land evaluation and other resource
information systems for crop production.
1.

INTRODUCTION

As more and more soil information is being collected a computer based system
for storage and retrieval was developed for the Pedology and Soil Sui^vey Unit. The
system had advantage over traditional recording systems. However, as time progressed
it was reahsed that more use could be made of the computer than just being a storage
and retrieval tool. The soil data can be used in analysis, mampulations and simulations
for such applications as soil classification programmes, land evaluation packages,
resource information systems and programmes which run simulation models for crop
production.
Two programmes, ESTCLIM and ZIMIVIAP already exist. The former estimates
mean monthly values of average daily maximum temperature, precipitation and
evaporation (Class A pan). The latter generates a map indicating the areas which satisfy
the defined mean climatic conditions. These two are to be linked to soil data to evaluate
suitability (initially) for the production of maize and tobacco.

Department of Research and Specialist Services, Causeway, Harare.
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2.

STORAGE AND RETRIEVAL SYSTEM
a.

Soil Profile Description

The system which handles field data recorded in accordance with Zimbabwe soil
and site description method on specially designed field sheets, consists of three
programmes written in FORTRAN to input, check, store, extract and output data. The
programme SOIL helps the user to input data; SOILALT allov/s changes to be made in
the input data; and DECODE translates the coded information into readable text in a
standard format.
The soil description coding forms use mostly numerical codes to replace written
text. Each description is condensed to a few lines of coding and are currently stored on
disc for immediate access. A list of site and horizon codes containing brief details of the
possible entries has been prepared to complement the form. In addition, more detailed
definitions of the soil profiles and natural vegetation are available for reference in the
field.
b.

Laboratory

Data from the Soil Chemistry Laboratory are handled by two programmes,
PEDIN and PED. New recording forms were designed from which the data can be
punched directly into the computer. Seven of such forms are used for:
i.
ii.
iii.
iv.
V.

vi.
vii.

sample record: laboratory number, sample depth and reference, pit
number and analyses required;
pH, dry matter and carbonates;
particle size analysis
CEC and exchangeable bases;
organic carbon;
free iron; and
saturation paste.

EDIN is an input programme with a facility for 'check' and 'repeat' analyses.
When a sample has an ESP greater or equal to 9, the laboratory number is automatically
put into a temporary file called SPLIST which shows all samples requiring saturation
paste analyses. The programme PED processes the data from the appropriate data file
and assigns the results to a file called PED OUT. The processed results are then stored
on disc.
Moisture release characteristics are calculated by a programme called WATER
using soil physics data recorded on specially designed sheets. All data pertaining to any
soil sampled for available water capacity determinations is currently stored on a tape to
form a database. Tlie data consists of information on soil profile description, chemical
and particle size analyses and moisture release characteristics. A programme AWC
offers the users the facility to select profiles/horizons from the database with user
defined parameters. For instance, a programme called SEARCH can estimate available
water capacity of a given sample from its particle size distribution and cation exchange
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capacity by comparing these parameters to the database. Field and profile descriptions
can also be linked to laboratory data through the laboratory number and grid reference.
3.

ADVANTAGES OF THE SYSTEM

Before the use of the computer based data storage and retrieval system, surveyors
recorded information in field books and on recording sheets. Data gathered were
specific for the purpose of the survey. Besides the unavailability of the raw data to other
users the use to which the data could be put was limited. With the computer based
system the surveyor becomes objective in his data collection and a lot more data are
gathered beyond the scope of the intended purpose . Access to raw data is enhanced
and by manipulations much more use could be made of the input data.
4.

HARDWARE AND CONSTRAINTS

When the computerized programme was initiated towards the end of 1988, a
computer housed at the Biometric Bureau was used. It is a Perkin-Elmer 3220 having
a single disc pack of 67 megabytes storage. Peripheral devices include a tape drive, line
printer, dot-matrix printer and + /-lO VDU's one of which was available for the Pedology
and Soil Survey Unit's use. Since this machine services the entire department and disc
space is limited it was impossible to store large amounts of data for immediate access
which is essential to sustain a workable data retrieval system. In addition, although the
Perkin-Elmer 3220 can support graphics software, due to limitations of memory/disc
space and hardware, these facilities are not available.
5.

FUTURE ACTIVITIES

Two months ago the unit received an IBM 8503 with monochrome display and a
60Mbyte hard disc. Work is currently under way to transfer the data collection/handling
system designed for the unit to this PC. A soil information database will be established
to include soil profile description and both soil chemical and physical data. It is also
intended to modify the format of the information database to make it compatible with
data from SADCC agricultural countries so as to improve the availability of land
resource information in the region.
6.

LAND EVALUATION

To date no computer-assisted system for land evaluation, be it qualitative or
quantitative, exists for use in Zimbabwe. The reasons for this are:
a.

lack of computer equipment (hardware) and computer programmes
(software);
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b.

lack of properly trained personnel in computer technology within the
department and

c.

the unit has just embarked on land evaluation as opposed to land
capability.
Many of the land qualities are still being tested to suit
Zimbabwean conditions.

However, the unit has acquired some packages from outside the country, notably
FAO-ISRIC Soil Database which is being tested and modified to suit Zimbabwe
conditions. This exercise is currently going on and no decision has been made yet about
its future applicability.
Two programmes, ESTCLIM and ZIMMAP already exist. These were developed
by Australians to assist the introduction of Australian tree species into Zimbabwe. They
are also useful for assessing agricultural and climatically-related problems.
ESTCLIM program was written in WATFOR FORTRAN. Given latitude,
longitude and elevation information for any location in Zimbabwe, this program will
estimate mean monthly values of average daily maximum temperatures, average daily
minimum temperature, precipitation and evaporation (class A pan).
ZIMMAP program evaluates five climatic factors which have been estimated for
4999 locations in a five minute (10km approx) grid across Zimbabwe. Limits are set for
one or more factors and the program generates a map indicating the areas which satisfy
the defined mean climatic conditions.
Consultations are under way to use these two programmes to define climatic
requirements for most crops grown in the country. These defined climatic requirements
will be related to soil/land qualities derived from the soil map of the country, leading
to areas suitable for the various crops grown. Socio-economic considerations will be
incorporated later.
7.

CONCLUSION

In Zimbabwe computerization of land/soil information has not advanced to the
stage of manipulating the data. However, the system designed so far can store and
retrieve data in the form of site/soil profile description and laboratory data (chemical
and physical). An important characteristic of the system is that it uses the expertise
available at the Pedology and Soil Survey Section in the fields of surveying and
assessment of natural resources. The system is more efficient than the traditional
recording methods, and leads to objectivity in data collection. Much more information
is collected and stored.
Plans are in the pipeline to make full use of the computer hardware available by
formulating programmes which can analj'ze and manipulate the soli data. To this end
some manipulation can be achieved with soil physics data where more advances have
been made with soil physics database. This comes at a time when the unit is to adopt
the FAO Guidelines for Land Evaluation, Prior to this, Zimbabwe has been using the
Land Capability Classification.
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DISCUSSIONS

Question:

You have mentioned that you have advanced more in soil physics as
compared to soil chemistry data; what are the reasons for this?

Answer:

The advancement is the development of a program called SEARCH which
can estimate AWC given CEC and particle size distribution by comparing
these parameters to the database.
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5.6 ZAMLES, A COMPUTERIZED LAND EVALUATION
SYSTEM FOR ZAMBIA
by
B. Chirwa' and C. Lungu*
SUMMARY
The Zambia Land Evaluation System (ZAMLES), a software package developed
in dBASE IV, is designed to determine land suitability of areas targeted for rainfed
agriculture. It matches climate and soil data with agro-ecological requirements of
specific crops and indicates possible limitations for the establishment of constraint
classes. Suitability classes are determined from a combination of permanent and variable
constraint classes at four levels of management. The system generates semi-quantitative
results which are of importance to rural planning. The results are easily used in PC
ARC/INFO GIS to generate maps showing suitability classes for crops.

1.

INTRODUCTION

The Soil Survey Unit, co-funded by the Governments of Zambia and Norway, was
established in 1973. Its objective is to upgrade the national soil database with a view to
providing comprehensive information on the soil resources and their potential for crop
production. TTiis task has been addressed by the development of a computerized land
evaluation system (ZAMLES) which initially succeeds that carried out by Kalima and
Veldkamp (1985, 1986) and Veldkamp and Kalima (1987). ZAMLES matches the
requirements of selected crops grown under broadly defined input levels with the agroecological qualities of the land indicating limitations. The information from the latter
can be used to determine the suitability of the land unit for projected agricultural use.
This system, based on the FAO Framework for Land Evaluation (FAO, 1976), follows
a two-stage approach in which the physical part, focusing on the agro-ecological aspects
of land evaluation are separated from the socio-economic evaluation. Such a separation
provides a constant physical base, which can be re-evaluated with changed or changing
socio-economic conditions (Kalima and Veldkamp, 1985).
2.

