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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

tropial part of' the continent. Shifting cultivation nornially follows
 a standard procedure: land clearing, 
two to three years of mixed

cropping, and eight to ten years 
uf 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 bur­geoning population 
tends to limit the fa'llow period 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 eff'orts 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 
follows. 
 "''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 FranQais de Recherche Scientifique pour

le D6veloppement en Cooptration 
(ORSTOM) and the Bundesministerium
 
f'Ur wirtschaflichte Zusammnenarbeit (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 Soil Taxonomy, and 'soils
 
ferrallitiques' in the French classification system.
 

These proceedings include 
thirteen papers presented during the
second session of the seminar. 
 This session was organized by IBSRAM,
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and has as its theme "Land Development and Management of Acid Tropical
Soils in Africa." The papers have undergone a certain amount of 
lorma] editing with the assistance of Dr. C.R. Elliott, but the 
sienti ic content or the papers remains the responsibility of the 
authors. Rocommrantlt.ion 2: Pr 1 1 ,- p r11,,;Nsue,. are presented at 
the em! oW he volwn,. 

Partic ipant.,; cornIlided that there wa.n- an urgent need to establish 
an African i i work on "land Developmen t and Managemen t of Acid 
Tropical Soils in Africa" under the di rec tor of IBSRAM as the 
coordinating oria nizat. ion. It, is hoped t.hat, this network will 
eventually provide solu't ions to many or the problems rai-ed during
tiWe seminar, and also a permanent framework within which all such 
issucs can be addressed. 

M. LATHAM 
IBSRAM Director
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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 coveredduring the IBSRAM session. They concern the two IBSRAM management
networks, namely:
 

- Management of' Acid Tropical Soils;
 
- Tropical Land Clearing 
 for Sustainable Agriculture. 

RESUME 

DEFRICIIHATENT ET MISE EN VALEUR DES SOLS LATERITIQUES: 

PRI941ERES ETAPES DANS LA MISE EN OEUVRE DES PROJETS IBSRAM 

La discusston s'artcteule autour des quatre themes suivants 
- choix des sites;
 
- caractdrisation des sites;
 
- dessin des dispositifs exp6rimentaux; et 
- premieres dtapes dans la mise en oeuvre des projets de iise 

en valeur de,; i; . 
7eis sont les principaux points abordis durant la session IBSRAM;
its concernent deux rseaux fBSAM: 

-
Mise en valeur des sois acides tropicaux; et
 
- Dfriechement des fordts tropicales pour l'6tabZissement d'une 

agriculture continue. 
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Le choix des sites est la premidre al pour le transfert de8 
r~sultats obtenus. It doit prendre en consideration: 

- Lea aspects socio-6conomiques qui sont n cessaires pour toute 
application des rasultats obtenus. 

- Les aspects physiques : ysttme,; ;oi, climat, modeld - qui
doivent iatre o6,vifi,Js au nioeau de La rdgion en vue de 
s'assurer de ta repr)sentat ivt't d site. 

La caract.risation des sztes est la deuxiome cle pour le 
transfert des rtsultats; cdie est d la base de toute comparaison 
de ces rasultats. La caractarisat ion des sites doit: 

- non seuoman{, pi2endre en considcraation les aspects
taxonomiques, mais surtout se concentrer sur les paramatres 
adaphiques; 

- tenir compte des diff'ienciations verticales et lat~rales 
des couvertures padologiques par un 6chantillonage dense des 
parcelles;
 

- examiner la dynamique des sols Zi6e aux mouvements d'feau sur 
la base d'un cycle climatique. 

Les dessins des dispositifs exp~rimentaux doivent prendre en 
compte les diffarenciations verticales et lat~rales quand elles 
existent.
 

Lea premieres ctapes dans la mise en oeuvre des projets nationaux 
passent par : 

- la mise en oeuvre de la coordination des r~seaux; et 
- la mise en oeuvre des projets nationaux. 

Nous avons besoin maintenant de commencer queques activit~s 
de r6seau, mgme d une petite achelle.
 

INTRODUCTION
 

Land clearance and management problems in relation 
to lateritic
 
soils, and IBSRAM's approach to these problems, !an 14e summarized
 
under the following headings:
 

1. site selection,
 
2. site characterization,
 
3. design of experiments,
 
4. first steps in the implementation of the soil management
 

projects.
 

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'.
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You have the network proposals which have been established during
 
these workshops. Some of you have already presented national soil 
management projects, aid others have brought project elements with 
them. We have now to f'ind a way to otart retwetrk activities. 

lo' this thi.s tort i iAid threepurpo:e, saes AU '; into major 
parts: 

1. review papers oil site se]ect, ion, siite char'acterization and 
the design of ,xperiments , which will eccupy the First day 
and a half 

2. 	 working groups, which will look at the methodology which 
will be commonly.,ac .d and 

3. 	 a final plenary sosssior which will examine the national 
project proposals, and will! look at the First steps to be 
undertaken to inprement them, Iorjects. 

SITE SELECTION 

Site seler i.n one or the mt,t 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 
considerations: (H) socioeconomic, and (ii) physical. 

Socioe"onomic consliderati:; may appear to be very highly located 
in Lh is Orq' oi ::its-gornwt pojects. They are the keyshippar'c'y t 
for the .ppli cation or experimmsttal results. The success of these 
networks wi 1 n t he measuitd in terms of the sophisticated 
technologies which ty pr'oduce; it A II be measured in terms of 
tie applirnt onn or he t lchnol ogy which has been used. For this 
purpose, prio iLy Cret, prioPity a'eas, arnd pr'ior'ity for development 
targets in a coint ry must he chosen, bec:aus it pri orities are not 
c:ar'eful [y t1i'h l tt!, i, ,r i lt: .,i! 1 it, 1n ' interest to anyone. 
This impLortant anpecL hts hes t aker into accmiott in the past, and 
mlost agronomic staiti o; are ,ol I located as reravs their suitability 
for serving pracltical putrpos or.; arid prior ities. 

Inavert i gat. ois regarding .he physical ide of site selection, 
on the ot ho' ht'r d, h.iv. rt'Ie Men poorly cornducted. Too many agrono­
mic experiments have been located on land se lected by virtue of comMro­
dity availabilitly or soite o ther techirical assets, without looking 
enough at tte a,,o-wnqrtv ImlnL'al asopects which could determine its 
suitability. Poor physiaal character'ization, or characterization 
done after the exjie cilrient has reencompleted, ace very common mistakes.

in the tropics. This wais not sO iUpo'tant when testing germplasm, 
insecticides, hie ci de;s or' e her t] r:- 1 r l td practices. Good 
physical char'actetization becomes essential, however, when we look 
at suil mariagement, because soils are strongly site-specific. Site 
selection must, then, proceed From a regional survey of the major 
physical aspects: climate, landform, soils.
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In recent years, efforts have been made to overcome this diffi­
culty. They concern:
 

I. a better characterization of 
the agronomic sites - but this
 
concerns 
the sites and seldom the region;
2. multi local triils, t,'hih have the advantage of erasing partof the v.,ifli I ity (!tit! the site specificity; but thesealso era:3e some of' the results since they compare things
which are not ttiet.y corpaable;

3. benchmark site pi'oj c.cts, which are set up to validate theconcept of' agrorechnogy transf'er at the family level ofthe Soil Taxonomy and then to provide system analysis and 
crop s imu at ion ; but SoiIexclusive ly with Taxonomy is concerned almostB hor'izon s , whereQas loots develop mainly
in A hori.:ons-. 

