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FOREWORD

Shifting cultivation has for many years been the main way of
using land in Africa, and indeed this is still the case today. This
is particularly the practice with regard to poor acid soils which,
according to the FAO, account for 56% of the land area in the humid
tropi:al pert of the continent. Shifting cultivation normally follows
a standard procedure: land clearing, two to three years of mixed
cropping, and eight to ten years of fallow. In this sequence, the
soil fertility is regenerated during the fallow period, and hence
the system is fairly sustainable.

However, the present increasing demand for land to feed a bur-
geoning population tends to limit the fallow pericd to such an extent
that fertility cannot be resotred. Moreover, new lands are often
cleared using destructive techniques, and this has resulted in such
serious soil degradation and damage to the forest ecosystem as to
make it a matter of worldwide concern. Only a few African countries
are making the necessary ecfforts to conduct research on the proper
technologies regarding forest clearing and the management of acid
tropical soils on a sustainable basis. Besides, very little is done
to disseminate the existing results in order to improve the farmers'
practices.

In 1983, The International Board for Soil Research and Management
(IBSRAM) was created to »emedy this situation. The general aim of
the organization has been defined as lollows. ""o promote sustainable
improved soil management technologies in order to remove soil con-
straints to food and other agricultural production in developing
countries.” By way of applying this aim, IBSRAM decided to tackle
two of the major soil management problems in humid tropical Africa,
namely tropical land clearing for sustainable agriculture and the
management of acid tropical soils. In this endeavour, IBSRAM was
supported by the Institut Francais de Recherche Scientifique ponur
le Développement en Coopération (ORSTOM) and the Bundesministerium
fir wirtschaflichte Zusammenarbeit (BMZ),

With this support, it was decided to convene a seminar on
Lateritic Soils, Materials and Ores in Douala from January 21-27
1986. The term lateritic was chosen because of its non-restrictive
connotations, which meant that it could be used by soil scientists,
civil engineers and geologists interested both in the genesis,
distribution and characterization of these tropical soil formations
and in their use and management. The soils referred to here are
mainly Oxisols and Ultisols in the S0il Taxonomy, and ‘'soils
ferrallitiques' in the French classification systenm.

These proceedings include thirteen papers presented during the
second session of the seminar. This session was organized by IBSRAM,

Land development - Management of acid soils 5



and has as its theme "Land Development and Management of Acid Tropical
Soils in Africa." The papers have undergone a certain amount of
tormal editing with the assistance of Dp. C.R. Elliott, but the
scientific content of the papers remains the responsibility of the
authors. Recommendantions  for Follow-up wmeasures are presented at
the end of' the volume.

Participants concluded that there was an urgent need to establish
an  African network on  "lLand Development  and  Management of Acid
Tropical Soils in Ai'rica" under the director of IBSRAM as the
coordinating organization. It is hoped thal this network will
eventually provide solutiong to many of the problems rai-ed during
the seminar, and also a permancnt [ramework within which all such
issues can be addressed.

M. LATHAM
IBSRAM Director

Land development - Manegement of acid soile 6



CLEARING AND MANAGEMENT OF
LATERITIC SOILS: FIRST STEPS IN THE
IMPLEMENTATION OF IBSRAM PROJECTS

MARC LATHAM
Director IBSRAM, PO Box 9-109, Bangkhen, Bangkok 10900, THAILAND.

ABSTRACT

The presentation deals with site selection, site characterization,
the design of experiments, and the first steps in the' implementation
of soil management projects, which are the main points to be covered
during the IBSRAM session. They concern the two IBSRAM management
networks, namely:

- Management of Acid Tropical Soils;

~ Tropical Land Clearing for Sustainable Agriculture.

RESUME
DEFRICHEMENT 5T MISE EN VALEUR DES SOLS LATERITIQUES :
PREMIERES ETAPES DAKS LA MISE EN OEUVRE DES PROJETS IBSRAM

La discussion s'urticule autour des quatre thémes suivants :

- choix des sites;

- earactérisation des sites;

- dessin des dispositifs expérimentaux; et

- premiéres étapes dans la mise en oeuvre des projets de mise

en valeur des sols.

Tels sont les principaur points abordés durant la sesaton IBSRAM;
ils concernent deux réseaux [BSRAM:

- Mise en valeur des sols acides tropicaux; et

- Défrichement des fordts tropicales pour l'établissement d'une
agriculture continue.

Land development - Management of acid soils 7
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Le - choix des sites est la premiére clé pour le transfert des
résultats obtenus. Il doit prendre en considération:
- Les aspects socio-économiques qui sont nécessaires pour toute
application des résultats obtenus.
- Les aspects physiques : systémes sol, climat, modelé - qui
doivent étre vérifiés au niveau de la région en vue de
s'assurer de la représentativité du site.

La caractérvisation des sites est la deuriéme c¢lé pour le
transfert des résultats; clle est a la base de toute comparaison
de ces résultats. La caractérisation des sites doit

- non  seulement  prendre  en  considération les  aspects
taronomiques, mais surtout se concentrer sur les paramétres
édaphiques;

- tenir compte des différenciations verticales et latérales
des couvertures pédologiques par un échantillonage dense des
parcelles;

- examiner la dynamique des sols liée auxr mouvements d'eau sur
la base d'un cycle climatique.

Les dessins des dispositifs expérimentaux doivent prendre en
compte les différenciations verticales et Llatérales quand elles
existent,

Les premiéres étapes dans la mise en oeuvre des projets nationauxr
passent par :

- la mise en oceuvre de la coordination des réseaux; et

- la mise en oeuvre des projets nationaux.

Nous avons besoin maintenant de commencer quelques activités
de réseau, méme a une petite échelle.

INTRODUCTION

Land clearance and management problems in relation to lateritic
soils, and IBSRAM's approach to these problems, «an he summarized
under the following headings:

. site selection,

site characterization,

design of experiments,

. first steps in the implementation of the soil management
projects.

SWwW N =

These are the main points that we have to discuss in these few
days of the IBSRAM session. The International Board for Soil Research
and Management Inc. (IBSRAM) has established three soil management
networks during four inaugural workshops which took place in 1985,
In this session we will concentrate on the two IBSRAM networks which
are related to lateritic soils: 'Management of Acid Tropical Soils',
and 'Tropical Land Clearing for Sustainable Agriculture'.

Land developrent - Management of acid soilc §



You have the network proposals which have been established during
these workshops. Some of you have already presented national soil
management projects, and others have brought project elements with
them. We have now to find a way to start aetwork activities.

For this purpose, this session will o divided into three major

parts:

1. review papers on site selection, site characterization and
the design of experiments, which will cccupy the first day
and a half;

2. working groups, which will look at the methodology which
will be commonly aceepted; and

3. a final plenary session which will examine the national
project proposals, and will look at the first steps to be
undertaken to implement these projects.,

SITE SELECTTON

Site selection is one ot the most important aspects for soil
management projects. It is the first key for the transfer of the
results which are obtained. Site selection deals with two major
congiderations: (i) socioeconomic, and (ii) physical.

Socioeconomic considerations may appear to he very highly located
in this hicrarchy for solil sandgement projects. They are the keys
for the application ot cxperimental results, The success of these
networks  will not  be  measured in o terms  of  the sophisticated
technologlioes which they produce; it will be measured in terms of
the application of the technelogy which has been used. For this
purpose, priorvity cropas, priority areas, and priority for development
targets in oa country mus! be chosen, becanse (0 priorities are not
carcfully workoed out, the resulte will not be o interest to anyone.
This important aspect has been taker into account in the past, and
most agronomic stations are well localed ags regards thelir suitability

f'or serving practical purposcs and priorities.

Investigat.ons regarding the physical side of site selection,
on the other hard, have often been poorly conducted. Too many agrono-
mic experiments have been located on land selected by virtue of commo-
dity availability or sowes other technical asscts, without looking
enough  at the agro-envirommental aspects which could determine its
suitability. Poor physical characterization, or characterization
done after the experiment has been completed, are very common mistakes
in the tropics. This was not so important when testing germplasm,
insccticides, berbicides or other plant-related practices. Good
physical characterization becomes essential, however, when we look
at svil management, because soils are strongly site-specific. Site
selection must, then, proceed from a regional survey of the major
physical aspects: :limate, landform, soils.

l.and development - Management of acid goils 9



In recent years, efforts have been made to overcome this diffi-

culty. They concern:

1. a better characterization of the agronomic sites - but this
concerns the sites and seldom the region;

2. muitilocal trials, which have the advantage of erasing part
of the vaviability due to the site specificity; but these
also cruse some of the vesults since they compare things
which are not strictly comparable:

3. benchmark site projects, which are set up to validate <the
concept of agrotechnology transfer at the family level of
the Soil Taxonomy and then to brovide system analysis and

crop  simiulation:  but  Soil Taxonomy is concerned almost
exclusively with B horizons, whereas roots develop mainly
in A horizons.

We can see Lhat agronomists have tried to adapt more and more
to the characterization of Lhe physical environment in choosing their
site, either by making a detailed characterization of the site, or
by using a statisticn] approach, or even by choosing their site in
accordance with its soil systems.

The first part of this seminap has shown the progress made in
operating soil surveys. Lt has also shown the limit of this exercise
on lateritic soil mantleg regarding the scale of the surveys and
the contenl of the soil units. One of the lessons of this seminar
Is that soils are not Just a collection of pedons, but are organized
systems which have lateral "and vertical variations and which have
a dynamic. surveys should take into account our knowledge of these
systems in order to give a clear image of the soil pattern.

We can sce that this could be a long-term effort which might
delay any flurther work on soil management,  and in fact discourage
those who might otherwisce support this work. This means that in
areas of interest for soil management, the existing data (with some
reconnaissance surveys to complete them) should be used to identify
the soil systems and locate the experimental sites. This is not
an casy exercise and it may take some time to complete; but the degree
to which it ecan be carried ouwt acrcurately will determine the possibi-
Lty of comparing results and of' transferring thesc results to the
surrounding farmers and eventually to other localities. Thus site
selection appears as  the first key to interested governments and
potential donors. It secures the seientific basis of the project
and allows the results to be transferred to other areas.

SITE CHARACTERIZATION

Site characterization is the sccond key for the transfer of
the results and the basis of Any comparison of these results with
each another. At present, site characterization is largely envisaged
as the characterization of one or more pedons in a site, with the

Land development - Management ol acid soils 1g
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extrapolation of the results of the observation and analysis of this
pedon being applicable to a more or lese extended area. This proce-
dure has the advantage of being rather simple, and should make it

easy to harmonize. Morphologiec descriptions and analysis can be
standardized and thus ecan be compared with cach other. The final

product of this characterization is cither o taxonomie dencmination
which integrates the different observed o analysced parameters, or
a series of figures which are not alwave cauy to manipulate.

These procedures present three major disadvantages:
1. Taxonomic characterization is complicated and not really
designed ftor soil managoment..
1.1 Taxonomic characterization is not always well understood.
As Ray Isbell, with a touch of humour, pointed out in
Townsville, Aunstralia, "Soil classilications are known
only by pedologists, and even some pedologists do not
appear to understand some ol their fundamental rrinciples
and limitations.”  So, we lace a major difficulty which
blocks understanding amonyer pedologicis themselves  and
betwaen pedolopists  and others. The  forum on  Soil
Taxonomy and other training courses should improve this
situation in the future; and thege training courses should
not be restricted Lo pedologists but should also reach
other users of soil secience, and particularly agronomists.

1.2 However, soil classifications will reach soil users if
these users see a rcal interest in them. The integration
of characters of the A horizons, where most of' the edaphic
parameters are located, is one of the conditions. Buol,

Sanchez and others have presented technical
classifications and the tertility Capability
Classification () is the most successful attempt in
this ficld. But  here  again, dissemination of the

principle of this system is  important as well as any
improvement in the system itself. One of the main outputs
of these networks will probably bhe to test some of the
characteristics of the FCC (and othors) and to try to
gain a better idea of what is important for plant growth.
Thus a detailed taxonomic and cdaphic characterization
of the soils of the site, as well as a climatic and a
landform characterizavion, are neceded to cenable us to
comparce and transfer the results of experiments.

2. Characterization with one or more pedon  presumes that the
area concerncd s homopencouns or can be divided into homoge -
neous parcels. Yet we have seen that lateritic soils often
present an important lateral and vertical differentiation
and so are difficult to asscemble in homogeneous unite. Even
on a rather homogencous soil mantle, like the one derived
from the tertiary sandstones of Ilvory Coast and experiments

Land dev~lopment - fHlanagement of acid soils 11
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on cassava in Adiopodoume, have shown that slight variations
in the so0il granulometry or on the organic matter content
can hide the treatment cffect (de Boissczon, Bonzon, in oral

communication). Thus while a general characterization is
important, from o peneral point of view a dense sampling
is compulsrry to understand the lateral and vertical differen-

tiation of the site. "Dense’ {s a vague word which depends
on the variability ol the system, and must be tested.

3. Soil systems arc not fixed systems.  They present a dynamic
linked to the movements of the water and of the ions and
to the biological activity. Most roil observations are con-
ducted during the dry secason which hide some very important
edaphic featurcs like temporary  waterlogging, ferrolysis,
or porosity produced by wornms. It must be stressed here
that site characterization cannot be .done by one visit by
a pedologist, but should be based on observations made on
one climatic cycle at least in order to understand the so0il
system dynamie,

Even with all this information, site characterization may not
mucch exactly with an edaphic characterization because some important
parameters may be forgotten or others over-emphasized. One way to
overcome this difficulty is to use a test crop on the whole site
with minimum inputs and to follow its behaviour uniformly. This
will allow for checking site-measured parameters with vegetal para-
meters and will give a vegetal behaviour characterization.

DESIGN OF EXPERIMENTS

The design of experiments must take into account lateral and
vertical differentiation of the site when the$e exist. Quadrangular
designs which recut soil boundaries are unfortunate but not uncommon.
They represent a waste of money because they prevent a good transfer
of the obtained results, and may cast doubt on the validity of the
results, as statistical processing uses Gaussian distributions which
cannot fit with a differentiated substratum.

Fhus we must adapt the design of experiments according to the
lateral and vertical differentiation, bearing in mind the following
principles:

1. On rather homogencous soil mantles, experiments may be
designed independently of the site characteristics. The
small lateral and vertical variations should then be taken
into account in the statistical treatment by the use of
covariance factors.

2. On moderately differentiated soil mantles, areas presenting
similar characteristics should be compared. But here we
have to ensure what similar characteristics mean, because
edaphic and analytical characteristics may differ,

Land development - Management of acid soils 12



3. On strongly differentiated soil mantles, like those of French
Guiana, we cannot use the same methods. We may, then, have
to question the statistical approach and use an observation
approach (i.e. comparing site variation to plant growth and

yield variations). This case may seem a little theoretical,
but is in fact common since {armers often use transition
areas (slopes, limits  between major soil units) where

nutrients and water are more available.

b, A last complicated case may also appear - the case of land
covered with termite mounds or any other microvariability.
Here too we need to determine how to design experiments when

confronted with such a high microvariability., Should the
plots be enlarged and treated as homogencous systems, or
should each microvariation be treated separately?

The designs of experiments are important, since we depend on
them for the reliability of the results and their transferability.
Design criteria are worth considering, and we will have an opportunity
to give this matter some thought during this plenary session and
in the working groups.

FIRST STEPS IN THE IMPLEMENTATION OF THE NATIONAL PROJECTS

As things arc at present, we now nced to consider the first
steps to be taken for the implementation of these projects. During
this session we will discuss:

1. the methods to be used to implement the network activity

so as to establish good coordinacion; and

2. the projects themseclves, focusing on their most important

aspects.

We will then need to know how to follow up the network activi-
ties. Some donors have expressed interest in funding the coordination
aspects of the two networks: Management of Acid Tropical Soils and
Tropical Land Clearing for Sustainable Agriculture. By the end of
the year we may have a network coordinator for these two networks.
Other donors have expressed interest for hilateral projects, and
sound realistic projects will be the best guarantee for any external
support. External funding on a bilateral basis for national projects
is mainly the responsibility of the cooperators. IBSRAM can help
in refining projects and in carrying them through, but IBSRAM is
not a donor and has no funds except for coordination purposes. I1BSRAM
can support you in vour requests to donors, but cannot act 1in your
place.

Let us now work out a strategy:

1. Some of you alrecady have programs running in these two fields.
The question is, how can we integrate them into the network
- if this is what you wish to do?

Land development - Management of acid soils 13



2. Others would 1like to start some activities, have sound
realistic project proposals, and have some funds to start
some operations. What kind of activity could take place
in the near future t*o start implementing these projects?
Starting some activities may show the potential donors the
strong interest of your country and may be a plus in future
negotiations,

3. Others again may have sound and realistic projects but no
funds. They must try to get funds - and in the meantime
particip-te in the network activities, notably meetings and
training courses.

In any case, the network activity should start with a site
selection (or o confirmation of the sultability of the existing site),
with a site characterization, and - depending on the availability
of funds - with one or more experiments., A first vegetal
characterization of the site would bo i reasonable start, but perhaps
some  limited trials on specific points could also be envisaged.
This session should help us to define those points.

CONCLUSION

Inaugural workshops have occurred thigs past year and some project
proposals have been prepared. We now need to implement these projects
by harmonizing them with sound vealistic objectives and starting
some network activities. As has trequently been nointed ocut, TBSRAM

is not a donor agency: it will help you to draw up good projects,
to present them to donors, and to carry them out as a coordinated
activity. The targets of these networks are important for the

devesopment ot vour country and ftor stimulating your enthusiasm -
as we are cencouraged to think by the positive reaction of many donors
Lo requests o promoting networking activities. We must now move
from conceptual projects to real programs. If we can maintain some
momentum in actively working together, the success of the networks
will be assured.

Land development - Management of acid soils 14
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SITE SELECTION IN ZAMBIA

LAZAROUS CHILESHE OTTO SPAARGAREN
Soil Surveyor, Soil Survey Unit, Soil Correlator, Soil Survey Unit,
P.O. Box 710072, Mansa, ZAMBIA Private Bag 7 Chilanga, ZAMBIA
ABSTRACT

Since colonial times, agronomic research has been ecarried out at
a numbcr of regional rescarch stations and substations in Zambia.
In the agronomic trials, however, soils were of*en not taken into
account, Recently the Soil Survey Unit Initiated the benchmark
approach. Three types of sites are recognized: agronomic trial
sites, pedological rescarch sites, and training sites. The logistical
requirements for each type of site is outlined.

Of the 25 benchmark sites identified so far, a number are situated
in the high raintall zone of Zambia (precipitation excceds 1000 mm)
and are classitiecd as so-calied acid tropical soils. Data and back-
ground Intormation are presented for three sites and four soil units
which are proposed for inclusjion in 1BSRAM's Acid Tropical Soils
Management  Network. Also one site 1g proposed for incorporation
into IBSRAM's Tropical Land Clearing for Sustainable Agriculture
Network.

RESUME
CHOIX DE SITE EN ZAMBIE

Deputs l'époque coloniale, la recherche agronomique a été menée dans
un  certain nombre de sous-stations et soustations de recherche
régionales en Zambie, Le plus souvent, cependant, les sols n'ont
pas été pris en compte duns les essais agronomiques. Ce n'est que
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récemment que l'unité de cartographie des sols a initié la création

'une approche par site de référence. Trois types de sites sont
reconnus : des sites d'essais agronomiques, des sites de recherche
pédologique, et des sites de Jormation, Les spécifications

logistiques pour chaque type de site sont résumédes.

Larmii les 26 sites de prejiprence identifics jusqu'a présent, un
certain nombre sont localises dans la zone forte pliwiométrie de
sambic (précipitation moyenne anviuelle supériewre a 1000 mm) ot sont
classds comme sols tropicanx acides.  Los vésultats et les informa-
tions de base sont prosentes pour trots sites et qualre wunités de
sols qui sont proposés au réscau de mice en valeur des sols acides
tropicaws de '[1BSHAM, nosite vot cwsel proposé pour le réseau
TBSRAM de défrichement powr wne mise en valeur agricole continue,

INTRODUCTION

Agronomic rescarch in Zambia dates back to colonial times, when
it was carried out at vesearch stal ions situated along the railway
Line (Ndola-Livingstone), mainly to serve the commercial farming
community. The sites of the research stations were selected according
to logistics (near to farming communities), climatological cenditions
(high, medium and low rainfal arcvas), and soils. Altbough the soils
were  taken into aceount (MePhillips, 190%), agronomic trials were
often carried out irrespective of the soilg,

After dndependence in 1904, Zambia inherited the seven existing
research stations, and the number was subsequently increased so that
every province had its own. Also research substations were created
in areas where soil and/or agro-climatological conditions differed
strongly f'rom these pertaining in the main research stations.,

Altogether  Zambia  has  one  central vesearch  station  (Mount
Makulu), nine regional vescarch  stations and  seven  research
substations. Over the years, however, rescarch activities have
steadily dropped due te lack of trained staff and funds. 1In a recent
study entitled 4 Strategy for Agricultural Research, the World Bank
in fact vecommends closing down a number of stations and substations
and concentreating rescarch activities on a few, well-characterized
stations,

The  benchmark approach, initiated by the Soil Survey Unit of
the Department of Agriculture a few years ago, fits well into this
new strategy. It aims to select sites with agriculturally important
soils in the various agroclimatic zopnes of" Zambia, to undertake a
full characterization ot the sites, and to use them fopr interdiscipli-
nary agricultural research.
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SELECTION CRITERIA FOR BENCHMARK SITES
Three types of benchmark sites are recognized in Zambia:

Sites with agriculturally important soils to be used for agronomic
rescarch

The soils of these sites may cover a large area, but from the
point of view of their productive capacity are of low quality; or
they may only cover a small area but be of high quality. Since these
sites are used for field experiments, they must be located at
convenient ploces with Tlogistic suppoerts. The selection criteria
taken into account are: the presence of an infrastructure and
communications, the presence cf trained professional and technical
staf, and the presence of a [ully operational, well-equipped weather
station. The site should preferably be "virgin" so that changes
in the soils as a result of land clearing and management practices
san be monitored {rom the start. These criteria usually limit the
solected sites to the research starions, farmers' tralning centres,
agricultural camp:s, and state or private farms.

Pedological rescarch sites
A number of soils in Zambia have very little agricultural

potential, vet they oceupy large arcas. Examples are the Spodosols
(Podzols) in western Zambia and the soils of the hilly, dissected

regions. As very little is know about soil development and soil
processes  in Zambia, these sites are used for full pedological
characterization. They do not require the facilities mentioned under

(1) and, conscquently, can be located anywhere in the country.

However, when monitoring has to take place (e.g. to determine the
rluctuation of  proundwater levels), they must be located near to
places  where  personnel is available to make the necessary

observations
Training sites

Although in principle all benchmark sites can %»e used for
training, some sites have been established that are neither
interecting for agronomic neor for pedological reseurch. However,
they do  exhibit interesting features in relation to soil
clansification, profile morphology or interpretation of soil data
that makes them useful to train Zambian staff. These types of sites
already have proved their value during the XI International Forum
on Soil Taxonomy and Agrotcchnology Transfer, which was held in Zambia
in July 1949,

So far, twenty-five sites have been identified (see Table 1)
and almost all of them have been pedologically characterized. Twenty
of the sites have been described, sampled, and analyzed in cooperation
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No.

16.

24,

25.

Location

Misamfu Regional Res.
Station, NOP

-do-
-do-
Mbala, NOP
Mpika, NOP
Kabwe , CEP

Kabwe Regional Res.
Station, CEP

Mbushi, CEP

Mpongwe

Mufulire Regional Res
Station, COP
Shilende, NWP

Mutande Hegional Res.
Statfon, NWP
Univeraity Farm, LUF

Kafue, LUP

Magoye Regional Res.
Station, SOP

Location
Mochipapa Regional Res.
Station, SOP
Xabuyu, SOP
Mongu, WEP
Mangango, WEP
Liteta, CEP
Makeni, LUP
Chafukuma, nWT
Mongu, WEP

Mkoma, EAP

Kabare, WEP

Zanbisn Soil Series

Mufulire®

Miganfy Red®

Misanfu®

Katito®

Malasni®

Mukumbi®®

Mushemi®®®

Chivesakunde®

Mpcngwe®

Mufulira®

Shilende®*

Meheba®

Chelaton®

Kafue®

Nakanbala®

Zambian Soil Series

Choma®

Kabuyu®**

Kande®®

Mangango®

Liteta®®®

Makeni®

Chafukuma®

Bulozt®

Kabare®

USDA Soil Taxonomy

clayey, mured, {schyperthermic Oxie
Paleustult

fine-loamy, ailizeous, isonyperthermic
Oxic Paleustult

fine-lcany, siliceous, jsohyperthermic
Ouic Faleustult

clayey, kaolinitic, isoihyper)ithermic
Oxic Paleustult

fine, oxidic, hipertherric laic
Parhodustalf

fine, kaolinitic, isohyperthermic
Oxic

fine, kaolinitic, isohypertnermic
Oxic Paleustalf

fine-loamy, siliceous, isohyperthermic
Oxic Palrustalf

clayey. mixed, isohyperthermic
Orthoxic Ustic Palchumult

fire-loamy, siliceocus, isohyperthermic
Typic Haplustox

clayey, kaolinitic. isohyperthermic
Oxic Faleustult

clayey, kaclinitic, isolhyper)thermic
Haplic Acrustox

fine, mized, {isolhyperthermic Oxic
Rhodic Faleustalfl

fine, mixed, ischyperthermic Typic
Chromuntert

firne-loamy, mired, hyperthermic Oxic
Paleustalrl

USDA 50:l Taasoncry

fine-loary. mixed, hyperthermic Oxie
Paleustall

siltceous, hyperthermic Oxic Psammentic

Paleustalfl

sandy, siliceous, isohyperthermic
Arenic Ustic Tropohtumod

clayey, kaclinitic, ipohyperthermic
Oxic Paleustuit

fine, mined, isohyperthermie LUdic
Paleustoll

fine, mixed, ischyperthermic Udic
Paleustoll

clayey, mixed, isothermic [ypic
Haplohumox

fine, mixed, isohyperthermic Abruptic
Tropagqualf{

Udic Paleustult - Paammentic
Tropaquent transition

fine-loamy siliceous, isohyperthermic
Oxic Paleustult

Table 1. Location, classification and main features of Zambian benchmark sofls.

Matn Features

Acid, low Fertility soi) with structural

and erosion problems

Acié so0jl with moderate fertility down

to sbout €0 em

Acid so1l with low fertility throughout
Acid soil with Jow fertility throughout
Moderately fertile soil with limited extent

on basic rocks

Moderately fertile soil with structursl
problems

Moderately fertije soil with clear kandic
horizon

Moderately fertile soil with potential
structural probiems on a virgin site

Fertile soll over limestone

Low fertility soil

Low fertility soi) with clear kandic horizon
Low fertility soil with very low activity

clays

Moderately fertile soil, site incorporsted

in 18SNAT network
Cracking clay with aquic molsture regime

Moderately fertile soil with medium activity
clay (CEC is about 2T cmol (NHQ)Jk[ cley)

Main Features

Moderstely Tertile soil with low astivity
clays (CEC {s about 1C emal (NH, [/kg clay)

Sandy soil on boundary of Paleustalfs and
Ustipsamments

Ceep tropical podzol with evidence cf
development under wet conditions

Moderately leached low fertility soll
Moderately leached so:l with high O% centent
and high activity clay

Moderately leached scil with high O content
and high activity clay

Moderately leached soil with high OM content
and low activity clay

Wet clayey so0il with 2Zambezi River [looding
regime

Catenary sequence from well-drained upland
to poorly drajined dambo

Moderately productive soil witn very light
textured topsoil

® Agronomic trisl site

9% pedological research site

Pl

agt Bvailable Docu

®** Training site
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Brachystegia woodland ("miombo"). Trees are moderately well to well
developed and troe density is medium. The station is underlain by
the Solwezi Dbiolite-quartzite formation of the lower Kundulungu
Series, igneous rocks, quartzite-sericite-carbonatoe rocks, feldspathic
quartizites, chlorite schista, and phvilites.

The station was soil surveved In 1963 (Mbita, 198%) at a scale
of 1:10.000. The soils are dominantly red and vellow Oxicols, asso-
ciated with Ultisols (229). eeptisele (37 and Entisols (29).
One of the soils, locally known us the Mehoba series, a member of
the clayey, kaolinitic, fsolhyper)=thermic family of the Haplic Acrus-
toxs, has been chosen as a benchmark soil. It covers about 16% of
the ctation.