LAND UTILIZATION TYPES

Land utilization types have been defined in terms of crop and input level. For
each sub-quality the crops are grouped according to their growth requirements. The input
level depends on the level of purchased inputs.

Soil Survey Unit, Mt. Makulu Research Station, Zambia.
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3.

LAND QUALITIES

Most of the land qualities are composed of one or more land characteristics
(FAO, 1976). Whereas these land qualities are assumed to be independent of each
other, characteristics used to identify one land quality can be used to identify another.
The two groups of land qualities used in ZAMLES consist of those related to soil and
climatic conditions with the latter described in terms of agro-ecological zones (Veldkamp
1985). The land qualities are sub-divided in one of more sub-qualities and these are
used in the evaluation. The relevant land qualities and sub-qualities used in the system
are listed in Table 1.
Table 1.

List of Land Qualities and Sub-qualities

LAND QUALITIES
a

Accessibility

n

Nutrients

b

Rainfall

P

Soil reaction, pH

c

Climatic hazards

q

Workability, Mechanization, Land
preparation

d

Soil degradation

r

Rootability

e

Erosion

s

SaUnity, alkalinity

f

Flooding

t

Temperature

g

Germination, early growth

u

Radiation, light

h

Humidity

w

Waterlogging

j

Nutrient retention

X

Toxicity

k

Late growth, harvest

y

Drought

1

Length day/section

SUB-OUALITIES ORDERED ALPHABETICALLY
ac

Accessibility problems (March), rainy season.

ad

Accessibihty problems, dry season

be

Excess rainfall, rainy season

bm

Shortage in total minimum rainfall, rainy season

cf

Frost hazard (July), dry season

cr

Frost requirement, dry season

cv

Strong wind hazard, rainy season
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Table 1. (continued)
cw

Strong wind hazard (Sept.) dry season

db

High biological soil degradation (loss of humus/organic matter content)

dc

High chemical soil degradation (leaching of nutrients, loss of exchange
capacity, loss of base saturation)

dp

High physical soil degradation (loss in soil permeability/porosity,
increase in bulk density/compaction, formation of adverse textural
change within rooting depth).

ev

Wind erosion hazard (Sept.), dry season

ew

Water (sheet) erosion hazard, rainy season

fl

Flooding hazard (Jan.), rainy season

fm

flooding hazard (March) rainy season

ge

Germination and/or early growth problems due to light textured topsoil

gs

Unfavourable conditions for seedbed preparation

gt

Germination and/or early growth problems due to heavy textured topsoil
and subsurface soil

hh

High air humidity as related to the occurrence of pests and diseases,
rainy season

hu

Low air humidity (July), dry season

jr

Low nutrient retention capacity

kh

Growth or harvest problems due to heavy texture or gravel

Id

long dayiength requirement

le

Short dayiength requirement

ig

Unfavourable length of gro\ying season, rainy season

na

Low general nutrient reserve

nb

Boron deficiency

nc

Copper deficiency

nd

Iron deficiency

ne

Manganese deficiency

ng

Sulphur deficiency

nh

Zinc deficiency

ni

Magnesium deficiency

nk

Potassium deficiency
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Table 1. (continued)
nt

Calcium deficiency

ph

Unfavourably high soil reaction, pH

pi

Unfavourably low soil reaction, pH

qm

Mechanization/land preparation problems, rainy season

qo

Mechanization/land preparation problems (Aug.), dry season

qp

Unfavourable conditions for soil puddling to create and maintain rice
paddies

qu

Soil workability problems (Aug.), dry season

qw

Soil workability problems, rainy season

qx

Hindrance to machinery due to permanent features like rock outcrops
very large boulders

re

Drought stress due to shallow rooting caused by very high aluminium
saturation, very high acidity (low pH), very low magnesium
concentration or very low calcium concentration in the subsoil, rainy
season

rr

Limited rootability within rooting depth as related to abrupt textural
change, high bulk density, (extra) firm consistence or adverse soil
structure

sa

High salinity

sd

High sodicity (alkalinity, relatively high sodium concentration)

tc

Vernalization (low temperature, chilling) requirement, rainy season

td

Vernalization (low temperature), chilling) requirement, dry season

th

High monthly temperature (Dec.-Feb.), rainy season

ti

High monthly temperature (Sept.-Oct.), dry season

tl

Low monthly temperature (Dec.-Feb.), rainy season

tm

Low monthly temperature (July), dry season

tn

Low night temperature requirement, rainy season

to

Low night temperature requirement, dry season

tu

Low or high mean temperature (Jun.-Aug.) dry season

ur

Low radiation (sunshine, light intensity), rainy season

wg

Shallow groundwater level (March), rainy season

wh

Shallow groundwater level (May), dry season

wi

Shallow groundwater level (July), dry season
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Table 1. (continued)
wj

Shallow groundwater level (Sept.), dry season

wo

Poor soil drainage conditions (soil aeration problems) (March),
rainy season

wp

Poor soil drainage conditions (soil aeration problems) (May), dry
season

wq

Poor soil drainage conditions (soil aeration problems (July) dry
season

wr

Poor soil drainage conditions (soil aeration problems (Sept.), dry
season

WW

Waterlogging problems, rainy season

wx

Waterlogging problems, dry season

xa

Aluminium toxicity-dryland, well drained sites

xc

High lime (calcium carbonate) content

xg

Aluminium toxicity wetland (poorly drained sites), rainy season

xh

Aluminium toxicity-wetlands (poorly drained sites,) dry season

xi

Iron toxicity, rainy season

xj

Iron toxicity, dry season

xm

Manganese toxicity, rainy season

ya

Tolerance to length of dry season, dry season

yd

General drought hazard and apparently consistent occurrence of
drought periods, rainy season.

4.

THE MATCHING PROCEDURE

Analysis of data on climate and soil is done through the matching process. The
user selects for each land unit the crops and input level of interest in the survey area.
The relevant land qualities (and sub-qualities) are also selected. The relevant land
characteristics required for each sub-quality are then determined. The first part in the
matching process involves the matching of the crops climatic requirements with the
climatic land qualities. Next, the matching of specific soil requirements of crops with the
remaining land qualities takes place. The matching process results into a rating per
input level, per sub-quality from which permanent and variable constraint classes (la, lb,
2,3,4) are determined for the selected crops. The suitability class is then determined
from a combination of permanent and variable constraint classes. These are interpreted
according to Table 2. The suitability classes obtained, for a given input level, are related
to expected yields.
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5.

ZAMLES SOFTWARE

The ZAMLES software is written in dBase IV (Ashton-Tate Cooperation, 1990)
programming language. It can be operated on an IBM PC/AT or compatible micro and
mini computers with MS-DOS 3 or later versions. It was designed to be used
interactively with a number of context-sensitive 'help' screens. The user selects items and
performs actions on them with keys and menus. There are no commands to enter.
The software starts by asking the user to enter data relating to map units, agroecological zones, crops and input levels. The user has the choice to enter a single choice
or a combination of any of the permutations. For example an evaluation can be made
for one or several map units, in one or several agro-ecological zones, for one or several
crops, at one or all the four input levels.
Table 2.

Determination of Suitability Classes by Way of Permanent and Variable
Constraint Classes

permanent
constraint class

suitable
class

variable
constraint class

la
la
la
lb

la
lb
la
lb

lA

la
lb
2
2
2

2
2
la
lb
2

n

la
lb
2
3
3
3
3

3
3
3
la
lb
2
3

111

la
lb
2
4
4
4
3
4
4

4
4
4
la
lb
2
4
3
4

II

Suitable

I
II

II
11
fi

moderately
suitable

II
II

IV

marginally
suitable

II
It
11

V
II
II

VI
II
II

VII
II
II
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unsuitable

In the next step the user is asked to select the sub-qualities. The user has a choice
to enter his own selection from the database. The evaluation can also be made for any
of the following categories of sub-qualities.
• Climatic constraints
• Non-seasonal soil constraints
• Soil constraints, rainy season
• Soil constraints, dry season
• All sub-qualities.
ZAMLES then prompts you to choose whether you would like to evaluate the
constraint class for a single sub-quality or all the selected qualities. The software then
starts processing the data by evaluating each of the sub-qualities taking into account the
various choices of input level, crops and agro-ecological zones. The final suitability of
the map unit or map units for the selected crops and at various input levels is evaluated
by combining the most limiting permanent and variable constraint class. The final
suitability class and the constraint class evaluations for the sub-quality can be stored in
a file for use in other programs such as ARC/INFO (ESRI, 1990).
The last module in the software deals with the display of the results on the screen
or printing the data to an output device. Figure 1 shows the ZAMLES flow chart.
6.