We can see that agronomists have tried to adapt more and moreto the character'ization of the physical environment in choosing theirsite, either by making a detailed characterization of the site, orby us ing a i St i I tpta,pi'oach, or even by choosing their site inaccordance wit h its so; ] sy'.t:ems. 

The fir'st part of thi, sSeminar has shown the progress made inoperating soil surive.y.s. It has also shown the limit of this exerciseon lator,it i,:so i. mant le. regarding the scale of' the surveys andthe contet, (f' the si I I1t '. (ine of the leSsons of this seminar-t ) Iis t hl 50j1l. t 1O0 ,JtjustI. a cotleuctiorn of' pedons, but are organizedsystems which have ]ater'a 1 *and vert. ical variations arid which havea dynamic. Surveys s hou]d take into account our knowledge of thesesystems in oirde r to give a clear itiage of' the soil pattern. 

We can see that. this could be a log-term ef'for't which mightdelay any'tie:' worwk on .oi [ illligm, t, and i a fact discouragethose who mllight ot.1herwi:;e suppott this work. This means that inareas of interest for sci 1 management., the existing data (with somereconnlias;anCe survey; to complete them) should be used to identifyt:he soii systems and locate the experimental sites. This is not,in ca:; ' exaorcisieand i t may take some time to co.oiplete; but the degreeto %thich it , n he m ut rii'ciii-ately wi I determine the possibi­.i ty of' c omt;, imig r,;usl t s and of' transf'eirring these results to thesuir'oumrlding 'tarm.lt.vs and evertual ly to other localities. Thus siteeetion appeam's as tie first toy t ilnterested governments andpotential donors. It, thes !ecuresi basistentiflic of the project
and allows the results to be transferr,,d to other areas. 

SITE CIIARACI E.RIZATiON
 

Site characterization 
 is tile second key for the transfer ofthe results 
and the basis of any comparison of these results witheach another. 
 At present, site characterization is largely envisaged
as the characterization of 
one or more pedons in a site, with the
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extrapolation of the results of' the observation and analysis of' this 
pedon being applicable to a more or ].,,-, extended area. This proce­
dure has the advantage of being rat her simple, and should make it 
easy to harmonize. Morpholog i descriptiors and analysis can be 
standardized and tiuls i'in be r,.op'red twith ,oa'h other'. The Final 
product o' to is c'hi;' .ri io n i n ,iLh r' ah tax(Hi,,mic denomination 
which integrates thhe di fferent observed o' Laysiid paralmeters, or 
a series of figurTse hch are net always c,',y to manipulate. 

These procedures pres;ent itree major disadvantages: 
I. Taxonomic charact orizat,ion is comp] icated and not really 

designed Mar' so i I imunm-:i~o,nt . 
1.1 laxaonomi¢ charac (:ri:zat oi i:, iot lways well understood. 

As Ray PLLbe, with a touch of bumour', pointed out in 
Townsv i 1, Australia, "So I classi rications are known 
only by petolog ists, amid even some pe dologists do not 
appear tn unden;''and some of t.he ir fundineritaI principles 
and lim i LaI i ";. So, we Pacae a major diff'fIculty which 
bloka w'niridet m: itnd~i; riq:'o tkiii -. ; Hi m el.ves and 
between pedoe l t;,i t; and others. Ihe Forum on Soil 
Taxonomy and other trailning coursn s shoould improve this 
situation in Fu arid ths , t.airlill'g COUPSUS shouldth, 1'nt.nre; 
not be restricted Lo pe, 1)1]ogl. ta but should also reach 
other users' of' :;oil science,, alild parti(ularly agr'oInomists. 

1.2 However, ;oil ciussi'icaLionO will P1ac1h soil user's if 
these user's see a real interest in them. Ihe integration 
of characters of' the A horizons, where most of' the edaphic 
paramet.er, are lcated, is one ofr the cond itians. Buol, 
Sanchez aInd ot hers hay presented technical 
classi f'ications and tihe Ferti Ii ty Capability 
Classif'icatiLi ( C) is the ui 't siiecs f'ul attempt in 
this Fi eId. Bu L here again, di t;seminat I on oF the 
principleo ' tori sy;em is imiportrant as wel as any 
improvement i.nt sys t ein itself. One of' the main outputs 
of these networks will probably ie to test some of' the 
charactevistics of the FCC (and oth-rs) and to try to 
gain a better idea at' what ina impirtant F'or plant growth.
Thus a detai le d Laxomlic and cdaphic characterization 
of tfe soils Of' tie site, as well at; a climatic and a 
landform churacter'i atIii, are needed to enable us to 
compare and transf'er the r'esuIts of experiments. 

2. 'Characterization with re or more pedon presumes that the 
area concerned io ;uomiii{oa ns ' .'atr be divided into homoge­
neous parcelsa. Yet we have seen that lateritic soils often 
present an important lateral and vertical differentiation 
and so are diff'icult to assemble in homogeneous units. Even 
on a rather homogeneaNs soil mantle, like the one derived 
from the tertiary sandstones of' Ivory Coast and experiments 
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on cassava in Adiopodoume, have shown that 
slight variations
 
in the soil granulometry or on the organic matter content
 
can hide the treatment effect (de Boissezon, Bonzon, in oral
 
communication). Thus while 
a general characterization is
 
important, fr'pm -i trerael poini of view a dense sampling
is compul -;.2ryI u(nd,'.-':;tand the ]atf~ral -od vertical differen­
tiation of' the f~itoe. 'Dense' is a vague word which depends 
on the vaviahilit y of the system, and must be tested. 

3. Soil systems are not fixed ,ystema;. They present a dynamic
linked to the movements of' the water and of the iono and 
to the hiologiia ] activity. Nestfro.1 observations are con­
ducted during the dry season which hide se(Me very important
edaphic features like tmporary waterlogging, ferrolysis, 
or, porosity produced by worms. It must be stressed here 
that site characterization cannot be -done by one visit by 
a pedologist, but should he based on observations made on 
one clirratic cycle at least in order to understand the soil 
system dy",imic. 