The Meheba Series comprises well drained, dark red to red (10R/
2.5 YR 3-4706-8), very deep, clayey soils with a clayey topsoil and
nogradual dnercasce in clay  content. Thelr characteristic feature
fsothe very low effective CEC of less than 1 cmol  (pe)/kg clay.
Brase saturation ju coually less than 200 and pii (CaCl ) is belween
Voboand Ao, altbough occeasionally (U can g0 up Lo 5.4, Analytical
data for a Meheba clay are presented in the appendix.,

The woil classifics as o clayey, Kaolinitice, isolhyper)thermic
Haplic Acrustox, Haplic berause of the net tegative charge throughout
the oxic horizon. The soitl tempeprature reeime borders the isothermic
selbovenperatinee o ine apownd Solweri, which io why "hyper" is placed
between brackeve,

The Meheba seorics are thought to be extensive (between 1 and
2 million ha.), and occur dominantly in Northwestern Province.

The main constraint in thig soil s the very low activity of
the clay, resulting in o very Iow nutrirnt retention capacity, which
poses probulems to fertilization. Fhysically these soils have a favou-
rable structure.

The Mutande Regional Research sStation is a new station that will
replace the one at Mwinilunga, whiech is not very representative for
Northwestern TProvince. Consvquently  no facilities are available
yet. Presumably the station will be developed in the next few years.

lready, during this planting scason, the first trials have been
started.

Luapula Regional Research Station

As discussed carlier one of the benchmark soils at Misamfu
Regional Resecarch Station, the Mufulira Series, covers only 5% of
the arca. Mufulira soils, on the other hand, cover about 55%% of
the Luapula Regional Rescarch Station. Consequently, this benchmark
site may have to be shifted to this station in the future.

Lend developnent - Management of acid snilson



The station was soil surveyed in 1967 (Yager ct al., 1968). The
s0ils are dominantly Mufulira sandy loams and loamy sands, members
of Lhe clayey, mixed, isohyperthermic family of the Oxic Paleustults,

associated with red ciayey Typie Haplustoxs, Ochraquoxs and shallow
Quartzipsammoents.

AL present, several teams are carrying out agronomic resecarch.
These are the Adaptive Rescarch Planning Team (ARFT), the Integrated
wral  Development  Praogramme  team (IRDP)  and  the Root and Tuber
Researceh Team (RTRYT). The Department of Agriculture has stationed
a Crop Husbandry Ofticer and a Farn Management Officer, as well as
a Provinceial Soil Survev Unit in offices in town.

Experiments envisaged for the Luapula Regional Research Station
are

Lo Lime (Mutande 1ime)

2. farming systems

3. soil fertility monitoring

4.otrace element deficiences

5. Al and Mn toxicites
- soil degredaticn studies (structure decline, infiltration

‘ate changes)

[oxN

CONCLUSION

Acid tropical soils mainly occur in the northern and northwestern
parts ol" Zambia, the so-called high rainfall zone with a precipitation
exceeding 1000 mm per vear. The constraints associated with the
acid soils in Zambia are the low pH's, v?zr-_v high Al - and sometimes
also Mn - saturation, low nutrient retenlion capacities and, in some
soils, physical problems such as high erodibility, structure decline,
amd crust i,

At several sites in nerthern and northwestern Zambia benchmark
s0ils have been identified, and rescarch should be concentrated.

on these soils. it is proposed that the sites ar Misamfu Regional
Rescearch Station in Northern Province should be in corporated 1in
to EBSRAMTs Acid Tropleal Sceils Naparement  Network. Possibly it

should be extended to the Luapula Regional Rescarch Station to cover
two ol the major acid soils in northern Zambia,

Imitially the site of the proposed Matande Regional Research
Station in Northwestern Province could be included in IBSRAM's Tropi-
cal Land Clearing for Sustainable Agriculture Network, since it is
only in the very carly stages of being estabiished. Simultaneously,
or perhaps later, it could be incorporated in the Acid Tropical Soils
Management Network, thus forming a continuum.
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CHOIX DES SITES D’EXPERIMENTATION AU
CAMEROUN: CAS DU SITE DE MINKOAMEYOS

J. BINDZI-TSALA, L.R. AMBASSA-KIKI
A. ONGUENE MALA
Centre National des Sols, BP 5578 Yaounde, CAMEROUN

P. BILONG
Faculté des Sciences, Universite de Yaounde, CAMEROUN

RESUME

Les eritores da ochoix Jd'un site experimental pour des essais agrono-
miques aun Cameronn sont passes on revue. l.'application de tels cri-
téres connait deux grandes périodes : la période coloniale (1945-1960)
et la periode gqui a suivi 1'indépendance (1960-1985). Elle s!
faite sur s enltures d'exportation et les cultures vivriéres.
On pent retenie comme critéres de choix du site expérimental pendant
la période colonfale @ la reprasentativite des tepros ou des zones
decuttures, U'edistence d'une structure d'appui, et les conditions
arro-climat iques,

ost

La periode quioa suivi 1'indépendance se subdivise en deux phases
FRO0-T0/0 e 1970-1985. Lans la premiére phase, les critéres sont
vieopedoloniques dans le cadre d'un réscau d'essais pour la culture

oL Daocalture carcicre or la théieulture.  Bno oce gui concerne
Tes  cultures viveicres, les conditions agro-ccologiques relatives
an o cobimat, o Maltitnde, et 4 la nature des sols prévalent. La
seconde phase tient compte de ces mémes critéres, mais insiste sur

[SETRIN LA
1

Ta zonation agroccalogiquoe,

Le aite expérimental retenn n Minkcameyvos obiit A4 la fois aux
eriteres de steacturcs dlappui et de condibions agro-Geologiques,
ainsi qu'aux critéres de zones homogénes pour des essais spécifiques.
Trois domaines sur le plan morphologique y sont reconnus le long
de la toposéquence WSW-ENE, a4 savoir : un domaine a butte, un domaine
reuge sans butte, et un domaine brun-vif sans butte.
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ABSTRACT
SELECTION OF AGRONOMIC EXPERIMENTAL SITES:
CASE STUDY AT MINKOAMEYOS

The criteria for selecting an ecxpevimental site for agronomic expe-
riments in Cameroon apre pevicwed, There were two major periods when
these eriteria weve in operation - namely the colonial period (1945-
1960), and the post-independence pepiod (1360-1985). The criteria
weve applied both to the cultivalion of cxported produce and of basic
foedstuffs. The notable eriteria for siie selection during the
colonial peviod wepe the vepresentativeness of the land or eultivated
areas, Lhe presence of a support structire, and the agroclimatic
conditions,

The post-independence period can be subdivided into two phases
- 1960-1976 and 1976-1985.  In the Sirst phase, geopedological opi-
teria weve appliod within he framework of o baten of exper ity
concerned with cocoa, coffee, and tea growing. As  regarids  the
wltivation of basic Joodstuffs, attention was mainly dirvected toward
agroccological condit fons relating to climate, altitude and sotl
propervties.  Duving the second phase, these same eriteria were taken
nto account, but special criphasis was given to selecting aveas in
accordance with agroveological factors,

The capevimental site selectod at Minkoameyos met the require-
MENts with regavd to steucture and agro-ccological factors, and also
met the criteria jop homogeneity in the avea to allow specific tests
to be made,  Thyee types of morphological tervain were observed across
the WSW-ENE topography : teveain with mownds, red Lterrain without
mounds | and strong brown terrarn without mounds.

INTRODUCTION

Au Cameroun, en quarante ang (19415-1985) 'expérimentation agri-
cole a connu deux grandes périodes : 1a péricode coloniale {(de 1945
a 1960), et la période posteérieure 4 1'indépendance (de 1960 a 1985).

Si la période eoloniale a &t¢ consacrée aux secules cultures
d'exportation {cacao, café, thé, coton, caoutchouce), en revanche,
apres l'jndépondnncc, la production agricole s'est orientée vers
les cultures vivridéres, sans toutelois négliger les cultures de com-
mercialisation.

MenGe par la Direction de 1'Agriculture pour le compte du Minis-
tére de l’Agriculture, 1'expérimentation agricole a aussi été 1le
fait d'organismes et d'instituts ¢trangers oeuvrant pour le compte
du Ministére du Plan et de 1'Aménagement du Territoire.
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Cette note retrace 1l'histoire des essais agronomiques au Cameroun
sur ls plan sélection des sites. Elle permet de définir ainsi les
regles de 1'évolution des critéres de choix des sites cxpérimentaux
et de trouver des termes de comparaison avec d'autres pays. lLe cas
de Minkoameyos est détaillé arin d'illustrer les criteres actuels
de caractérisation d'un site.

LES CRITERES DIX CHOIX DU S1TE EXPERLMENTAIL
PENDANT LA PERIODE COLONIALL

De 1945 a 1960 1'eapérimentation agricole au Cameroun a été la
préoceupation principale de la Direction de 1"Agriculture et 1'oeuvre
des instituts spécialisés, notamment 1'{nstitut des Fruits ot Agrumes
Coloniaux (TFAC), 1'Institut de Recherches pourr le Coton ct les
Textiles Tropicaux (LRCT) en collaboration avee la Compagnie VFrancaise
pour le Développement des Textiles (CEDT), et 1'Institut de Recherches
pour tes Huiles et los Olcagineux (TRHO)Y.

Cette phase a ve 1'apdgée des cultures de rente, avec comme
criteres de choix des points d'essal au niveau local:

1. la représentativite des terres cu zones de culture;

2. 1'existence d'une structure d'appui;

3. les conditions agroclimatiques.

C'est ainsi que, pour la cacaoculture, la Direction de 1'Agricul-
ture avait placé les sites d'expérimentation a Nkocirvone, zone du
plateau central Camerounais, de fertilite moyenne, mais trés représen-
tative des terres a cacaoyor. Un citera également Nkolbisson, dont
les conditions climaticues sont distinetes de celles de Nkoemvone.
De méme scra mentionnd Barombi-Kang, zone représentative des terres
a cacaoyer de benne fertilite au Cameronn occidental.

Un ce qui concerne le coron, les sites d'expérimentation ont
eté implantés par la CFDT au Nord-Cameroun en .collaboration avec
1'IRCT. Les points d'essai principaux Gtaient Guétalé, recevant
834 mm de pluie, ci Maroua, recevant 700 a 800 mm de nluie.

Pour le palmier a huile, 1'IRHO avait fixé ses essais de
st¢lection variétale dans les plantations domainales de Dibombari.

Quant aux cultures fruiticres, en 1998 1'1FAC avait implanteé
les ecssais agronomiques de banane et d'ananag a Nyomb¢, zone a pluvio-
métrie &élevée, sans saison scche marquée, favorable a la culture

bananiére.

LES CRITERES DE CHOIX DU SITE EXPERIMENTAL
APRES L'INDEPENDANCE

La période postérieurc & 1'indépendance peut étre divisée en
deux phases. 1960-1976 correspond 4 une periode d'intensification
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CONCLUSION

Le choix de sites agronomiques au Cameroun est passé par plu-
sieurs stades en fonction des types de culture envisagés et de la
connaissance du milien, Dans un premier temps, elle a été guidée
par la representativité gindrale des Lorres ay des zones de culture
ainsi que par les zones agroclinatiques el par l'existence de struc-

tures d'appui. Par la sulte, Ies ceritires de choix s¢ sont affines,
prenant plus en compte les exigences Jdes cullures ot les conditions
pedologiques. Le cheix du site de Minkoameyes a suivi cette voie,
on aceentuant cneore Mettort DOrLG sur la caractiérisation

pedotorique:
- vol de pll intericur a 9, afin d'intégrer le réscaux IBSRAM
de mis en valeur de« sols acides tropicaux.,
- Sols presentant un horizen relativement  homogeéne dans  leup
60 premiers cenlimeétres afin de pouvoir traiter statistiquement
des essais de cultures annuelles & faible cnhracinement.

Le sol a pris ainsi une part de plas en plas importante dans
le choix des sites d'expérimentat ion agronomique au Cameroun.
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PART 11:SITE CHARACTERIZATION
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RELATIONS ENTRE LA POROSITE ET
LE PEDOCLIMAT DANS DES SOLS DU DOMAINE

FERRALLITIQUE AU CAMEROUN

F.X. HUMBEL

ORSTOM, 74 route d’Aulnay 93140 Bondy, FRANCE

RESUME

Du sud au nord (Adamaoua), le contraste saisonnier du bioclimat s'ac-
centue - celui du pédoclimat aussi. La porosité se modific également.
Toutefois, dans des -~onditions bioclimatiques données les profils
de porosité totale <des sols dérives de diverses roches meéres coinci-
dent, du moins si on exprime la porosité par ‘apport au volume total
diminue du volume ocenpé par 1o saquelatto: le degré d'assemblage
cHprime par ocette porosite "hors squelette” pourrait donc étre déter-
mine par le nivenu des contraintes pedoclinatiques subies.

Ces sols sont ¢paiu, De bas en haut la macroporosité (fraction
Loujours on air) se développe progressivement dans une matrice de
plas en plus stable. L'assemblage devient extrémement poreux et
asuwre un deainngre vert feal libra oy profond, Mpaisseur et grande
macroporosite paraissent étreo caracteristiques de ces régions a faible
crosion superficiclle et a pedoclimat modérément contrasté {(variation
hydrique n'atteignant pas le pb h.2).

Yne accentuation du contraste pédoclimatique entraine une désta-
bilisntion des hopizons ferrallitiques poreux. C'est ainsi qu'il
Geotorme danc T'Adamacun oun bordzon superficicl couwpact dont on peut
relicr la formation & une variation hydrigue annuelle allant de
J"ultra-dessiceation a la sursaturation. De méme en CGuyane, c'est
un amincissement des horizons poreux,  par intensification de
1'Crogion,  qui  pourrait expliquer 1'installation d'un drainage
superficiel et latéral par ralentisscment du drainage vertical
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(amortissement insuffisant des ondes pluviales).

La mise en culture peut accentuer aussi le¢ contraste pédoclima-
tique, notamment en milieu lorestier.

ABSTRACT
RELATIONS BETWEEN POROSITY AND PEDOCLIMATE
IN SO1LS HITH A FERRALLITIC ENVIRONMENT IN THE CAMEROON
Going from the souwtin to the noveh oin Adamacna, the seasonal contrast

of the bioclimate becomes nmore preuomced, as docs the econblvast in
the pedoclimate, and the porosity wdergees coveeponding modifica-

tions, Nevertheless, in the existing bioclinatical condilions, the
overall porosity profiles of soils oviginating [rom a variety of
seashore voers are the saric - at least Uf the porosity is considered

’

Dnovelaltion Lo e total colume ainie che colume taken up by the
skeleton: hwence e amonnt of asseribly shown by this "exira-skeletal"
porosity cowld be determived by the intensity of the pedoclimatlic
constraints which have been sustained.

These are thick soiis. From top to bottom theliv macvoporosity
(in the part which remdins caposed Lo the air) develops slowly into
an ineyeasingly coalide wateive Tne assembly becomes cxtremely porous
and provides free and deep certical drainage.  Thickness and a high
degree of macroporvosity seem to be typical of ferrallitic soils in
regions where there is little erosion of the surface and a pedoclimate
exhibiting only moderate contrasts (with a water variation Ilower
than pi 4.2).

When the pedoclimate is more extreme, there is more uncertaintly
with regard to the porows fervallitic hovizons. For this reason,
Adamaoua has a compact supevficial horizon which forms as a result
of an amual water variation vanging from wltra-dry to over-saturated
levels.  Similarly in Guiana, the porous hovrizons are more Limited
as a result of intensive evosion, which may cxplain the establishment
of supcrficial lateval drainage «tl ihe arpense af slowing down the
vertical drainage (because of an insufficient reduction of rainwater

flow).

Cultivation of the land may also serve to intensify the pedocli-
matic contrasts, especially in forest areas.

INTRODUCTION

Par pédoclimat on entend 1'ensemble des conditions hydriques et
thermiques régnant dans le sol. En conditions de bon drainage, le
pédoclimat est modulé principalement par les variations saisonniéres
du bioclimat.
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L'information apportée ici est basée sur:

1. des mesurces périodiques de teneur en eau du sol faites de 1969
a 1972 en des sites (toposéquences) échelonnés sur prés de
5" de latitude en domaine ferrallitique au Cameroun (depuis
Fbolown au sud jusqgu'd Sgaounddrd au nord sur le plateau de
1'Adamaocua -~ voir figure 1);

Limite nord des sols
feriallitiques 4 iigure 1. Les sites d'étude en

domaine ferrallitique

(<
ADAMAOUA
L

sols rouges

[
M,

s

b 7@
foret Q)
/ o -

e -/ yaouNDE
sols jounes

doodes  deverminat fons de paramétres  qui  renseignent sur le
contenani Je eette eau et sur les forees exercées par la phase
colide: tencur en ean au pl 4.2, densités apparente et réelle
pour calculer la porosite totale, etc.

$. des  observations ot des  mensurations  de  pores vues aux
microscopes  optique ot a4  balayage sur des échantillons
préalablement sochies.,

les sols caractérisas comportent, sur plusicurs métres
d'¢paisseur, des horizons meubles ¢t poreux, vivement colorés en jaune

o en rouge. lls se rattachent a4 la classe des sols ferrallitiques,

un n'y obscrve pas de ralentissement du drainage, et la tranche saturée
yoest profonde d'une dizaine de métres (sols a bon drainage interne).
L'enracinement,  sous  végétation naturelle, décroit normalement de

haut en bas, mais 1] reste notable et bien réparti en profondeur.

Un comparera ici deux sites de sommet de versant convexe, donc
en position de bon drainage externe.

1. an nord (plateau de 1'Adamaoua), sol rouge sous savane
arbustive, avec 1600 mm d'apport pluvial annuel. Les pluies
sont rassembl¢es en une saison humide unique et a averses
quotidiennes. La saison séche, longue de 5 mois se caractérise
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par une absence totale de précipitations (figure 2). L'éecart
saisonnier de température est de 6°5

.

P 1820 1530 16E6 1593

100 mm Adamaoua

~
e
680 654 mm
Sud-Cam

1972

oaone cbecnin e e plhuies aa conres dey anndes  de

Jooau osud, ol jaune sous Pordt, avee un apport pluvial également
de 1600 mm, mais qui est distribu¢ en deux saisons humid
separdes par deux saisons plus sCches. De plus i1 y a d
periodes soches on salson des pluies et degs pi¢riodes pluvieuses
en o saison seche, vomme ¢ montre la distribution décadaire
des précipitations., L'¢cart saisonnier de température n'est

que b,

cs
es

Atnsi, dans la relation ¢ (0), marquée d' hysterdése (igure 3),
le pédoclimat doit parcouri rr, chayue anndée, dans 1'Adamaoua un cycle
unique et repulicer, vandis gutan sud il vy o deux cycles marqués de
nombreuses  irrégularites (les petites boucles des deux branches de
la courbe - igure ),

A
SUD~CAMEROUN § YN aoamaouas

2cycles/an+ boucles 5( lcycle requlier/an

A
Cal

PF CC Sat 0 PF CC Sat

oV

Figure 3. Schéma des variations salsonniéres des contraintes (poten-

tiel de 1l'ecau U) en fonction des variations de teneur en
cau (0)
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DISTRIBUTION VERTICALE DE L'EAU DANS LES DEUX SITES

La figure Y4 présente les teneurs (volumiques) en eau, en fonction
de la profondeur, aux extrémes saisonniers (saison des pluies, SH,
et fin de saison s¢che, SS, en précisant 1'année).

\ \
\ 2
It :f‘ SUD- CAM 'r
H
2 | o 2t
| | [& SH
1
3k :'l 3k
BN SS wp
4l SS = = al
m i! myJ
¥
% %

Figure 4. Profils hydriques en saison séche (8S) et en saison des
pluies (SH)

1. Au Sud-Cameroun, le profil hydrique s'établit lentement au
cours de la saison des pluies sur une position stable, de méme

qu'au cours des saisons des pluies successives: une seule
courbe suftfit alors pour représenter cet état. En fin de
saison séche, au contraire, le prof'il s'établit a des positions
qui diftérent d'une année a  1'autre. Ainsi, 1'amplitude

annuelle de  la  variation dépend  non pas des variations
Cimportantes) de 'apport pluvial d'une saison des pluies a
I"autre, ou d'une annce a 'autre, mais des conditions de la
salison séche (durce combinée avee intensité).

La stabilisation du proril hydrique en période humide semble
correspondre & la capacité au champ: on constate que la
Filtration de tout apport d'eau excédentaire (dispositif Mintz)
est si rapide qu'elle n'aceroit pas de fagon sensible la teneur
en cau du sol (amortissement trés rapide de 1l'onde d'eau mue
par gravité;,

Quant a4 la régularit¢ verticale du profil hydrique (a
l"exception des deux décimétres supérieurs humiféres et plus
sableux), elle suggére une certaine uniformité a la fois de
l'organisation du sol (pores servant a la rétention) et du
prélévement d'eau par les racines (transpiration du couvert
foresticr).

2. Dans 1'Adamaoua, on retrouve la méme stabilisation du profil
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hydrique pendant les saisons humides successives, ainsi  que
les différences inter-annucllcs de fin de saison séche. Mais
il y a décroissance de bas en haut e la tencur en cau, oo
qui suggére soit un aceroissement de la macroporositdé  very
le haut (ce qui reduit ta réfention en expression volumiaue),
soit un prolévement de saicon sioehe o'olfectuant, principalement
par évaporalion o parcir de la curface (sol nn cnitre  cout'fes
d'herbe flovpric).

COMPOSITION VOLUMIQUE DU SOL AUX DEUX EXTREMES SATSONNIERS

Connaitre les variations de teneur on cau n'a dtintérét que si
I'on pevt Jes rapporter a4 la porosite qui les contient, et les situer
par rapport a des repcéres énergétiques dont les principaux sont, dans
l'ordre croissant des humidités:

Lo le pfo 4.2, timite interieure deg Lencurs en cau extractible
par les racines, ce qui - pour un réseau de pores tubulaires
= correspondrait & la vidange de tous leg pores de  rayon
supérieur a4 0,1 micron (loi de Laplace).

capacité au champ, CC, teneur au-dela de laquelle 1'eau
St plus rerenue par les Porees capillaires ou d'adsorption,
L)

a
‘e
t s'¢eoule done rapidement par gravite,

1
n
c

3. la saturation, d¢tat ot des forees de pression hydrostatique
se géndralisent et s'opposent aux forces de gravité, autorisant
des mouvements d'ean latdéranx. Cette teneur en ecau est un
peu inféricure a la porosité totale (air oecclus).

Ces troix tencurs en ecau - reperes des forces principales qui
s'exercent sur cette oeauy - peuvent  étre exprimées en fractions de
volume ot figurer alors dans un  diagramme indiquant la composition
volumique dia sel {en abscisse) en fonetion de ta profondeur 2 (en
ordonnde ). Le gonllement saisonnier de ces solg Ctant négligeable,
on peut porter dans ce diagramme les teneurs (volumiques) en eau aux
deux extrémes saisonniers notds SH el SS (en pointillcs). Au total
les intervalles successil's de ce diagranme sont, de gauche a droite,
les fractions de velume suivantes (teneors e eau ou classes porales):

0 a pr = eau trop fortement lide, on porosité ultrafine;

PF A SS = eau utire disponible en saison soche:

SS a SH = variation saisonniére d'eau (porositaé disputée entre
air ct ecau);

SH a P = teneur {volumique) en air en saison humide (macro-

poresité);

P a 100% fraction de volume occupée par la matiére solide.

"

Les deux diagrammcs volumiques de la figure 5 montrent que:

v
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(cultures sans ombrage) ou directerent ensoleillé (talus de route).
Il y a alors des lissures et de nombreux argilanes dans lesg décimétres
supéricurs.

2. le sol de 1'Adamaoun priésent s en prolondenr un assez bon équi-
Hbre air-cau, mais QUi se péjore dons les deux métres supérieurs.
Fn effet, d'une part le desscchiement sarsonnier y atteint le pl 4.2,

d'autre part s macroporosite s'aceroit considérablement. Un tel
sol mangque alors d'eau utile en saison scéche., Sa porosité totale

devient. elle-mdme cxcegsive (jusqu'a 65% dans ley sols dépourvus
de squelctte).

Tout er surface (enire 5 et 20 em de profondeur) on observe un
mince horizon compact o le pt' 4.2 est largement franchi en saison
s¢che (ultra-dessiceation). kn saison des pluies, la teneur (volu-
mique) en cau vy augmente, cn relation avece une réduction de la macro-
porosite (d'ou la forme en ampoule de celle-ci sur le diagramme).
Alnsi, Ta variation saisonnicre dn pédoclimat y  devient extréme,
de Muitra dessiceation o la sub-saturation. Dans ces conditions
de contraintes, il se produit une transformation importante de 1'as-
semblape microscopique du sol Ferrallitique, qui perd alors une de
ses  caractéristiques essenticlles @ sa grande nmacroporosité (voir
plus loin).

RELATTON INVERSE ENTRE POROSITE TOTALE
ET TAUX DE SQUELKETTE

Dans les solsg etudiés, la porositdc totale présente (outre les
variations verticales visibles sup lTa Cigure 5) des différences nota-
bles d'une roche-mer 4 L'autre, en relation avee des taux de sque-
lelte différents: les sols les plus pauvres on squelette sont les
plus poroux.

31 1Tor apporte (figure 6) le volume des pores non plus au volume
total (prof'il P) mais a celui-ci diminué du volume occupé par le
squeletre (profil P') on constate que " les profils de porosité P!
coincident alors assez bhicn. Cela suggere d'abord que le développe-
ment de la porocité oot quant itat ivement lié 4 la secule phase plas-
mique {deformable) du sol.  Ft ensuite qu'en des conditions ¢daphiques
données (climat, modelde, protondeur), 1a porosité .otale en expression
hors squelette est détermince par les conditions de pédoclimat
a un niveau energetique  donnd pourrait correspondre un assemblage
plasma-pores donnd.

On doit s'en souvenir lorsqu'on modifie la gamme des contraintes
subies par le sol par défrichement et mise en cultures.
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Sud-Cameroun Adamaoua

50  T70% P 60 70 80%P 50 70%P. 50 . 70%P.

=

Z N \ z N \

Figure 6. Les profils de porosité P, lorsqu'on les rapporte au seul
plasma (prot'ils P'), coincident:
a = sol dérivé de granite
b = sol dérive de basalte (peu de squelette)

VARIATIONS DU SUD--CAMEROUN VERS L 'ADAMAOUA

e mince  horizon  compact  superficiel des sols de 1'Adamaoua
(figure 7)) v'apparals pon brusquenent sur oo plateau, au nord du
domaine ferrallitique @ les mesuves de porosiné échelonnées du sud
au nord montrent que les sols situés plus au sud peuvent présenter
une tranche légérement plus compacte qui, en allant vers le nord,
s'accuse on s'amincissant et en se rapprochant de la surface.

Sud-Cameroun Canfre Sud Adamaoua
d
P-4
e ¥
W
- K
80cm f /
z N

Figure 7. Développement progressif de 1'horizon compact superficiel
au nord du domaine ferrallitique:
d = densité apparente, z = profondeur
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Modification de cette caractéristique par accentuation du contraste
pédoclimatique

Une organisation donde, stable dans des conditions données de
pedoclimat | se tranayorme Povsgue ces conditions ve modifient au-dela
deeocertaing seulis. L'horfzon compact superticiel des sols rouges
de  1'Adamaoua est un exemple de transformation des horizons mcubles
des sols Ferrallitiques lorsque le contraste hydrique et thermique
du bioet imat s'aceentue, et consccut ivenent  celui  du pedoclimat.
Le senil av-deia diuguel s'eltondre 1a Structnre poreuse de ces hori-
zons meubles eqt le franchissenent periodique o pb o hL2 (alternances

d'humecration o0 ' pamde st ent 5o foo Urenchisnement provoque
en elfet  la  viaange  de micropores (0,1 miecron) résultant  de
assenhlage e microparticules plasiniques Carpilo-ferriques). Le

phénomcne  s'auto-aceent ue s Vaugnmentat ion di- compacité  modifiant

les conditions hydradvnamignes op bislogiques dans un sens qui accroit
le contraste pedoelimat fogue. Onooatteint Pinulement un niveau de
compacitaé dependant by onivean de contratnte qu'en peut quantifiep par

Ta porosite vovale Lo Se et te,
Modification par 1'homme des conditions de pédoclimat

Dans  1'Adamaousn, les interventions anthropiques par brilage de
Ta végétation herbacee of pidtinement de troupeaux ne modifient pas
sensiblement Ta compacits e Ta conche superficiclle du sol., Cette
compacile resuile done seulement du centraste naturel du bioclimat:
le nivean cnergetique  de ces interventions anthropiques est donc
infériour a celui deg contraintes natureliea,

Dans  le Sud-Cameroun par  contre, e contraste pédoclimatique
crée pav la mise on oeylture {ou plus eneore par le fagonnement de
Ealiun rouricrst oorabilice in Giracture meuble el poreuse des hopri-

rons  jaunes ferral Litiques. On observe en effet sous jachére une
tranche de sol plus tompacte, marquee de nombreux argilancs d'illuvia-
tion (associss aux pores tubulaires). La déstabilisation de ces

horizons s'accompacne  done  d'une disjonction du squelette et du
plasma,

Modifications par reprise d'érosion cn Guyane

Le systome intepactif "horizon porcuy epals - drainage vertical
libre"” existe aussi  dans  cette autre  region tropicale qu'est 1a
Guyane., Mais il y est en grande partie remplace par un autre systéme
¢ "horizon médian compact - drainarge vertical ralenti" avee apparition

cansecnt ive d'un deadnage Iaterad interne ot superticiel.