ZAMLES DATABASE

ZAMLES database consists of the following files: crops, agro-ecological zone,
input level, yield, suitabiHty classes, constraint class and land sub-qualities databases.
These databases were created in dBase IV (Ashton Tate, 1989). ITie Crops database
consists of 40 crops that are grown in Zambia. The Agro-ecological zone file consists
of all the zones described in Zambia. The input level file consists of the four input
levels ranging from low to very high input levels. The yield database contains the
reference yield from various experiments carried out in various zones and for all input
levels. The land sub-quahty database consists of all the quahties used in the evaluation.
The suitability classes and constraint classes are given in Table 2. Figures 1 and 2 show
the relationships between these files and other possible hnks with ZAMLES.
7.

CONCLUSION

ZAMLES has been tested using data of the Gwembe district soil survey at a scale
of 1:250 000 (Chirwa and Chitambaika, 1991). The results obtained from the evaluation
in as far as assessing the suitability classes and expected yields are concerned compare
favourably with the observed crop yields in the farmers fields in the area (Chinene,
1991). Compared to using the manual methodology the following have been the
advantages;
saving of time in carrying out the evaluation;
more user-friendly than the manual system;
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uniform results can easily be obtained;
since the software uses database files, extra data can easily be added should there
be more crops, input levels or agro-ecological zones to be added for the
evaluation;
the results can easily be used in a GIS for production of suitability maps.

Figure 1. ZAMLES Database

ZAMLES
ZAMLES

Rules

Database
Evaluation

Results

Figure 2.

ZAMLES Flow Chart
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5.7 SOIL INFORMATION SYSTEM FOR TANZANIA (SISTAN)
A SYSTEM OVERVIEW
by
S.E. Mugogo
SUMMARY
SISTAN, a system for input, validation and storage of soil survey data, generates
information for soil survey and land evaluation work. The improved version, SISTAN 2,
has facilities for storage of data in three files, selection of records to suit specific
requirements, customizing data for local uses, mass data editing, mapping unit
description and data export. The descriptions of mapping unit and agro-ecological zones
are summarized in tabular form with the units listed as specified. Summary tables may
be output to screen, printer or a choice of file in ASCII format, allowing for editing in
any work processing software for special legibility effects.
1.

INTRODUCTION

A reliable land resource inventory, including among others, those on soils and
climate, is a prerequisite for good land use planning. The data thus collected need to
be processed into usable forms and stored to provide, when required, the necessary
information for specific uses particularly for land evaluation.
In Tanzania the FAO Framework for Land Evaluation (FAO, 1976) has been
adopted as the standard land evaluation technique (FAO, 1980,1982). Although to date
the methodology is applied manually, the Automated Land Evaluation System (ALES),
currently being tested, would be adopted if found suitable. Meanwhile, to handle the
huge amounts of soil survey data, SISTAN (Soil Information System for Tanzania), has
been developed. It is a system for the input, validation and storage of soil survey data
and it generates information for the soil surveyor and land evaluator.
Since its inception in 1987 (Magoggo, 1987) and its first international presentation
at the International Workshop on Land Qualities in Space and Time, in Wageningen, in
1988 (Magoggo, 1988), SISTAN has undergone tremendous improvements, aimed at
automating some of the soil surveyor/land evaluator's work. SISTAN 2 (copyright 1991)
comprises three parts. The data entry and edit parts work on input screens and are
concerned with the building up of the data base. The data coding conventions used are
based mainly on the ISM (International Soil Museum, Wageningen) Guidelines for Soil
Profile Description; the description format is based on international works such as the

Ministry of Agriculture, Livestock Development and Cooperatives, Tanga.
81

FAO(1977) Guidelines for Soil Profile Description, the FAO-Unesco (1974) and FAOISRIC (1989) Legend of the Soil Map of the World, the USDA Soil Taxonomy (Soil
Survey Staff, 1976). Within the input and edit screens on-line context-sensitive help is
available. This facility obviates the need for a coding manual. Within the help screen
the required description is selected from a list in a pull down menu and the necessary
data code is generated automatically. Several subroutines, including the help, are built
into the function keys.
2.

OVERVIEW OF SISTAN'S CAPABILITIES

SISTAN stores the data in three files: one file for the general site information,
another for the profile morphological description and the third file for the analytical data
(both chemical and physical). All the data and index files are completely compatible
with dBASE III PLUS (Ashton-Tate, 1986).
The second part of SISTAN 2 offers simple selection of records from the data
base that meet required defined characteristics. This is achieved through a simple
routine of pull down menus. This facility is particularly useful in selecting certain
profiles for full profile description printouts. The profile printouts from SISTAN follow
exactly the FAO (1977) Guidelines for Soil Profile Description and are output to screen,
printer or a choice file in ASCII code. The profile descriptions from SISTAN are thus
directly usable in soil survey reports and can be edited in any word processing software
for special legibility effects.
The third part is concerned with the more advanced features such as customizing
for local use, mass data editing, mapping unit descriptions, data export facilities and
back-up possibilities.
The data coding system is not wholly rigid; the more generally established or
locality insensitive parts of soil description (such as soil texture classes) are in built but
the more transient data descriptions and their codes can be customised to suit temporal
or local conditions.
SISTAN 2 also has an option for mass changes such as a renaming of the mapping
unit or agro-ecological zone or the erasure of certain profiles.
The descriptions of mapping unit and agro-ecological zones are summarised in
tabular form comprising environmental information such as altitude range and soil
chemical properties both in topsoil and subsoil. The units are listed as specified and the
summary tables may be output to screens, printer or a choice file in ASCII format,
allowing for editing in any word processing software for special legibility effects.
If advanced analysis of soil analytical data is required, data pertaining to selected
survey projects, administrative region or mapping units, etc can be written to a choice
file in ASCII (extracted from the dBASE III PLUS) format for importation into
appropriate software such as spreadsheet or statistical packages.

82

The backing up of the data bases in SISTAN is not automatic but has to be useractivated. Since SISTAN does not require the presence of a hard disc (in fact it can
even run on single disk drive systems!) it may be used in the field. The back up and
copy options allow for appending into the main data bases from floppy disks.
All operations in SISTAN are selected from a simple main menu and arrived at
through a logical hierarchy of pull down menus, Selection of option from menus is single
touch or through the use of cursor control keys and the Enter key. An escape route is
available from all parts of the program.
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DISCUSSIONS
This is a question addressed to the Representative of the Winand Staring
Centre who technically backstops the Tanzanian and Kenyan Soil Survey. Is
there a policy to standardize and harmonize the storage of soil data in
database in the different projects that are backstopped by the Winand Staring
Centre?
(W. Andriesse)
Even though we recognise the desirability of standardization of storage systems
for soil data, there is no strict policy in this respect for the projects
backstopped by the Winand Staring Centre (i.e. Kenya, Tanzania,
Mozambique), and fincmced by the Netherlands Government.
In Tanzania the soil information system (SISTAN) was developed by one of
the Tanzania Senior Staff members (Mr. J. Magoggo Msc). Consequently
the
system readily fits the specific Tanzania conditions and
application/adoption of SISTAN has been actively supported. An additional
advantage of having a home-made database system is that
changes/adaptation, if required, can be readily applied by the officer
concerned, or by staff trained by him.
In Kenya as well as in Mozambique the FAO Soil Database system is being
used.
In principle both systems, SISTAN and SDB, allow for application in
computerized ISIS extension systems, like ALES, and for export to application
in GIS systems. The latter however has not been attempted yet in Tanzania.
Conjunctive use of the two systems should be possible through interfaces.
How fast does SISTAN make a printout of a soil description form? In SDB,
it takes above five minutes.
SISTAN's output modules are quite fast. The printer is the slowest factor. In
screen outputs you may notice slight hesitations, not more than a very few
seconds, in hard disk operations.
How many different colours per horizon can be entered?
Only one.
Is the computerized system for Land Evaluation used in Tanzania?
As far as the use of computers in this field is concerned we have only just
started using packages specific for L.E. (e.g. spread sheets) for intermediate
steps in our manual land evaluations.
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Wfio are the real users of the soil data in the database?
For the moment the immediate users are Soil Surveyors/Land Evaluators for
soil survey report writing. We are now in the process of advertising it so that
broader queries can be defined to address a wider clientele.
Different countries are using different data storage systems. It is important
that they are compatible. There is a need to discuss this compatibility aspect
in the near future in order to harmonize data storage in the region.
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5.8 COMPUTERIZED LAND EVALUATION: A COUNTRY APPR^USAL (ETHIOPIA)
by
Tadessa Andargie* and Fikru Abebe*

SUMMARY
This paper provides an overview of the development and application of a
Geographic Information and Land Evaluation System (GILES) in LUPRD, Ministry of
Agriculture of Ethiopia. GILES is a computerized system which combines the
conventional GIS operations with the land evaluation model. A land evaluation
assessment using a GILES has been done in different agro-climate zones in Ethiopia.
GILES was found to be more accurate, flexible, consistent and rapid in the assessment
of the physical land suitability assessment than mechanical land evaluation exercise. For
the land evaluation purposes, the GIS part of GILES defines a terrain unit by overlaying
different thematic maps while the land evaluation part of GILES assesses the land
suitability for a given land utilization type. Finally, it identifies suitable areas for annual
and perennial crops, livestock, grazing, fuelwood production and areas with soil erosion,
wetness limitation, etc. Recommendations for conservation based land use plan is also
assessed by the system. GILES provides different output capabilities.
GILES can be used in other countries with similar climatic conditions. The land
quality model of the land evaluation part has to be improved and be open to allow users
to develop their own land quality models so that it can be applicable in other parts of
the world with different climatic conditions.
1.