Even with 
all this information, site characterization may not 
mtL.Lch exactly with an edaphic characterization because some important 
parameter; may be forgotten or others over-emphasized. One way to 
overcome this di fficulty is to use a test crop on the whole site
 
with minimum inputs 
 and to fol low its behaviour uniformly. This
will allow for checking site-measurcd 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 diff'erentiation of th sit e when thIfase 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 substr'atum.
 

[hus we must adapt the design of experiments according to the

lateral and %ertical differentiation, 
 bearing in mind the following
 
principles:
 

1. On ratter homogeneous 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.
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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 ). Ihii:; ( a:: miiy :m a little theoietical, 
but is in fact common S incuC f'avmclfeS o'tern use transition 
areas (slopes, 1 mi ts between maj or soil units) where 
nutrients and water are more avai Iab]e. 

4. A last comp] icated case may also appear - the case of land 
covered with termite mounrdi or any other microvariability. 
Here too .e need t., dolet-':inii how t.o dosi gn experiments when 
confronted with such a high microvariability. Should the 
plots be enlarged and treated as homogeneous systems, or 
should each microvariation he treated separately? 

The designs of experiments are importAnt, since we depend on 
them for the rel ia li 1t.' of the resnlt:,; and their' transferability. 
Design criteria are worth considei-Lug, and we wi] I have an opportunity 
to give this matter some thought during this plenary session and 
in the working groups.
 

FIRST STEPS IN TIlE IMPLEMENTATION OF THE NATIONAL PROJECTS 

As things are at present, we now need 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 themselves, 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 donor,.; have expvue's;:;ed i nteresft for hilateral projects, and 
sound realistic projects wil1 be the best guarantee for any external 
support. External funding on a bilateral basis for national projects 
is mainly the responibility of the cooperators. IBSRAM can help
in refining projects an] in carrying them through, but IBSRAM is 
not a donor and has no f'unds, except for coordination purposes. IBSRAM 
can support you in your r'cquests to donors, but cannot act in your 
place.
 

Let us now work out a strategy: 
1. Some of you already 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?
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2. Others would to
like start some activities, have bound
realistic project proposals, and have some funds to start some operations. What kind of activity could take place
in the near future "o start implementing these projects?
Starting some activities may show the potential donors the 
strong interest o your country and may be a plus in future 
negotiat ions. 

3. Others again may have sound and realistic projects but no
funds. They must try to get funds - and in the meantime
particip.',Le in the network activ.ities, notably meetings and 
training comurses. 

In any case, the network activity should start with a site
selection (or z; cotlnitmation of' the suitability 
of the existing site),with a site charctorieization, and - depenaing on the availability
of funds - with one or more experiments. A first vegeta]
charac terization of the site would be t reasonable start, but perhaps
some imi ted tralis on specific points could bealso envisaged.
This s5esson should help us to define those points. 

CONCLUSION
 

Inaugural workshops have occurred this past year and some projectproposals have been prepared. We now need to implement these projectsby harmonizing them with sound iea]istic obajectives and startingsome network actLivities. As has trequent:.y been pointed out, IBSRAN
is not a donor agercy: it wi.l help you to draw up good projects,
to prese nt them to donors;, and to carry them out as a coordinated
activi ty. The targets of these networks are important for thedeve opment (' your country and tOr ,t imul.ating your enthusiasm ­an we ape enrcotaged to th ink by thle positive reaction of' many donorsto requests t'o, promoting networking activities. We must now movefrom ,onceptu.n] projects to real programs. Ir we can maintain somemomentumi in actively working together, the success of the networks 
will be assured. 
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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 carried out at 
a number of regional research 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 
appr'oach. Three types of sites are recognized: agronomic trial 
sitOeS, pedoroscal I'search sites, and training sites. The logistical
 
rIequiremento for' each tvpe of' site is outlined.
 

Of' tho! __'k benchi,-k silos identified ---) far, a number are situated 
in th higlh raintall zone or Zambia (precipitation exceeds 1000 mm) 
and are cla.ss';iid' ( as so-caled acid t opical soils. Data and back­
ground frinr'maat a01 pr'oe)1'.)s0nted f'OPp th roe sites and four soil units 
which are ,potpnsed for inclusion in IfSRAN's Acid TPropical Soils 
%anagemen Notwork. Also one sit: i.,; propos ed for' incorporation 
.t1 Lo IBSRA'; Tropical Land Clearing for Sustainable Agriculture 
Network. 

RESUME 

CROIX DE SITE FN ZAMBIE 

Depuis Z'46poque coloniale, la rechetnehe agronomique a dt6 men~e dans 
un certain nombre de sous-stations et soustations de recherche 
r6gionales en Zambie. Le plus souvent, oependant, les sols n 'ont 
pas tO pris en compte dens les essais agponomiques. Ce n'est que 
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rl .ernment que l'unitk de eartographie des sols a initid Za creation
d'une approche par site de rf'rence. Tiris types de sites sont 
reconnus : des sites d'essais agronomique, des sites de recherche
pddolog que, e t des sites de ]j'omation. Les specifications
logistiques pour chaque type de site sont i rvumoes. 

4t.m lea 2, 1 ltes do Pt]ylyne iW'en.t j 1.1> ,/luqu 'd prosent, unP'ertain umbe aunt lovaZ.s& dng l a none a .[i'jpte phi.,iomi.tie de
Z.wbie (pt'coipitotion mOyernlf, anllOc ell7 smpeviu' (1 1000 mmn/) 0t sont
Vlas s's VoweC o1)! tro,fcanx aicdrs. Ls Wa<ltat, et le'i injorna­
tions da lose aont: p.,,.o.rte¢s poe r t1ois .e et quatre un itos de 
vo quti sont propos auanros;eau d, me on valeur des sols acides 
tvrpaeama, de I OiS/tAb. N NIP Pa Q'i': pi' posd pour le rdseau
[BSIMAI de dcJ"jichement pour ace ris 50t c'a alizo, c(]yicoe Continue. 

INTRODUCTION 

Agronomic research in Zambi a dates back to colonial times, when
it was cari led out at re soaro h stat ion < situated along the railwayline (,Ndoia-fIvi ugs one) main to S;Iv, the commercial farming
commn ity. The sites of the im(m;uch atat(. iwn; wore selected according
to log'tirs (neap to Farming communiLies), climatological conditions
(high, medium and low riainfa'il area ;), andi soils. Although the soils 
were taken into a,!,eount ((cl'bilips, 196), agronomic trials were 
often carl'ied out ireiespect y o tethi 

Arter independence in 1964, Zambia inherited the seven existing
researc h atations, and the numbei was sobs.,quenly t increased so that 
every province had ts own. Also r'esear ch substations were created 
in areas where soil and/or agro-e.ima;olof ical cond itions differed
strongly From these pertaining i t he main res;oarcli stations. 