Ll a été montre (Boutlet et ai. 1979) que ce changement de drainage
¢tait di a un amincissement de L'horizon poreux, qui n'amortit plus
alors les ondes pluviales en fillratl fon, Le scuil de déclenchement
(épaisseur de 1'horizon poreux) varie avee les paramétres climatiques
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(intensité x longueur x périodicite des averscs) ot avec des para-
métres peédologiques (structure ot comportement du  réseau poral).
Cel amincissement peut édtre di a une augmentation de pluviosite.
Mais comme la vransformatien progresse vers le haut de versant et
est indpalement avancde oelon e codreits, nne autrre cause parait
Stre un rehaussement du socle on bordure du beuclier guyanais provo-

quant une reprise d'érosion rogressive.

Au total, la grande macro-porosite des soly fep allitiques du
Cameroun  apparait  comme  un  caractepre acquiiis  progressivement  an
conditions de drainare vertical tibre et profond. Son développement
cst LIe a Mopaicaiogement de 1Thoricen poraus, cooqui suppose  une
Longue durde d'ovolution et une stabilite du paysage. Ces conditions
favorables de drainaye se pejorent quand le contraste saisonnier
du pédoclimat s'accentue:

Foopar angmentation du contraste bicelimatique (Adamaoun)

2o opar altération du couvert vegetal (défrichement et mise en

culture)

Voopar amineissement de 1'horizon poreux  (reprise d'érosion en

Guyane ).
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SOIL SURFACE CRUSTING -
SOME AGRONOMIC IMPLICATIONS

CHRISTIAN VALENTIN
ORSTOM, BP. V-51, Abidjan, IVORY COAST

ABSTRACT

Any study on soil surrace crusting for agronomical purposes should
include three steps:

. Tdentification and description of the problems, in combination
with the study of the processes of crust formation and its
subsequent evolution. Examples in lvory Coast, Burkina Faso,
and Sencgal show that crusts should be studied together with
cnvironmental  and  socioeconomio paramcters, including their
variations both in space and time.

AS]

Quantitative characterization of crusting and crusting impacts.
Notwithstanding that standardized methods are still lacking,
it is necessary to assess crustability using a comparative
and predictive index. Some casy methods enable measurements
to be made of  crust ointilieability and  surface strength.

3. Crust control. Three major approaches may be distinguished:
the first one aims at strengthening the bonding agents between
particles, using organic residucs or soil conditioncrs. The
second way s to protect the soil surlace from impacting

raindrops using cover {mileh, mived cropping). The third
approach consists In selecting appropriale land use and farming
practices with retference to the environmental data. This

agronomical method 1is often sufficient to limit crusting
hazards.
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the many factors involved in surface crusting, frequent discrepancice
are found between the boundaries of deep and surface units. Such
discrepancies may indicate some evolution trends due Lo climatic
orr land use changes. In contrast, similarity between boundaries
may refllect a sort of harmonious steady state between soils, climate
and land use.

SOIL LAYERS

et e Laver

ochreots liyer

m ron pan
‘-} gravels yellow laver
I B manor fors of cmiching L' B mottled grov laver
.
l wTusted arcas with elevate:d stools of grass E. white sandy layer
_’ VOrV parous areas D hydromorphic weathering layer
B s aterlogped areas [:‘, Whachromie weathering loyer

Figure 1. Soils, surface features and f{ormsg of linear erosion in
a typical landscape of northern Ivory Coast (after
Valentin, Fritsch and Planchon, 1986).

The second example is a typical landscape (Figure 2) in the

northern Mossi Plateau (Burkina Faso) which comprises three main
units:
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3 sand ] ;:H’t‘t.ro[n, of iron L‘j pond
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Figure 2. Soils, surface features and land use in a typical landscape
of northern Mossi Plateau - Burkina Faso - (after Serpantie
and Valentin, 1985).

Upsglope unit (Figure 3)

An fren pan is cverlaid with a skeletal soil. Despite the
presence ol {ron gravels on the soil surface,. the soil is severely
crusted., The native vegelation consists of few shrub trees but the
grass cover is spare or nearly absent due to the protracted drought.
As o vresult, this unit produces excessive overland flow and erosion
as betokened by microclives and pedestal features.

Figure 3. Upslope site of the
landscape in Burkina Faso (see
Figure 2).
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Midslope unit

Unlike the previous area, the unit is completely cultivated.
The boundaries of the collective fields match with the limits of
the remnants of acolian sand deposits, which are as thiek as 2 m,
In order to minimize crosion harards and to increase infiltration
of water, the farmers colleet blocks of iron pans from the upslope
unit to install low cordons at contour Lhat reduce runoty velocity
(Pigure 4). These sandy soils are alao vulnerable to erusting, but
Lthe brittle scal i vasily broken by tramping. A more severe physical
constraint is the ploughpan which develops even under low pressures,
as produced by bullock-drawn implements,

Figure 4. Midslope site of
the landscape in Burkina Faso
{(note the cordon at contour,
sce Figure 2).

Downslope unit.

This unit is characterized by poor drainage conditions and the
presence  off  a temporary  waltertable. Owing to 1less favourable
conditions, cultivation is confined to small individual ficlds that
keep out the numerous bare areas with sealed surfaces unfit for
agriculture. In order to reclaim these barren spots, farmers cover
them, usually with lopped-of'l" branches. This sort of mulching
practice has a twotold effect: it traps the wind-drifted sand, thus
promoting the formation of a favourable seedbed; morcover, it attracts
termites that perforate the crust, whereby infiltration ig greatly
enhanced.

It may be seen that on-site and off-site impacts should be
congsidered: in this instance, advantage 1is reaped even from the
upslope crusted zone as far as it is used as an impluvium for water-
harvesting and runoff farming.

DESCRIPTION AND PROCESSES
Description

In combinatios with identifying the crusted areas, description
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¢l these surface crusts must be carried out. Equally important is
the assessment of their mechanisms of formation. The sound principles
of crust description do not diffev from those of soil profiie. But
die to the thickness of the vertical sections, which rarely ezceeds
a few millimeters, the ane oF o Piedd mosmificor (and if necessary
microscopic techniques?t 1o required.  The wain parameters to be taken
into nccount are:

. the boundarices bLetween microlayers in terms  of

distinctneas and smoothness

2. the granulometry and stoniness,

1. the porasity:  cracks, vesicles, faunal voids;

Nooeonsistency and comentat on.

-continuity,

The arveat variatlons of these microlayers as influenced by other
Factors  (wicrotopugraphy, top soil characters, soil cover, [aunal
activity) must be studied with care. Such information makes it
possible  to establish  the intervelationships between the various

curtace features,
Processes of formation

Studies conducted under natural rainfall conditions or simulated
radnlall (Collinet and Valentin, 1984) showed that great varfations
ocour among the so0ils due to their textuve. Contrary to what one
wonldoexpect considering their porous nature, overland flow and ero-
silon are rroegquent by observed on sandy soils as a result of crusting
thit can oceur even in materials virtually made of 90% sand (including
more Lhaar 9500 coarse sand {(Valentin, 19437). 11 such cases, the crust
comprises three well sorted microlayers (Figure 5): the uppermost
i composed  off Joose  coarse  sand grains, the middle one congists
of ine comented cand grains with vesicular pores, and the lower
micro-layver is o plasnic senl composed  aof a higher concentration
ot fine particltes with considerably reduced porosity. It must be
noted that suceh a pattern is just the reverse of what is observed
In a sedimentary crust, where the Pinerp pairticles are on the top
and the coarsaer at the bottom.

Figure 5. Drawing after a thin
section from a crusted sandy soil
in Agadez - northern Niger - note
the three microlayers (after Valen-
tin, 1981).
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Examinations of time-sequence thin seclions showed that the impact
of raindrops triggers the formation of microcraters, the walls of
which present a clear vertical serting of materials, This vertical
differentiation results mainly {rom a mechanical sieving of materials
so that the finer the particles are, the decpor they are washed in.

In loamy and clayey soils, processes are more complex and result
in two major types of crusts that are formed in succession: (Figure

6).

Rainfall lmpy/ wwv\u

Figure 6. Schematic diagram of crust development in a tilled clay-
loamy soil {after Valentin, 1981).

* Structural crust due to slaking which may occur independently
from any impact forces, provided that the structural stability
is low; -

* Depositional crust which is formed under overland flow. It
develops once the saturated conductivity of the structural
crust has sufficiently declined to be exceeded by rainfall
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{or irrigation) intensity.

Broadly speaking, four major types of crust can be discriminated
in the field in terms of features and genesis (Table 1).

Table L. Main features and tactors of formation of 4 major tiypes
ol crust,

Type of crust Main features Main processes
Splash crust vertical sorting with splash ercsion, washlng
coarse particles on in, compacti.n by rain-
top drop impact
Stractural crust mixed and compacted slaking, waterlogging

particles, includes
remnants ol clods

Depesitional crust well sorted laminac deposition under overland
t'low conditions
Sedimentation vertical sorting with deposition in still
crust coarse particles at conditions
bottom, when dry often
curled up.

SOIL SURFACE EVOLUTION
Medium-term dynamics

Farticuiar emphasias should be placed on the evolution of surface
ciuat through time. For instance, climatic variations can cause
dramatic changes in soil surface features as illustrated bv an example
in northern Scenegal (Figure 7).

oA

Figure 7. Schematic natural
cycle of soil surface features
as influenced by medium-term
climatic fluctuations in
northern Senegal (after Valen-
tin, 1983),
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When rainfall is sufficient, soil surface is covered with a conti-
nuous grass layer and not muych sealing wewnrs., During periods of
below average raintall, plant communities collapse preciscely where
moisture shortage 15 Lhe most soevers . namely on shallow gravelly
soila, Although  ‘n the cvent yhe ooprarely securs, rainfall s
sulffieiont 1o caune the s ioncifon botweng Ui and coarse particles,
Acoa resubty o splash erust (Table o) develops where the vegoetative
cover o deticient; in o other words, a sandy microlayer is  formed

above a cohesive seal. This sandy layver i{s cnnily wind-deifted and
entrapped by the  surviving vegelation nearhy During subscquent
normally wet periods, vecolonization of blowout arcas is gquite rapid
enesreadine s hove  cpadedd Uhe mieromn inda, covering bare  spots with

sands. Such o cycelic pattern resulis from Lhe combination of several
Ffactors which may in sum be attribuled to the interactions between
climate {(rainfall and wind), soil and vegetation,

Long-term dynamics

At cnamp e reem BEurking Faso will illustrate some long-term

cti'ects., A recent study  (Albergel and Valentin, 1986) has showB
that between 1950 and 1980, the cultivated land wi thin a 12.8 km
witershed was doubied while fallow was halved, Such & change in

tand use pat terns may be ascribed not only to Lhe effect of the bur-
geoning popalation Gnore than 2% o year) buat also, Lo some cxtent,

to vhe dronrht iteelf as far as the Carmers fend to cultivate larger

Aeis s way el compensation Forodeteriorated yields, vithin the
same - period,  annual o orainfall was  decreased by W% while runoff
coelficients were  increased by 505, This hydrological alteration

was  blamed by the authors on so-called "sahelisation processes',
namely  on the  oecurrence  of speceitic suhelian features within the
Sudanian Sone: native shrub savanna  decayed  from B0% (o U5% as
expressed Ly watersted over,  wnilo severely  crusted and  eroded
surfaces were muitiplied by 20,

This cxample should draw attention to the nced for long-term
studies which involve the interactlions Letween climate, soil, vegeta-
Fion and - not to be neglected - man.

METHODOLOGY TO CHARACTERIZE SO1L SURFACE CRUSTING
sseasment of crustability

Undoubtedly there is a need to define a sound method to assess
crustability ol top soil, namely to find a relevant index concerning

its valnerability 1o crustinge. Deploey and Mucher (1981) proposed
such an index which is derived from the upslope part of the Atterberg
liquid limit curve: C = W W. ., in which W. and WIO wre the

) - 5-r10 5 . )
water contents, in 9 ‘o the “dry "weight, after’ 5 and 10 blows
respectively. However, care is required in using such a predictive
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index since it is now well established that soil crusting depends
not only on intrinsiec factors but also on many  external factors:
soil enver, microtopography, cropping history, rainfall energy, soil
molsture, faunal activity, cote.  This consistency index may be useful

in comparing ooils, other factars heing caqual,

Crusting impacts on infiltrability and surface strength

Particabar emphasis should be placed on quant ifying the influence
of swface crusting on intiltrability and soil strongth, Rainflall
simulators are useful instrumentse Lo assess the rapid collapse of
ntiliration capacity due Lo crnst Pormat on uieler rainfall condi-
Lions, but such instruments are not avallable cverywhore., Monnier
el Boirtin (1985) preoposcd a cheap and simple Field method: the
infiltrability o a wetr surface crust (s evalunted by meansuriug the
steady diameters of satural ing water stains formed on  the surface
by dedp sonrvecs. The values of hydranlic conduct ivity thus obtained
were Found to be congsistent with obscrvations under paintall.,

PLois much more delicate Lo measure crigt strength ag it alfects
ceedling cmesrence, since so far there i disagreement  about  the
best metiiod 1o adopt:  either modulus off rapture or penetration tests,
For areonomical purposes, the use of o {ield penetrometer appears
Lo be preterable, provided cortain condilions are met: high sensibi-
ity P the dastrament, pomerons repltications, and combined measure-

ment of soll surface moisture.
«Q LN - 1 v
surface dynamics

Yo be usetul for agronomists, the ongoing changes that take place
fhrough the entire cropping cycle must be considered as an integral
prartoor the ccheme of measurements, analysis and impact quantifica-
tiong., As mentioned carlicr, {t may be relevant Lo identify the
Lime  sequence of the difterent types oft erusts (Table 1). In this
respeet, it in uscetul to define an  indes  for quantified grudies.
Siichan index was recently proposcd by Boiffin (1984):  the diameter
of tne smallest discrete elod that has not yet lost its identity
n the steootaral crust . White the steuctural cruast develops, the
vaiues of this index inercase and are consistent with other parame-
ters, such as splash erosion and infiltrability.

In addition, other data must be collected through time: variation

of microtopography, soil cover, and faunal activity, This can be
easily carried out using the well established pin points method.

CRUST CONTROL

Deriving an anticrusting method from clsewhere may be uncertain
since correct actions are dependent on local environmental conditions,
farming practices, and sociocconomical constraints. Consequently
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SOLS, SURFACES ET FORMES D’EROSION LINEAIRE
EN MILIEU FERRALLITIQUE DE SAVANE:

L’EXEMPLE D’UN BASSIN VERSANT DU
NORD-QUEST DE LA COTE D’IVOIRE

CHRISTIAN VALENTIN
EMMANUEL FRITSCH ET OLIVIER PLANCHON

ORSTOM, BP. V.51, Abidjan, IVORY COAST

RESUME

Lao comparaison de documents coartographiques a grande échelle (1:2.500)
correspondant aux sols, oux états de surfaces ot aux formes d'érosion
Fincuire d'un petit ltassin versant de savane humide permet d'établir
des relations entre o difforentes composantes du milieu. I1 appa-
ralt qulune forte part o daomodeld est détermince par la pédogendse,

cllie-méme  influencee et gido: par les structures géologiques. Les
Plenomenes A'Srosion duterne, on o be plocessis "pseudokarstiques",
soentoen el'ter particulitrement mavquss. Toutefois, les limites des
AIrrCrentes unites d'organications profondes et superficielles coinci-
dent rarvement, du Pait des vitesses differentes d'évolution. Les

relations subcstrat-solu-nodeld valident la démarche morphopédologique
(o plus exactement  podomorphologi que) et facilitent 1'ecxtension
cerionale des Otades detaiilce:s.

ABarEacy
S01LS, SURFACES AND LINEAR EROSION FEATURES
IN A SAVANNA FERRALLITIC ENVIRONMENT:
CASE STUDY OF A CATCHMENT I[N NORTIWEST IVORY COAST
A comparison of lavge-ccealo carviographio docwnents (1:2,500) relating

to soils, the stale of swrfuces, and 1inear crosion patterns for
a small catehment in a himid savanna rvegion is used to establish
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colluviaux-alluviaux plus finsg les recouvren® souvent ou s'indi~-
vidualisent en lentilles plus profondes:

= & la mi-versant, en position Jde rupture de pente, se sont déve-
loppés des sols gravillonnaives, souvent  indurds en carapace
el en cuirasoce,

DES ETATS DE SURFACE TRES DIVERSIFIES

Le terme peu precis d'ctat de surlace est pris iei dans le sens
"couvert végeral o oorganisations pedolopiques de surface”.

les grands types de fFormations viegetales ont t¢ différenciés con
Pfonction de criteres classigues: présence  ou absence de  strate
herbacoe, densite of hauteur des | ignoeus.

D'une manicre gencrale, ot ceel est Lroes fréquent en savane
humide, les limites entre les différentes formations végétales ne
recouvrent  pas nettement Tee Timites de 1a converture pédologique.
Vette dtade detailide permet reeanmoing Jerab] i certaines relations,
d'ordre statistique. FEoest possible de distinguer une évolution
gendrale de o ovépitation lice o la Lopopraphie, méme i, dans le
detail, cette dvolution soul'fre de nombreses cxceeptions duces, pour
la plupart, &4 une origine anthropique (jachéres, feux,...). La f'igure
topresente la distribution simplitice e I'oceupation du sol par
les  prands types  de formations virdtaices,  les cultures et les
Jacheres,

B sevane de plarenn £ eerune tanmbe byt 1 ame

t;, aavane tansbe c“‘ savanr bevteuse E Jnchére

S )y récente
savene arbustive denee B 1ot galene

|0

savass artamtive claire

Figure 1. Vlormations vigétales et occupation des sols
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Savane de plateau

Le couvert végétal s'organise en auréole autour d'une mare tempo-
raive  (endoréisme dd A l'affaissement pscudo-karstique du centre
des plateany cuirasses). Cette viégitation de howal est constituée
d'herbacées aquatiques qui occupent la mare temporaire, et d'un cou-
vert de savane arbustive dense a sa périphérie.

Savane boisée

IT g'agit d'unc strate herbeuse assez discontinue, voiite ligneuse,
dense et haute. Ce type de couvert se limite au versant supéricur
de la rive gauche, en aval du bassin. Cette zone correspond a une
pente tres peu marquie et a des sols ocres non gravillonnaires.

Savane arbustive denge

Lee couvert hevtaced eat dense ot quasi conting. Il est surtout
constitue dlandrapogonces (dndropogon gayanus, Kunth). Cette forma-
Lion vegelale occupe surtout |'ament du versant de la rive droite,
ou elle reconvee des sols rouges et ocres.  Elle correspond également
au talus des plateaux cuirassés, ot aux affleurements gravillonnaires
de Ta rupture de pente de mi-versant. bn rive gauche, elle s'indivi-

dualise on fiote,
Savane arbustive claire

Alors que le couvert ligneux e¢st nettement moins dense que dans
la rormation précédente, la strate herbacée comprend essentiellement
des graminees de rype cespiteux. I'l s'agit d'herbacées en touffes
denses dont les entre-noeuds inforieurs sont tres courts. Ces plantes
vivaces sont opacticulicrement Lien adaptées a4 la protection contre
Le feu (Descoings,  1975). Cette formation occupe  principalement
ta partie inféricure dn versant situe on rive gauche, et 1a plus
prande partice de la rive dreoite. Elle correspond ainsi a ure bande
QUi traverse le bassin ot qui pent-étre assez bien reliée a une zone
de raible protondear du teit de I'altérite.,  Ses limites, constituces
de thmes sensiblenent paraileios, seraient en prelation avec une
structure géologique. Cette d ceoction correspond notamment a4 cerp-
taines Timites "en balonnette™ de la cuirasse de mi-versant (figure
I v Fritsch, Planchon ot Boa, 19806).

Savane boisée hydrophile
Celte formation a couvert arbore dense flanque la forét galerie

en aval du bassin, Le sous-bois est constitué de graminées et de
fougéres. Cette unité est associce principalement aux sols Jjaunes.
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Galerie forestiére

Ce typc de formation qui comprend Jes espéces ligneuses de forét
dense humide (Menaut, 1985, communication orale) est discontinue:
clle n'occupe que les berges du marigot a 1'aval du bassin, et sa
téte en amont. A 1l'aval, eclle correspond surtout a des sols blancs
sableux, o0 apparaissent quelques lentilles argileuses, tandis qu'en
téte de marigot, clle couvre aussi des f'lancs d'une sorte de cirque
couronné par une cuirassc,

Savane herbecuse

Pratiquement dépourvue d'arbres ot d'arbustes, cette formation
est presque cxclusivement constituée de grandes herbes (Panicum phrag-
mitoides stapt, et Andropogon tectorwm Schum ot Thonn - TEHE, communi-
cation ovale, 1985). Ces ¢tendues plus ou moins marécageuses en
saison des pluies correspondent A des matériaux sableux blancs, cou-
verts de colluvions argileux.

Jachéres ct champs

.

D'étendue assez limitée, les zones mises en culture, ou laissées
en jachéres, sc localisent sur la partie amont des versants, la ol
la fraction argileuse deec horizons superficicls est supéricure a
15%. Les zones gravillonnaires sont Cralement mise en valeur lorsque
la terrc fine est suffisamment avgilcuse. Tel est le cas notamment
des afflcurcments gravillonnaires de la mi-versant. Il est a remar-
quer que la senle jacheére qui s'étend en aval de la rupture de pente
correspond bréciuﬂmenL a 1'extension d'une zone gravillonnaire a
carapace, (figure 1 in : Fritsch, Planchon et Boa, 1086). Cette
utilisation des zones gravillonnaires cst  tres fréquente  dans  ce
milicu; clles présentent en effet des aplitudes agronomiques certaines
(Lévéque, 1982) pour le systéme de culture considére.

Quant aux surfaces, nous nous limiterons a certaines organisations
pédologiques superficiclles qui nous semblent les plus  dmportantes
quant a la dynamique de 1'eau et 1'¢rosion. Nous laisserons ainsi
de cété les surfaces a faibles réorganisations superficiclles: celles
qui se trouvent quasinent toute l'annce sous un muleh de feuilles
mortes (savane boiste, savance arbustive dense, savane boisée hydro-
phile, ct forét galerie) ou sous un couvert herbacé trés dense (savane
herbeuse).

Pour gagner en clarté, nous présentons ces surfaces sur deux
cartes (figure 2 ct figure 3).
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Figure 2. Principales surfaces et formes d'érosion

B coreee B e
[/ [ artface bunde damis®
B e

gravills et wicrarelief

Figure 2. Diverses surfaces importantes pour le ruissellement et
1'érosion
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L.'une des organisalions de surface los plus caractéristiques
du bassin s'individualise au sein de 1a savane arbustive claire.
Elle se définit par 1'existence d'un microreliet important 11¢ aux
tout't'es de gramindées surdlevies., Ces touffes sont le liecu d'une
activitd faunique intence aleors gque los piagocs ints ptoufles présentent
des réorcanisations capertficielles margaces Uindividual isation en
miceohorizons cableus qul reconveent upne pellicule souvent associée
G onne porosite vdooiculaire). Clest suroce type de surface que les
nids de Teivereddemes sont les plus nowbrons. s sont entourdées
de plages nucs petliculaires depourvucs o vegatation. Ce type de
surface correspond g un ruissellement anastomose marqude.  Elle couvre
Lons dtes types de cols a0 Mesclusion deg sals 01avics blanes a 1'aval.
Elle est peu representde sur les sols rouges de L'amont.

La forme de ses limites laiuse supposer qu'elle a tendance a
regresser a llaval et a progresser a1 'amont .

En amont, elle ost plus ou meing relice 4 un autre type de surfacc

qui  pourrait da préceder dans le tempe. il s'agit d'organisations
qui se développent en sommel de versant dans des clairicres de forame
digitcée, Le mierorelicr n'y est pas marquao. Bien que l'activite

faunique v soit gineralisce (nombreuses termiticres de Macrotermes),
les  organisations  superficiclles  couvrent  une part importante de
la surrace (pellicute mamelonnde a4 fentes).

Les Tiwites de ja surface o forl microrelief associc aux touffes
sont nettement plus marquées o 1'aval. Llles correspondent au con-
tact, assez brutal, avec deux autres surlaces:

I. dans les partics convexes, une surface "bande d'arrét"”. I1
s'agit de zones caractérisces par un couvert herbacé dense,
sans microvelict, sans reorganisat fong superficielles. Elles
apparaissent essenticellement sur des sols jaunes. En saison
des plules, on v observe Ia disparition du ruissellement en
nappe, ou concentitd (tigures 2 et 3). Ces surfaces qui
assurent une intilteation importante permettent l'alimentation
d'une nappe pen profonde qui aff'leure plus a 1'aval et se
déverse en une ligne de sourcing situce legerement au-dessus
du marigot.

2. dans les parties concaves, la savance herbeusc. La surface
de ces  zones marécageuser  prosente  un microrelief marqud,
caractérise par unc tres forte activite faunique (trés nombreux
turricules, et la  présence  de nombreux canalicules de
ruissellement o'y observe ). la  Timite ontre ces zones
dépressionnaires ot la surface a forl microreliel associdé
aux touffes ost trés souvent soulignice par la présence de
nids de Cubitermes (termitiéres, champignons) disposés en
arcs de cercles.
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C'est dans la surface a microrcliefl associé aux touf'fes que s'in-
dividualise un type particulicer d'organisation que nous désignerons
par le terme de protogriffes. Elles se caractérisent par une zone
nue, le plus souvent allongde dans le sene de la pente, sans incision,

maie A Cortes pléorpanisat fong superfie o} o, i1 semble que ce type
de surface correspond au premicr stade de concentration du roisselle-
ment passage durcaissellement anastomesé 4 an puissellement plus

ovientd.

Signalons entfin les arf'leurements gravillionnaires ou 1'on dis-
Pingue aiscément (figure 3) d'une part les surfaces a microrelief,
sonvent  situées 4 T'aplomb d'an herizon iodare subal'f'leurant, et
d'autre part, ics surfaces plancs, ofr 1o carapace est plus profonde.

LES FORMES D'FROSION LINEAIRE LT LEURS RELATIONS
AVEC LES COMPOSANTES DU MILIKU

Plusicurs formes Jd'crosion lindaire ont ore identifiées sur ce
bassin versant, on deiniassan 4 ciasses de profondeur d'incision:

Protogrilfes: (pas d'incision) dcfinies plus haut, elles ne sont
pas lices & ane type de sol particulier ot semblent plutét dependrve
des  conditions topographigues  (existence  d'un microimpluvium de
ruissellement  anastomosd ), Ces protogriffes peuvent s'inciser ot
seotranstforner en o priffes; ces Svelutions sont souvent lides (figure
Sl pansage aoun natcriau moins resistant par exemple au passage
d"ine carapace Aoun sol ocre, ou d'une cuirasse a une carapace.

Griffes: clles se ditinissent par 1'oxistence d'une incision peu
prafonde  qui n'at'fecte que les horicsons de penctration organique,
Celte torme d'érosion n'est pas non plus lide statistiquement a un
tope e sol oa e sartace, dhoest A remarquer que  les champs ne
sont  arfectds que par cette forme d'érosion lincaire (en plus de
'erosion en nappe - figure 2). Elle correspond done 4 des processus
actue s, PEoraut noter aussio oqu'un certain nombre de griffes sont
relices au marigot: clles se dévetoppent alors dans les dépressions,
sur des eolluvions argileuses qui recouvrent les sables blance,

Ravinaux: i1l s'agit d'incisions plus protondes mais qui restent
inf'éricures a4 un métre. Elles «e localisent essentiellement surp

la ligne de rupture de pente.  Leur existence n'est lice statistique-
ment ni a un type de sols, ni a un type de surtace.,

Ravines: incision est profonde ot dépasse un métre de profondeur
{(1n plus marquie atteint 4 . Ues o oravines oo localisent le plus
fréquemment  dans les sols ocres non gravillonnaires, sous savane
arbustive dense. Il est Intéressant de préciser que certaines de
ces ravines atteignent et parfois méme entail lent 1égérement un maté-
riau induré.  D'amont en aval, le cas le plus f'réquent de successions
ravinau-ravine correspond au passage carapace-cuirasse, Ce paradoxe
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. arienre A 1'ans
n'est qu'apparent puisque 1'induration peut-étre postérieure a l'en
taille de 1' altérite, comme cela a pu Ctre clairement montré pour

1'une des ravines.