INTRODUCTION

The natural resources of Ethiopia continue to suffer significant degradation due
to the ever increasing population pressure. This has given rise to severe drought
problems which pose a threat to human life particularly at the rural community level.
A rational and sustained use of available resources for increased agricultural
production is required to halt the ongoing degradation and improve the livelihood of the
population. In order to address these issues the Land Use Planning and Regulatory
Department (LUPRD) was established in 1979, under the Ministry of Agriculture. It was
mandated to produce at the national and regional levels a Master Land Use Plan for the
rural area of Ethiopia and regulate and monitor its implementation.

Land Use Planning and Regulatory Department, Ministry of Agriculture,
Ethiopia.
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The activities of LUPRD have led to an accumulation of a large amount of
resource data for the production of a land suitability and an indicative land use plan at
the scale of 1:1 000 000. The manual processing of the data for land suitability assessed
under rainfed agriculture, based on the FAO methodology, was laborious and time
consuming. The need for an efficient data management system for land evaluation
purposes led to the development of a computerized system referred to as Geographical
Information and Land Evaluation System (GILES) which became operational in 1987.
In this paper, the principles behind GILES and the results achieved in its use for
the highlands of Ethiopia are outlined.
2.

COMPUTERIZED LAND EVALUATION

Land evaluation is a vital activity for rural development and land use planning
(FAO, 1976). The process of land suitability for each land unit and land utilization type
consists of: a) determining the actual land characteristics values for the land unit; b)
combining these land characteristics values into land quality values; c) matching the
land quality values with the crop requirement; and d) combine the results of matching
into a composite suitability classes (Huizing, 1987).
In executing the above activities for the highlands of Ethiopia at a scale of
1:50 000 and 1:250 000, a computerized land evaluation system, GILES, was used.
Among the many systems available are Automated Land Evaluation System (ALES),
Land Evaluation Computer System (LECS) and the Geographical Information and Land
Evaluation System (GILES). Other systems developed for general applications, like GIS,
can be used for land evaluation (ITC, 1990(a), Riezbos et al, 1990). It is also possible
to link different systems for land evaluation assessment (Bulense et al, 1990; Tadessa,
1990). Some of these systems can assess only the physical land suitability like GILES
(Bechtold, 1989), while others, like ALES, are capable of assessing the physical and
economic land suitability (Rossiter and Van Wambeke, 1989).
2.1

Geographical Information and Land Evaluation System (GILES)

GILES is an interactive, fully menu driven, grid cell or raster based, low cost
system. It runs under DOS operating system on IBM PC or compatible computers with
a fixed disk with at least 20 MB capacity.
GILES has two main components: GIS (Geographic Information System) and LE
(Land Evaluation System). The GIS part of GILES provides a multipurpose computer
based information system for retrieval, administration, processing, integrated analysis and
cartographic and statistical presentation of any kind and combination of information on
spatial unit (Bechtold, 1989).
The Land Evalu'^tion aspect of GILES has the capability to:
a)

Assess land suitability for single crops and crop mixes at defined level of
input and management;
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b)

Derive land use recommendation based on the assessment of erosion
hazard and wetness limitations; and

c)

Assess the capability of the land resources of the area to support current
and future level of population.

Both components or modules can function independently and/or together. For
example when you perform any GIS operation Uke map overlay, data retrieval, etc. only
the GIS module is working, meanwhile when land suitabihty is assessed both modules
are running simultaneously, the GIS module is used to define the land mapping units and
the land evaluation module to evaluate the land suitability.
For land evaluation assessment, the natural and socio-economic resource data are
provided by the different sections of the Department to the Land Evaluation Section in
the form of maps and reports to be digitized and stored in the GILES database.
In GILES, which is a spatial database, the data is stored in two types of database:
Graphical database: The digitized data is stored in raster or grid cell
format where each pixel has a size of 0.5 x 0.5 cm resolution and it is
identified by its X, Y co-ordinate.
Attribute database: It is a relational database where the attribute of each
mapping unit of all thematic maps is stored. One mapping unit can be
attached to many attributes and each attribute data set is stored on
separate files. They are linked through a unique/posted/identifier (Howe,
1984), in this case the mapping unit number.
In the soil map, as in most thematic maps, most of the soil mapping units are
composed of more than one soil type. The composition of each soil mapping unit and
their extension is given and the modelling procedure is based on the individual soil type
characteristics.
GILES uses a discrete data set. It can also accept continuous data set and the
system will transform it into discrete data set for further processing,
2.L1

Land Quality Modelh'ng

A land quality is an attribute of land which acts in a distinct manner in its
influence on the suitability of land for specific type uses (FAO, 1983). It is not
measurable and is described by land characteristics. A land characteristic is a
measurable attribute of land. These land characteristics are used for modelling the land
quahties in GILES.
The land quality models of GILES are developed based on the FAO approach
of land evaluation assessment for rainfed agriculture.
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GILES has built in the following land quality modules:
A)
B)
C)
D)
E)
F)
G)
H)
I)
2.1.2

Length of growing period;
Temperature regime;
Frost hazard;
Oxygen availability;
Nutrient availability/retention/;
Rooting condition;
Sodicity;
Erosion hazard;
Workability.
Land Suitability Assessment

The land suitability is assessed by the comparison of the land qualities of a
specific land mapping unit with the requirement of a specific land utilization types.
In the land evaluation module of GILES, the physical or qualitative land
evaluation assessment is carried out in three steps: Soil suitability. Climatic suitabihty
and Final land suitability assessment.
2.1.2.1

Soil suitability assessment

In this step only the soil fertility assessment of a specific mapping unit for specific
LUT is evaluated and the "soil suitability" result is stored for further processing. The
"SOSUIT' module uses the land qualities, D, E, F, & G of section 2.1.1. An example of
the soil suitability map for Barley for Menagesha study area is given in Figure 1.
2.1.2.2

Climatic suitability assessment

At this step the climatic requirement of a given LUT for a requested area for a
specific soil or for an average soil situation (with 100 mm moisture holding capacity) is
assessed. The "climatic suitability" result is stored for further processing. The "CLSUIT"
module uses the land qualities given in A, B, & C of section 2.1.1. An example of the
climatic suitability map for Barley for Menagesha study area is given in Figure 2.
2.1.2.3

Final land suitability assessment

The final land suitability assessment is carried out by combining the intermediate
suitability results of climate and soils with the workability and erosion hazard land
qualities. At this step the final physical suitability assessment class will be assigned for
each land mapping unit as SI, S2, S3, S4, N or combination of these, based on the soil
mapping unit composition.
A final land suitability map of Barley for Menagesha area is given in Figure 3.
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Figure 1.

Soil Suitability of Barley Intermediate Input, No Improvement.
Menagesha Region -

Figure 2.

Climate Suitability of Barley Intermediate Input, No Improvement.
Menagesha Region 91

Figure 3.