Iitogetlier ambia has one sert ml seach station (Mount
Maknl n ), ni ino regional zmsea ch st at i oi; and seven research 
stIbstat ions . Over the years, however, IreeaIch activities have 
Steadi 1, (i'cpped due to lack of' trained staf'F and funds. In a recent

StAudy ent itled A St vateyy for Agricultual.?esearoh, the World Bank
in Fac t iecommends closing down a number' of stations and substations 

t ingand ,n i:or rs;ear'chi activit.ti . on a rtn.,, we]] -characterized
 
stat i on,.,
 

The benchmark approach, init iated by the Soil Survey Unit of

the Department of Agr'icu]ture a few years ago, Fits 
 well into this 
new strategy. It toaims select sites with agriculturally important

soils in t:he vapious agree I imatic 
 zones of Zambia, to undertake alull chacacterizat ion ot the sites, and to use them for interdiscipli­
nary agricultural research.
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SELECTION CRITERIA FOR BENCHMARK SITES
 

Three types of benchmark sites are recognized in Zambia:
 

soils to be used fo;' agronomic
Sites with agriculturally important 


research
 

The soils of these sites may cover a large area, but from the 

are of low quality; or
point of view of' their productive capacity 

high quality. Since these
they may only cover a small area but be of 

are used for field experiments, they must be located atsites 
p1 aces with 1og istic sapports. The selection criteria

conveni nl 
are: the presence of' an infrastructure and

taken :into account 
professional and technicalcommunications, the pr'esence c f trained 

operational, well-equipped weatherst aft', arid the presence of' a fully 

sta. ion. The site should preferably be "virgin" so that changes 

tie soi]s as a result of land clearing and management practices
hr 

These criteria usually limit the
a(, be monitore(d from the !;tart . 
farmers' training centres,

soecc ted s.;ites;i t e research ,;stat ions, 


and state or private farms.
agriciiiVlt'al camp)c , 

Pedological research sites
 

have very little agriculturalA number of" soils in Zambia 
yet they occupy large areas. Examples are the Spodosolspotent ini, 

the soils of the hilly, dissected
(Pod.o1!.) in western Zambia and 

Ac; very little is know about soil development and soilregions. 
used full pedological
pro es:;es in Zambi a, these sites are for 


require the facilities mentioned under
 
c hara,: ter'i7;a1 i,'Ir. They do not 

I ) and, cors;equently, can be located anywher'e in the country. 

flwever', when monitoring has to take place (e.g. to determine the 

they must be located near to
I'l w ' groir.:ater' levels),isctrio Von 

make necessary
p]i ces- where personnei is available to the 


()ds);o'vat o I is.
 

Training sites
 

Al though in principle all benchmark sites can )e used for 

Irain ing, some sites have been established that are neither 

nor for pedological research. However,interesting for agronomic 

to soil


they do exhibit interesting features in relation 

or interpretation of soil data
classificat.lon, profile morphology 

that makes them useful to train Zambian staff. These types of sites 

during the XI Internationa! Forumnl ready have proved their value 
Zambia on Soil [axonomy arid Agrotechrnology Trarrsfer, which was held in 


in July 1985.
 

have been identified (see Table 1)

So Far, twenty-five sites 


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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and main features of Zambian benchmark mails.Table 1. Location, clausification 

Main Features
USDA Soil Taxonomy

No. Location Zamblan SoilSeries 


soil with structural

clayey,mixed. itchyperthermic Osic Acid, low fertility


I. Misamfu Regional Res. muruilra 

and erosion problems
Paleustult
Station. NOP 


moderate fertility down
 
missiu Red fine-loony.uili:cooS. ivonyferThermie Acid soil with 


2. -00-
 Oxic Paleustult 	 t. about60 cm
 

Acid soil with low fertility throughout
fine-loany.sillceous, iohyperthermic
Misafu 

E3 


3. -do-

Oxic Paleistult
 

clayey,kaollnitic, 	isolhyper)thermit Acid soilwith low fertilitythroughout
Katlto*
4£. Mbala. NOP 

OxicPaleustult
 

Malssni 	 fine.oldic. hl~prtheric a-ic Moderately fertilesoilwith limited extent 
5. Mpika. NOP on basic rocks
Parhdutalf 

Mukumbi" 	 fine. kaolntic, isohyperthernic Moderately fertilesoilwith structural 
6. Kabus.CE? 
 problems
O.c 


m
 
fine,kaolinitic, isohypertnermlc Moderately fertilesoilwith clearkandic
 

7. iabweRegional Res. Mushe ni-
horizon
Oxic Paleuntar0 Station, CEP 

isohyperthermic Moderately fertile soilwith potential
 

0aicPalutalf structural problems on a virgin site
8 Mbushi,CEP Chitesakundew rne-loany. siliceous. 

Fertilesoil over limestone
Mpongae* 	 clayey.rixed. isohyperthermic
9. Mpongwe 
 huult
Orthoxic UsticFatic 


firi-jowny, si1ceoLI. isohyperthernic Low fertility soil 
Mufullre Regional Re. Mufulira* 


TypicHaflust..

t. 


Station. COP 


Shilende** 	 clayey,kavlinitic. lochyperthermic Low fertility soilwith clear kandichorizon
 
II. 	 Shilende, NWP 


Oxic Faleustult
 

clayey,kaolinitic, 	Iso(hyper)thernic Low fertility soilwith very low activity
 
12. 	 MutandsRegional Res. Meheba 


Station. Nd? 
 HaplicAcrustox 	 clays
 

fertile soil. site incorporated
Chelaton* fine,mixed, iso)hyperthermlc Oxic Moderately

13. 	 University Farm. LUF In IiSNAT network
Rhodicbale-utalf 


regime

1'. 	 Kafu, LUP Kafue, fine, rixed, incryrertheric Typic Cracking claywith aquic moisture 

Chromentert
 

with medium activity

Naksnbala* 	 fire-loany,raxed, hypertherric Onic Moderately fertilesoi! 

1I. 	 Magoye Regional Res. clay (CEC is about 2C cnol (NH.)'kg clay) 
Station, SOP Paleustaif 


Zaoan Soil Series USDA Soil Taxoncmy Main Features

No. Location 


Res. Choma fine-lowny. mixed.hyperthernic Oxic Moderately fertilesoil with low.actlvity 

Station. SiPP Paleustalf clays (CEC issaout IC c-cl tNh*16. 	 Mochlpapa Regional 
 :,kg clay) 

ee  

siliceous, hyperthermic Oxic Psannentic Sandy soil on boundary of Paleustalfs and
 17. 	 Kabuyu, SOP Kabuyu*
 
Paleustalf 	 Ustiptaosment.
 