51 1'on ne «'artache plus uniquement a4 la protondeur des incisions
mals aussioa leur sone d'influence  topographique (figure 4), trois
srands types d'incisions peuvent étre diftérenciés:

Echetle

sone dinflurnce topograplique den E}; escarpement
. incamons de mr-versant

tone d'influence topographique des ligne d ture de pente
D wncsions de dépresaons °ny pen

Figure ', Zones d"inf'luence topographiques des incisions

) Les protogriffes o Friffes situdes au-dessus de la rupturc
de pente. Elles n'ont pas de zones d'influence topographique.
Elles correspandent,  comme nous 'avons déja signalé, soit
d une activite ttina i ne (culture), soit a un type de surface
{surtace a microreljor), Dans certaing cas, elles semblent
plus ou moing cn continiite avee leg surfaces a4 pellicules
mame lonndes de ' amont . Cet ensemble "surfaces A pellicules
mame lonndes - Guptfaee s s miwvurwliwf~proLogrichs—griffcs"
beut, dans corraing cas, &tre lie a deg processus internes.
Sous une de ces griffes, un dreain profond a pu, en ef'fet,
étre doécrit, Llapparition de tels drains serait favoriscée
par la proscrce do diaclases sous-jacentes. Comme nous 1'avons
déja évoqué, cet ensemble progresserait vers 1'amont et pour-
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rait se raccorder vers 1'aval a des formes d'érosion linéaires
plus évoluées et veaisemblablement plus anciennes.

Les griffes de 1'aval raccordees an marigot. Elles e forment
sur des matéri-cx ecollnviauy Pine reconveant log sables blancs.
Elles  s'individaalisent  danc e o soions concaves  qui
cerrespondent & des drains pea profonds oorpendiculaives au
marigat.

Puisqu'elles correspondent & un type de milieu peu perméable
recevant les canx de ruissellement d'un vaste impluvium, clles
résultent d'ane drosion lindaive cuperyicielle, 11 faut préci-

ser néanmoing gque fa fortse de Dimplavion cbedit o a o oun Jdétermi-
nisme plus protond. L'existence d'nn deein 4 forte pente
(5%), perpendiculaire au maricot, faverise les procensus d'éro-
sion lincaire interne (Cluviation datérale le long du drain
ct induit trds probablement un al'taissement localisd du reliefl.
Cet aftaissement, accentue par le riisseltement superficiel,
aurait oo dJdeterminisme pedogencrigee . Ianlowméme  orientd¢  par
un déterminisme géologiqpie (diacltases, ficsures).

Des *avguments  podologiques nombreux (Fritsch,  Planchon
et Boa, 1996) et topopraphiques viennent ctayer cette hypo-

thése. Le  dfvelopnement de cotie dépression est postéricur
A la Pormation da verannt avag, Lo capture d'une ravine par
cette depression Ciare =) dbenont e o cfter ecotte moditica-
tion du relier. Plusicurs autewrs (Hombel, 1900 Savigear,
1960) ont deja attire 'attention sur ie eOte, souvenl determi-

nant pour la morphacencce on omilicu tropical, des processus
pedoginetiques, ol particulicrement e ' luviation Jatcrale,
ot soutirage (Houlet, 1975 Lepran, 1979 Fritseh, 1984 Poss
et Roswci, 1624, Remaragions  aassi e e dépressions,

lorsqu'elles buttent sur da ruplure de pente provoqie  des
effondrements ot méme une  recutee de Ja cuirvasse  (Figures
b et H). La plupart des esearpements du bassin seraient a
attribuer a la sape opérdo par les sources a ce niveau. Un
tel phénomdne, qui c¢st trdég probablesient  responsable de la
formation du "ciraue" en 1&81e de marigol, a maintes fois oté
décrit dans le milieu tropical humide (Rouperie, 19605 Sautter,

1969).

Enfin, te troisiéme groupe d'ineisions se caractérise ecssen-
tiellement par la trav. sée de la ligne de rupture de pente.
Celle-ci cst trés probablement o 1'origine Jde leur formation
{(conjonetion d'une farte pento ot A'une faibte infiltrabilice
de la cuirasse subaflflenrante). Cetre rupture de pente peut
résulter d'actions combindes: non seutlement de 1'induration,
mais aussi du soutirage qui s'exerce a4 1'aval. e ruisselle-
ment superficiel accentuerait 1'atfaisscment induit par cette
éluviation latéralc. Les incisions lices & la rupture de
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pentc correspondraient 4 des processus anclens.

.\ \, ! \‘.‘. t Q‘&L@
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SURFACES HORIZONS FEDOLOGIQULS

horizon rouge argileux
cuirasee harzon oore

pravillons borizon jaune

mrface A prilicule mamelonnke borizon gris marheé

surface d micrarelief lié aux touffes barizon blanc sableux

surface "hande d'arrét” alténite bydromorpbe

Wl £
SEBE000

surface hydromorphe altérite lithoclrowme

Figure 5.  Schoema de distribution des sols, des surf'aces et des difreé-
rentes cormes d'érosion lincaire sur le versant

CONCLUSION

Au terme de ce rapide exposé, i1 est possible de dégager deux
conclusions.

Tout d'abord, nos différentes observations ont montré, a plusicurs
reprises, que des organisations de la couverture végétale, de 1la
surface des sols, ot des différentes formes d'érosion pouvaient cor-
respondre 4 un déterminisme p¢dologique et géologique. De telles
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relations sont fréquentes dans le wmilicu tropical humide, surtout
lorsque  le substrat présente une hétérogénéitd pétrographique ou
plus simplement  topographique. L'importance, dans un tel milicu,
des phénomenes d'altération, et de dissolution, favorise les processus
d'érosion interne qui, combinés avee 1'oponian superficielle, econtri-
bue foriement & la formation i morde o,

Lo meeanisnes,  eussenticllement  glochimiques, déja déerits en
Cote d'lvoire pour les plateaux cuirassés {(bowds) ot les plateaux
sur sables tertiajres, semblent vgalement fréguents a l'aval de ver-
sunts de la zone Perrallitigue.  Connus par les géomorphologues sous
le terme de phénomines poeadokarstiques, ils semblent encore sous-

enline:s,

Le dernicr point concerne 1'utilisatien possible de telles re-
cherches.  Nous avons vu qu'clles permettent d'établir des relations
entre substrat, couvertures pédelogiques et véegatales.

Mais tes concordances de Timites  wont peu f'rdéquentes, du fait
des differcnces de dynamiques dans le temps, ol dans 1'espace. Yarmi
les diverses composantes d'"¢tats de surface”, ¢'est la topographie
qui - permet e mieux, dans cotte zone, de diffcérencier les grands
systemes de sols, La cartographie morpho-pedologique (ou pour étre
paus exact, pédomorphologique, €1 raison du déterminisme
podoponct Tpue ) se trowve done justifice et ce type d'étude détaillée
prrmet ensuite des extensions rogionales sans grand risque d'erreur.
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ABSTBRACT

The impact of annual photosynthesis gains, organic matter decomposi-~
tion, fossil carbon use, and tropical forest clearing on the carbon
cycle are discussed. In the six epipedons of the Soil Taxonomy,
the  mean ratio o C:N:P:S§ in soil  organic matter 1is about
Oz 1o 030 .4, The major  pathways  of humic acid  formation are

indicated, The probien of Pinding stractarad monomers  f'or humic
substances  is discussoed against  backgrounds  of chaos-,  preorder-,
quasi-order  tLheory. The main propertiecs of humioe substances are
explained; o humic acid 'fulvie acid ratio o accepted as a merit
paraieter, N, Poand S5 in soil organic matter, as well as  the
comparable superiority ol amino acid=N, amine sugar-N, and of basic
amino  acid  concentrat fons i foubXtropical soila ape presented.,

The problen or determining the apge or organic matter and of profile
dynamics in tropical soils is debatoed and illustrated by examples.
The salient Peatures of hamic substances which are typical for soils
of the humid tropics are enumerated and discussed.

RESUME
CARACTERISTIQUES DE LA MATIERE ORGANI QUE
L'effet des gains annuels de la pvhotosynthése, de la décomposition

de matiére organique, de 1'utilisaiion du carbone des sources de
carbone. fossilisé et du carbone [ibéré en defrichant des forét, sur
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We may well ask how old humus can possibly be? Its maximum
possible age is obviously linked to the evolution of plants (Figure
1). Humus, derived trom Paleozoic seed ferns and Mesozoic gymno-
sperms/conifers could Lheoretical Ly extend back to the carboniferous
period;  humus of  anpiosperms could  date back o cretaceous  time,
when flovering plants cmcrped. Inooreality, wost of the humus in
surtace near topsoils is holocene in origin.,  Humus in buried palco~
sols can be much older, Palynology, radiocarbon dating and isotope
ratio studies can be helpful for coil dJdat ing.
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Figure 1. Earliest possible beginning of humus formation
1};. = before present
“C = deviation from Chicago Belemnite Standard

> <
H

(H. Craig) with A”C = 0

In the Soil Taxonomy (197%) 6 cpipedons are distinguished for

surface-near, and humus-bearing soil horizons: mollic, anthropic,
umbric, histic, plaggen, ochric. The delinecation belween organic

nd mineral soil is 205 €, if the soil is never saturated with water
for nore than a tew days. Otherwise it is at 12% C with 0% clay
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gradually increasing to 18% C with 60% clay. This touches on the
important problem of the interlink between clay and humus.

Stevenson (1982} evalualing C:N:P:S ratios [rom available results
acorived at a gross average of 140:10:1.3:1.3. Although this is consi-
dered to be rather uniform, Neptune ef al. (1975) found in 6 tropical
solls in Brazil avervages of CiN:P:S = 94:10:1.2:1.4, i.e. a much
wider C/N,P,S ratio.

Humus Formation

The ftormation of humic substances depends on synchroncous pro-
cesses of degradation and resynthesis, the decomposition of primary
organic materials by cxcecedingly biotic substances, and at a lower
degree  on  abiotie (protolytic) and nvhotochemical mineralization,
as well nas the neoformation of sccondary  stable humic substances
along the pathway of humification with partial feedback into minerali-
zation, and partial stabilization by the Tormation of ¢lay organic
complexes.  Stevenson (1982) distingruished Cour major chemical path-
ways for the synthesis of humic matter (I i 2):

[eLanT Risiourg]

[TRANSFORMATION BY MICRODRGANISMS] g

l ) MODIFIED
///// LIGNINS
4

SUGARS POLYPHENOL S AMIND LIGNIN

COMPOUNDS DECOMPOSITION
/ PRODUCTS
!

v .
QUINONLS QUINDNES

=

SN
fHUMIC  5UBS

TANCES |

Figure 2. Four major pathways tror production of humic substances
(Stevenson, 1982)

Ad 1 Lignin as a major residne of microbial degradation is modified
after demethoxylation and the  Formation of  o-hydroxyphenols
as well as of carboxyl groups from the oxidation of aliphatic
side chains into humic and fulvie acids under previous condensa-
tion with nitrogenous compournd::,

Ad 2 By microbial attack phenolic aldehydes and acids are liberated
from lignin, which, after cnzymatic conversion to gquinones,
polymerize as a result of the inclusion of amino compounds into
the humic matter.

Land developrent - Managenent of acid soilg 87



Ad 3 The polyphenols, which are later oxidized to quinones and humic
substances, are microbial synthesis products from non-lignin
C-sources.

Ad % Humic substances are formed from sugars and amino acids as by-
products of microbial metabolism (along the )lines of the Maillard

reaction).,
Humus Degradation

In the course of the last 20 years several specialists have tried,
by various degradation methods (as indicated in Table 2), to decompose
humic matrer into its tuilding stones, and to study by G.C.-M.S, -
methods  the chemical components of humic mat'er. Conversely, they
have postulated monomeric, mostly aromatic, structure models of humic
matter as the basic constituents of the humice polymers. However,
tittle has been conclusively proven.

Table 2. Organic matter degradat ion methods

1 Hydrolytic degradation : “2504 less domaging than hCl-hydrolysis

2 Oxidative degradation : with Alkali 4% KMnDa + 1% KOH (Schnitzer)
% KMnOa + 2% NnZCO} (Schnitzer)
20% NaOH + 28% CUSOH (Steelink)

2 M NaOH + 4% KMnUa + 5% H202 (Schnitzer)

with Acid 10% HNU} + 30% HN()3 (2 steps. Hayashi)
2N HNO} + 7.5N HNO; 30-110 h,Schnitzer)

CHRCO0H + 30% 1,0, (40%, cemnitzer)

3 haductive degradation: Na-amalgam hydrolysis (Stevenson)
Zn-dust distillation "
Phosphorous + HJ "
high pressur hydrogenization *
4 Selective degradation : with NaZS yhigh pH and 150°C ( Hayes)
5 Pyrolysis,f.ex laser-pyrolysis : SOD—BDDOC; GC-MS-system (Bracewell-Haider)

Humus Structure and Properties

New trends tend to adopt a sceptical approach to well-defined
humic matter monomers. [t scems more plausible that vegetal decompo-
sition products in the process of humification pass through a phase
of near chaos with a very low level of enthropy and a phase of pre-
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order or quasi-order, liable to phase back into chaos, while remaining

under a regime of mere chance coordinations. Direct measurements
of' thermodynamnic enthropy in a4 low grade of order system appears
to be difficult. [nstead, enthropy - enthropy-related measurement
of wpecille heat has heen Proposed by Zicchmann (1985), Malcolm

{(1a85), summarizing  the saliont  features  of humic acids (isolated
from soile o well as Iron stveam o gromwel woaters), makes a clear

distinet ion betweon them. Soil humas substances are described as
having o hipher aoleenlar wolpht, a4 preaten '(.‘—;1;:(}, higher aromati-
city and color Intensity per C-atom, and Pinally higher polysaccharide
contents  than aquatic hamic substances. ALl humie substances, no

mat ter whiich onvivongent Lhey come rom,  ahow o High complexity of
motecnlar structure, abandance of acidic- cater- and phenolic func-
tional groups,  and gencratly have the ability Lo f'luoresce and to
Form metal-orpanic compleses. Hateolm's ¢laim regavding the predomi-
nance  of thedir aliphatic charactor g contradicied by the classical
concept that humic substances being mainty polyvquinonic. The f{inal
results are sl pending, While humic acids predominate in goil
hamie  substances,  Culvie  aeds constitube = B0 0N aquacus  humic
matter, and appear o bhe o oquilte similar in structure and chemical

behaviour tnoall paprts of the world, However, soil tulvie acids
vary with the soil ot ype, the vepetation, and the ox traction method,
Just as soil humic acids do. Fulvie acids contain large amounts

ol polyvaaceharides constituents, partly depraded or microbially synthe-
aized, whieh aen Jane ctabde than the aromatic fraction, and the
HAZFA ratio is accepted as a meaningful so. . parameter, A common
simple method of fractionation for soil organic matter ig indicated

in Table 4.
Table 3. Humus fractionation and analytical separation
DRY SOIL <& 2mm

repeated extraction with dil NaOH

or Naa&)’ﬂ_7 ; ;]rec.i itation w 5N HCl
supernatant solJﬁ;w/ 3

PRECIPITATE soil residue
concentration, dia- exhaustive extraction exhaustive extraction with
lysis, freeze drying with ethanol,dissolving hot dil.alkali seolution.

. hymatomelanic acids
= FULVIC ACIDS

precipitation of dissolved -

concentratlion of ex- redissolving ethanol-in-  material by 5N HCl
tract, dia!y:‘.is and solul)!e ﬁ'a("t'ion vgit_h = HUMINES
freeze drying alkali,precipitating GHA —

with 2N Naj golution insol C = HUMUS COAL
zHYMATOMELANIC ACID redissolvifg, reprecipita- precipitafion of soiuble

tion,dialysis.frecze drying remaining humic matter w

- . 2N HC1, dialysis drying
= GREYHUMICACID ' ’
GRLYHUM = BROWNHUMICACID
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Forms of Nitrogen

Since in unfertilized soils N stems overwelmingly from soil orga-
nic matter, and even if N-fertilizer is added, its amount is minor
compared  to the organic N compartment {of between 150 kg in arid
solls and >5000 kg in Mollisols), the chemical associations of N
in the organic matter are important. Tabie 4 indicates the approxi-~
mate pereentages of Lhe various N-forms.  Compared Lo organic matter
in the untractioned soil, hamic acidy are leower in N, -N, and
hydrolyzable unknown N {(HUN);  conversely they are higher in amino
acid- and acid-insoluble N, Fulvie acids are high in amino acid-
and NH S, but low o oacid nvoluable N (htevennon, 1982). Histosols
are especially hiph in amino acid N, more so in mesic than in humic
peats, which again have more N in the acid insoluble fraction (Sowden
vl oal,  1978).

Table 4. Nitrogen distribution in soilg from different climatic
zones (Sowden and others, 1977)

NITROGEN DISIRIBUTION IN SOILS [FROM  DIFFERCNT CLIMATIC ZONES
(Sowden and others, 1977) '

Climatic Zone fot. N Forms_ _of Nitrogen an %
and Acid NH5 Amino Amino “TH 0N
Number af Soils % Insoiuble Acid Sugar
Arctic (6) 0.02-0.16 ca 13.9 ca 32.0 ca 33.1 ca 4.5 ca'. 5
Lo0l GOTRETAT 021,06 ca 13.5 ca 27.5 ca 3.9  ca 5.3 ca 17.8
Subtropical
(6) 0.03-0.30 ca 15.8 ca 18.0 ca 41.7 ca 7.4 ca 17.1
fropical 0.24-1.61 ca 11.] ca 24.0 ca 40.7 ca 6.7  ca 17.6

(10)

Phosphorous and Sulfur

Prand 5 in soil organic matter amount to ca. 13% of the N-concen-
tration, rouwghly 19 of the organic C. While R concentration in the
carthernst and lithoracics of the pedosphere is ca. 0.05%, 20-60%
of the soil phosphorous is in the soil organic matter, particularly
in nueleis acidn, phosphoryiated  supgars  and inosithexaphosphate=
phytin. Sods in the host of suitrur containing amino acids, such
as cystelc acld, cysteline, homocystine, methionine, methionine-sulfon,
methioninesulfaxide, cvsteine-sulturic and sul furie acid, taurine,
allantoine, ectc., besides being in inorganic sources, such as gypsum
(CaSO, X 2H0), pyrite and marcasite (FeS,), mackinavite, greigite,
hydrotrolite”™ (Fe$), and jarosite (KV“%(SDM)P(OH)G)' Due to the
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increasing use of S-free N-fertilizer, such as urea (CO(NH.) ), sulfur
is starting to become deficient, especially in the humid tropics.

Decomposition vs. Complexation

Unfess soll organic matter Pinds chemical or physical protection,
anonometal- or clay- or clav-metal-organic complex, it will be sub-
Jueted Lo biotic-zymogenic, abiotic-protolytic or photo-chemical
decompousition,

Fipure 3 indicates the coprecipitation of labelled humic acids
by montuorillonite in the wresence of different metal cations, where
b d-vadenced  cations are stronger than Lhe Z2-valenced cations,
and these in turn are stronger than the monovalenced cations {Theng
and Scharpenseel, 1975).

70

Fot!

o

4 Figure 3. lsotherms for the ad-
§ gorption of humic acid by montmo-
2 rillonite saturated with different
- cations alL pH 7.0 and 25°C. (From
é 204 7 L Theng and Scharpenseel ),

LY .

Limad Ty
02 03 04
Humie acd concantzation {my / mi)

Figure 4 shows the ratio of biotic: abiotic: biotic+
photochemical : abiotic+photochemical rates of decomposition to be
ea. 100:70:45:2C¢ (Scharpensceel et al., 1984), Organic matter

decomposition in relation Lo time has been studied during the initial,
fast., (uuudi exponential phase by scrutinizing the decomposition of
uniformily C-Tabelled plant substances in the soil,  Jenkinson (1965)
as well as Oberlinder and Koth (1968) found about 205 C left in the
soil after I vears of decomposition in a cnperate climate, whercas
Jenkinson  (1977) and  Sanerheck and  Gonrzales (1977) reported  that
the decomposition proceedind a. 4 X aso fase in the  humid tropics
of* Nigeria and Costa Rica; rinally, Martin and others (1984) found
that 122 C was left over af'ter one year in submerged rice soils.
In this latter condition, a splitting factor 2:1 became apparent
for the evolving gasses CHu/Coﬁ.
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Figure 4. Integrating curves of decomposition rates of 1“C-—Fulvic
acids in Al samples of an Agrudalr (250 g scil + lg fulvic
acld + 58 mlt water: I-biotic, Z-sterilized, 3-biotic
plus WV radiaticn, Y-sterilized plus UV radiation)

Profile Dynamics/Turbations

Organ.e matter decomposition in the subsequent steady ftate phasc
an be evaluated by natural radiocarbon measurements ( C-dating),
whereby good organic matter conservation, but also the quick decompo-
sition of l‘r"glll:1!'l,)i—';ci}r]u{:n(.‘u(l young organic matter inputs, are re-
flected by high C-nges. Conversely, both the low conscervation
potential  for old ecarbon, and the blocked decompogition of young

plant sabstances produce tow radiocarbon ares.

v . . , , . 1 .
Plgure 5 consicts of oy VYertiso! C-dates from ten different coun-
Lries, and pgives age ro. depth vegression lines  Tor the  different

areas of origin, Steep rewmressicn curves mean poor pedoturbation,
rood conservation of old bymue, and fast decomposition of recent
Cospocies and vice versn, U prorile curves H-‘i;;l,zr'c 6) prove the
existence  of pedotnrbation by impoveeishment  in “C in the upper

profile part duc to the C-4 plant cotton, following envichment down
to the maximun depth off ecracks due to penetration of durra - C-4
carbon, again tollowed by impoverishment towards C-3 - C below the
cracking zone (Scharpenseel et al., 1986).
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Bioturbation in Mollisols does not produce homogeneity in the
age of carbon species throughout the profile, but older C representa-
tion increases with depth (Figure 7).
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Figure 7. Age ws. depth in Mollisols of 8 different countries

14
C dates of earthworms of different layers indicate that the

worm body-C is very recent {bomb-carbon), and worm feces are layed
down mainly in the top layer of the epipidon, except for some in
the maximum depth of carthworm escape tracke (Figure B) (Scharpenseel

el N ‘98())

SPECIFIC 14C ACTIVITY (XNBS)
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Figure 8. C-14 activity of earthworms in Mollisol
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Humus forms, trophy

Humus forms in soils are numerous in detail. However, in the
terrestrial milieu wmull, moder and mor dominate, in the same way
Lthat  -moder and -mor predominate in a semiterrestrial environment.
Schrocder {(Table S) tricd to asnesns the opganic matter content of
topsoits a5 */ha down to | om depth.,  The C/N-ratio of soil organic
matter fo used as an index For decay, biological acltivity, and richness

In nutrients.  From a Porest soil assessment (e.p. Forstliche Standor-
tauinabme, 1960)  the following  eategories can b distinguished:
mull with good apregat ion /N <17 = eutroph
mull with peorer structure C/N O 13-18 vulroph Lo mesotroph
moder (better quality) C/N 1t-2% = mesotroph
moder (lower qualily) C/N 23-27 = meno- to oligotroph
transition modee to mor C/N 27-3%% « alipotroph
mor C/N >33 = dystroph.

Table 5. Examples of humus forms and organic matter contents of
soils of the humid temperate zone (Schroeder, 1984)

EXAMPLES OF HUMUS FORMS AND ORGANTC MATIER TONTENTS OF SONS OF THE HUMID

TEMPERATE ZONE  (SCHROEDUR, ) 904

vVegetction or Form of Orgenic Malter Quantily of OM
lse Humus Content of Top- te 1 'm depth
soil & t / ha
Deciduous forest Mader 4 200
Conifers Mor 6 240
Grassland Mull 7 250
Arable land ‘ull 2 160

Typic properiies of humic matter in the tropics

Humic substances of humid  ropical soils have some peculiar fea-
tures, which in part distingnish them from the humic substances of
barecal, temperate or arid tropical regions:

1. Humus of the humid tropics is mostly of the mull or moder
typae.

2. Humus of the tropics, be it in smectitic Vertisols or in oxic
or LAC woils is mostly difficult to extract due to its high
polymer nature and metal-(clay)-orgnnic complexation.

3. Humus  acts in some preblem tropical  soils  as
reducing azent, and  notably in soils with [
ferrolysis, or acid sulfate.

b. Clay organic complexes are important.  Giles (1960), studying
the adsorption isotherms of humic substances by clay minerals,
distinguished between S, L, C and H types of isotherm shape.

powerful

a
‘e-toxicity,
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The S type occurs when the solid has high affinity for
solvent, the H type when this is um sually high, the L

has a common shape Lo suit the  Largmuir and Freundlich

equation, tho lincar € type isotherms oceur when enough
adsorption sitra bevome available wlille the solute is
and more adsoriad.

5. While Molliscl., Altisols, Ultisels  and Inceptisols
organic  mal Ler bad]y for good  structupne Formation
aggregation, organic matter scems leooo important in this regard
for Oxisoly  at teast,  in which  hydrous  oxides play
predominant role, Amony the intepraction me Lhods, Stevenson

(L982)  considers il exchoange to 4
when cxchange sites are oecnpicd by Feooand Al fons,
generally the case  in humid teropical
of organic matter in Lhe interiattiice spaces  of the

o the most important,

solls.  Intercalation

minerals is most  jmprobable in o Lhe kaolinivie environment.

For lateritic red carth with oa. L7 O, about w7LEY of

total carbton of the soil s fncorporated  in clay organic

complexes (Groenband, 1oL Thoenig, tg79),

b. Contrarvy to carlicr iwlifference towvards soil organic mattoep

in oxidic soils of the tropics studies of Goils with variable

charge indicute that in osxidie soils the soil pll ig

below the 2PN (zero point of not chiavge) of the mineralic

compartmenty cuch as Fe- and Al-oxides and kaolinitic
whirh meara that the Laitn oo thene minvral  fractions
onlty act auo oanion exchangoers, Mhee hmimic substances

have a JPNC which i decp enouwgh Lo remain below the sodl-pH,

and thererore act as eation exchangers.  Thus, humic substances
can be the only fraction with cation exchanging propevtics
at the level o the soil pH. This makes humic substances
ffor such oxidie gsojlsg cxtremely  important, Uchara (1982)
sugpests measaring Apit oas oan Indicator, whether the soil
poor in CEC and bases and higher in ARC ( Apll positive),
higher in CEC than AEC an is considered normal (ApH nepative).

(Apt = pll pli .

NN M0

7. Humic substances of  the humid tropics are mostly higher

amino acid-N o well as oin oamino sugar-N compared to

originating f'rom a temperate climate (Sowden, 1977: Sowden

et al. | 1978) (Table ). Furthermore, among the amino

the basic ones are more strongly represented in the tropics

and subtropics than in the temperate belt (Stevenson,
Table 7).
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Table 6. Distribution of amino sugars (Glucosamine and Calactosamine)
in solls from different climatic zones (Sowden and others,

1978)

Climatic Zone % of So1l N
and number of Amino Su- Glucosamine

soily gor - N Glucosamine Galactosamine  Galactosamine
Arctic (6) 4.5 1.7 2.8 0.4 1.7 0.9 1.7
Conl temperature -

. . 3.400.9 1.9 0.7 1.8

(82) 5.3 2.1 (
Sublropical (6) 7.4 2.1 5.0 1.5 2.4 0.7 2.1
Tropical (10) 6.7 2.1 3.9 0.8 2.8 0.5 1.4

Tubie 7. Pecentage of w-amino acid-N as acidic, Neutral, and basic
rompounds for soils of different climatic zones (Stevenson,

1482)

_________________ Distribution of o - Amino Acid - N_(%)
lone + number Acid Compounds Neutral Compounds Basic Compounds
Temperate  (7) 12.6 - 725.0 66.6 - 76.2 8.4 - 9.8
Semitropical (%) 0.8 - 10.9 hl.2 - 70.8 10.3 - 35.5

fropical {" 1.2 - 6.4 65.0 - 85.6 8.0 -.29.1

8. The maximum age of organic matter in oxidic soils relates
to the three main phascs of laterite formation which, according
to Valeton (1284) 0 are concentreated in upper Cambrian to upper
Permian in  the palcoroice, further from Jurassic  to old
Tertiarvy, parallel with the oplitting up and migralion of
the Gondwang  continent. With new main drainage  systems
developing, most of the old Tand surtace tossilized under
intensive chemical weathering.  Generally the Paloocene-Eoceno
pereplains developed  daricrust caps, .0, cuirasscs, The
third, voumnot peciod of Iaicrication was probably in  the
latest climatic optimm of the Miosene, partly Pliocene, with
probably less cuirasse Pormatiaon than “during the Palcocene-
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Eocene laterization. Consequently, the age of humus in lateric
soils and laterite sediments could in most cases be maximally

Tertiavy. But surface near humus formations, especially in
epipedons, are normally of younger Pleistocene and Holocene

carbon gpecines.  Hearching Sor the resblence rimes of different
orguanic fractions in rerraliitic soils Crom Brasil, Lobo et
al., (t9/h) i %l A simplified mathematical model including
C-content, TC/C ratios in soil organic matter and the
atmosphoere, and this was also used by Rapaire and Turenne
(1976), for the study of the development of a spodic horizon
in a Guayancse soil catena. Scharpenseel o0 al. (1971, 1984)
subijecte !l  covera! Brasnoren Ciatrustos)  profiles  from
Queenstand  CAustralia)  to layverwicse  radio-carbe dating.
The carbon born of  the near surface profiles had an AMRT
(apparent mean residence time) off not bevond 4000 B.P.