Land Suitability of Barley Intermediate Input, No Improvement.
Menagesha Region -

GILES can assess the land suitability assessment at different levels of inputs, i.e.:
High input level;
Intermediate input level;
'"
Low input level and at different levels of management, i.e.:
With major drainage measures;
With major flood protection;
With major conservation measures; etc.
Figure 4 shows the soil suitability assessment with major drainage and flood
protection land improvement measures. Figure 5 shows the land suitability assessment
for barley at high input level or for mechanisation with irrigation, including all types of
land improvement.
The land evaluation assessment at different input and management levels will
allow the land use planner to produce different alternative development plans for the
rural area.
A land suitability has been assessed for an area of 900 369 hectares at the scale
of 1:50 000 and 3 045 789 hectares at the scale of 1:250 000
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3. CONCLUSION
The computerized land evaluation assessment using GILES was found to be very
useful since it has an advantage of performing the land evaluation assessment quickly,
accurately, and consistently in a flexible manner. It provides a lot of facilities including:
Possibility to store a huge amount of resource data;
Possibility to manipulate resource data for various purposes;
Overlay different thematic maps;
Combination of maps with different attribute data files;
Correction, updating of original thematic maps;
Facility for modelling;
Selecting different level of details: map generalization, input level,
management level, etc.
Flexible output facilities: on-line printer, plotter, file etc.
All these have enhanced the rapid execution of the land use planning activities.
Perhaps one of the most important aspects of computerized information systems
is its capability to exchange information among different users and different systems.
GILES was developed to speed up the land use planning activities in LUPRD. Due to
time constraint, emphasis was given to solve the immediate needs of the Department and
GILES capability to exchange data with other GIS systems was not worked out fully.
The exchangeability of the graphic data of GILES with other GIS systems could not be
ascertained because when GILES was developed there were no GIS systems around.
The attribute database can exchange information with most available database systems.
The land quality models are pre-defined in the system and users do not have the chance
to change the decision criteria.
GILES is a grid-cell based raster system. Even though it is possible to vectorize
the raster map it is not possible to digitize in a vector mode.
Most output facilities of GILES can support only equipment available in the
Department and do no support other types of peripherals other than what the
Department has.
The other limitation is that GILES is not commercialized or installed outside
LUPRD and thus clients can only receive information on hard copy and do not have
access to the system.
As GILES is one of the fully operational GIS in Ethiopia, the LUPRD has
planned the following activities for future improvements:
Improve the data exchangeable capability of the GIS part of GILES with
other systems;
Improve the output facility of GILES to support different output
equipment;
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Improve the land quality model so that users can define their own land
quality models;
Extend GILES into other organizations working in the area of resource
assessment.
This will enhance the use of GILES in areas with similar environmental
conditions and objectives as in this study.
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DISCUSSIONS
Can the accuracy of GILES be quantified?
At present it might be difficult to put a figure on the accuracy level of
GILES, but the system is continuously being tested in the field and we can
roughly say that it is 70-80% accurate.
What is the position as regards validation of GILES given your levels of
accuracy?
Validation is a continuous process, to minimize errors arising from the systems
use and to increase the level of accuracy.
How do you assess the accuracy of GILES - is this the old question of
validation?
The accuracy of GILES at the moment is validated by comparing the final
land suitability with actual observation in the field specifically during the
cropping season.
In what format are the soil data stored in the GILES system and where are
soil profile descriptions stored?
The soil data are stored using grid cell, raster format and stored in one of the
22 data files of the GILES System.
You have a computerized Land Evaluation System for the Highlands of
Ethiopia. What about the Lowlands of Ethiopia?
The lowlands in Ethiopia are predominantly used for extensive grazing and
irrigated apiculture whereas the highlands which have agricultural potential
for rainfed agriculture are mainly used for annual and perennial crop
production The system therefore is developed with particular emphasis to the
highlands, but I am sure that with some modifications, it can be extended to
the lowlands.
As a water balance is very essential in rainfed agriculture how do you
determine it, by simply precipitation and evapotranspiration or the
complicated procedure of these two parameters in addition to the other
factors such as soil moisture storage, runoff, etc. ?
Water balance is assessed using the moisture availability model which
determines the period at which moisture content in the soil is sufficient to
permit crop growth. It gives a calculation of the moisture available to a
specific crop under defined soil conditions. For details please refer to World
Soil Resources Reports 64.
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Comment on Geographic Information System (GIS)
Comment 1:
A participant expressed the idea that it might be too ambitious to be thinking of GIS
applications before enough ground work is available. Land evaluation should be a priority
to all countries in the Region and results would then be facilitated by GIS at a subsequent
stage. GIS, like other computer uses, needs trained personnel which is still lacking in the
Region. On the other hand, gaps in data have to be bridged on the ground so as to acquire
a high-quality GIS product.
Comment 2:
There are two ways of implementing GIS in land resources investigation/land
evaluation:
1.

Use a GIS mainly for selection and retrieval of previously entered land
attributes. A prerequisite for this approach is the development of a land
evaluation system. The GIS can simply be seen as a means of displaying the
land evaluation results. This approach appears to be the most common.

2.

Use a GIS to manipulate the primary data (land characteristics) and come
up with a thematic analysis, helpful in assessing the suitability/capability of
land. In this approach, the GIS is instrumental in evaluating land and the
establishment of a land evaluation system is not a prerequisite for
implementing the GIS.
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5.9 COMPUTER ASSISTED SYSTEMS FOR PROCESSING SOIL DATA FOR
QUANTIFIED LAND EVALUATION IN BOTSWANA.
by
T.D. Mafoko'
SUMMARY
The work of the Soil Mapping and Advisory Services Project resulted in the
development of a quantitative system of Land Evaluation for Arable Farming in
Botswana. As Soil Data base became well established and other databases were
developed, identification of areas suitable for rainfed agriculture at the reconnaissance
scale became possible. In order to apply the system to a more detailed level of
investigation where more quantitative information is required, CYPPAC (Climatic Yield
Potential Prediction model for Annual Crops) was adopted and modified into a
comprehensive land evaluation system: CYSLAMB (Crop Yield Simulation and Land
Assessment Model for Botswana). The model gives predictive estimates of possible yield
to be achieved in the field. An initial testing of the model shows good agreement
between predicted and measured yields of sorghum. CYSLAMB however needs to be
further developed, tested and verified to satisfy the objectives of a routine land
evaluation system for land use planning.
1.

INTRODUCTION

Land Evaluation has gone through a long process since 1981, when the
FAO/UNDP/Government of Botswana Soil Mapping and Advisory Services Project
started. The result of that effort was the development of a qualitative system of Land
Evaluation for Arable Farming in Botswana (Rhebergen, 1988).
As time went on, and especially since 1988 when Botswana Soil Data base became
well established and followed by subsequent development of other databases (climatic,
crop and production systems data bases), this system, though it had satisfied the objective
of identifying land at reconnaissance scale, within which areas suitable for rainfed
agriculture occurred, could not offer possibilities to evaluate the effect of land
improvement for management practices nor be applied at more detailed levels of
investigation where more quantitative information is needed. It was then that the Soil
Mapping and Advisory Services Project adopted CYPPAC (De Baveye, 1986) as a basis
for an improved land evaluation system.

Land Use Division, Ministry of Agriculture, Gaborone.
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This paper has been compiled from the work of Radcliffe et al (1991) and
Radcliffe (1991).
2.

MODELS

Models simulate the response of crops to water, environmental variables and
management practices by using a standard set of parameters comparable to crop
requirements. These parameters can then be input for each crop. The outputs,
expressed initially as crop yields, can be directly compared for different crops and
different land units. Crop yields and specified crops can then be used in subsequent
analysis of financial or economic viability.
3,

CYPPAC

Within the existing project, CYPPAC has been thoroughly modified to include
consideration of additional land factors, inputs and management practices resulting into
a comprehensive land evaluation system for Botswana: CYSLAMB (Crop Yield
Simulation and Land Assessment Model for Botswana).
4.

OVERVIEW OF METHODOLOGY

The structure of CYSLAMB is shown in Figure 1. Data on land units (Climate
and Soil Dbase, Crop parameters and Production systems) are input from separate data
bases and an initial screening is carried out to reject land units with very severe
constraints (e.g. Lithic Leptosols, some Solonchaks). The radiation limited yield
(potential maximum yield) that can be achieved from a particular crop/cultivar under
optimal conditions of environment and management is calculated together with
temperature impact.
For rainfed crops, yield simulation is then carried out annually using 10 day
rainfall records and taking account of planting date realistically available to the farmer,
and the operations specified in the land utilization data base (weeding, etc.). Predicted
annual moisture limited yields are adjusted according to limitations due to drainage,
nutrient supply and toxicities.
The following factors were considered in determining the moisture limited yield:
1.

Determination of growth stages
Response to moisture stress is according to growth stage, with
and duration of growth stages.

timing

2.

Effective rainfall
These factors are determined from maximum available water holding
capacity of the soil, daily rainfall ETP.

3.