Kande** 	 sandy,siliceous,isohyperthermic Ceep tropicalpod-olwith evidence of
 

ArenicUstlcTropohumod development under wet conditlons

18. 	 Mongu, NEP 


19. 	 Mangango, WEP Mangango clayey, kaolinitic. Isohyperthernlc Moderately leached1n. fertility soil
 

Oxic Paleustult
 

e 	 content
20. 	 Litets,CEP Liteta fine, mixed, isohyperther=nic Udic Moderately leached so:lwith high O1 
Paleustoll and high activity clay
 

Makenil 	 fine.mixed. ischyperthermic Udic Moderately leachedbcOI with high OM content 
Paleustoll

21. 	 Makeni.LUP 
 and high activity clay
 

22. 	 Chafukuma, 06'r Chafukuma* clayey. mixed, lsothermic fypic Moderately leached soilwith high OM content 
and lowactivity clayHaplohumox 


Wet clayey soilwith ZambeziRiver flooding
Bulozsi 	 fine, mixed. isohyperthermic Abruptic 

Tropaqualf regime
23. 	 Mongo,WEP 


24. 	 Mkosa.EAP . Udic Paleustult - Psa-nentlc Catenary sequence fromwell-drained upland 
Tropaquent transition to poorly drained daobo 

25. 	 Kabare,WEP Kabares fine-loony siliceous, isohyperthermic Moderately productive soilwith very light
 
Osoc Paleustult textured topsoil
 

a Agronomic trialsite 50 Pedologicalresearch site *ae Training site 



wiLb the Supsir tSeil Nagemen t WOVrLire a (SflSS) and the National
Soil Survey Laboratory (NSSL) at I inrol, Nt ioska, USA. The other 
five have been detr i bud ard analyzed l,.'lie Sof I Suvey Unit. 

Two of' the berRegia' k. ci:a iit];, .,-.,',1::i'I He giotal Research
Station in Not'terr1 , e I.l ii,, itw .\ p, . , :ed and developing
Mitalide Regional SSlat iol, f't llit;l'ovi(he :;llitable sites both
f'or I BSRAM' ,; Ac id Tiop ii ';o i i:; Mirni ,ritent.t btwork ard the Land
C]earingP , and ,evelIprme t iewor'k. ri itddLion , the Luapula Regional
[Runearli Stal i'lt at Manmn coud lbe a sui table al ternative for one
of' the tieuicmark soifI at Mi sain 'n, Halt1I the iMuhuli ra Series, which 
it; I'in ' more oxIert: iv(, ;IatI iI t.tI Ial lat u.f't 

SIT[' CIHARACTERIZATION OF MISAMF'[U, M1JIANDE AND MANSA 

A Li'sef -;iIt- mid so iI ,hir'eteyt sntt. tort oi' the potential network 
tiLte:; i it arilia 1 , a II 1enirt t o ite 

of' t Ile cointt ry , tlie !;-ca,I I 


I n Ithi andt or'thweste n part 
d It i rnai Ita I 1 zone, is given below. 

Misamf'u Regional Research Station 

The tal, ioll i ; iocaitul ibotil,t k{m riotith of' Kasama in Northern 
Lo% tile alorl1 te Ia NIa11 road . Tli alt it ale ar ges from 1350-11100
i a .;. . aid it. ',er ; ar e,r (W it ort i im. present it ishl2:j At 

Agre li mtei ug cinlly it ta] Is it ,tor,,2", (Vcoldkamp et al., 19811)

with a grow ig eas:;r t 'i to 
 abili ty of' I110-170 days, but with
lotW ildiiti i)il ;tii i iot", tw ttil e ,atitrte; ill tile growing season
(see 'table 2 . i ,r':;,;tr','h '.iat ion i runderla in by Precambrian 

vqta t.II t'Z e., , gril..it r i lit ;,I slate,- and schist.; of' the KibaranS.,,sl ". li si.:t , p],x i,n t et.at ii thet n of uplands
cottS i at. 11it1inIy o 1'1 ,1hII.v: eI iii-.L Itlbe Iita l Ida wood lands. 

A :no i I rt1'vey at a ltli o I'I:tt4 wa s ca ried out in 1975 (Van
Sleel I, I i 0 ) . Ahoulr t it he area iS occupied by the Misamf'u
SOt it'S, rtilllte ola' l' ,t 1'irie-Ioa y, ati iceOuta , isohyperthermic family
of' the ()xi,' Ii t . i;. /\hmtt iJ;covet'ed by tire Muful ira Series, 
a iteilror ol I axe'cy,, ilXed , isoipvhie t:bettiin. fcatiil, of' the Oxich r It 
PaleittuIl t;. lt i!i Isoia a d asti, tttt ll Zambian benehmark soils. 

i e tThe ,]il I 'lliS,trt olllppi ec, weItllI drained, T'ed (2.5 YR 11/6) tostrong browr ' YR ;!/6-,6), very hoo(p, f'ine-loamiy soils with a sandy
loamn to sandv c la !v t-att ops oi 1. Th e iI ative c lay increase forthe A i toC ,I ,lit -ol it ori .nI';:; tetween 20 and 150%,
but i. ginea I y bet ween 50 and 100' . So ilS of' Lle i samf'u Se ries
have a low base ilat.f .atit/ arid arc dominated by low activity clays.
Ana ly teali datta l'ot a 111sari iarn; di andi ] i samf'u sandy clay 
lI el,
red , aliat'ept :;eti t in the appendix. 

'i 'i(t ligltt - acid so 21itt': - nigel" of l-1: 



Table 2. Main climatological data of Misamfu. Mutande and Luapula regional research station.
 

< 
(D 

Rainfall mm 

Misamfu 
utar.ce 

Mansa 

30 
268 
233 

F 

232 
227 
2:8 

M 

261 
242 
198 

A 

104 
60 
50 

M 

20 
7 
6 

. 

0 
0 
0 

j 

0 
0 
0 

A 

0 
1 
0 

S 

3 
6 
2 

0 

18 
41 
29 

N 

128 
172 
137 

D 

256 
292 
240 

Year 

1326 
1316 
1113 

Absolute maiimum and minimum rainfall -

Mtande 

Mansa 

-.. 
=.n 
Ma. 

M-% 
n 

449 
151 
41i 

184 
377 
106 

368 
'13 
405 

9.94 
416 
103 

402 
18 

395 

93 
358 
6" 

220 
0 

179 

0 
154 

0 

203 
0 

96 

0 
48 
0 

0 
0 
1 
0 
4 
0 

5 
0 
0 
0 
2 
0 

1 
0 
4 
0 
7 
0 

16 
0 
55 

0 
24 
0 

44 
0 

144 
2 

150 
0 

270 
69 

353 
72 

282 
16 

399 
108 
491 
138 
514 
101 

Mean air te-perature 'C 

M1I z2. 
Mutand,* 
Mansa 

19.9 
20.5 

20.2 
20" 
2C.7 

20.3 
20.! 
20.6 

20.0 
19.0 
20.3 

18.0 
16.5 
18.0 

16.4 
14.8 
16.8 

15.8 
14.8 
16.6 

18.3 
17.4 
18.5 

21.4 
19.8 
21.4 

22.4 
21.8 
23.4 

21.4 
20.4 
21.5 

20.5 
19.7 
20.3 

19.6 
18.7 
19.9 

2. 