9. Improvement of soil organic matter witlh regard to trophy and
the C/N ratio is manmreable, particularty by application of
cropping  oyvstems inciluding lepumes,  snch  ag asoybeans  or
Pucaria hadovg i wer o even subicrged soils by the use of
Sesbania, Heptuniam,  or by blue-preen algne  carvying a
diazotrophic asysten like Azolla anabaena,

10. While under ordinary steady-state conditions of decomposition
and  humification the  occurrence  of  priming  actions with
acceleration  of  organic  matter  losses  appears  from  all
available cesubre o be Wighily debarable, alternating wetting
and drying of a bare soil with fresh, decompasable organic
material, such  as  at'ter forest clearing, can lead  to
considerable priming cottects and organic matter destruction.
Temporary muleh cover by leaves and twigs and  fast Jegume
cover - with Kudsu tfor example - arc thercfore highly desirable
and imperative after torvest clearing operations.
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UTILISATION DES RESIDUS AGRICOLES
(PARCHE DE CAFE) EN VUE DE L’AMELIORATION
DE LA FERTILITE L CERTAINS SOLS
FERRALLITIQUES EN CULTURE CONTINUE

A. MOUKAM
Chercheur, IRA/CNS Ekona, PMB 25 Buca, CAMEROUN

E.D. TCHATOQ
Chercheur, IRA, BP 221 Bangangté, CAMEROUN

RESUME

Des essais mis en piaze sur trois sites au Cameroun sur les scls
ferrallitiques depuis 1982 ont montré que la parche de café en déccm-
position, en présence ou non de la fumure minérale (NPK), ccntribue
trés substanticllement a 1'amélioration de 1la garniture cationique
des sols, de la maticre organique, et partant du rendement des plantes
cultivées en continu.

Frnoeffet la parche de café étant particuliérement ricoe en potas-
sium, un apport de 30 T/ha de parche en décomposition augmente le
niveaw du potagsium ¢changeable du sol, lavorisant un rapport catio-
nique K/Ca et K/Mg ¢levé e une saturation en potassium ¢levée du
complexe absorbant.

Sur le plan rendement, on note une augmentation du simple au
triple aprés trois années de cultures (mais, manioc). L'effet combiné
de la parche et de la fumure minérale moyenne ne montre pas sur-le
plan du rendement de résultats supérieurs a ceux obtenus par la parche
de café seule.

Land development - Management of acid soils 101



ABSTRACT
THE USE OF AGRONOMIC RESIDUES (COFFEE HULL)
TO IMPROVE THE FERTILITY OF SOME FERRALLITIC SOILS
UNDER CONTINUOUS CROPPING

Trials carried out on three sites in Cameroon on ferrallitic soils
sinee 1982 have shown that coffec hull, whether combined or not with
minerac  fertilizers, contributed substantially to the improvement
of the soil status, the soil ovganic matter, and hence to the crop
yields in continuous cropping,

Coffee hull contains a high amount of potash, The application
o/ whout 350 tiha of coffece hull increased the exchangecble K level
of the soil, and this had a favourable effect on the K/Ca and K/Mg
ratio and on the K saturalion of ihe erchangeable complax,

Haize and cassava gave very hign yields after three years of
continuous cropping on coffee hull plots as compared to plots treated
only with mineval jertilizners. Coffec hull combined with mineral
fertilizers (NPK) at medium vates did not give higher yields than
coffee hull alove - probably due to the high potassium content of
this material,

INTRODUCTION

Les sols ferrallitiques couvrent des surfaces importantes en
Afrique Centrale et constituent au fameroun les sols dominants pour

le développement ag-icole. Ils sont généralement reconnus comme
des sols Y fertiltité tros fragile. Dans le <dystéme traditionnel

d'agriculture itinérante, la restitution de leur fertilité se fait
au moyen de longne jachore (Ruthenberg, 1971; Nye et al., 1960; Ahn,
1970).  Actucilement, & cuause de la pression démographique au Cameroun
¢t de  l'ouverture aux  marchés des pays voisins, on parle de
1'intensification de P'agriculture, ce qui  signifie le maintien,
voire 1'augmentation, de la productivite de nos sols pour supporter
de hauts rendenents par unite de Lorpe cultivie, L'intensiflication
de l'agriculture fait appel, entre autres, & l'utilisation massive
des intrants (inpuats), tels engrais mincraux ou toutes autres formes,
d'amenlements.  Depuis la erise de T'énergic des années '70, le recy-
clage de la maticre organique pour le mainticn de la fertiliteé des
sols o regagne de 1'impertarce a4 cause des prix prohibitirs des
cengrals mindraus. Pour le moment beaucoup  dee sources de matiére
organidue n'ont pas encore éte crudides dans notre région, et leurs
valeurs  fertilisantes, ainsi que leurs effets gur les propriétés
physicochimiques des sols, sont eneore peu connus (Wilson et al.,
1982).
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Caractéristiques climatologiques des sites

La répartition annuelle des pluies est montrée sur la figure
1. Lee données moyennes sur la pluviométrie totale, les températures
1'humidité relative pendant 1les
années sont présentées sous forme condensée dans le

moyennes, maximales
dix derniéres

tableau 2.

200~

ct minimales,

Tableau 2 Données climatologiques des sites d'expérimentation
. Pluviométrie Température (°C) Humidité
Location (mm) relative (%)

Max., | 'Min.| Moy.
Barombi-Kang 2,268 26.3 21.9( 24.1 67
Bangangté 1,458 27.0 | 19.5{ 23.3 -
Yoke 970 32.8 19.5f 26.2 80
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I1 est & noter que la pluviométrie annuelle en 1983 et en 1984
a ¢té inférieure a cette moyenne des dix derniéres années.

Caractéristiques physico-chimiques des sites (et méthodes analytigues)

Le tableau 3 résume 1'ensemble des caracteristiques physiques
et chimiques des horizons de surface (0-20 c¢m) avant la mise en place
des essais. En ce qui concerne les mdthodes analytiques;

- la granulométrie a ¢té faite par la méthode pipette aprés de-

struction de la matiére organique a 1'eau oxygénée et dispersion.

Tableau 3 : Caracteristiques physico-chimiques des horizons de surface
des sols des sites (0-20 cm)

Bases
Granulométrie pli CEC échangeables Satura-~|Pp
Site D-a C.0.% [C/N mpq/‘]oog {meq /1009 tion de|DBray 11
5 » ’
A 1 cau| Kel K ,Cu Mg base (PPm)
B'Kang ~ [76.3] 2.4l 21.005.5{4.9]1.89 7.6] 17.28 0.17,4.41 2,01 38 5
Bangangte! _ [69.6{13.5 16.9(5.6{4.9]2.1 1.1 2Cc.16 0.19{].70 0.85% 24 :
r
Yoke 1.3]28.8) 3.4 67.8 [4.904.210. 1 15.8 4.8V 0,15:1.30 0.40] 39 2

l. la granulométrie a ¢éto faite par la methode pipette aprés
destruction de la maticére organique a 1'eau oxygénée et
dispersion & 1'hexameta-phosphate de sodium.

2. le plt eau KCl1 a été réalisé dans un rapport 1:2,5 et 1:1
respectivement au potentiométre.

3. le cavbone organique extrait sclon la méthode de Walkley-Black
et dos¢ colorimétriquement au  Technicon Auto-analyseur AA
TI.

. l'azote total & ¢té mindéralisé au Block Tecator et dosé au
Technicon Auto-analyseur AA IT.

5. la capacité d'échange cationique a été obtenue par extraction
a l'acétate d'ammonium neutre ot déplacerent de 1'acétate
par une solution normale de KCI. Les bascs échangeables ont
¢té dosdées  dans la  premiére solution d'extraction a
l'absorption atomique Perkin Elmer (Mg) ¢- au photorétre a
flamme Eppendorf (Ca, Na, K).

6. le phosphore disponible a été déterminé par la méthode Kurtz
et Bray TI.
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RESULTATS ET DISCUSSION
Rendements culturaux

Ces rendements sont donnés par site dans les tableaux 4, 5 et
6 par type de culture pour les différents traitements agronomiques.
Ces résultats ront représentés sous {orme de courbes comme le montrent
les figures 2 ot 3.

Rendements du mais, manioc ot arachide a Yoke sous culture
continue avec la parche de café (kg/ha)

Tableau 4

Mals Manioc Arachide
remier e o D0 G .
R I“"n.lu‘ ,],“, P .. e (, ) l v Campangne 2¢
Traitement canrpagne (& l”'ll)‘m”“ Campns {.1( SO e nne 1904 campagne
1943 1944 e
Témnin 2,050 2,333 2,792 7,694 20,185 339
1ot /ha 3,580 2,826 1,633 ] 3,246 12,407 395
Lor/ha 3,543 3,347 1,082 3,656 195,630 466
JOoT/ha 3,802 3,556 4,667 ! 3,937 37,685 550
NPK 3,417 2,674 3,127 1,075 25,813 194
10T/ha + NPK 1,136 1,404 4,475 4,072 11,019 346
200/ha 4 NPK 7,904 3,285 4,602 3,960 2,500 5149
Jor/ha ¢ NPK 1,000 3,326 4,158 3,828 37,407 478
Tableau 9 : Rendements du mails, manioc ct arachide a Barombi-Kang

sous culture continue avec la parch de café (kg/ha)

! - o - .
Mals | Manioc Arachide
Traitement 1924 rags l Moyonne ’ 1983 ‘ 1984 Moyenne 1985
i .
! i
Témoin N Pva S AT 15,000 0 13,3301 14,220 1,190
I
NS R B Y, 2,030 1 W, 60001 3’»,(11()[ 21,640 1,112
30 /ha 3,036 1,111 2,574 238,210 36, 5C0 32,410 1,418
30T/ha + NPKE 3,400 1,829 4,115 33,18C 40,940 37,060 1,482
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Tableau 6 : Rendement du mails
la parche a café (kg/ha)

a

Bangangté sous culture continue avec

]
Traitement 1982 1983 19084 Moyenne
Témoin 2,802 4,651 4,456 3,968
A 3,266 6,000 5,670 5,059
i
VOT/ha 4+ NPK 4,474 1 1,007 6,054 5,862
20T/ha + NPK 5,245 7,167 6,736 6,379
]
40T/ha + HpK 5,714 $,422 8,342 7,836
4
40t L
Manloc
30+ L
201 |
i
Mals
3L
[l
; o1 o o o Y ) o

b Nok
* 10t r201 301 Troitement

Figure 2.t Rendemant mayen du mais et monoc & yoke avec W parcha de café
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Figure 3 Rendemend moyen du male d Bangangth avec la parche de caté

D'une fagon générale, il Y a une rapide baisse de rendement a
Barombi-Kang dans les parcelles témoins.

En général, les parcelles ayant recu la parche de café secule
se sont mieux comportés que les parcelles recevant uniquement les
engrais minéraux pour les diverses cultures et dans les différents
sites.

Pour le mais

La combinaison de la parche de café avec les engrais minéraux
a un effet bhénéfique sur le rendement, supérieur a la parche secule.
Ceci est en accord avec les Lravaux de plusieurs chercheurs sur 1'uti-
lisation de la matiére organique pour 1'amélioration de la fertilité
des sols (Ambida, 1975; Guiraud et al., 1980, Ganry. 1983; Okigbo,
1972, IITA, 1973).
Pour le manioc

L'apport de la parche seule a été tpés significatif sur le rende-
ment ct la combinaison parche-engrais minéraux n'a pas été plus
bénéfique (figure 2).
Pour 1'arachide

Surtout cultivée en deuxiéme campagne, on note généralement une
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augmentation significative des rendements sur les parcelles ayant
regu la parche seule ou en combinaison avee les engrnis NPK (tableaux
Noet 5). ’ar aillcurs on a noté que 1'incidence de la rosette était
moing sévere sur les parcelles pratiquées a la parche par rapport
au témoin et a la parcellce avant recu Yes engrais mineraux uniquement.
Ceri est dil probablement 4 1'action Cinhibitrice) de la parche sur
certains pathogines (Hubeet el al., 19705 PFatprick ef al., 1970),

Effets sur les caractérisliques physico-chinmiques des sols

Le tableau 7 donne les risultats des analyses faites deux ans
aprcs  la dedxione ecdcallo de mals o Fansamtto, I en ressort une
influcnce favorable de la parche (de calé sur la matiére organique,
e pH, le phosphore assimilable ot suriout le potassium échangeable.
Ces riésultats montrent que 'apport des déchets de récolte augmente
la teneur en carbone organique et en ¢léments fertilisants {Jones,
1971; Jacks et al., 1955; Moukam, 1982).

Vablilean 7 ¢ Effets de  la parche sur les caracteristiques physiro-
chimiques des sols en fonction des traitements a Bangangté

ar . *hos - | 4 5
e - (qxpunc Arote :?o.‘ “ U@mt e X K K
Puttementipilcang org. o, ehore f oot v Y T TR ECEC | CEC
) (ppiw) base:
Témon Hab 20010 o4 9 0,19 BL.28 (1908 2,08 4.2¢4 0.10
201 /ha H.7 2039 (o 10 [SIe18] 9,77 pwoUy 9,02 Bk 4,27
-
A0 ] 2.0 [o.21 14 1.7 7.8 126,24 20,0 16.55[4.14

EUEC @ Capacite d'échange cationique eftective,

Pour les siles de Barombi-Kang ot de Yoke, les échantillons ont
¢té préleves 4 la fin de la deuxicme année de culture, mais 1'ensemble
des résultate d'analyse n'est pac encore disponibic. Néanmoins a
partir des rendements du mafs (tablcau 5) ct des symptémes visuels
de deéficience de potasse sur les pacelles témoins et & un moindre
degré  sur les parcelles NPK, i1 apparait  certain que le mode
traditionnel de culture sans apport d'engrais ou d'autres amendements
conduit a une dégradatvion rapide des sols par perte de la maticre
organique ot des bases Schongeables. On note dans 1o cas de Barombi-
Kang qu'aprés la troiuicme anndée de culture continue Je mais associé
au manioc, le rendement du mais dans les parcelles témoins chute
a 201 kg contre 2484 kg et W11l ky par hectare dans les parcelles
a NPK et a parche respectivement. La saturation de la potasse sur
le complexe abgsorbant augmente de 0,55, 1,4%, 3,82 des parcelles
témoins, NPK, et parche respectivement, ce qui c¢st favorable a un
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bon équilibre catlonique dans ces sols.

Par ailleurs on note le bon comportement des parcelles ayant
requ la parche pendant la période soche en deuxicme campagne. Ceci
est probablement did a 1'etfter "paillage" de la parche, jouant ainsi
favorablement  (entre autroes) sur la rétention  en eau du sol et
I'abaissement de la température, (Agboola et at., 1967, Jacks et
al., 1955).

CONCLUSTON

La production viveicre au Camevoun reraose . sur les paysans prati-
quant une agriculture itinérante sur des sols souvent trés pauvres.
L'utilisation des intrants est géneralement nulle et scules leg
longues jachires poermettent une rvestitutior de la fertilité des sols
cultivés.  L'utilisation de la parche de¢ tf'¢ comme amendement semble
“lre un moyen efticace de mainteniv et d'amelioper les propriétés
physico-chimipres  de ceos sals panvees dans 1a vone  caféiépe du
Caneron., Ceomatericl de cont ddrisoire représente  un apport de
maticre organique et d'élémentys fertilisants.

Sur Te plan financier la parche de  cafd permet de réduire les
dépenses des paysans,  ceo oquiooest oun sain congidérable, surtout a
'heure actuelle on loa priv des engrais ne cessent d'augmenter.
En redunisant les dfpencos dies aus engrais o minéraux, l'utilisation
de la parche  contribue 4 Daugmentation  des  rendements et par
censequent aux revenus des agricualteurs (Dossou, 1982},

Un survel rapide de la production caféicre du Cameroun nous
montre que chagque année, plus de 129,000 tonnes doe parche sont pro-
duites, ce qui peut servir & amender, en culture continue intensive,

cnviron 8,000 ha. Cet apport st modeste, mais non négligeable.
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EDAPHIC PARAMETERS FOR CHARACTERIZING
IBSRAM’S ACiD TROPICAL SOILS NETWORK SITES

PEDRO A. SANCHEZ

Professor of Soil Science and Coordinator of Tropical Soils Program,
North Carolina State University, Raleigh, NC 27695-7619, USA.

ABSTRACT

Assuming rvepresentative pedons of the proposed site have been des-
eribed and sampled sufficiently to be classified at the family level
of" Soil Taxonomy, the following additional cdaphic parameters should
be measured by a generally acceptable method on the plowed layer,
or top 20 cm,.whichever is shallower: pH (11,0), KC1 - extractable
Al, exchangeable Ca, Mg, K, and available P. ALl the above measurc-
ments, except for P, should also be conducted at 20-50 em depths.
Effective  CEC and aluwminum saturation can be caleulated from the
above parametecs. Avatlable Zn, Cu, bMn and ¥e arce desirable but
not ind i.::;)cns:xhlo parameters,

Only two extractants are needed to measure the above paramcters:
IN KC1 (for Al, Ca, Mg) and the modified Olsen method (for K, P,
n, tn, Mn and e). I volcanic ash influence is suspected, the
pli in 1IN Nalb i needed to identify high I* fixation by allecphane.
A ratio of %5Fe,0,/% clay is needed in topsoils with hues of 7.5 YR
or redder, a grantlar structure, and more than 35% clay. 1t is also
recommended  that measurements should be made of the gravel content
and slope. Together with texture, organic matter, and the soil mois-
ture regime, these parameters permit placement of the site in the
Fertility Capability Classitication System, which provides an inter-
pretation of soil constraints for agronomic purposes.
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C = clayey subsoil: texture as in type;
R = rock or other hard root-restricting layer.
Modifiers

Where more than one criterion is listed for each modifier, only
one needs to be met., The criterion listed first is the mcst Gesirable
one and should be used if data are available. Subsequent criteria
are presented for use where data are limited.

g (gley):  s0il or mottles <2 chroma within 60 cm of the souil
surface and beiow all A horizons, or soil saturated with
water for more than 60 davs in most years;

d = (drul): ustiec, aridic or xeric soil moisture regimes (subsoil
dry more than 90 cumulative days per year within 20-60 cm
depth):

e = (low cation c.chan reocapacity):  applies only to plowed layer
or surface 20 cm, whichever is shallower: CEC < b meq./100
g soill by  bases + KCl-extractable Al (effective CEC), or
CEC <7 meq./100 g soil by cations at pll /, or CEC <10 meq./
100 g soll by cations + Al « I at pH 8.2

a = (aluminum—roxiciLy): >00% Al-saturation of the effective
CEC within 50 e¢m of the soil surface, or >67% acidity satura-
tion of CHEC by cations at pH 7 within 50 em of the 5011
surface, or > 867 acidity saturation ol CEC by cations at
pH 8.2 within %50 em of the soil surface, or pl <5.0 in 1:1H.0
within 50 em, except in organic soils where the pH must 6c
less than 0.7

h = (acid): 10-60% Al-saturation of the ~ffective CEC within
50 c¢m of s0il surface, or ph in 1:1 H C between 5.0 and 6.0,

i = (high P-fixation by iron}: % Froc‘“FcUO /% clay >0.15 and
more than 5% clay, or hues of 7

1

7.5 YR ot redder and granular
structurc. this modifier is used only in clay (C) types;
it applics only to the plowed layer or surface 20 em of the
soil surfacce, wvhichever is shallower;

x = (X-ray amorphous): pH >10 in 1IN NalF, or positive to field
NaF' test, or other indirect evidences of allophane dominance
in the clay fraction;

v = Vertisol): very sticky plastic clay: >35% clay and > 50%
ol 2:1 expanding clays, or severe topsoil shrinking and
swelling;

k = (low K reserves): <10% weatherable minerals in silt and
sand fraction within 50 ¢n of the soil surface, or exchangea-
ble K <4.20 meq./100 g, or K <29 of bases; if bases < 10
meq./100 g;

b = (basic rcaction): free CaC0, within 50 ecm of soil surface
(effervescence with HC1)Y, or ph >7.3;

s = (salinity): > 4 mmhos/ecm of electrical conductivity of satu-
rated extract at 25°C within 1 m of the soil surface;

n = (natric): > 15% Na-saturation of CEC within 50 em of the
soil surface;
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¢ = {cat clay): pH in 1l:1 H O is <3.5 after drying and jarosite

mottles with hues of 2.5°Y or yellower and chromas 6 or more
are present within 60 c¢m of the soil sulace;

' = (gravel): a prime (') denotes 15-35% gravel or coarser
( > 2mm) particles by volume to any type or substrata tyvpe
texture (example: S'L = wravelly, sand over loamy; SL' =

sandy over gravelly loam); two prime marks ") Jdenote more
than 35% gravel or coarser particles ( » 2 mm) by wvolume in
any type or substrata type {example: LC" = loamy over clayey
skeletal; L'C" = gravelly loam ovir clayey skeletal);

% = (slope): where it is desirable to show slope with the FCC,
che slope range percontage can be placed in parentheses after
the last condition wodificr (exawple: S (1-0%) = uniformly
sandy soil, calearcous in reaction, 1-6% slopa).

The soils arce classified ty determining whether the characteris-
tic is present or not. Most of the quantitative limits are criteria
present in Soil Taxonomy (Soi) Survey Staff, 1975). The FCC unit
then  Tists the type and substrata type (i present)  in capital
letters, and the moditiers in lower-case letters, the gravel medifier
as a prime ('), and the slope, it desired, in parentheses. For
example, many Oxisols belong to the FCC unit C a e i k (i.e. clayey,
Al-toxic, low CHEC, high P-fixation by iron, low K-reserves), many
Vertisols to C d v b (i.¢c. clayey, dry season, vertie calecareous),
whereas a young alluvial Entisol with no fertility limitations is
simply  classitied as Lo (loamy  soil). The absence of modifiers
suggests  no  major  fertility limitations, other than nitrogen
deficiency.

Interpretation of FCC nomenclature

Thus far, only the structure of the FCC system and the criteria
for placing soils into the system have been discussed. Classification
is not an end in itself. Any classification must convey information
in order to b2 useful. At this time it has not been feasible to
test all possible interpretations from IFCC units, but some of the
applicable interpretations are outlined below. The statements used
are brief and may not reflect the Lotal range of desirable interpre~
tations.  They are wrilten in non-Lechnical lerms for ease of under-
standing by users ot soil survey on land-use reports. They attempt
to call the user's attention to Lhe major limitations that will be
cncountered within an FCC c¢lass.

Interpretation of types and substrata types

S : high rate of infiltration, low water-holding capacity.

L : medium infiltration rate, good water-holding capacity.

C : low infiitration rates, good water-holding capacity, poten-
tial high runoff if sloping, difficult to till; when i
modifier is present, these (Ci) soils are easy to till, and
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have high infiltration rates and low water-holding capacity.
O : artificial drainage is needed and subsidence will occur;
possible micronutrient deficiencies; high herbicide rates
usually required.
SC, LC, LR, SR: susceptible to rovepe soil  degradation from
crosion,  exposing  undesirable subsoil; high
priority should be given to erosinn control.

Interpretation of modifiers

When only one modifier is inecluded in the FFCC unit, the following
Himitations or management requirements apply to the soil. Interpreta-
tions may differ when two or more modifiers are pvesent‘simultaneously
or when textural types are different.

g ¢ odenitrification frequently oceurs in anacrobic subsoil; til-
tage oprrations and certain crops may be adversely affected
by excess rain unless drainage ie improved by tilling or other
drainage  procedurcs; good soil moisture regime  for rice
product ion.

d : moisture is Vimiting during the dry scason unless the so0il
is Ireigated; planting dalte  should take into account the
flush o N at onset of rains: germination problems are of'ten
expericnced it {irst rains are sporadic.,

e : low ability to retain nutrients against  leaching, mainly
K, Ca and dg; heavy applicationsg of theso nutrients and of
N tferticizers should Lo 'split; potential danger  of
overliming.

a : plants scensitive to Al-toxicity will be affected unless lime
is applied; coxtraction of soil water below depth of lime
incorporation witl be restricted; lime requirements are high
unless an ¢ modilice is algoe indicated; this modifier is
desirable Cor ranid dissolution of phosphate rocks and for
good latex 'low in rubber {Chan, 1980); Mn-toxicity may occur
on some of these soils.

h @ low to medium soil acidity; requires liming for Al-sensitive

crops, cotton and alfalfa.

i : high P-fixation capacity; requires high levels of P fertili-
zer or special Pomanagement proctices; csources and method
of P fertilizer application should be considered carefully;
with C texture, these soils have granular soil structure.

X : high P-fixation capacity; amount and most convenient source
of P to be determined: low viwanic N mineralization rates.

v @ clayey texturce topsoil with shrink and  swell properties;
tillage is difticult when too dry or too moist, uut soils
can be highly productive: P-deficicney common,

k : low ability to supply Ki availability of K should be moni-
tored and K fertilizers may be required frequently; potential
K-fg-Ca imbalances.

b : calcareous soils: rock phosphate and other non-water-soluble
phosphates should be avoided; potential def'iciency of certain
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microrutrients, principally iron and zinc.

§ ¢ presence of soluble salts; requires drainage and special
management for salt-secnsitive crops or the use of salt-tole-
rant specics and cultivars.

n o high levels of sodium: reguires special soil management prac-
tices lor alkaline soils, inecluding use of gypsum amendments
and drainago.

C @ potentinl acid sulfate goil; drainage is not recommended
without special yractices: should be managed with plants
toleranr to high water table level.

By using the dindividuad vuides  for cach type, substrata type,
and modificrs, it is possible Lo prepare  composite interpretation
suidelines Por all o the possible FCC units, More comprehensive
interprotative statements are possible when interactions of two or
more woil conditions are considered. No necessity is scen [lor a
complete Histing of all possible combinations because only a limited
dupber oo B unite will o be tound  in any  area under consideration.
At the docal level, however . interpretation of the FCC uni ts found
norelation to the main crops and specilic farming systems used would
he a0 valuable extension teol, and local expertise is expected to
supplement the Pollowing brief statements where cxperience warrants.

Sample interpretations of FCC units

Lehk ©oogood water-holding capacity, medium infiltration capa~
city; low ability to retain nutrients for plants,
mainly D, Ca, Mg; heavy applications of these nutrients
and N fertilizers should be split; requires liming
for Al-sensitive crops; potential danger of overliming
bercanse of low e low abllity to supply K; availabi-
Tity o K should be monitored and K-fertilizers may
be requived froquently for plants requiring high levels
of K.

L gh ¢ good water-holding capacity, moedium infiltration capa--
city;, limitations in drainage so that tillage opera-
tions and some crops may be adversely af'fected unless
drainage s fwprovod by tilling or other procedures;
strong to medium acid soil; 1imj & required for some
crops;  excellent soil for flooded rice, as acidity
will be eliminated by i'looding.

LCgeak: erosion or other removal  of surface soil will expose
undesirable clay-textured subsoi’ with limited drainage
so  that tillays opcratfons  and some  crops may be
adversely affected unless drainage is  improved by
tilling or othep pProcedures;  low  ability to retain
nutrients f{or plantsg, mainly K, Ca, Mg, and heavy
applications of these nutrients and N fertilizer should
be split; plants sensitive to Al -toxicity will be
affected unless lime is deeply incorporated; however,

Lend development - Menogenent oft acid soils 119


http:tatume.nt

deep liming practices are difficult because of clay-
textured substrate; due to low CEC in the surface,
there is a danger of overliming; low ability to supply
Ky availability of K should be monitored and K
fertilizers may be required frequently for plants
requiring levels of K.

L i excellent soil with no major fertility constraints;
N deficiency likely with intensive use.

Interpretation for wetland poils

The system has been modified and reinterpreted for hydromorphic
soils with aquic moisture regimes devoted to rice production (Sanchez
and Buol, 1985).

Interpretation of soil maps with FCC

Mapping units can be converted into FCC units provided sufficient
infiormation is available. This 1s easy to accomplish in detailed
soil maps and has been done {or the Yurimaguas region of the Peruvian
Amazon and the Centro de Pesquisa Agropecuaria dos Cerrados near
Planaltina, Brazii, by W. Couto. In both cases, the maps show how
soil differcences within relatively small arcas could affect the inter-
pretation and extrapolation of the experimental results.