Crop coefficient (Kc)
100

It is used to determine the potential maximum crop evaporation relative
to the Penman grass reference crop.
ETm = Kc X ETo
ETm = maximum potential crop evaporation
ETo = Penman PET

Where

CROP
CULTIVAR

LAND
UNIT

LAND UTILIZATION
TYPE

Lithic Leptosols
Crop Specific
limits for salinity
/ sodicity

Major constraints
7

Ï

^

-Yes-

Radiation ltd. yield

Not Suitable
(specify
limitation)

Temperature ltd. yield

Crop/SoiI
Moisture balance

Max. moisture limited
yield for specified
planting decade by
year

Soil Drainage Class
-EX, SE, U-

-MW.I.P.VPOxygen AvaiI./
Drainage module

Nutrient Supply
Module

TOXICITY MODULE
Salinity
Sodicity
Carbonates/pH

POTENTIAL YIELDS
by year
For specified land unit
under specific crop/cv
with specified
husbandry practices

PPROBABILITY ANALYSIS
Median/reliable yields
Prob. achieving target
yields
Risk of crop failure

IMPACT ANALYSIS
of specified husbandry
practices on yield

Figure 1. CYSLAMB Structure
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4.

Actual evapotranspiration, ETa
This depends on the incoming effective precipitation and the available
water. That is ETa - ETm if the soil moisture remains above a crop
specific allowable depletion level(P). When Et demand exceeds effective
rainfall plus allowable moisture depletion, then depletion of soil moisture
is assumed to be proportional to the actual available soil moisture(l-P) of
total available soil moisture.

5.

Yield response factors:
This relates the relative yield decrease to the relative evapotranspiration
deficit
1 - (Ya/Ym) = Ky (1 - [ETa/ETm])
Where

Ya = moisture limited crop yield
Ym = potential maximum yield (based on radiation)
Ky = yield response
ETa = actual ET (based on available water)
ETm = potential maximum crop ET

6.

Effective rooting depth
Crops grown under dry conditions draw water from greater depth than
those which are relatively well watered.

7.

Effect of bare soil evaporation
Bare soil evaporation contributes significantly to total water losses before
planting.

8.

Effect of weed competition
A significant amount of water can actually be consumed by weeds and
hence a need for a correction factor.

For the nutrient supply module, results from the National Tillage Research
Program were used. From these results the conclusions reached were that only
phosphorus could be considered for incorporation into CYSLAMB. The results of the
research programme are summarized as follows:
A positive response of phosphate for the site where the soil level of
phosphorus determined by BRAY 2 analytical method was less than 10
ppm in the topsoil, and where rainfall during the growing period was
greater than 120mm.
No significant interaction between N and P rates on yields.
Different responses to phosphorus in relation to initial soil phosphorus
content; higher responses when initial soil phosphorus was low.

102

Only a response to nitrogen fertilizer when the overall yield is high,
implying high well distributed rainfall and much better management
(Persaud, 1990).
5.

VALIDATION

The model has been tested against tillage trials conducted during 1988 and 1989
seasons in Francistown and Mahalapye (Table 1). In order to avoid interference of
weeds on predicted yields, only production systems with tillage practices of double
ploughing and ploughing followed by a cultivation are considered.
Table 1.

Comparison between Predicted and Calculated Sorghum Yields

Trial No.

Predicted Yield
CYSLAMB
(ya) kg/ha

Measured '
kg/ha

FRAN 1 - 88a

981

921

FRAN 1 - 88b

954

997

FRAN 1 - 89a

1023

1 094

MAHA 1 - 88a

1 413

1 352

MAHA 1 - 88b

1 494

1 028

MAHA 2 - 88a

1 856

656

MAHA 2 - 88b

1 911

1255

MAHA 3 - 88a

778

618

MAHA 3 - 88b

823

670

MAHA 3 - 89a

1358

1369

Except for trial two where there was severe attack by stockborer, predicted yields
match well with measured yields (worked out statistics).
6.

PRESENTATION OF RESULTS

The results from the CYSLAMB operation come out as a predictive estimate of
the yield likely to be achieved in the field. This is presented in the form of:
1.

Potential yields by year for specified land units under specified crop with specified
husbandry practices, or
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2.

A probability analysis which determines the "reliable" yield exceeded in 75% of
the years and the risk of crop failure, or

3.

The impact analysis of specified husbandry practices on yield, e.g. weeding draft
power, planting early, planting in rows, plant densities, etc., or

4.

Through suitability maps.

7.

FURTHER DEVELOPMENTS

In order to achieve the objectives of a land evaluation system that can be used on
a routine basis for land use planning, there will be a need to further develop, test and
verify CYSLAMB. More work will have to be done in the form of introducing more
crops as more data become available, comparing results predicted by CYSLAMB with
actual crop performance on research stations and farmers fields, developing and
incorporation of appropriate systems of land evaluation for livestock fanning and
forestry.
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5.10 QUANTITATIVELY EVALUATING MANAGEMENT PRACTICES FOR CROP
PRODUCTION
by
P.V. De Wit"
SUMMARY
Quantitative land evaluation requires accurate and reliable estimates of crop
yields for different production systems. In semi-arid regions land evaluation based on
average figures do not reflect the impact of climatic variability on crop production.
Probability distribution are a very useful tool in this regard. A mechanistic yield
prediction model called CYSLAMB (Crop Yield Simulation and Land Assessment Model
for Botswana) has been developed, tested and validated for Botswana. It can produce
historic time series of predicted yields which can be used for planning future agricultural
activities. Additionally, it allows users to simulate the impact of different husbandry
practices on crop yield.
1.

INTRODUCTION

Botswana is a semi-arid country with irregular rainfall patterns where rainfed
agriculture is marginal and associated with risks of crop failure. Although animal based
production systems account for 80% of the total agricultural output, crop based systems
are crucial for the subsistence of the rural population. Since decades farmers and
agronomists are engaged in trials and experiments geared towards increased crop
production at lower risk levels. Given the high inter-annual rainfall variability and the
spatial distribution of different soil types, these costly trials have to be prolonged for
several years and in several places before definite conclusions can be drawn.
Over the last few years a crop yield simulation model, previously called CYPPAC,
but recently changed into CYSLAMB (Crop Yield Simulation and Land Assessment
Model for Botswana) was developed. This model has been tested and validated for
Botswana conditions. The initial goal of this development was to predict crop yields for
different production systems in order to provide planners with different alternatives for
sound agricultural land use planning. However it became clear in an early stage of
development that the model could also serve as a trial simulator. Based on a time series
of historic data, different husbandry practices can be simulated. Assuming that no major
climatic changes occur in the near future, the results of these simulations can be used
to assess the impact of these practices on future crop yields. This paper deals specifically

FAO Project TCP/BOT/0053, Ministry of Agriculture, Gaborone.
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with the quantitative evaluation, using modelling techniques, of two different
management practices, namely the choice of planting densities for sorghum and maize,
and the timeliness of ploughing/planting of sorghum.
2.

CROP YIELD SIMULATION AND LAND ASSESSMENT MODEL FOR
BOTSWANA (CYSLAMB)

For quantitative land evaluation exercises in Botswana the Crop Yield Simulation
and Land Assessment Model for Botswana, briefly CYSLAMB, is used. CYSLAMB is
essentially a summary mechanistic yield prediction model based on simplified
mathematical simulations of crop physiological processes that are critical to describe an
agro-ecosystem. According to Dumanski and Onofrei (1989) such models are particularly
suited to quantitative land evaluation.
The structure of CYSLAMB has been described and discussed in other work
(Nachtergaele and De Wit, 1989; De Wit et ai, in press). A schematical overview of the
model is presented in Figure 1.
When specific climatic phenological requirements are met, the rate of crop
photosynthesis, growth and yield is directly related to the assimilation pathway and its
response to temperature and radiation. In the CYSLAMB model the latter yield is
referred to as the radiation limited yield. It gives the maximum yield level of a specific
crop/cultivar under conditions where water, nutrients, pests and disease do not limit
yield. It is a yield primarily determined by the genetic characteristics of the crop and its
adaptation to the prevailing environment.
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106

Under unlimited water supply conditions plants can transpire at a maximum rate.
If water stress occurs, several physiological processes will be affected. The aperture of
the stomata will reduce, Umiting vapour losses from the leaves but also decreasing COj
absorption. Current evidence shows that the amount of dry matter accumulated by a
crop is proportional to the amount of water that it transpires in the same time (Crout
& Azam 1991). Doorenbos and Kassam (1979) proposed a method for evaluating the
yield response of crops to applied water in terms of the following relations:
(1 - Ya/Ym) = ky (1 - ETa/ETm)

(eq. 1)

where Ya is the actual yield or moisture limited yield, Ym is maximum attainable yield
when full water requirements are met and no other limitations occur (radiation limited
yield), ETa is actual crop evapotranspiration, ETm is potential crop evapotranspiration
and ky is an empirically derived yield response factor quantifying the effect of water
stress. The above equation is used in the model to calculate the moismre limited yield.
In subsequent modules the moisture limited yield is adjusted according to
limitations due to poor drainage, nutrient' supply, osmotic effect of salinity on water
retention and toxicities (excess of sodium and carbonates).
The direct output of CYSLAMB is a yield figure in kg/ha reflecting the impact
of ecosystem components like soil and climate on crop yield for specific productior
systems. It can produce a time series of predicted yield which can be used for statistical
analyses, CYSLAMB has been validated and thoroughly tested for Botswana conditions;
a good correlation between observed and predicted yields for different crops was found
(Figure 2).
3000-'

?soo-

l
>-

20Ü0-

r\

2
u

1500.