NJ 

rJ 

Mean maximum and minimum 

M - .* 26.0 

r 
. 

6.2 
Mutande* 7d 3 

3
Marsa X 26. 

r (.a 

Mean soil temperature at 

Misanlfu 24.3 
Mutande* 22.5 
Mansa 2-_2 

air temperature 

26.. 26.1 

*. 16.2 
Z6 26.5 

15.9 
26. 26.7 

16.a 

50 cm depth *C 

24., 24.0 
22. 22.7 
23.t 23.4 

"C 

26.3 

15.3 
26.8 
13.0 
27.2 

15.0 

24.5 
22.2 
23.4 

25.6 

12.6 
26.1 
7.7 

26.0 

11.0 

24.0 
21.1 
22.9 

24.6 

10.0 
24.7 
5.0 

25-3 

8.9 

22.7 
19.1 
20.6 

24.7 

9.6 
25.2 
4.6 

25.0 

8.8 

21.9 
18.8 
19.7 

26.8 

11.1 
27.4 
6.9 

26.8 

10.9 

24.0 
18.9 
21.2 

29.4 

13.8 
30.1 
10.0 
29.5 

15.5 

25.7 
22.1 
23.8 

31.1 

16.1 
30.6 
13.2 
30.9 

16.6 

27.9 
23.3 
25.7 

26.7 

16.5 

27.6 
15.8 
28.1 

17.1 

27.b 
23.1 
24.9 

26.5 

16.3 

26.1 
16.1 
26,1 

16.7 

2'.5 
23.0 

23.7 

26.9 

15.8 

Z7.0 
11.7 
27.0 

14.1 

24.5 
21.6 
23.0 

Evaporation mm 

Misamfu** 
Mutande* 

Mansa 

123 
129 

109 
122 

128 
17 

148 
174 

158 
172 

154 
128 

158 
150 

no data 

210 
206 

243 
218 

270 
204 

169 
146 

187 
121 

2057 
1917 

Hours sunahine 

Misamfu' 
* 

Mutande 

Mansa 

4.2 
4.4 

4.3 
4.6 

5.5 
5.2 

7.8 
8.0 

9.2 
9.5 

9.6 
9.3 

10.0 
9.0 

no data 

9.8 
9.5 

9.5 
8.4 

8.6 
5.3 

7.0 
4.1 

5.7 
4.5 

Data from So~wezi Data from Kasama 



The si S Ia SS f'y as fPine-lIoamy , si i.i ceous , isohyperthermic
Oxi;, or lxi- Rhodic Pa IoustLuIts, or an.; fine-loamy, siliceous, isohy­pert L , mi c TypI or U1. i c Ilap 1, tox , pend ing conformation of the 
urt'gi iI1c hori. (Soi) Siurvey Stal'f', 1975 . 

bh, ? :;am' ,:'i,. are I:oighlt ! o b,- v r'y extensive (more than
2 ll I n.a )i Nor hernl, Lu:1apila, 1opperie I t and Northwestern 

The [: ri ; ,1.r tcal nt:'; of' I he;e :;oil s theirare .low pif, their very
hi ,h Al :nIt-,, irol 1 1I vt, I ( ' ( )-,15 C) arid th1eir low inherent fertility
Iev!l, in 1 h- rq,,t t ihe rod merihers are slightly better, and 

. :1K:'fa ti , : nIle , 1 hy ma' have to become a separate 
ui] I . o' et P1 y.i n'ov ireI i na f'avourable. They are notproine t, ,oil o'ro;n or: and ;tru,"t1 ,clec1joe like the A]uf'ulira Series. 

The .". Vu I i z :- ries 'i(mpri;es we l -dra i ned, strong brown toye] IC)i 1 ro'd -;- Y)k deep 1iayoy -o ils wit.h sandy loam to sandy 
a : T!: have ],; nose n i aren I:; )'atond dominated 

l, lv. SiltTheir , onteni is andlow the relative 
'lay In ': 0 .; ji o re . Arialytieal data for a Mufulira sandy'Q,' 1 atli rt p1 r lt' od in t h, aipf)e(n i x,"[ 

The ,I '' If:,;' claycy, mixed (or kaolinitic), isohyper­

. o, He!;erl,:h Station is desigrated as the main 
It t 1', tle nort lie ri par' t. o' Zamf ia. Consequently, 

(-It( May Lrr'rorxpe,'tI nt of' the logistic support and infrastructure,
andl, '' rinti iton ' ptrolenslnai and technical staff'. At present 
it I ak~,~;; a t t, ry ',:1 it 0 ,.13 

tnat : ''s.r, t 'i ii'i 1i',; carri ed out mainly by the Soil
Piredl't i v rn 'ie acm, who atre work ing on the effects of wood

hi it inj (-hi te eri,.) yr r I'e:i;e tili e,,ts on the 
 soil fertility, various 
crop i.n;tion t t'I;, atid Soil l*entillty studies with organic manures.
,linarli in i llo ',,neof, the statons which carries out the National 
Sri I o 'ir' In :1', lookirig in.- t.he ef'V'ects of' long-term maize monoculture. 

Mutande Regional Research Station 

nowThis ne, :sLaLiaon i.,4 located about. 35 km southwest of Solwezi
iii Sort hwe, eIr Province, at the luricLion of' the roads to Mwinilunga
and ,anempa. The alt itlde is abou1 130Cr I a.s.l. and it covers an 
area (-t a I oitl 5 hal. 

Agracimat g c a 1.1y it. falls itn zone 31, with a growing season 
at. 70"C titobar I i Ly of' 160-180 days and, like Nisamfu, restricted 
radiation and L.,empratures (Table ). Besides, in June and July
there ,; chirnce ad' night frost . Tiresa vegetation type is the 
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Bi'achystegia woodland ("miombo"). Trees are moderately well to welldeveloped and t-re density is medium. The station is underlain bythe Sohwezi bi o e-quart zi teei f'o'mat i on of t he lower Kundu lunguSeries , igneous roc.-1;, quartz. te-. Iir te-carboI;t,, rock..';, 'eIdspathic 
qi artizitLes, chllorite phyi I i LeS."Ind 1,1anl 

Thl ,'-;t.atl io wi:3 :o; :3;r'veyed in l ) () tliLa , ]1( 5) a8: a caleof)1]:1).P1). Thie :;o.iI; a/r'eibm i rl r~lV veil arid vollow Ox iso] s , asso­c iated with U] ii;o1:; ( ",") 1n"cfp i arid I:no (i: ) ti ;ol s (2,)011ie ofr tIe so i Is, local II no .ri L3I tz e o I II S0- 10eries, a member ofthe c layey, kao I ini tic , iso ( hypetr)-tiir'rnic 1ami Iy of the fla, ic Acrus-Lox s , has beell cho wr( a; a Dbolic flmi-ak so iI 1 . rover' abOllt 16% of" 

lhe Nlehiba Series comprises wel I draieod, dark red to red ( ]OR!. YR - -I/6'-8) , very deep, layey 30oil w'ith a clayey topsoil
I gJ';adia l i rI,'trea!e in 

and 
cI ay (o te t. f i r cfiiract:el'ilC t ic et urf'
ehl-h very low e f''ect ivo C C o' le'e than l cmo] (p4 )/kg c lay.

rca ir; :; 1.1,%j; , 2'1t I} 1iiiI (UnCI ) is be tween . orid .:. , a It1; I il occa':; a l lv it Oiri g(i up to 5.()- Analyticl 1 
data 1,0r a Mlehlt a clay are pwevoeltied in tile appendix. 