It has been possible to convert data Por the dominant soils of
the FAO Soil Maps of the World into IFCC units basced on the definitions
of the mapping legend, including the information at the phase level,
which is necessary to determine type and subcirata type. The conver-
sion is bLased on the typical profile data plus the definitions of
the mapping unite themselves, their phases and eolimate. Also, papers
by Dudal (1976-19¢7) on plant nutrient relationships of FAO Soil
Units and.S5oil Taxonomy cquivalents were helpful in this interpreta-
tion. A sample of such conversions from the World Soil Map of Africa
(FAD, 1977) is shown in Table 1. In some of these units it was
impossible to determine FCC textural types as no textural notation
was given (for example, mapping units Ly 21 and So l-a). A conversion
of the World Soil Map of South America (FAO, 1971) into FCC-units
has been made (Sanchez et al. 1982).

FCC in microcomputers

A key to FCC classification with interpretations written in BASIC
is at an advanced stage of development in the following languages:
English, Spanish, Portuguese, French and Indonesian.

SOIL FERTILITY EVALUATION

Soil fertility evaluation is the process by which nutritional
problems are diagnosed and fertilizer recommendations made. Several
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approaches are presently in use In the tropics as well as in the
temperate region. The most widespread ones are based on soil testing,
plant analysis, missing clement techniques, simple fertilizer trials,
and frequently a combination of these. In the tropics, effective
soil fertility evaluation systems exist in many latin American coun-
trics and in India, but few {0 tropieal Africa and Southeast Asia.
The main rcasons for limitced development in Lhese areas are related
to the lack of widespread fertilizer use in Africa and the prepon-
derance of flooded rice culture in Southeast Asia.  The system deve-
loped by the International Soil Fertility Evaluation and Improvement
Program is summarized by Sanchez (1976).

A soil fertility cevaluation program  involves several parts.
Soil fertility has to do principally with plant nutrient elements
and soil conditions. Fvaluation is concerned with levels of availa~
bility and nutrient balance in the soil, including appropriate methods
for assessing these factors (soil tests, plant analysis, soil survey,
climatic conditions). Improvement involves the addition to the soil
of tertilizers, lime, manuves, and other amendments in such quanti-
ties, at such times in the season, and in such ways as to provide

the optimum nutritional environment for crop production. Thus a
soil fertility evaluation and fmprovement program is site~specific
and situation-specific. It is the Jjudicious use of information for

a specifie field in which consideration is given to factors that
will inf'luence vield, the capability of the farmers, and the availa-
bility of capital.

According to Fitts (1972) such a program involves six interrelated
ffacets:
1. sampling (soil and plant);
. laboratory analyses {soil and plant);
2. correlation between analysis and yield response;
“. interpretation and recommendations;
5. putting information to use;
6. research.

ISENAN]

The soil-testing laboratory 1is the backbone of the fertility
cvaluation program' (Fitts, 1972). Unlike research laboratories,
service laboratories must be geared to handle large numbers of samples
rapidly and accurately. A complete system of semi-automated apparatus
has been developed by the ISFEIP program especially for tropical
laboratories. This system Is summarized in the following paragraph.

“

Soil samples are measured volumetrically, eliminating the time-
comsuming weighing process, and then placed in wiltiple-unit trays
of 30, where the extracting and diluting solutions are added or trans-
ferred by speciually designed diluter-dispensers. Other apparatus
transfers the aliquots to spectrophotometers and pH-measuring units
automatically. Shnflng, stirring, and cleaning apparatus are also
semi-automatic and capable of handling 30 units at a time. A single
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technician can run 100 soil samples a day, measuring 10 determinations
per sample. The apparatus is based on manual operation and uses
a minimum of clectrical power. Fxpensive electronic equipment such
as pH meters, spectrophotometrcrs, and atomic absor ption apparatus
is wsed only in the Tact phaoees, An additienat advantage is that
the same wnits can Lo oased o piant Cinene s for soil analysis.
The bulk of the work s done with two extractants:  Lhe dilute double
acid or medilicd Oloen extractants Yor availabilo P, K, Na, Fe, Mn,
n, and Cu, oand the 1IN RCD extraciion fopr Al Ca and Mg. Tests for
Ny By S, and Mo require other methods that have not yet been adapted
to the systom., Sotl pll measurements are also adapted to routine
analysis,

Ane dnteresting result of this process is that the analytical
accuracy inereasces with the size off Lthe operation. Lvery tenth sample
is a control that iz monitored perindically by a control laboratory.
On the basis of these records, Lhe larger the laboratorv's size,

the greater is its aceuracy (Fitts, 1972). Investigations on the
totnl crror variation o prout i chomiesd analyses  show  that

instrument and operator ervorys are small, whereas chemical treatment
is the main source of orror in soil-testing faboratories.

AL present approximately 50 laboratories in Labin America are
equipped with this sysrem or modifications thereof. They analyze
approximately 400,000 goil camples submitted hy  farmers per year.
Bach of the 90 [aboratorics analyscs more than 100 samples per day,
and 12 analyue more than 200 samples a day. The operation of these
laboratories has had o measurable Impact on increasing average yields
by increasing fertilizer use. :
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MINERALOGICAL CHARACTERISTICS
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ABSTRACT

Lateritic soils in the humid tropics contain predominantly kaolinite
and sesquioxides in the clay fraction and little or no weatherable
minerals in Lhe silt and sand fractions. The physical and chemical
properties of these soils, such as bulk density, structural stability
and phosphate retention capacity may differ considerably due to the
amount and particle size of sesquioxides present in the soil. Cation
and anion cxchange capacities of lateritic soils are variable
depending on the pH and electrolyte concentration of the soil
solution.

Soil groupings based on mineralogical and chemical characteristics
are proposed which may be used for site characterization for soil
management experiments.

RESUME
CARACTERISTIQUES MINERALOGIQUES DES SOLS LATERITIQUES:
CAS PARTICULIKR DU CHOIX DES SITES
POUR LA RECHERCHE SUR LA MISE EN VALEUR DES SOLS

Les sols latéritiques dans les régions tropicales humides ont wune
fraction argileuse essentiellement formée de kaolinite et de
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sesquiorydes métalliques et des fractions  limoncuses et sableuses
constituées de minérauy ped ou pas altsrahles. Les propriétés
physiques et chimiques de ces cols, telleg que la densite apparente,
la stabilits o ractierale, ou la capacité de rétention du phosphore
penvent  Btre  fpegn ALfrorentos  aniomny lia proportion ot la
grioudoret vie des Sesquiorydes prosents dans e sol. La capaciteé
r['ejr'/z(ml(/.a’ catronique et antonique des  sols !.ai,r‘l'if,iques varie en
Junetion du pil ot de 1o concentrat ion an clectrolytes de lq solution
du s0l.,

Des  groupements  de sols  basés  aur  les caractéristiques
mineralogiques et chimiques sont proposés en vue de  leur possible
vhilivat ion pour  la caractérisation des expérimentations de mise
e valewr des sols.,

INTRODUCTION

Soil mincralogy is g key factor controlling the physical and
vhemical propertjog off the sail, Ap "ideal" soid is often described
aboa soll having a loamy texture, slightly acidic reaction, abundant
weatherable minersly in the sand andg sile fraction, and pr'edoml'.nant]y
smectite (montmm'illvnitc) in the clay I'raction, Unf‘ot'tunately this
Lype of soil is varely found in the humid tropics,

Soils in the homid ropios may Le g mped inte three descriptive
ErOubings swecording 1o hei; agricultural productivity: (i) strongly
weathered "latepigio" 50ils whepe tropical rainforest and  "slagh
and  bhupen" agricuiture prodomingte; ({1 Teus weathered upland soils
mainly derived from voleani- matorials and limestones whera plantation
agriculture prevyd lsy (iii) youngt alluvial (o "hydromorphic™) gojls
in the wetlands where intensive pice cultivation i mouat suitable.

The Tateritie s0ils ape strongly weathe e soils containing little
or no weatherable minerals ip the sand and iy ractions and predomi-~
nantly kaolinite apd sesquioxides in the clay fraction, They arve
mainly Oxisolu, Ulticels and Alfisols with low activity clays ac-
cording to 3o Taxonomy Classificat ion; "sols Ferralitiques" and
"solg et ineny tropicanx" aceording o !x‘lf{:\/()if.‘?'l'(l."l; and Ferralsols,
Acrisola,  and Foerrie Luvigsols according  to FAO/UNESCO World Soil
Legends.  These soils comprise approximately 707 ¢ the total 1land
arca in the humid tropical rogions (Moormann s van Wambeke, 1978),

Lateritic soilg are generally known {or their low effective CEC,
low available nurrient rescrve, and Tow available witer-holding capa-
clity. Theve g, howevoer, sStuniticant Qi verces in othep physical
and chemical broperties among the various  types of lateritic soils,
including micz-o—aggvegut,ion, bulk density, pH-dependent charge, and
phosphate retention capacitly, iiiis paper attempts to describe the
nineralogical and chemicai properties of lateritic s0ils relevant
Lo agricultural scil characterization,
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Table 1. Prcperties of some lateritic soils from Nigeria and Kenya

. Effective BET-N
Horizon M pIC Clay Fe,05 Bulk Demsity g syrface Area
2 1 % g/cm meq/100q clay m¢/g clay

Eutrustox derived from basalt, Kenya (Kt, Hm)#
B2 6.1 3.5 58 8.9 1.04 1.0 102
Tropohumult derived from basalt, Nigeria (Kt, Go, Hm)
82t 5.3 3.6 74 10.3 1.08 6.7 76
Paleustalf derived from banded gneiss, Nigeria {Kt, Go, Hm)
82t 6.0 3.4 54 7.2 1.49 9.2 44
Paleudult derived from sandstones, Nigeria (Kt, Go)

B2t 4.8 3.3 35 4.6 1.45 6.4 39

# Dominant minerals in clay fraction: Kt - kaolinite, Hm -~ hematite, Go - goethite

Cation exchange capacity (CEC)

For soils contairing predominantly variable or pH-dependent charge
minerals, the "CEC" becomes less meaningful in terms of soil characte-
rization. This is because the CEC of such soils is subjected to
the chemical conditions employed for its determination (i.e. the
pH and electrolyte concentration of the extractant). For soils con-
taining a large amount of oxide surfaces, the CEC values measured
by the conventional methods of N NHHUAv at pl 7.0, and by the BaCl
~TEA method at pH 8.2 are of'ten grossly over-estimated with reference
to the actual CEC at field conditions, which normally have a much
lower pH and a lower electrolyte concentration in the soil solution.

A more realictic approach to the surface chorge measurement of
lateritic soils or soil mincrals would be to determine the net posi-
tive and negative electrical chavge in a ditute, unbuffered salt
solution (Schofield, 1949; Gallez et al., 1976). An alternative
method of CEC measurement is the sum of N NH, OAc exchangeable "bases"
(Ca, Mg, K, Na) and the N KCl-extractable acidity (A1 + H). The
CEC value determined in this way is called effective CEC (Coleman
and Thomas, 1967; Kamprath, 1970). The effective CEC data are gene-
rally in closer agreement with the Schofield measurement of net elec~
trical charge; hence it gives more realistic CEC values with reference
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to actual field conditions.

The effective, CEC value is a useful criterion for assessing the
soil mineralogical properties of the soil. A comparison of the three
CEC methods is given in Table 2. An effective CEC value of 14 meq/
100g clay was proposed as the criterion to differentiate soils with
low activity clays from those with high activity clays (Herbillon
et al., 1977).

Table 2. Cation exchange capacity of B-horizons of four lateritic
soils as determined by threc conventional methods (Juo
et al., 1976)

Cation Exchange Capacity, meq/100g

Soil pH Clay
(B Horizon) (HZO) % Effggéive NH,,0AC ?;ﬁ]ang?
(pH 7) .
Alfisol, kaolinitic 6.0 54 5.3 7.3 14.5
Ultisol, kaolinitic 4.5 34 2.5 5.2 7.0
Alfisol, oxidic 5.8 68 8.9 9.6 26.2
Oxisol, oxidic 5.3 56 4.9 10.9 17.6

PHOSPHATE SORPTION AND SOIL MINERALOGY

The «-phosphate sorption capacity of soils is also a useful crite-
rion for soil characterization. This is becausc the phosphate sorp-
tion capacity of a soil generally reflects the mineralogical composi-
tion of the =soil, and in particular the surface recactivity of Fe
and Al oxides in the soil. Juo and Fox (1977) chose the 6-day P
sorption isotherm as a standard technique for comparison. The quanti-
ty of I required to attain a standard P concentration of 0.2 ppm
P in the solution equilibrated with the soil is called the standard
P requirement (GPR). A summary of the SPR as related to soil type,

parent material, and soil minceralogy is given in Table 3. These
authors also showed that the phosphate sorption capacity was highly
correlated with the external specific surface area (BET~N

'

absorption), which reflecis primarily the specitic surface arca of
sesquioxides in the soils. Thus, the surface recactivity of Fe and
Al oxides 1is a key factor controliing the P sorption capacity of
soils (Juo and Fox, 1977; Juo, 1981).
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Table 3: Standard P requirement (SPR) of soils with different
mineralogy and parent materials (Juo and Fox, 1977)

SPR Soil Parent Dominant
ng P/g soil Material Mineralogy
0-100 Alfisols Acidic and quartz,
Mollisols intermediate 2:1 and 1:1 layer
Vertisols crystalline silicates
rocks
100~500 Ultisols acidic and 1:1 layer silicates
Oxisols intermediate low specific surface
crystalline oxides
rOCKS
500-1000 Alfisals basic ferro- high specific
Ultisols magnesium surface oxides
Oxisols rocks
»1000 Andosols Volcanic ash allophane and
(Andepts) desilicated

amorphous materials

Moreover, the common concept  that tropiral soils have a high
phosphate  "fixatio " capacity is probably mach cxaggerated. High
P "fixing" soils are limited to those derived trom volcanic ashes
and ferromagnesian rocks (e.g. basalts) vowhich contain large amounts
of allophane and Fe and Al oxides with o large specilic surface aren.

MINERALOGICAL SOOIl GROUPS

Technical soil groupinegs with mineralogical characteristics as
the main criterion have been proposed Chao, 19800, The primary objec-
tive of the proposcd groupings was to provide agricultural researchers
and planners in the tropical rerions with o simple set of guidelines
For soil evaluation, particularly where detailed soil survey informa-
Lion is not readily available.

The proposed ayvatem consists of three mineralogical soil groups
and two chemical subwroups which are supplemented by a set of soil
fertility condition modifiers that are similar to theose used in the
Fertility Capability Classification system (Sanchez et al., 1982). The
system deals mainly with upland "lateritic" soils dominated by
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kaolinite and Fe and Al oxides. Vertisols, Alfisols, Ultinols and
Inceptisols with mixed clay mineralogy and Andisols (Andepts) domi-
nated by allophanes are cxcluded from the system.

The  proposed mincralogical soil groups and their capabilities
and Hwitations with respect to agricultural utilization can be des-
ceribed as follows: The quantitative criteria used are based on the
limited  information presently available. Many modifications and
refinements c¢an be introduced as more research data are generated
in the future.

Mineralogical soil groups

Kaolinitic soils

1. Clay content greater than 35% in the diagnostic subsoil
horizon.

2. Kaolin greater than 80% in the clay fraction, or an effec-
tive CEC of less than 14 meg /100 g clay.

3. Dithionite (DCB) Fr:(,‘,O,5 content of less than 12% in the clay
fraction. - >

W. BET-N specific surface area of less than 55 m /g of clay,
or P sorption at 0.2 ppm (SPR) less than 350 y g/g of soil
in the diagnostic subsoil horizon.

Oxidic soils

i. Clay content greater than 35% in the diagnostic subsoil
horizon.
<. Pithionite (DCB) Fe_O. greater than % in the clay fraction.

3. BET-N surface area greater than 55 m /g clay, or a- SPR greater
than 350 ug/g seil in the diagnostic subsoil horizon.

Siliceous soils
l. Clay content of less than 35% in the diagnostic subsoil
horizon.
2. Durable silica mineral (i.e. quartz) greater than 90% in 0.02-2

mm fraction.

Chemical subgroups

i. Eutric or high "base" status soils: percentage exchangeable
base saturation (PBS) greater than 70% calculated from the
eflective CEC for both the surface (0-50 cm) and the diagnostic
subsoil horizons.

2. Dystric soils or low "base" status soils: PBS less than 70%
for the surface (0-50 cm) and the diagnostic subsoil horizons.
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Soil fertility condition modifiers

Physical (quantitative criteria to be determined)
w - low available water holding capacity.
r - high soil crosion hazard
¢ - high soil compactinn hazard.

Chemical

kK - low potassium reserve; exchangeable K in surface soil (0-50
cm) less than 0.2 meq/100 g.

i - high phosphate fixation; P sorption at 0.2 ppm greater than
250 pg/pg scil (0-50 em),

t - secondary and micronutrient deficiencies and imbalance.

a - Al toxicity to most legume crops; N KCl exchangeable Al
saturation greater than 35% (0-50 cm).

m - manganesc toxicity; pH(H,O) less than 9.0 for soils derived
fron parvent materials high in Mn-bearing minerals.

* - potential so0il toxicity and/or sccondary and micro-nutrient
deficiencies and  imbalance due to  continuous cultivation
with moderate to high rates of conventiona. feortilization.

Thus the proposed soil groupings may be summarized as given in
Table 4. It is also important to point out that there is a close
relationship between the mineralogical «cil groupings and soil parent
materials. An approximate correlation is given in Table 5. .

Table 4#: A summary of technical soil evaluation system

Condition Modifiers

Soils

Physical Chemical
Kaolinitic, Eutric W, Iy C t*, (m*)
Kaolinitic, Dystric W, 'y C t, k, a, (m)
Siliceous, Eutric W, C t*, k*, (m*)
Siliceous, Dystric W, C k, t, a, (m)
Oxidic, Eutric W i
Oxidic, Dystric W i, ky t, a

() for soils derived from parent rocks high in Mn-beqringvhinerals.
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Table 5: Relationship between the mineralogical soil groupings
and parent material

Soils Parent Material

Oxidic Ferromagnesian rocks (i.e. Basalts,
Diabase, amphibolite, Trachyte, etc.)

Fine grained, low-quartzose gneisses;
Micaceous schists.

Kaolinitic Granites
Banded gneisses
Clayey sediments
Aeolian drift

Siliceous Sandstones
Quartzite
Sandy sediments
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CONCLUSION

Soil taxonomical classification systems provide the fundamental
knowledge about soils. But for agronomic interpretations, they arc
often used in conjunction with a simple technical soil evaluation
system. This is particularly so when a detailed seil classification
and mapping at family and series levels are net available,

The proposcd technical soil groupings based on mineralogical
characteristics and fertility limitations may be a useful tool for
site characterization for soil management. rescarch.
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CARACTERISATION DU PHOSPHORE

ROBERTINE V. RAHARINOSY

Directeur de la Planification et de la Coordination,
Minisere de la Recherche Scientifique et Lechnologique pour le Developpement,
B.P. 694 Antananarivo, MADAGASCAR.

RESUME

L'objeetit de cette communication est de présenter les différentes
néthodes chimiques et isotopiques de détermination dn phosphore du
sol et de la plante : phosphore total; phosphore organique, phosphore
mincral, valeur Larsen, cinét iques de dilution isotopique; coéffi-
cients Hutilisation des engrais, et los humophosphates liés au fer
ot A ataminium.

Suroun cchantillon de sol ferrallitique fortement désaturdé, ont
et crudit 1'enfonissement  de dit'férentes doses de fumier seul ou

associd a4 NPR.

L

iordsultats présentés nous montrent que le fumier, aprés deux
Beds cditentoniseement provogue un accroissement des formes extraites
pan NH‘,‘E-' et oune diminution de eeolles extraites par NaOH; cette diminu-
tion est symétrique 4 'augnentation de phosphore soluble. L'analyse
des cindtiques de dilution Isotopique permet de vaoir les modifications
du pouvoir fixateur du sol par les apports d'engrais et peut-étre
d'aborder 1'otude  du renouvellement  du pool mobile des fractions
noinsg mobiles. Leo coefficients d'utilisation aussi bien au champ
git'en vase de végétalion rendent compte de l'etficacité de 1'engrais
4 divers stades de la culture.
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ABSTRACT
THE CHARACTERIZATION OF PHOSPHORUS

The intention of this paper (o te veview the different chemical and
‘sotopieal methods for detevmining the phosphorus in the soil and
in the plant - the total amownt of phosphorus, the organic phosphorus,
the mineral phosphoris, the Lavsen value, the kinetics of isotopical
dilution, the ceefficients for the wse of fertilizers, and the humo-
phosphates associated with ivon and alwninium.

A sample of highly desaturared fevrallitic soil was used to study
the effects of applying vavying amounis of manurve either by itself
or combined with NPK.

1he results obtcined show that afier two months, manure produces
an increase (n the forms cextracted by NH F and a decrease in those
extracted by SaOll, and thai this <1('<f)'w(1:;r;! s symmetvrical to the in-
erease in soluble phosphate.  An analysis of the kinetics of isotopic
dilution mukes it possible to zee the modifications in the f[iration
capability of the soil brought about by the addition of fevtilizer,
and perviaps Lo begin a study of how the mobile pool is renewed by
studping the less mobile components. The coefficients of utilization,
both itn the [ield and in a growing bed, devonstvate the effectiveness
of fertilizer at varvious stages of cullivation.

INTRODUCTION

Cette note résume la méthodologie particuliére pour le dosage
du phosphore ¢t son application & dift¢rents traitements agronomiques,
aussi bien au champ qu'en vases de viégetation. L'étude porte sur
les sols ferrallitiques des hauts-plateaux de Madagascar flortement

et moyennement désaturés, issus de gneiss, migmatite, gabbros anciens,
et basaltes.

Les sols ferrallitiques fortement désaturés sont caractérisés
par des bLases echangeables bien faibles @ (1 m¢/100 g de sol), par
un degré de saturation trés faible (< 20%) et par un pH trés acide
( <5,5); et ceux qui sont moyennement désaturés sont caracterisés
par des bases échangeables faibles (1 a 3 m¢/100 g de sol), par un
degr¢ de saturation moyen (de 20 a h0%), et par un pH»5,5.

La tenecur en phosphore total est en moyenne de 1,-.. de P, O. a
2% et celle du phosphore assimilable selon Olsen (modilié &%é%n)
¢ I

n'est que de 0,03% a 0,05%.

Le calcium varie entre 0,1 et 0,4 mé/100 g de sol.
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DYNAMIQUE DU PHOSPHORE

Le phosphore e¢st un élément qui participe 4 des phénoménes cy-
cliques. On peut expliquer le eycle du phosphore grace a différents
méceanismes physico-chimiques ot biologiques. Losqu'on apporte des
engrais, une partic cst dissonte dans la solation du 501, une autre
fixc¢e sur le complexe absorbant ot peut-élre précipitds sous forme
de phosphate, de caleium, de ter et d'aluminium. La piante ne peut
utiliser que le phosphore sous forme minorale. Elle puise ces ions
dans  le pool des {ong isotopiquencnt  cchangeables (Barbier, 1954),
Le phosphore 1ie au caleium, au fer of a I'aluminium participe dans
une certaine mesure a1 oce pool  (Gachon 1972).

Cotte alimentation de la plante en phosphore est étroitement
lidée & 1'acidite du sol.

N + - i + 2~ + 3
HyPO=—> W+ P07 ——— 2 W'+ H PO, — 31" 4 PO,
pK] = 2,1 pK, = 56,8 pl‘(.3 = 12,3
) - D 3- el »] 2- =
!{2}0“ * PO s 2 HI 0, avec pK = 4,8

LLes ions phosphatés peuvent migrer vers les surfaces internes
des feuillets des molécules d'argiles; on les trouve aussi associés
a 1'humus sous forme de composés mal définis dits humophosphates.
La {ixation des {ons phosphates met on oveuvre deg agents tels que
conplexe argile-humus, sesquioxydes,  carbonates, humates calciques.
I'L peut y avoir dissolution apres  altoration des mindéraux du sol
et aussi apros association Jdu fumier 4 la dolomio el aux engrais
mindéraux.

PHOSPHORE TOTAL ET PHOSPHORYE ASSIMILABLE DU SOL
Les réserves totales du sol ct ses formes

Le phosphore total nous Indique les réserves du sol en cet
¢lément; il se répartit en 2 groupes

L. le phosphore minéral dissous dans la solution du sol :
phosphate soluble dans 1'cau e rhosphate absorbé ou précipité
sur ](snJ:g;]lm‘ukisi‘min(*vuuxH(_Ju sol par 1'intermédiaire des
ions Al , e at Ca qui  tapiseent les surfaces
extérieures dec argiles, ou sous forme de minéraux amorphes
ou cristalliscs (gibbsite et goethite). Les formes minérales
dites d'inclusion sant obLenues par la ditférence entre le
phosphore total et toutes ses formes.

2. le phosphore organique (P.0.) se trouve principalement sous

forme d'acides nucléiques, d'inositol phosphate (phytine),
et de phosphio-lipides.
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Phosphore assimilable par la plante

Le  phosphore asgsiniloble est le phosphore facilement déplacable
ot utilisable par les plantes. Larsen  (1949) rfait 1'hypothése
implicite dans Lous ses Geprits gu'il yoa ddentitd entre les formes
prolevecs par les recoltes ot log jone phosrhales subissant ] "échange
isotopiqie, ceo qui revient & siire que jes plantes puiscraient leur

phospliore dans la rracrion isctopiquement. dilnable (Fardeau, 1981),

Cette deenicre peut-drre extiaite soii par des méthodes chimiques
classiques,,s0it par la méthode iaotopigque en utilisant le phosphore
JRU P
radicactil LPO“ .
METHODES D'ETUDES

On distingue deux sortes de wmothodes @ d'une part les méthodes
chimiques, et d'autre part la méthode physique.

Techniques d'extraction du phosphore du sol ehimiques)

L. Le phosphore total est extrait par 1'acide nitrique concentrc
bouillant  ou  par  1'acide perchlorique, on  par  1'attaque
nitroperchloriqne, ou aprés {fusion alealine 4 haute tenpérature
qQui dissout tount,

Les résultacs obrenus par fusion alealine sont supéricurs
aux  chif'fres corregpondants pap Hattagque  par les acides.

La diffirence est o de 'ordre de 200 au profit des premicrs.

2. Le phosphore oreanique est eoxtrait sclon ia méthode ORSTOM,
par l'acide sulfarique dilod ¢t e Pluorure ! ammon ium, l.e
P.O. est oblepu par la difforence entre les deux ¢chantillons
- 1'un traite 4 1'ean axyrone ot 1'autre non-traité. Selton
la méthode Sounders ot Williame ( 50, da maticre organique
du sol est dotruite par caicination au Four a 550°C, Le

phosphore organigque est  CSvalue par la dit'férence entre le
phosphore total =t lc phosphore ninéral extraits par H,_,SO“ UL
N. -

3. Suivent 1a néthode de Hooae o Murray (1971) on effeetue deux
extraits diftérents par 1'acide chlorhydrique conecentre auy
bain-marie hcuillant, d'une part  sur un échantillon  pagsd
au four 4 00°C avee un flux d'oxygine pendant une heurc,

et d'autre part s own ochantillon non-traite.,

Parmi ccs trois méthodes, la méthode de lesse ot Murray semble
dtre la plus roproductible,

Techniques de fractionement des formes du phosphore
. La méthode de Chang et Jackson (1957) est la plus utilisée
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pour réaliser le fractionnement du phosphore minéral du sol.
Le phosphore soluble est extrait par NH,C1 0,01 N et le P
lié & 1'aluminium (P.A1), pav NH, 1P 0,5 B opll 8,5, 1e phosphore
lié au fer (P.Fe) par NaOll 0,1 N, et le phospliore 11é au calium
(P.Ca) par H,)S(l,‘ 0,5 N.

Cotte néthode appliquée a des phosphates bien aristallisés
et peu soinbles donne  des résultats quantitatifs certaing
(Hanot iaux, 1966), La  séparation en phosphate d'aluminium,
phosphate de  fer, ¢t phosphate de  caleium ne correspond
cependant  pas  a  dos  capices minéralogiques  ou  chimiques
definies, mais seulement A des Formes de Diaisons {(Dabin 1974),
Le phosphore d'inciusion est obleng par la différence entre
Prtotal et (P soluble « PLAL + Pole + P.Ca « PLOL).

o

Le phosphore associc 4 'humus sous  Porme  de composés  dits
humophosphates @ La méthode utilisoce est différente de celle
de Bruckert (1979) @ on extrait leg complexes phosphoriques
solubles HOWN ot Ten complexes  insolubles parr NaOH 0,1 N.
On dose lo phasphore soluble et le phosphore 1i¢ a4 la matiére
organique aprds mindralisation de la maticre organique.