•o

.^

1000

'^

500
I

—

;

'•')0

I

™ I

I

lüOU

Measured

Figure 2.

I

!"3Ü0

Crop

20U0

Yield

Predicted Yields versus Measured Yields (kg/ha)
107

I

2500

3000

3.

MANAGEMENT PRACTICES

Mostly crop failure and low yield levels in Botswana are attributed to low and
erratic rainfall. Too often poor management practices are disregarded. If one goes into
the arable lands, fields with very sparse crop stands are found. Sometimes bare patches
without plants alternate with clumps of unthinned plants, resulting in serious restricted
growth. Weeding is a time consuming activity and often farmers do not see the direct
benefit of it. If weeding occurs it often happens too late so that precious soil moisture
is lost. Winter or Spring ploughing combined with early planting is mostly hampered by
the lack of draught power. Seasonal migration to remote fields can also delay ploughing
and planting. Soils are poor in nutrients, especially phosphorus, and easily depleted after
some years of cultivation. It is obvious that under these prevailing conditions poor yields
can be expected.
Over the past two decades several improved management practices have been
proposed. Table 1 gives an overview of promising husbandry practices as perceived by
agricultural demonstrators.
In an attempt to quantitatively evaluate production systems at the farm level, the
impact of different management practices on crop yield should be assessed. In the
following sections two examples of such a quantitative evaluation are presented.
4.

EVALUATING PLANTING DENSITIES OF GRAIN CROPS

4.1

Methodology

Although plant population and plant establishment is affected by unpredictable
weather conditions, it has been shown and accepted that row planting and thinning of
dense plant stands are likely to improve yields considerably. In the CYSLAMB model
plant population effects on crop performance are mainly affected by leaf area index
(LAI), water balance and harvest index (HI).
Under no stress conditions a linear relation between sorghum plant population,
ranging from 13,000 to 200,000 plants/ha, and LAI was found.
LAI = 0.192 X number plants/m^ + 0.833 with r = 0.99 (eq. 2).
Higher LAI values imply potentially higher growth rate (see Figure 3) and thus
higher biomass production.
Dense plant stands consume more water than sparse stands. Figure 4 shows the
effect of the LAI and thus plant density on plant evaporation. The ratio of plant
evaporation to potential evaporation is approaching the value 1 at about a LAI of three.
This indicates that crop coefficients proposed by Doorenbos and Pruitt (FAO, 1977)
should be adjusted downwards for plant populations with a maximum LAI smaller than
three. Thus lower plant populations consume less water for optimal plant growth.
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Table 1.

Most Promising Changes Farmers Could Make to Increase Productivity,
Central Region, 1983 (ATIP, 1983)

RANK

PROMISING
CHANGE

WHY CHANGE
WOULD INCREASE
PRODUCTIVITY

WHY FARMERS DO
NOT USE

1

Row plant

Proper plant spacing
Helps weeding
Better seed depth
Less seed used

Lack implements
Too much work

2

Fertilizer

Increase soil fertility
Improve soil structure
Conserve moisture

Lack funds
Lack knowledge
Fear more weeds

3

Fencing

Reduce livestock
damage

Lack funds
Lack cooperation

4

Winter or spring
plough

Improve soil moisture

Lack drought
Not ready at lands

5

Early plant

Leaves long time to
mature
Use first rains
Reduce pest attacks

Erratic rains
Lack draught

6

Certified

Quick maturing

Lack funds

7

Better weed control

Reduce weed
competition
Moisture conservation

Lack labour
No perceived benefit

8

Crop rotation

Increase soil fertility
Reduce diseases and
pests
Promotes different
crops

Lack knowledge
Lack seeds

9

Dams in lands

Water for draught
animals

Lack funds

10

Destump

Less damage to
ploughs
Use planters and
cultivators

Lack funds

Source: 1983 Agricultural Demonstrator Survey
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Lack labour

Figure 3.

Relationship between LAI and Maximum Growth Rate as a Ratio of the
Maximum Growth kate at LAI of 5 (FAO, 1978)

The harvest index is closely related to the individual plant weight. A minimum
vegetative framework is required to sustain grain production. The following equation for
sorghum var. Segoalane is derived for Botswana condition.
HI = 0.41 - 9.2/dry weight individual plant in g (eq. 3)
The equation implies that if the dry weight of an individual plant decreases below
approx. 90g (Figure 5) either through plant density and/or aridity, the HI decreases
rapidly, resulting in low yields.
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Location-Specific Plant Population Densities Recommendadons

Under Botswana conditions rainfall is not only very variable in time but also in
space. Yields for sorghum and maize at different population densities for a time series
of 20 years at three different locations ranging from semi-arid to sub-humid are
simulated. Assuming that a period of 20 years , comprising a wet cycle during the midseventies and the dry cycle of the eighties, is representative and adequate for a statistical
analysis, and that no global cHmatic changes occur, these historic data can be used to
recommend site specific plant population densities for future agricultural planning.
Population recommendations should consider two conditions, namely yield security and
yield level. For most of the Botswana subsistence farmers it is more important to obtain
some yield every year than to achieve average higher yields with some years of crop
failure. However more progressive and commercial farmers tend to aim for higher long
term yields. In the statistical analyses yield security can be assessed considering the
lower quartile yields (minimum yields obtained in 3 out of 4 years), whereas high long
term yields are better reflected by the median yields. The upper quartile yields are
indicative for the exceptionally high yields obtained in one year out of four.
Table 2 gives the simulated yields for different sorghum and maize plant densities
at three representative rainfall stations. Long term average annual rainfall data for
Tshane, Francistown and Shakawe are respectively 357mm, 473mm and 534mm. Taking
into account an error of calculation of around 15% , only yield differences of at least
15% are assumed to be significantly different.
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For the drier parts of the country sorghum yield security can be obtained as well
with 15 000 plants/ha as with 50 000 plants/ha. The former option requires less input
and is thus recommended. For high average yields higher populations give better results.
For average and higher rainfall locations 50 000 plants/ha populations both for yield
security and average high yields are recommended. Top yields in high rainfall areas can
be associated with sorghum populations of 100 000 plants/ha.
Maize populations of more than 15 000 plants/ha give high failure risk in Tshane.
For all quartile yields the lowest population gives better or as good results as higher
populations in all locations. Only top yields in Shakawe are obtained at higher plant
populations.
Comparing yields obtained at optimal planting densities for the two grain crop at
the different locations, it can be stated that maize outyields sorghum significantly at all
quartiles in Shakawe. In average rainfall sites such as Francistown, differences are small.
In the drier parts sorghum tends to yield higher than maize.
Table 2.

Yields (kg/ha) for Sorghum and Maize for Some Representative Locations
MAIZE
Plants/ha

SORGHUM
Plants/ha
Location

Tshane

Francistown

Shakawe

Distribution

15 000

50 000 100 000

15 000

50 000

100 000

75%

1 100

1 245

1 169

869

272

0

50%

1 618

2 004

2 143

1 890

1 684

1 375

25%

1 840

2 378

2 611

2 325

2 363

2 247

75%

1395

1 662

1745

1506

1 201

747

50%

1 738

2 164

2 345

2 180

2 055

1 857

25%

2 022

2 586

3 006

2 739

3 031

3 161

75%

2 009

2 533

2 842

2 763

2 813

2 934

50%

2 178

2 753

3 041

3 096

3 100

3 369

25%

2 670

3 522

4 326

4 065

4 894

5 927
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5.