'Iho !7:)i I ai-,; ;i1' . I 0-Il'y y , kao I ini.tic , iso ( hype ) thermi clapl ic Acr:i: o.x, II*pl ic ea u;e It' thle n t n1 agll-Liv charge thprougholitth x to' ilhei']Soil. i 1h xi i te n 'aturo erecime borders the isoLthermic 
!;,-%i i,I";'; ,0 :' , .r ' il. ;ol',' , a,.tli, is .y ''hyper" is placed
be twe back,t 

TIe ela i tfioi:gjit to he exton'oivereee ( be tween I and2 rt Illion fin. ), .inl ocC ' I d rn ilnanlI i, No'tlhwestr'ie l Prioviilce, 

The rain consf ra ri rl in fhits >3f ! i:; tile very low activity ofthe clay, -esulLirg iii a 1e0%,'nilIowt.ri, 33 y'etori teion capacity, which poses problmTs to f'er't i IZat ion. -'lr.hysi,:3lly these 3oils have a favou­
rable structire.
 

Thde Neitarde Reegaicfg l I :;tatior s n now station that: will
replace :he o(e aLt. 'iilii ia, whitl is,not 
 veriy repr'esen tat ive For'NotI fiwest eiii Pr'y rice . ionscp reI it !I- n) 1ilacj;.t ies are availableyet. Presurafly the stat ion wi II he developed in the next few years.Already, during this p1 anting Jesater,, the firs t trials have been
 
started
 

Luapula Regional Research Station
 

AS di-to .33;cil 3'ii ei mie oP the benchmark soils at Misamf'uRegional Resenrch Statiori, tlie NufCulira Series, covers only 5% of
the aren. "uilzl.a sotis, on the 
 other hand, cover, about 55% ofthe Luapuia Regoanal Research Station. Consequently, this benchmark
site may hve to be shit'ted to this station in the fu1ture. 
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The station was soil surveyed in 1967 (Yager ot al. , 1968). The 
sojls are dominantly Mufulira sandy loams and loamy sands, members 

l' the cWaye:,, mixed, isohyperthermic f'amily of' the Oxic Paleustults, 
as.;;oc iated with red ol ayeV Typic Ilap11lust oxs, Oc.hroaquoxs and shallow 

Al tt'e iient, ;ever lV iiS ap. P TIn out ag olf)lic i mcsearch.Thuse are the Adaptive firs(l n i chl 2atni ", Trcalri (AIt'T), the integrated
f, al )Jove Pr me tLeantlopIeriLt inra ( I, IP) arid the Root and ''lber 
Re:;earch Team (RIT). Tihe DepriMtent of Agriculture has st:ationed 
a Crop l]usbaildry Ofr am a Farm Mlanagement ()t'ficer, as well as 
a Provincial .Soil Snrv,., ['olt , olfti'e.s in tow,:n.in 

[',xpeai.ent s envJ'(ged foir the Luapula Regional Research Station 
are:
 

1 lime ( .kltan de lire)
 
2. f'arming system:; 
3. soil feetfility monitaring 

tranc o1 ,[e1oni doI' e :e s
 
5 A and In Loxicites
 
6. soil degredat ion s,tudies (structure decline, infiltration 

rate changes) 

CONCLUSION
 

Acid rl jopi l solls Imlainly occur in the northern and northwestern 
paat ' Zambi a, the so-called high rainflall zone with a precipitationexcCeding 100 1 mm per year. The constvainLts associated with the
 
aci t soils in Zarbia are the 
 low pM's, vry high Al - and sometimes
 
al:;, Mn - htufation, low 
 nutr'iert tention cap)aciti:es and, in some
 
a;oil}I;, pttlysI:"al p'othletn'; such 
 as high eiodi ility, sLiructure decline, 
tll] atll;t iL '. 

At sev'eal I. te,; in WI'th ltei anl northwe;tern Zambia benchmark 
soila have leert ident-iti .d, aid reoearch shlmd he concentrated. 
ort thiese soils. TL is proposed that the siles at MisamFu Regional
Research Slation in Northern Pr'ov inrtce ;ltould(te in cor'porated in 

., Jidf i A Jro it .i!:; ?lar ager;tn Network. Possibly it 
:;tt 'ul h extended to the LuN IaRegional Research Station to cover 
t,'o ,t l he major ic id c,i. :; in Inort herri xilnia. 

lair Ia ' th(I Sit 01o tehoel WOP-o PlIt A rdtI: Regiona.l Research
S ttio n i in Norti ,t;e en Provi nce coul d he iIlkuI d d i i IBSRAM 's Tropi­

al Land Clearing r'o Suitainabie Agriculture Network, since it is 
oLiy in the very itplv stages of being estlii shed. Simultaneously, 
or perhaps latLe', it could be incorporated in the Acid Tropical Soils 
Management Network, thus fointrg a continuurm. 
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BI.sIJr.IE 

,i; :1 ti (111 hk I d'un ;i t,.exprijmen t.;I pour dos essais agrono­
aWiquoCame vo ,n se!L pa;ss en revue. I.'application de tels cri­

0 cortit doIx p6riodes0 gramdes; : Ia p6rviode coloniale (19!15-1960) 
ot It ol ioK.., qui a suiv lV'ind6pendance (1960-1985). Elie s'est
toIt~' ,;uc or: ,:u.It lio; (exportatio et-I:s ciiltures vlvrires. 
()[Ipfllt rot,(till, corNm,1 ccit[ res¢ de choix dII site expC r:imental pendant
l t'; u (0 01ijle0 : la iopit'isotntn ivit(, de; tories ou der zones 
,(,I i lu e:;, . a e , t't uct.u les condi tionsI LI'u:0e o - c1 io (I',,[p l i, eL 

;I:',0 PlM t dtO
I . 