Techniques de dosage du phos® . : assimiiable

Le  phosphore  assimilab'c  est  dosé  en  utilisant différents
extractits
i Llacide citrique & 2% par Dyer (1894) o pHz
20 L'acide sul furigue 0,002 8 par Truog (1930) a pH3
3. Bray (i9h5) n"_ T HCT ©Lu25 N o NI 0,03 N O pH3
noo HCL O,T°N + NH, F 0,03 N a pH 1,5
4 Olgen (1054) NallCO, 0,5 N a pil B 8,5
D Amer UIOS5 ) wtilisait la reaine anionigque O]
O Joret et Hebert (1955%) ont atiliae I'extraction a froid par
une solution d'oxalate d'ammonium nout re
7. Saunder (1990) extraction par la soude 0,1 N
B. Olsen moditic par Dabin (19067) par un mélange de bicarbonate
de sodium ot de Pluciure d'ammonium tamponné a pH 8,5, (Cette
methode est celle ntitisée dans nos laboratoires.)

Techniques isotopiques par le phosphore 32 (mdéthodes physiques)

L. Cinétiques de ditution isotopique de 1 a 100 mn : Tous les
systiémes complexes sont constitucs de compartiments imbrigués
et interdipendants. Pendant longtemps les rlux de substances
qui interviennent  ontie s compartinents n'ont  pu Gtre
apprécics que par la détermination de  leur contenu et des
modifications qu'ils subissent du fait de trailements imposés,
contrdolés mais perturbateurs, Il existe une situation d'une
importance particulidre que  cette approche ne permet pas de
déerire - celle des systemes en état stationnaire ( "Fardeau
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1981").

La technique des cinétiques de dilution isotopique nous
permet de faire cette approche, et peut apporter & 1l'agronome
des différcuces significatives au niveau des paramétres r,/Ro,
noet M, osur les traitements agronomiques. Elle consiste a
mélanger 10 z de sol & 100 ml d'ean pendant une nuit. Dans
cette suspension agitée, a 250 tours/mn par un bavP%ﬁP aimanté,
on injecte (4 1'ingtant t) I ml de solution de PO sans
entraineur, contenant une radioactivite RO {comprise entre
0,1 et 1 MBq). Au moyen d'une seringue, on préleve 8 ml de
suspension qui s jumcdiatement £iltrée sur membranes a pores
de 0,2 ou 0,00 p. La filtration a lieu a 3, 10, 40, 100 mn.

L'équation empirique de 1'évolution de la radioactivité
dans un systéme sol-solution en état stationnaire est

r. = f(t) Ro : 1la quantité de radioactivité introduite
Ro sans  entralneur dans la solution a t
= 0

r : la concentration de la radioactivité
restante dans la solution au temps t.

Selon Edington (1965), la représentation de 1l'équation r

(t) = n Log t + LLog a est une droite Ro
g =pot
Ro Rd

La valeur r.,/Ro nous pefmet d'apprécier le pouvoir de
fixation du sol ou n = le coeflicient de diffusion

2. Valeur L : Selon Larsen, Jla méthode de dilution isotopique
est la scule qui permet d'é¢tudier les sols sans perturbations.
Elle nous renscigne sur la quantité d'él¢ments mobiles. De
plus, Fardeau ct Jappe (14976) ont montre que c'est dans le
"pool mobile" que les plantes prélévent. leur phosphore, ce
qui permct d'identifier le¢ "pool assimilable" et le "pool
isotopiquement  diluable". Ceo phinoméue  rend  compte des
possililités de transtert existant entre le sol ot la solution,
ce que les méthodes chimiques ne permettent pas.

La valear L consiste a introduire dans le s0l un ¢élément
radioactit’ ot a déterminer dans une récolte la radioactivité
spécifique de la plante (RAS)

R/L = r/p = RAS est le rapport r = radioactivité contenue
dans la plante
p = quantité totale du
phosphore dans la
plante

L'analyse de la RAS des coupes successives en fonction

de 1'intensité des prélévements est probablement un moyen
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direct d'examen du transfert du phosphore 1ié du sol vers
le végétal ("Fardeau 1981).

Coefficient d'utilisation d'un engrais phosphaté :

Méthode divecte - La mithede de marquage est celui de
Fardeau et al. : on a utilise le phosphate d'ammonium @ A
100 ml d'une molu?jun aqueuse de 100 g d'engrais, on a ajouté
une quantitd de 'WKMV Le melange cat apité, et puis versé
dans 1 litre d'acdétone pour le maintenir sous agitation.
Aprés  une  heure d'agitation, le  précipité  de phosphate
insoluble dans ['acitone ost filtrd sous vide et séche a l'air.

Methode  indirecte - Lo mdthode précédente est difficile,
mais i1 est possible d'apporter des engrais non-marqués  sur
des sols dont on avait marqud  le phosphore  isotopiauement
échangeable.  Apres avolr mavaqud un let de sol, on le »épartit
en deux fractions, La premicre cst directement mise en pot
et puis en oulture. A la seconde, on ajoute 1'engrais a
étudier, on met en potl et puisg en culture.

Sclon le¢ protocole lavsen, o chague coupe, on mesure le
phosphore 31 et le phosphore 32,  Le coefficient d'utilisation

est conduit de la manidére suivante

viosort ps = L x ot
ps ot YTt

rt et pt sont la radicactivité et le phosphore des plantes
récoltées sur le sol témoin. r' et p' sont celles des plantes
du sol amendc. R, est la radioactivité introduite par pot,
et LB est la quantit¢ d'engrais. A la radioactivité r' est
associéc une quantité¢ de phosphore P_ provenant du sol. PE
est le phosphore de 1'engrais dans la plante
Ll
P' = PE + Ps PE = P' - Ps = P'- = x Pt
rt

La valeur du coefficient d'utilisation est :

t

[ p - r! x P

rt

QUELQUES RESULTATS

Analyse de sol seclon Chang et Jackson, P. soluble, P-Al, P-Fe,

P-Ca en

g/g de sol des fractions.

Selon Olscn en g/g dec sol;
Sol ferrallitique fortement désaturé aprés deux mois d'incubation.
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Formes P.0lsen P P-AL P-Fe P-Ca
Témoin 15 2,6 12 20 10
St de fumier 14 2,6 12 2? 10
NPK 23 3,0 18 21 10
5tde F+NPK 26 3,0 21 27 10
20 t de fumier 20 2,6 17 23 10
40 t de funier 31 3,5 25 25 12

100 t de fumier 4] 4,3 36 20 15
1. Cind¢tiques de dilution isotopique
Paramétres % n, “, - p, M2 Q= p M2
Témoin 0,03 0,49 0,07 0,20 0,27
NPK 0,035 0,50 0,06 0,08 0,14
D tde 0,045 0,52 0,12 0,37 0,49
A 0,066 0,46 0,31 0,66 0,97
2. Coeffivients i'ntilisation du phosphore issu du phosphate
d'ammonium par le riz pluvial en %
2 traitements : 1 = 45 kg de F,0.
2 = 90 kg de PZO;
{ Y.raitomvnls : 1 2
Stades
Montaison
parties aériennes 3,5 2,6
racines 1,6 0,7
Epiatson
parties aeriennes £, 5,2
Ricolate
grainas 5,1 2,6
L pailles 6,0 7,6
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CONCLUSION

La quantité de phosphore extrait par des réactifs chimiques nous
renseigne sur les réscrves du sol phosphore total, phosphore orga-
nique, et phosphere 1ié¢ a1 "aluminium, av Ter et au calcium. Les
methades de dilution oo opique nons donnent aceds aux formes  les
plus mobiles fmmédiatement disponiblog pour lee plantes, Aprés épuise-

mett e ce conpartiment, les forme:n lew plus mebiles doivent se recon-
stituer a partir des phosphates 1ics, L'apport de maticre organique,
onoopartienlier le fumicer, modifie e comportencnt du phosphore  du
sol et permet  en gencral  de diminuer Tapport  d'engrais  mindraux
phosphat s, L'objet de 1'Clude actuelle ost d'examiner le réle du
Pl dang Ya diminution de opetentien o phosphors par le sol.,  Pour
codin, nous avoenus aborde les complexes solublegs "hunophosphates™ 1ios
o Feroet a0 Haluminium, Il semblerait aussi que la préscnce de my-
corbizes modifie, pour certaines plantes, Jes possibilités d'extrac-
tCion du phosphore du sol .,

ANNEXEI!1
METHODES CHIMIQUES D'EXTRACTION DU PHOSPHORE DU SOL

Protocole : Phosphore total
(mis au point au Lahoratoire des Radioisotopes Tananarive)

1. Minéralisation
Powode ool o ol de HCI(.)“ a f2u
D d'attaque o froid
mintralisacion au bhout de © )
apres mineralieas ion,  on ajoute 15 ml d'eau, et on filtre
enoprecueillant le filteatr dans une fiole de 100 ml.

N

. Dosage de I ‘par jo rooerir vanado-me!ybdique sur 10 ml)
réactif ;@ dissoudre 10 g de molybdate d'ammonium (NH’l)6 Mo
O 4 HLU dans 300 ml ¢ eau;
rlJa.Joud“n 0,5 w de vanadate  Jd'ammonium NH, \’0 dans 300 ml
d'eau bouillie; milanger les 2 oy compléter n IQOOO ml, (Durce

de stabilitd du o Yaerif = (0 Jours).

3. Préparation des ¢talons
Faire dissouwlre 0,219% rode KHzPOD dans 1 1 d'eau. Cette
solution contient 50 mg/ml; '

varier 1o concentration de 1'étalon de 2 a 12 mg/ml;

dans 50 ml du volume t'in.’:l,.ajc‘uter 7,5 ml “C]OU a 72%.

. Dosage des solutions
Prélever 1u mti des solutions ¢talons dans des tubes & essai,
ajouter 10 nml de rceactif, et laisser développer la colloration
(30 mn) pour les échantillons. (Neutraliser d'abord.)
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9.

Spectre d'absorption

Le spectre ne présente aucun maximum d'absorption entre 800
et 400 myu. On sc placera alors & #40 myu ot le coefficient
d'extinction spécitique est assez Glevd (=50),

Vitesse de¢ développement et stabilité de 1a coloration

Dés 1'addition dn réactif, la coloration est stable et restera
stable au moins 3 mois (les tubes ¢tant bouchés et placés
a 1l'obscurite), 51 le réactil’ a ot preparé depuis moins
d'un mois, au moment de la réaction on ne note pas d'influence
de 1'age du réactif sur la densite optigue (D.0.).

Influence de 1'acidité de la solution a doser

Le réactif est neutre. L'acidite de la solution a doser est
de 0 a 3,% N en HCLO,. Lntre N et 2,25 N, 1'acidité n'a pas
d'influence sur la D.C

Echelle de concentration
Entre O ¢t 29 ppmode P odans la solution a doser, la D.0. est
proportionnelle & la concentration.

Influcnce des ions génants

L 4 , . +4+ . ++ 4+
-le . }an une  concentration en Fe (sulfate ‘de Fe
et de NH, Jy variant de 0 a 200 ppm et une concentration en
P de 5 ppm, la variation de D.Q. est nulle.

Protocole : Phosphore Olsen

Méthode
1.
2.
3.

Dabin (1967) - modification des méthodes Olsen et Jackson,

Principe

Le phosphore est extrait par un réactif mixte, constitué d'un

mélange de bicarbonate de sodium et de fluorure d'ammonium

tamponné a pH = 8,5,

Réactifs

Bicarbonate de Na 0,5 N M = 84,02

Fluorure d'ammonium 0,5 N M = 37,04

- sécher une nuit a4 1'étuve le bicarbonate de Na ; peser
42,01 g ; 1'introduire dans un bécher jaugé d'un litre
; et dissoudre dans 950 M1 d'eau.

- sécher el peser 18,52 g/1 de FNH, ;

- le mélanger, et ajuster le pll a é,S a l'aide de NaOH 2 N;

- ajuster le volume a4 1 1.
Ne pas conserver plus d'un mois.

Extraction

- opérer sur 1 g de sol broyé a 0,5 mm environ dans un mortier
de porcelaine;
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b4,

5.

Protocol
Méthode
modific.

1.

- introduire la prise dans un tube de centrifugeuse en nylon-:
de 100 ml, ajouter 50 ml de réactif;

- agiter une heure;

- centrifuger 5 mn a 4500 t/mm.

Purification
-~ ajouter une pincée de charbon pour analyse (lavé plusieurs

fois & l'acide 4 la soude et a l'eau);
- filtrer sur un petit filtre plat dans une fiole.

Dosage
Le dosage des solutions se fait par la méthode Duval & 1'auto-
analyseur technicen - (1964) par réduction a 1l'acide ascor-

bique a chaud (80°C)
2% ¢ de molybdate d'ammonium,
280 ml de H,50, pur

50 g d'acide borique 0,8 M dissous dans 1'eau,
10 g/1 d'acide ascorbique.

e : Phosphore organique
PR Hesse - John Murray (1971) Soil Chemical Analysis légérement

Phosphore total minéral = P(1)

- peser | g de sol sec et broyé a 0,5 mm;

- introduire la prise dans un tube de centrifugeuse en nylon
de 100 ml,

- mélanger avee [ ml de HC1 concentrd:

- mettre au bain-marie bouillant pendant 10 mn;

- ajouter cnsuite 10 ml de HC! conceontreé.

- laisscr a la température ambiante 1 h

- ajouter 50 ml d'cau

- centrifugeur - décanter dans une fiole de 250 ml et ramener
a volume

Phosphore total minéral + organique = P(2)

- peser | g de sol sec et broyé a 0,5 mm dans un creuset en
silice et caleiné au four a 300°C avec un flux d'oxygéne
pendant 1 h laiscer refroidir et le transvaser dans un
tube de centrifugeuse en nylon de 100 ml et procéder comme
précédemment .

P. organique = P(2) - P(1)

Dosage
prendre une aliquote de 50 ml le mettre a sec sur plaque chauf-

fante;
- reprendre avec 4 cc de HZSOU'36 N et ramener a 250 ml dans
une fiole jaugée;
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¢tant conservées bouchées & 1'obscurité.

Influcnce de 1'acidité de la solution & doser

On a fait varier 1'acidité de la solution A doser entre 0,64
NO(NaOH) et 1,26 N en oaeide (#,80, ). On observera un plateau de D.O.

entre 0,06 N en base et 9,25 N°en acide. La neutralisation des solu-
tions 4 doser est nvcessaire.

“chelle de concentration

Entre 0,01 et 0,% ppm de P dans 1a solution a doser, en cuves
de 1 ou de 5 em, la D.0O. varie proportionnellement a la concentration.

METHODE AU SULFATE D'HYDRAZINE

Modc opératoire

1. Préparation du réactif

Réactit A. Digsoudre 25 g de wolybdate d'ammonium dans 1000
ml d'acide sulturique 10 N (280 ml HJSO“ 36 N + 720 ml HZO).
Réactif B. Sulfate d'hydrazine o 0,15% dans Y'eau. Au moment
du dogsage, on melange 29 ml de A avec 10 ml de B et on compléte
4100wl oavee de 1'eau.  Le réactif peut &8tre utilisé¢ pendant
les b b qui suivent sa préparation, quoiqu'il prenne une
couleur jaunce | h aprés mélange.

2. Condition d'emploi
A 12 ml de solution neutre, on ajoute 8 ml de réaétif. On

porte au bain-maric bouillant durant 10 mn.

Spectre d'absorption

Le spectre présente 2 pics nets l'un a 878 nm, 1'autre a 833
nm, ol le cocfficient d'extinction spécifique est le plus élevé.

Influence du_temps de chauffage ct stabilité de la coloration

Pour une concentration en P odans la solution a doser de 0,42
ppm, le temps de chanffage a vari¢ de 2 4 20 mn.  Mis a part le temps
de 2 mm, 1'infiigence do tewmps de chauftage est negligeable sur 1la
D.0. La rcoloration cst stable 10 mn aprés 1'arrét du chauffage et
reste stable pendant 5 jours. La D.0. décroit lentement ensuite avec
le temps pour étre cynle cncore o 89% de sa valeur de départ 2 mois
aprés la réaction.

Influence de 1'acidité de la solution a doser

Entre 0,4 N en base et 0,3 N en acide, on n'observe pas
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d'intluence de l'acidité de la solution a doser sur la D.O.

Echelle de concentration

Eritre 0,008 ppm de P et 0,8 dans la solution a doser, la densité
optique varie proportionncllement a la concentration.

Influence des jons génants

L bt . .
++‘Fe‘ * pour une concentration en P de 0,42 ppm, 1'influence du
Fe (sulfate de fer et d'ammonium) n'est négligeable que Jjusqu'a

une concentration en cct ¢lément de 150 ppm dans la solution a doser.

Fluor F 1'addition du FNH, dans la solution a doser empéche
la formation de toute coloration. L'addition d'acide borique avant
celle du réactif permet a4 la couleur d'apparaitre ensuite avec une
D.0. légérement supéricure a celie des temoins sans I, augmentation
qui se retrouve auv niveau des tomoing sans Poot, qui est sans doute
due o Pabsorprion du complexe (F Hﬂﬁﬂs).

NH,‘r pour une concentration eon P de 0,42 ppm dans la solution
& doser on ne note pas d'ettfet sur la D.0O. de NH,C1 jusqu'd une concen-
tration N. De méme, en milieu NHIC] N, les variations de la D.O.
en fonction de la concentration sont identiques a4 ce qu'elles sont
en milieu sans NH”CI.
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PART I1I: ADAPTATION OF THE
EXPERIMENTAL DESIGNS
TO SITE CHARACTERISTICS
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ANALYSE STRUCTURALE DES COUVERTURES
PEDOLOGIQUES ET IMPLANTATION
D’ESSAIS AGRONOMIQUES ORIENTES

F.X. HUMBEL
Centre ORSTOM, 74 route d’Aulnay 93140 - Bondy, FRANCE

RESUME

Dans les milieux ol les couvertures de sol présentent des variations
latérales rapides et importantes, les parcelles cultivées englobent
tout ou partie de ces variations. Celles~ci doivent donc étre
analysdées inement, non sculement pour en comprendre la genése, mais
aussi pour @tudier leur influence sur le comportement des cultures.
D faut Spalement que ces structures complexes soient prises en compte
err o cartographie  pour  permetire  une  extrapolation reéegionale des

résultats des essais agronomiques,

La diftérenciation latérale est ordonnée (répétitive) et accentuée
dans  les couvertures de sol en cours de trausformation, associant
Ctat initial ot Stat transtormé, avec en plus des caraztéres propres
4 la vzone intermcdiaive., O oriente alers les cusais de comportement
des cultures suivant le gradient de la différenciation ordonnée que

1'on veut caractépriser, Pour ¢éwndier 1'effet des autres facleurs
du rendemont on dispose A'autres bandes, edte a4 ebte. L'inlluence

du sol pent se manifester plus ou moing rapidement.

L'analyse  structurale  est menée  dlabord sur le terrain, qui
Fournit un premier niveau de relalions entre lorizons ou caractf res
du sol, mais c'est aux ¢chelles microscopiques et par microanr lyse
qu'on peut <¢tablir d'sventuelles filiations ot distinguer rdiellement
les différents plasmas. l."approche est done itérative entre les
niveaux successif's d'organisation. LLe compertement des cultures est
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lui-méme un précieux révélateur de la structure de la couverture de
sol, et de sa dynamique actuelle.

ABSTRACT
STRUCTURNL, ANALYS1S OF SOIL, MANTLES
AND ORIENTATED DESIGNS OF AGRONOMIC KXPERIMENTS

In areas where tiw soil cover (s chavacterined by rapid and significant

lateral variations, cultivated plots o) iand may include some or all
of  these varintions. Thess vavictions showld thevefore be studied
carefully - not ouiy n oorder to wdersiand  how they originate, but

also to study theiv influence on the way crops behave,  These complex
structures showld also be taken into account in drawving np maps so
that « vegional cxtvapolation of the agronomic lests can be made
available.

Lateral diffepent ialion taxes place (v a ofructured (repetilive)
fashion, and is pavticularly iv evidence in soils which ave in the
process of  transformation, combining their initial state and their
transformed  state, and  alse  Lhe specific characteristics of an

intermediary state, Consequent Ly cxperiments on crop behaviour arve
carvied out in accordance with the stage of dijferentiated structiure
which weeds to be chavactevized.  Teo study the effect of other factops
o fhw i ld e o made of adjacent plots, The Influence of the

soll may become rove ov less quickly apparent .,

The structural analysis (s [ivst curried out on the land, which
provides the first level of velat ionships between the horizons op
characteristics of the soil; but to ostablish subsequent interconnece-
tions and to sce the veal Jdictinet ions boetveen the different plasmas,
mieroscopic studies and microanalysis [ required, This means that
the successive levels of ovgoiisation need a reiterative approach.
Crop behaviour 1s in itsclf a valuable indiccetop of the structure
of the 501l cover and its present dynamic.

INTRODUCTION

Les ¢tudes 4 grande o¢chelle du sol aménent a considérer celui-ci
a4 la fois comme un corps organisd et comme un corps hétérogéne. La
prise eon compte de 1'hétérogenéits o conduit a la mise en place
d'essais agronomiques multilocaux destinées a compenser des variations
supposées aléatoires du support-sol. LLa. perception plus récente de
VNexistence ot de 1impertancs de dirtérenciations latérales ordonnéng
au sein des couvertures de 5ol tropicales (Bocequier, 1972:; Boulet
1970, 1978; Chauvel, 1977 Leprun, 1979, Nahon, 1976; Ruellan, 1970)
améne au contraire a orienter des cssais de conportement des cultures
dans le sens de la différenciation (Boulet et al. , 1985),
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ou la caractérisation du comportement des cultures est subordonné
au niveau des connaissances acquises en maticre de pédogendse.

NIVEAUX SUCCESSIFS D'ANALYSE
Il importe de mencer U'dtude 4 diffvrents niveaux structuraux,
guccessivement et d'une manidére i[térative.,  C'est d'abord sur le ter-
rain, a l'¢chelle de ' unite de modeld, que se fait la mise en ovi-

dence de différenciation. ordonndes, Une  reconnaissance régionale
est. d'ailleurs ndcessaive pour on apprécier le nombre ot s'assurer
de leur vépétritivite, L'analyse commonce 4 ca niveau macroscopique

par un découpare en horivons et la caractirisarion de ceus-ci. Elle
fait apparaltre des traits strueturaus majeurs ot certaines de leurs
relations spatiales @ discordances d'horizons, formes de leur contact.,
interpeénctrations, reliques, ete,  Des arguments ossenticls sont ainsi
Fournis  ponr Stablir d'éventuelles fitiations directes entre ces
hm'iv.(m:;._

Mais cetre Stude 4 1'oeil ot a4 1o leaupe ne permet pas de discrimi-
ner sarement les differentes phasces qui constituent un horizon : 1'in-
formation reque a4 cotte échelle est cumulative et peut étre bhiaisce.
L'analyse doit  done  étre poursuivie aux  échelles microscopiques.
En lame minee la caractorisation des plasmas, basée sur les propriétis
optiques d'an enpilement de nombreny cristallites, est encore insuffi-
sante.  Clest 4 Multra microscope qu'on peut enf'in observer les cris-
tallites ot lear azencement |, done disceriminer avee certitude les diffé-
rents plasmas.

L' ¢tude de terrain oriente le choix des observations aux ¢chelles
plus fines. L'analyse des filiations directes, entre horizons en
contact, se rait sur des Cehantillons préteves au niveau de ce contact .
Or les contacts latérany (1 on oan horizen ou on caractére apparait
ou disparait lorsqu'on se deplace lateralement)  sont des endroits
privilégics pour argumenter ces {iliations dans lenp »one de progres-
sion laterale.  [ls doivent done étpe reperes.,

L'étude  comparde  des contours  latéraus des dif'férents horizons
apporte en outre des mpament s géométriques essentiels pour <tablie
cos Piliarione. Pour eo faire, on projette les dif'férents contons
sur  le plan horizontal d'une carte : ceg projetées  sont  appelées
"lignes d'isodiftirenciation” (Boulet ¢f al. , 1978). Deux lignes
peuvent &tre scécantes :oos'iloog "agit d'horizons non cont igus, celte
intersection indigne seulement qu'ils se chevanchent. Si les lignes
correspondant A4 des horizons cont?, us ne se coupent pas, une Piliation

directe ont posaible, Les ditrorenciations latérales ordonndes se
traduisent par tne saccession de lignes non secantes. C'est ¢évidemment
cette ordonnance qui sert de base a la cartographic et a 1'é¢tude du
comportement  des cultures. Mais {1 est possible aussi de prendre

en compte des structures discordantes, plus complexes (représentation
tridimensionnelle).
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Ce sont ces couvertures différencices qui nécessitent d'avoir
recours 4 des essais de comportement rcales sur la différenciation
latérale. On constate d'ailleurs que ces comportements aménent souvent
i préciser l'analyse en rovéelant l'importance de certains traits mor-
phologiques mal percus antéricurement. LLa démarche est donc aussi
fLérative de i'analyse structurale a 1'analyse du comportement, comme
a celle de la dynamique actuelle.
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VARIATIONS SPATIALES D’UNE COUVERTURE
PEDOLOGIQUE RELATIVEMENT
HOMOGENE ET EXPERIMENTATION
AGRONOMIQUE EN BASSE COTE D’IVOIRE

R. MOREAU
Pedologue ORSTOM, 70-74 Route d'Aulnay, 93140 Bondy, FRANCE

RESUMI.

Des variations spatiales des caractéres du sol d'ordre décimétrique,
metrique el décamétrique existent a 1'intérieur d'une méme unité d'or-
ganisation de la couverture pédologique ferrallitique, sur sables
tertiaires en basse Cote d'lvoire.  Selon la superficie qu'elles oeccu-
pent,  les paveelles d'expérimentation peuvent ou non  intégrer ces
variations spatiales d'oriegine biologique, sédimentaire ou pedologique.

IT est nécessnire de bhien caractoriscer 1'hetérogénéite spatiale
du ol ot d'en tenir compte pour améliovrer l'efficacite des résultats
des eussals agronomiques, wussi bien sur le plan de la précision et
de ta signitication des rdésultats que du point de vue dconomique.

Lo choix des parcelles d'essai résulte finalement de plusieurs
contraintes a4 concilier @ superficie minimale nécessaire a la bonne
conduite de U'expérimentation, surface utile offerte par le terrain,
precision attendue des résultats, movens disponibles.

SUMMARY
SPACE VARIATIONS TN A HOMOGENLOUS SOIL MANTLE
AND AGRONOMIC EXPERIMENTATION IN LOWER IVORY COAST

Under sub-equatorial climatic conditions (2100 mm of annual rainfall)
and evergreen forest, the somewhat homogeneous, impoverished, and
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highly unsaturated ferrvallitic soil mantle on Tertiary sands in lowe
lvory (Coast (Palewdult) displays some space variations in certai
suill  features.

These variations are obscroed at  three different levels, namel.
decimetvic and wmetvric levels Jor the biological variations, and th
decametyic level for sedimentary and soil varia*ions which involv.
the content of jine elements,

The selection of experumental plots ultimately results from inte-
grating a numbar of constraints:  the minimum avea hecessary to condue.
the experiment, the wse ful  avea provided by the site, the accurace)
of the cepected vesults, wul the available means.

Wsing the split plot eceperiment  (Figure 2), the inf'luence
of three plowghing depths on the production of cassava secems Lo
be significant only after adjustment to the soil clay content
(independent  cooariable) due Lo a considerable decrease in  the
rarialion  coeljedone (labile o) Jtherwise, this  influence is
coneealed by the space hetovogeneity of the study avea.

The analycic of covapianes allows a sharvper  judgement to be
made on the effect of a cheoked factor, but it requives o rathep
complex device, and umerous samples weed (o be analysed. In the
case of stwdive wheve (tois mecessavy to peduce  Lhe costs, one
Lo Led fo take compos e campfes repeated v time,  for which it
vemaing  decessary Lo oovaluate  Lhe accuracy of  the results. This
can  be done cither by analysing, at least once,  each of  the
elementarvy  samplings in o one composite sample or by taking a [ew
repeated composite sawaples at one Lime,  Phis considerably decreases
the menber of analyses whiile Keeping some satisfactovy values of
tice  atandamd der it o ol QF e eaviation cocfficlent for the
different parvameters wder considevat ion  (Table a). However, due
to the small uuber of  degrecs of  freedom, the values of the
confidence Diteroal ave higher on the pesulls.

The integration of the space heterogeneity inio a unit plot
Ls Justified, eospecially in the ecase of stwdies concerning soil
cvolution, only i it concerns nsignificant. vaviat.ions which do
not lead to  the soil  dynariices  and  behaviowr being basically
diffevent  from one another. Otnermoise, the result obtained would
corvespond only to the particular means of different situations
without any caplicatiire valie for any of them.