IMPACT ASSESSMENT OF TIMELINESS OF PLOUGHING/PLANTING ON
SORGHUM YIELDS

5.1

Methodology and Underlying Assumptions

Timeliness of land preparation and plant are major factors influencing crop
production. Two types of timeliness of planting should be considered, i.e. planting time
during the season and planting time after a given rainfall even. In a semi arid country
like Botswana where rainfed agriculture is marginal, risk spreading of crop production
can be achieved by staggered planting over the rainy season. The earlier a farmer starts
planting the more likely he can take advantage of several good planting opportunities.
A steep drop in temperature from May onwards results in lower potential yields for late
summer planting. In addition for most locations rainfall probability decreases fast after
March. Figure 6 illustrates the simulated median sorghum yield trend over the last
twenty years for a sandy soil in the Francistown area, considering different planting
decades from October 1 (Planting decade 1) to February 20 planting decade 18).
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Simulated Median Sorghum Yield for a Time Series of 20 Years for
Different Planting Decades in Francistown (in kg/ha)

Timeliness of planting is directly related to ovmership and control of draught
power. Direct access to draught power increases both the cultivated area and the yield.
Owning draught power allows farmers to take full advantage of spring rains for land
preparation and planting. Farming systems research in the Mahalapye area (ATIP, 1983)
shows that households using owned traction are planting earlier and in better conditions
than household who are hiring draught power.
The optimal planting time after a significant rainfall event (25 to 30 mm) is
limited to some 5 to 6 days. Drying soil turned over by ploughing and insufficient
moisture are detrimental to seed emergence. In 1988, only 32% of the rural households
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involved with crop production used their own draught power, implying that 68% were
forced to hire draught power from the owners. It is assumed that owners of draught
power first plough and plant their own fields before hiring out their draught.
In order to control weeds and prepare the seedbed, all fields are ploughed before
or together with planting. A planting opportunity occurs after an effective rainfall of 25
mm in a decade. The average farm size of a traditional farm is around six hectares.
Ploughing 2.5 days/ha with oxen or cattle during five days after a threshold rainfall, three
planting opportunities are required for planting a farm. The first three planting
opportunities will be used by the owner, and thus the first possible planting opportunity
for the hirer is the fourth of the season. It is assumed that also three planting
opportunities for the hirers of animal draught power are necessary. For the latter, late
planting is done by necessity rather than by choice.
If animal traction is used, planting delay can be caused by the weak condition of
the animals after the dry winter. As most cattle have to survive on low quality winter
pasture without any feed supplement, weight losses are very common. Pasture growth
can retake after an increase in temperature and day length combined with an early rain
from the end of August. It is assumed that after a rainfall event of at least 100 mm from
the first decade of September cattle need 5 decades to get in an acceptable condition for
traction work. If feed supplements like Dolichos hay or fodder mixtures are available,
the animals are in an acceptable condition during the whole year and ready for ploughing
from early September.
As mentioned before the impact of timeliness of planting is dual, namely planting
time during the season and planting time after a given rainfall event. As the model
works on a decadal time basis, it is difficult to evaluate the latter. It is thus assumed that
all planting after a rainfall event occurs with 5 days.
For the different possible scenarios related to ownership of draught power and
conditions of draught animals, a yield simulation of sorghum var. Segoakane with a
planting population of 50 000 plants/ha for a time series of 20 years (1969-1988) in
Francistown was run. The considered soil is characterized by a sandy loam texture with
an available water holding capacity of 80mm, a depth of Im and an available P-content
of 3ppm in the topsoil.
5.2

Results

Several different approaches of yield data interpretation can be considered.
Production can be expressed as a yield per hectare planted. Table 3 gives the yield per
ha figures at three probability distributions. The obtained yields to the first planting
opportunity from the first of December onwards for the owners of draught power and
the next one for non owners. The entire area (1 ha) is planted on the same day.
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Table 3.

Sorghum Yields in kg/ha Planted
Yield in kg/ha planted
Probability

Owning draught power

Hiring draught power

75%

853

632

58%

1 132

1 023

25%

1 845

1 617

The general trend is that for the non owners of draught power long terms high
yields and top yields are only 10% lower than for the owners whereas the lower quartile
yield is 25% lower.
This approach does not take into account the fact that the average traditional crop
farm size is around six hectares. In practice minimum three planting opportunities are
needed for cultivating the entire farm. If less area than the whole farm is planted
opportunity costs for the non planted area should be taken into account. In other words
when the farm is the focus point of the evaluation one should consider a yield per
hectare farm which reflects the average yield over the entire farm. If too few planting
opportunities occur to plant the farm, yields of unplanted areas are put at zero.
Table 4 compares the obtained yields in kg/ha farm for owners and hirers of
draught power. The impact of draught power control and thus timeliness of planting is
striking. A yield decrease of around 70% at the 50% probability level can be observed.
At the 75% probability level sorghum yield is not secured for the non owner. In 35%
of the years, no sorghum production will be obtained due to the lack of planting
opportunities.
Table 4.

Yield in kg/ha Farm for Healthy Animal Draught
Yield in kg/ha farm
Probability

Owning draught power

Hiring draught power

75%

726

70

50%

1 199

376

25%

1 810

1 244

The impact of poor grazing conditions during winter time on the condition of
draught animals, resulting in a ploughing/planting delay is depicted in Table 5. The
anticipated yields are obtained assuming a 50 day recovering period of cattle after the
first effective rainfall of the season.
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Table 5.

Yield in kg/ha Farm for Poor Condition Animal Draught
Yield in kg/ha farm
Probability

Owning draught power

Hiring draught power

75%

651

0

50%

964

0

25%

1 660

724

It is clear that this impact is much greater for the hirer than for the owner of
winter stressed animal draught. For the latter, yield decreases of around 10% for the
upper and lower quartile yields can be observed (compare Table 4 with Table 5) while
the median yield difference increases to 25%. For the hirers of animal draught the
impact is dramatic. In 55% of the years no area within the farm can be planted due to
the absence of late planting opportunities. Considering the upper quartile yields (yields
obtained 1 out of 4 years) a yield decrease of 42% can be expected if animals are not
adequately fed during the dry season.
A prerequisite for extensive use of CYSLAMB is the thorough testing of
predicted yields versus observed yields. Given the often very complex nature of
interactions between parameters related to crop yields, which are sometimes not very
well understood, the CYSLAMB model can not be substituted for field trials.
Nevertheless the model can be considered as an important time saving device for
orienting research. Simulating sociological settings like the ownership of draught power,
an impact assessment of promising changes on crop production can be worked out.
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7. EXPRESSION OF THANKS AND RECOMMENDATIONS

6.1

Expression of Thanks

The participants of the ninth meeting of the East and Southern Africa SubCommittee for Soil Correlation and Land Evaluation:
Convinced of the importance of such periodic meetings in promoting exchange of
experiences in soil survey, classification, land evaluation and data management;
Satisfled that the session has provided a good forum for deliberating computer
assisted systems for processing soil data and land evaluation;
Record their warm appreciation to FAO for its effort in promoting sub-regional
technical cooperation among national institutions and for the continued support
to the work of the Sub-Committee;
Express on behalf of FAO their deep sense of gratitude to the Government of
Malawi for hosting the meeting and for the facilities provided; to the
Governments of Botswana, Ethiopia, Kenya, Lesotho, Sudan, Tanzania, Uganda,
Zambia and Zimbabwe for their confidence in the work of the Sub-Committee;
to the Winand Staring Centre (the Netherlands) for the continuous interest and
cooperation accorded to the Sub-Committee; and to those who contributed in
various ways to the success of the meeting.
6.2

Recommendations
The Participants:
Aware of:
a)
b)
c)

the increasing volume of land resources data;
the diversity of information requirement from the land resources data
base;
the need to predict quantitatively outputs of agricultural production
systems.

Convinced that manual manipulation of the increased volumes of data is tedious
and slow;
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Recommend that:
i)

ii)

iii)

Governments of the sub-Region:
a)

Provide, when feasible. National Soil and/or Land Use Planning
Institutions with computer facilities and train adequate manpower for
computerized data bases and quantitative land evaluation systems.

b)

Strengthen National Soil and/or Land Use Planning Institutions in terms
of specialized manpower required for quantitative land evaluation.

National Soil and/or Land Use Planning Institutions:
a)

create and maintain data bases and develop and/or adapt appropriate
quantitative land evaluation models at various scales for future
implementation through GIS;

b)

pay greater attention to validation of quantitative land evaluation models
at various scales;

c)

enhance the exchange and the sharing of scientific information and
materials to ensure common principles and compatibility of data storage
and land evaluation systems within the sub-Region in collaboration with
FAO; and

d)

promote linkages with national and international agricultural research
institutions for further quantification of agricultural production systems.

FAQ:
a)

6.3

makes an inventory of data storage and quantitative land evaluation
systems being used by member countries within the sub-Region and
compile a document on worked examples of quantitative land evaluation
at various scales.

Venue of the Next Meeting: Kenya
Theme:

Assessing and Control of Land Degradation: Country Appraisal.
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