Finally, the scleciion of a aite and the coreation o/ trial
plots result from several constraints which must be. reconciled,
namely  the adequacy of the area adequate  to  conduct the
experimentalion, the usable soil area as related to the space
variations, the ecpected accuracy of the resulls, and the available
means, It is always necessary to have « good knowledge of the
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space heterogeneity in order either to dismiss it, to integrate
tt, or to evaluate the specific effects, if one wants to obtain
significant results for the best possible cost

INTRODUCTTON

Différentes ¢tudes agronomiques et pédologiques réalisées sur
le terrain du Centre ORSTON d'Adiopodoumé, en Coéte d'Ivoire, montrent
que méme  dans une couverturo pedologique relativement homogéne, telle
que celle des sols ferrallitiques sur sables tertiaires cn basse Céte
d'Ivoire, il existe des variationg latérales de certains paramétres
du sal, dont il faut tenjr compte  dans  les expérimentations sur
parcelle,

LE MILIEU

Le climat est de type subéquatorial & deux saisons pluvieuses

: (2100 mm de pluic/an), avee une végétation naturelle de forét
sempervirente,

Sur le plan géomorphologique, les sables tertiaires constituent
un  bas plateau découpe de vallées mortes relativement encaissées,
s¢ raccordant 4 la sone lagunaire proche vers le sud. Ces vallé.s
sont sépardes par des Stendues pouvant atteindre plusieurs kilométres,
of frant  une surface (ros molloment ondnlee on los pentes n'excadent
P oo A0 Sur cew vastes zoncs, le sol est exelusivement de type
fervallitigue trds désaturd appauvrei, sableux en surface ¢t s'enrichig-
sant en oargile avee la profondeur {Tableau 1). 11 s'agit d'un Paleu-
dult selon la classiticacion americaine.

IAULEAU 1 - w501 FERBALLITIQUE TRES DESpropr Arbaygvng,

(ADIOPOBLOINME)
Ferralitic soil (paleudult) at Adiopodonmed

Argile c C cre a s/ rH

Profondeur Clay total teytal pi? 11,0
Septh (%) (%) (&) {me/100g) (mé/ 100y) (2)

0-10 an : g.c 10.7 0.89 5.40 0,90 18.0 4.5
10-20 un 8.0 6.9 0.51 1.75 0.10 B.0 4.7
20-30 un : 1u.0 5.7 0.46 4.25 0.30 B.O 4.7
30-50 on : 11.0 4.8 0.39 3.45 60.30 8.0 .
JO~70 cm : 20.0 5.0 0.18 5.00 60,30 5.0 .

LES YARIATIONS PEDOLOGTQUES

L'¢tude plus détaillée du sol, au niveau de ses horizons, révéle
l'existence de variations latérales  pour certains caractéres, qui
peuvent étre schématiquement considérées A trois niveaux d'échelle,
sous végétation foresticre.
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- A 1'échelle décimétrique (figure 1) : poches irréguliéres conte-
nant de la terre avee des caractéres de texture et de richesse
en matidére organique dif'f'erents de ceux de 1'horizon
environnant. Il s'agit de remplissage de cavités d'origine
biologique @ racine: aprdéc décompesition, faune... Ces poches
sce situent curtout au-dessous de Yo oewm,

- A 1'¢chelle métrique @ on observe une variation relative inverse
de 1'épaisseur des horizons A, et B, en liaison avece la profon-
deur de pénctration de la matiére organique 3 1'horizon de
transition B, pouvant dans certains cas disparaitre au profit
de A, on AL zpruFils ffigurs 1. Des pemaniements superficiels,
a la” suite de chablis, basculement des souches... peuvent étre

pour une bonne part & 1'origine de ces dif'férenciations.

Na2 Na 8 Noy No 2

an

Lagendg
-4 10

[ Litisre
N L J Torturs sabliyse Taxture satdo- argileuse

oy . - 20
v v_/] Horizon humifére cm
v

Horizon da penstration humiféra

Figure 1. Profils de sol sous forét a adiopodoume (d'aprés E.A.
AKODO, 1977)
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A 1'échelle décamétrigue .: la variation précédente peut aussi
se manifester a cette échelle, mais i1 s'agit surtout ici ¢'une
variation lat¢rale de la teneur en éléments Fins, en profondeur.
Dans les profils, 1'envichissement vers le bas apparait plus
ow moins  progressit oL tmporoant,  aveo der eoarts potvant
atteindre ot dépasser 0T d'argile d'un cndroit a0 1'autroe,
au niveonu cdes horizons Beo Bes résultats tives d'un essai agro-

nomique realise A Adiopodoum® (Bonzon ot De Boissezon, 1986)
sur unc parcelle de WA n, permettoent  Jd'ctabliv oune  carte
de voriation s=patiale de Ia teneur en argile +« limon fins
(0-2041) de 0O & 60 cm, dans oo type de sol (Pivure 2). On y
observe  des courbes  d'isovaleur  roparties  entre  deux poles
minimum et maximum, passant de 13 4 239 sur une distance de
20 4 30 m, avee un gradient latéral asseoz regulier de 0,2 4
0,45 par mitre.

- -
E
D
T
L
Figure 2. Teneurs moyennes en argile + limons (0-20p) du sol, de

La

variations d'ordre

O w60 em ae protondens, adiopodoume  (d'aprés Bonzon et
de Boisseaon, 1986)
mise ¢n oculture a pour eftet de supprimer ou d'atténuer les

decimétrique et métrique essentiellement d'origine

biologiyue, bien gue certaines pratiques :ulturales puissent en faire

apparai

la vari

tre de nouvelles. Par contre, elle restera sans effet sup
abilite texturale d'ordre décamétrique d'origine sédimentaire

et pédogindtique.
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m), permettant une analyse statistique approfondie des résultats
(unalyse de variance et covariance, modélisation de 1'évolution du
stock organique...). les résultats de cet essai sont développés par
allbieurs.  On retiendra surtout iei que 1'effet bénd figue de la profon-

deur du tabour nlapparait o sienifient i anaprts ajnstement  sur cer-
Pabnes covariables independantog, o principatoens ot sur la teneur
cnooareile du ol o cola en raisen d'une  diminut ion importante du
coet e iont e variation {Tabileny 2. oo Jd'autres termes,

ia production de manioc angmentoraitl  avee IMepaisseur de la couche
travailice, mais  cet offet 50 Lrouve masgque  par 1'hétérogonéiteé
texturale du champ d'essad.

'}'_l_\_[ll.l'.l\U 2 = EFFLT PROMNDEUR DY LADOUR (ADIOPCDOUNME)
Effect of ploughing depth (Adicpodoune)

fp
. Hayenne Hoyennes Fb Moyennes Ecartsg Coef. ds
hle s & 3
Vattante Covartable qdénérale blocs effet blocs prot. lab. prZ:fe:\h résiduels varlation
Global dlocks lacks Neans Lftece Residual Variation
mean meang effet rlowdi dep. ploaghdep.  deviation coef,
4.05%0 By:4.230 0.61 Py:Y.064 Q.58 1.018 25.6%
Foitein - B,:3,731 P, 4.020
DAnfoc
par 8y:4,210 N3 Py:4.297 Hs
plante D, :4.020
(kqg)
4.0%0 By:4.187 3.26 P1:3.620 14.60 0.483 11.9%
Wetaht of
Cis ot B3:4.116 Py:l.980
rer plane Argile i - . o
Clay 83:3.8i4 N5 Py:4.54) 5SS
B, :3.864

{d*apr#s Donzon, De Boisasezon, 1986)

L'analyse de covariance qui  permet  d'aflCiner le jugement sur
effet du facteur contrdle plest possible qu'avee la mise en place
d'un dicpositif complexe et 1"analyse d'un nombre important d'échantil-
long @ odans ce cas, avee guatre profondeurs cela représente 192 échan-
tillons. Dans Ta mesure on les analyses compictes de sol n'ont éte
realistes gqu'en dobut ot oen Cin o de eyele (17 mois), cela reste encore
dang e domaine du possibloe,

Pour d'autees cay,  par cxermple celul de 1'¢vo ution des solg
cultivies, ou P'on sonhaite Cludier des processus  de transformation
d'étar et de proprictes da sol et, si 1'on veut, disposer de résultats
a intervalles rapprochés, pendant  une periode de longue durle, il
est nécessaire de chercher 4 limiter le nombre d'¢chantillons a analy-
ser. On est alors conduit a4 rvéaliser des cehantil lons composites

Tes variations spatiales mineures
du sol pour un sectour topographique considord.

SUr une sarface i ponren intdpper

1T reste cependant nécessaire d'estimer la précision des mesures
oy

obtenues sur ¢chantillon composite, si 1'on veut savoir quelle signili-
cation accorder 4 une différence entre deux résultats comparatifs.
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(Cela peut se faire de deux facgons.

l. Soit en analysant au moins unc fois chacune des prises
e¢lémentaires d'un Cchantillon  composite, ¢e qui servira
également, o'i! o1 est hesoin, A aluster le nombre de prises
néeessaives pour cabtenis ane precision souhaitée des mesures
sur la parcelle consideroo, Ce travail néeessite un asser
grand nombre d'échantillons o Cindier, Ftant accompli pour
une  parcelle donnce, on  peuat considirer qu'il o n'est poo
nécessaire de le refaire pour d'autres quio oseraient situces
sur la wéme unite d'organication de la couverture pédologique,
O o condilion A" e assurd e oo ovarishilite spatiale duou

caracteres du o sol oy oreste de meéme imporiance.

("]

. Soit avece un nombre  péduit de popétitions d'échantillons
compesites, 4 condition Jd'avoir déja une assez bonne  idee
du  nombre de  prises  nécessaire  pour  assurer  une  bonne
représentativite de la parcelle Ctudice (ef'. ecas pracédent ).
onodiminne ained considerabioment e nmonbre d'analyses a faire
pour aboutir 4 des  valeurs du coelTicient de  variation
comparable v celles obtenues par 1 'analyse des priscs séparées.
Mauis avece un faiblce degre de tibertd, on est conduit, sur
le plan  statistique, & une  surestimation des marges  de
steurite, of  1'on appligue tes nermes usuelles d'évaluation

des niveans Jdeoconfianen,

Toujours pour le sol d'Adiopodoumé, on trouvera par exemple au
tableau 3 les resultats d'analyse de quatre échantillons composites,
de trente prises Olementaires chacun, portant sur le carbone total
el osur la tenear en o argile, pour une parcelle de 1470 m  voisine de
Hessal procedent . Aver quatre répctitions d'¢ehantillon composite,
on cbhtient den confricfenty de o variation trdés bons pour le carbone
total et encore bons par 1'arvile. Mais avee seulement trois degrés
de Dibertd, on cera conduit a une ostimation plus élevee de 1'inter-
valle de contiance ot e ia plus petite diftdrence significative entre
deux résultats,

Four sepeated cvaix dite smplen

10 Frtees dleentaicey sar 16000 At el
10 Llewentary saapling over (4703° (Aflujentoune}

Profandaus Repétitiony “agenne fout type Caef. wvae,
Copth Rapracms vasples aran Standard  var. coef,
. deviation
A ] c o t 3 T/
Cartona total, total cathm
o-lom 12.8 12.2 11.5 1.7 1.0 F.oe b)
t0-20cs 9.5 9.4 9.3 12.6 3.8 o 59 [
10-10cn 6.4 6.0 5.1 [ (34 0.1 2.9
Ja-s0.n S L] 5.0 4.2 LR R 1.6
t0-T0m IR} vs [} 4.8 X} a.1% 3.4
Argtle, clay W
0.l bR 6.0 L) 6.8 (] 0.8 lo.?
1o- 100 6.3 1.9 B.S a.0 4.0 an ae
10-10m 7.9 2.3 10.0 1.8 9.2 t.ed 12.6
10-400m n. L 1.0 0.3 "8 [T 14.7
t0-10ms 12.3 12.0 1.3 10.4 121 1.8 1na
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Soulignons le lait que 1'intégration de 1'hélérogénéité spatiale
dans une parcelle unitaire de surface appropriée n'est justifice,
particulicrement dans le cas des otudes d'évolution du sol, que gi
cette hetoeropdnditd e concelne que tdes variations mineares,

ntimpligqeant pas de ocontrainten dans le oo cntralnant des processus
de tonctionnement on de o cempertenent Pondamental ement différents los
UG dens antres, Paute de quoi, Jes rosaltats obtenus danis de telles
cenditions  ne  ecorregpondraient qu'a des movennes  de situat fong

discemblables, voire mdme oppeséos, ot sans valeur explicative pour

aucnne d'entre ollog,

P ity 01 cnt orare gue les caractiristiques physiques ot chi-
migques des cehantillons de sol préleves dans log diftérentes parcelles
d'un champ d'essal puissent dtre considipoes comme  appartenant  a une
population normale, Par contre, dans le cas des cusais on blocs com-
plets randomises,  D'elimination de 1'offetl deg traitements, ot en
particulier de Phitérogdneite entre leg bloes, fait que les tests

Aeonormalité, réatisdés sur les residis d'afustenent de lunalyse do

() Arianee, gent o gwencradlement o significat i, Dés dors, i1 est
possible d'ctudier la o covariance et d'Climiner woit  §'influence de
P'hewiropincito initiale s 1a caracteristique ajustée, 501t

Hintluence de IThétdrogéneite sur d'autres caractéristiques qui sont

Piees A Ta caractéristique tudice,
CONCLUSION

Finalement le choix d'un site et l'ctablissement de parcelles
d'¢rude résultent de plusicurs contraintes A conecilier

1. Une superficie suftfisante pour la  realisation pratique de
Hexpérimentation @ facon culturale, Svaluation des rendements,
ctendue neceszaire o Vexcout lon popeton de plusiecurs séries
de prélevements pendant  un temps  détermine (sans revenir au
méme endroit ),

2. La  surface  utile  effective afferte par  les  variations
spatinles, si 1'on veut Utravailler sur un  secteur de sol
ponvant  étre considérd comme  homogene  sur  la plan de sos
caracteres,  fonctions et propriotés. Il peut étre aussi
necessaire d'adapter la forme des parcelles a la configuration
de I'organisation spatiale du so0l, ceci en compatibilite avee
les conditions d'exdéeution de 'expérimentation.

3. La précision attendue sur ey reésultats,  dépendante de la
variabiiite naturelle du soi, ot dont |amelioration nécessite
d'accroitre le nombre de prelevements,  done de  surface  a
¢chantillonner (cas d'une ¢tude suivie), ¢t aussi des moyens.

b, Enfin, les moyens disponibles pour 1'exéecution de 1'opération
et qui ne sont malheurcusement pas sans limite.
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1T convient donce d'arriver & un compromis entre ces dif'férentes
nécessités, la guestion ¢tant de savoir dans quelles limites demeurer
pour conserver aux résullats obtenus une valeur significative accep-
table.

W elle cxivte, or wanl sl elic tfait clle-méme 1'objet d'une
experimentation particulicre, dans le cas d'une ¢tude de relations
sol-plante prar cxemple, P'hérérogendite spatiale constitue un
inconvénfent pour 1o conduite d'expirimentation avee des dispositifs
simples. Do toute  facon, il est toujours nécessaire de la  bien
connalvre afin de camposer avee clle, solt pour 1'éearter, 1'intégrer
o en cvaluer les offets spdeiffiagues, i 1'on souhaite obtenir des
resultats significatits au meiileur cont possible.
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APPENDIX I: RESOLUTIONS

PROGRAM ORGANI1ZATTON
PROPOSED INTERNETWORK PROGRAM

The network organivzation has been described in other IBSRAM
publications, mainly in the reports of the inaugural workshops and
the newsletter. By and large these descriptions remain valid; but
in order to achicve better efficiency, a regional approach is taking
place in conjunction with & common coordination concept for the two
networks - ‘Tropical lLand Clearing for Sustainable Agriculture and
Management off Acid Tropieal Soils.

It bas been decided that the title of the proposed internetwork
progran chould be "Land Development and Management of Acid Tropical
Soils in Afrvica (LDMATSA)."  This network development will not destroy
the integrity ol the two initial networks, but should help to foster
Links between them while at the same time facilitating the coordina-
Lion process. v is recognized that some projects will focus on
tropical land elearing whereas others will concentrate on the manage-
ment. of acid tropical soils, Others again, like the one presented
by Camceroon, may integrate the two objectives.

MECHANISM FOR PARTICIPATION TN THE PROGRAM

The mechanism which has been set up for participating in the
IBSRAM program is specitied in the following guidelines:
L. Type of participation
Three types of participation are possible in the program
a) A simple participation in different program activities
{(receiving the IBSKAM newsletter, and participating in
some workshop and training sessiong).
b) Active participation - both by having an accepted program
and by participating in al! the various program ectivities.
¢) Participation by having an accepted program in the common
area of rescarch and also by carrying out some basic
rescarch related to the objectives of the networks - in
addition to participating in all the different program
activitics.

2. Mechanism of approvai for the projects

a) The project may be presented to IBSRAM by national insti-
tutions.

b) The project may be reviewed by the members of the Network
Coordinating Committee in accordance with the criteria
of approval (sce below).

¢) The project, having been discussed and agreed upon between
the NCC and the cooperator, may be accepted as an IBSRAM
project. (Bear in mind, however, that the 1BSRAM Board
of Trustees must endorse this acceptance.)
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d) After approval an ofticial letter of acceptance will be
sent to the cooperator, who may use it as a letter of
support for fund secking.

e) During rcpgular meetings of the networks, cooperators will
present  their rosults, These  will  be discussed and
reviewed by the participants in order to maintain a high
scientifl'ic and development standard in the program.

3. Criteria of approval

a) The project must Culfill the network objectives as defined
in the inangural workshop and as clarified during the
present seminar.

b) The project is technically  acceptable, i.e. it follows
the approach which has been delined during che present
seminar and is well defined,

c¢) The project is thought  to be ecconomically acceptable.

d) The country isg already involved in rescarch of the type
proposed, or is willing to invest in training for its
personnei to achiceve worthwhile participation.

e) If a rescarch project is proposed, it should have a broader
objective Lhan the country objectives per se, and should
have implications on wider a scale. This requirement
will not apply to validation projects.

PROGRAM IMPLEMENTATTON

Immediate action will be taken by the Director of IBSRAM to
gain donor support for the program, vspecially tor the cost of coordi-
nation. These funds  include cmployment of a program coordinator
and the cost of meetings and monitoring tours. The role of the pro-
gram coordinator will be the same as that described for the network
coordinator in the raports oft the inaugural workshop«,

So as not to lose momentum in  the period before the program
coordinator is appointed, the Director will immediately contact coope-
ators  and relevant organizations to carry out various functions
45 sel out below:

1. Cooperators to redraf't their project proposals in accordance
with the discussions which took place during the seminar,
and with the puidelines provided during the inaugural workshop
on Tropical Land Clearing for Sustainable Agriculture
(Appendix IV).

2. Cooperators to follow up activities alrecady started or to
start activitics as soon as their program is agreed upon,

even on a small scale.

3. SMSS, TropSoils and ORSTOM to help in detailed characteriza-
tion by carrying out their own approaches (Soil Taxonomy,
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FCC, French classification and structural analysis for at
least one site, which could be the following year's meeting
place), ard to give guidance to the cooperatores in order
to help them In this exercise.

Cooperators to send to IBSKRAM an inventory of their available
laboratory cquipment and to list their needs regarding soil
and plant analyses,

Cooperators to send their training plans and a list of availa-
ble facilities at different levels in order to organize

training sessions. IBSRAM  will encourage cooperators °to
send participants to L[ITA soil and plant analysis courses,
or to avail themselves of similar opportunities.

APPENDIX 11

PROGRAM OF THE IBSRAM SESSION

Thursday January 23

Morning : Visit to a road cutting showing laterites on metamor-

phic rocks on the Douala-Yaounde road

Afternoon @ Boil profiles - classilication repartition - uses
[

- Mungo river terraces
- Ekona experimental station

Friday January 20

First part: IBSRAM network organization
Chairmen:  Prot. H. Scharpensec)

General

Dr. Bindzi-Tsala
presentation M. Latham

Results of the inaugural workshop on Management

of" Acid Tropical Soils P. Sanchez
Results of the inaugural workshop on Tropical
Land Clearing for Snstainable Agriculture R. Lal

Second part: Site seclection
Chairmen:  Prot. A. lerbillon

Prot. P.o Ashaye

Clearing and management of lateritic soils.
First step in the implementation of 1BSRAM

projects M. Latham
Analyse de la couverture pédologique : choix
du site experimental au Cameroon J. Bindzi-Tsala

L.R. Ambassa-Kiki
P. Bilong
A. Anguene-Mala
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Site selection in Zambia L. Chileshe
0. Spaargaren

Third part: Site characterization 1
Chairmen: Dr. V. Baharinosy
Pror. ¢. Mathicu
Relation entre lu porosité et le pedoclimat

dans le domaine fercallitique au Cameroon F.X. Humbel
Encroutement superticiel du sol quelques

applications agronomiques C. Valentin
Organic matter characters H. Scharpenseel

Fourth part: Site characterization 2

Chairmen:  Prof. A. Kuellan
br. L. Chileshe
Edaphic characters P. Sanchez
Mineralogical characters A.S.H. Juo
Phosphorus characters V. Raharinosy

Saturday January 25

Fifth part: Adaptation of the experimental design to soil
characteristics
Chairmen: Dr. A, Mapangui
Dr.o 0. Spaarearen
Analyse structurale des couvertures
pédologiques et implantation d'cssais
agronomiques orientds F.X. Humbel
Variation spatiale d'une couverture
ferrallitique relativement homogone ot
experimentations agronomiques en basse
Core d'Ivoire R. Moreau

Sixth part: Presentation of national project proposals ATS
Chairmen: " Prof. Pedro Sanchez
Dr. Aku O'Kting'Ati
Cameraoon
Congo
Ivory Coast
Madagascar
Zambia
Nigervia
Burundi
Rwanda

Seventh part: Presentation of national project proposals on
Tropical Land Clearing for Sustainable Agriculture
Chairmen: R. Lal
A. Moukam
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Tanzania

Nigeria

Ivory Coast

Meeting of the Network Coordinating Committee
Meeting of the working groups

Sunday January 26
Field trip to Barombi Kang
Monday January 27

Eighth part: Implementation of the networks
Chairmen: Dr. J. Eckebil
De. M. Latham
Report of the NCC
Report off the working groups
Formation ot the Land Development and Management of Acid Tropical
Soila Hetworpk

General discussion
Closing session chaired by Prof. Beaupelé.

APPENDIX III

PARTICIPANTS

BURUNDI Paul BILONG

Faculté¢ des Sciences, Unlversité
Clément MATHIEU de Yaounde
Faculté des Scicences Agronomiques BP 182 Yaounde
BP 200 Bujumbura
CAMEROON Joseph BINDZ1-TSALA

Centre National des Sols
Paul R. ANAMOSA BP 5578 Yaounde
University Center, Dschang
BP 135 Dschang West Province William BLUE

Centre Universitaire de Dschang
Emanvel AWA ENSA BP 222 Dschang
CNS Fkona Station
PMB 25 Buca Emanucl DOUNOU-TCHATO

IRA
John AWEMO BP 221 Bangangte
Chief Barombi Kang Station IRA
BP 62 Kumba Jacques ECKEBIL

IRA

BP 5578 Yaounde
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L.R. ELA-ELVINA
CENEEMA
BP 1040 Yaounde

Serge GUILLOBEZ
CLRAL/TRA/CNS
BP 4% Dschang

Jan HOF
AT ‘Ikona Research
PME 29 Buesn

Philippe [KELL
DPAL,
BP 257 Douala

Philip A, KIPS
FAO/Ekona Research

PMEB2S Buea

Jo KOTTO-5AMI,
CNS
BP 5578 Yaounde

Appolinaire MOUKAM
CND Ekona Station
FMB 2% Buea

David NGAKANOU
CNS Fkona Station
PMB 25 Buca

Simeon T, NUMBEM
CNS Bkona Station
PMB 25 Buea

AL OLONANA
CENEEMA
BP 1040 Yaounde

Male OUNGUENE
IRA/CNS
BP 5574 Yaounde

Mesurin TCHINDJANG

Département de Géographie
Université de Yaounde

BP 755 Yaounde

Frederic TCHUENTEU
IRA/CNS Ekona
PMB 25 Buea

FEric Van PANST
Centre Universitaire de Dschang
ENSA BP 222 Dschang

BElise YEM
CENELMA
BP 10410 Yaounde

Rose YOUNGUE

Faculté des Sciences, Université
de Yaounde

BP 812 Yaounde

CENTRAL AFRICAN REPUBLIC

Yves BOULVERT
ORSTOM
BP 893 Bangui

CONGO

Erik BRAUDEAU
ORSTOM
BP 181 Brazzaville

Antoine MAPANGUL
DGRST/ORSTOM
BP 181 Brazzaville

Jean Mathias KOUD

Lab. Géol. S¢dimentaire
Universitd M. NGOUABIL
BP 237 Brazzaville

FEDERAL REPUBLIC OF GERMANY

H.W. SCHARPENSELL
Universitat Hamburg
Allende Platz 2 D 2000
Hamburg 13
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FRANCE

Mireille DOSSO
Centre Scientifique [BM France
50 QU R. Poincaré 75116 Paris

Adrien HERBILLON

Centre de Padologice Biologique

BP 5 548501 Vandoeurre les
Nancy Cedex

Francois Xavier HUMBEL
ORSTOM
fO="h RT d'Aulnay 93140 Bondy

Alain BUELLAN
ORSTOM
213 Rue Lafayette 75010 Paris

Boris VOLKOFFR
ORSTOM
7O=70 RT d'Aulnay 93140 Bondy

IVORY COAST

Emanuel FRITSCH
ORSTOM
BP V. 51 Abid‘fan

Grahoua GODO
Ministére Recherche/ORSTOM
BP V 531 Abid an

Chistian VALENTIN
ORSTOM
BP V 51 Abidjan

Gballou YORO
Ministére Recherche/ORSTOM
BP V 51 Abidjan

MADAGASCAR

Violette RAHARINOSY

Ministére de la Recherche
Scientifique

BP 694 Tananarive 101

NIGERIA

Akinola A. AGBOOLA
Dept. of Agronomy, University
oft Modan

lbadan

T.1. ASHAYE

Dept. of Soil Science, University
of 1FE

IFE

M. BERNARD
IITA/FSP
PMB 5320 Ibadan

A.S.R. JUO
1ITA
PMB 5320 Ibadan

R. LAL
IITA
PMB 5320 Ibadan

NORWAY

Balram SINGH
Agricultural University of Norway
Box 28 1432 AS NLH

RWANDA

Valens NDOREYAHO
Faculté d'Agronomie, Université
Nationale du BRwanda

Johan VERCRUYSSE
Centre Pédologique du Rwanda
BP 74 Kigali

TANZANIA
Aku O'KITING'ATI

Sokoine University
Box 3000 Morogoro
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THAILAND

Mare LATHAM
IBSRAM

PO Box 9-109
Bangkok 10900

Samarn PANTCHAPONG
Department of Land Development

USA
Pedro SANCHEZ

North Carolina State University
Box 7619 Rualeigh NC 27695

ZAMBIA

Phaholyotin Road
Bangkhen, Bangkok 10900

should

Luzarous CHILESHE
Soil Survey Unit
PO Box 710072 Mansa

Otto SPAARGAREN

Soil Survey Unit

P Bag 7 Chiluanga
APPENDIX 1V

GUIDELINES FOR NATIONAL COOPERATOR PROJECT PROPOSALS

The country project proposals {(about 10 pages double-spaced)
be:
Map of the proposed area
Introduction - significance of the project
Backyround
* briet review of the literature
#*

Land develonmen: - Managenert v

tmpact  of the proposed study on agricultural development

and eventually on the advance of general knowledge

studied from an agroecological
and sociocconomic point of view

Identiffication off the national agency responsible for the

project ar¢d of the national coordinator scientist

Details of proposed study
*

* deseription off the areals)

rationaloe
* objectives and scope
methodoiogy
implementation schedule and arrangements
Statement of {ocally available facilities in terms of
* oxperimental fields
* srarr
*

*
*

cquivment . vehicles

laboratories, offices

Estimate of costs and requirements, including

* national participation ,

* external requirements in terms of equipment, travel, working
cxpenses

* training and consul tancies

#*
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The proposed study should be planned taking into account the
conclusions and recommendations of the working group reports.
Furthermore, the need for consistency of several procedures (experi-
mental designs, laboratory methods) among country projects should
be kept in mind.
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Director of Sovil Science

The Arab Center for the Studies of Arid

Zones and Dry Lands
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SYRIA

Dr. W. Treitz
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ACP-EEC Convention of Lome
BP 380, 0700 AJ Wageningen
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Dr. F.J. Wang'ati

National Council for Science
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