("i,)d(j(ui a 1' .I sesui vi iitlt pe udance subd i vise en deux phases 
, I P,- 19 8 5 ljrnm; ]a premi ri-e phase, les crit.ie s sont 
l1; 1eo ' d ) i 1t1( doiio Cadri' I 'iil lOPtscZItI d 'OSSiS pOur 1a c ii IIpc 

0 ,',ii, ic I (i', u lC'iui 1c -.'rnce qui concerne 
H,'i: vip,'., ies cond i ion! ;gt'o-(colog iques relatives 

au 0 II r,:, 0 ':t iti 1 e ;',et la it lu e deS :,,ls prevalent. La 
l t',uiI I o ill)t, (I ; 0 .1']t('I'.! ma i s i ns i Let ;uri (,:; . -- ClIIllHIO.; 

]a :a.ou Jj0tll le 0 tlo. 

!,-I s t p ci roenI;0 t'I I. ' ,I ]ik <cavos oi-wit :I ]a I'ois aux 
0.1!'d lie .uti. .i'I t 01)1: (iI(; ,jliL i Ol; agro-ecologi ques,
ainsi (III'mix'au.ci. t ; de zotle.g; pour de ; e135;ti.s specif'iques.
Trois (toMaiiel; stir ]e plan morpiholog ique y, son t reconnus le long
de la t opos6quence WSl-EL,"I savoir : Un dotai ne "I butte, tin domaine 
rouge sans but te, e . tin domaine brur-v I' sans butte. 
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ABSTRACT
 

SELECTION OF AGRONOMIC EXPERIMENTAL SITES: 

CASE STUDY AT MINKOAMYOS 

The criteria f'or saeoting eropeimen tal site for agronomic expe­riments in Cameroon coy 	 rcli-,d. Thtere wepe two major- periods whenthese crteia were in oppat ion - na,,I! the colonia period (1945­1960), and the post-imi!peitifi., period (1960-1985) The criteriawere 	 the tapplied bot.h to ci /ivation of (tportl produce and of' basicfoodstuf/]'s. The no tablto crtethr p le ,,clection during theoclon ra por/od wopc ..le represeulai1.in';:is of Ihe land or cultivateda.eas, the presence o]" a support s trucltrpe, and the agroclimatic 
condi t tons. 

The post-independence period can be subdivided-	 into two1960-1976 	 phasesand 1976-1985. In the first phas-e, geopedoiogivaZ ,,i­tenia wepc applcd 'i W]n Jau'%wopk o a bafeh of experc .aoncerned wiztit cocoa, of/fe, and tea growincg. A," egj"; the 
clt t ivation oJ' basit't, 
 at. / ent "onaypoec-o!oqaoal condh /(o ,oo:, was ma ii7/ directed towardlulott inq to clImate, alt Itude andpropepts. . Di ping 	 sncond phase, 

soil
"h those, same cpiteria wcre takenIto ac-otoll , but s"ts 'ia! cvi]phas was g iven to selecting areasaccordanc-, with/' 	

in 
co g;.lo;i ct[ .a'ctors 

Meic m'p,' ftalo''ien s ite so te oed at Minkoamneyos
menta 	 met the require­with potpard to s:tcture and agpo-ecological factors, and alsomet the cr/it.e ia JarmIlo nviti i In the area to aWlow specific teststo be wade . Thee types oj moppho loq lea? terrain were observed acrossthe WSW-EN topoj'iaphy : terIn with mounds, red terrain withoutmoun10ds, , lId StI'on. brown t e , outt.W001 1t ~oztnds. 

INTIODUCTION 

Au Cameroun, en quarante ans ( 19115-V985), 1 'xptrirnentationcole a deux 	 agri­connu gandes p6e'od s : In pgriode colonialeA 1960), 	 (de 19'15et In p6riode post(:ricre i'i ind6pendance' (de 1960 i 1985). 

Si In p(kci ode coloniale a tC consacre aux seules culturesd'exportation 
 (cacto, caro, th, coLon, caoutchouc), 
en revanche,apr ?s l'fnd6pendance, In 
les cultures 

producl on agricole s'est orient6e vets
vi y r es, sans touterois 
 n6gliger les cultures de com-

Mercial isat i oin. 

,lMunKe par In Direction de 1 'Agriculture pour le compte du Minis-We (e I 'Agriculture 1'experimentation agricole a aussi 
6	 0t6 lefait d'organismes et d'instituts tangers oeuvrant pour 
le compte
du Minist6re du 
Plan et de 1'Amenageinent du Territoire.
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Cette note 
retrace l'histoire des essais agronomiques au Cameroun
 
sur le plan selection des sites. Elle permet de dW±inir ainsi les 
rQgles do l'-volution des critires de choix des sites exp6rimentaux 
et do trouver des termes do compnraison avec d'autres pays. Le cas 
do Winkoameyos est d0tan116 a rin d'! l. u,,'trer les crvities actuels 
de !aract6risation d'im site. 

LES CRITERS DEI,CIIOIX DU SITE EXIPEI[MENTA1.
 
PENDANT LA PERIODE COLONIALE
 

De 19415 A 1960 1 'exprpimeiLtat ie arpircoe an Cameroun a RA la
pr6occupation principale do Ia i cton de I '.gr icuiltuPe ct l1oeuvre 
des instituts sporc.alfisO;;, irlmelnrot I 'Institut des [Fruits et Agrumes

PColoniaux (HFAC), I Inrti tie do ,'chemres pet le Coton t les 
Text I es Tropicaux ( IBCT) ern col Ia Lrawt i on avec la Compagnio Fran(aise 
po , le DOvelopeotwnt des TexLi l-, (C['T ), et I 'InsLiLut, de Reeherches 
po r Kos 1urn les el.e lr,:; 0l,"ugiro x (1100(). 

Ctte phase a v- I 'apege dos :ultups de rente, avec comme 
'rr topes de choix des pa i lii . d'es;n i ai niveau local: 

1. la ,repr sen.ativit,,'.t do:; t.e r'e a ou zones do culture; 
2. 1'exi.a tenco I 'uno atructare d'appul ; 
3. les cond:ition." ,gro 1irratijes 

Cest ainsi queo, pour Inr ccaocuIture, la Direction Ko 1'Agricul­
ture avaL pl. are loa sites d'expprientation At Nkocrvone, zone du 
platean cent: al Camevounais , de rtili tO moyenrne, mais trs repr6sen­
tat Lye des terne, a caeaoyer. On citea galement Nkolbisson, dont 
.e;s condiLions climabicues aunt dis:inert., de celelos de Nkoemvone. 
De mWne sera mentiorur [ a reiri-ang, zone repr sentative des terres 
A eacaoyor do boner trt. ii1[0, aui Car weorn occidental. 

En1e uie cOncoe e ce rOr, lea ai te; d 'expirimentation ont 
StO ip1airt Os par 1a ClFDT a ,Nord-Caner,oun on ollaboration avec
 

1IiRCT. Les point.s r'ess.i pincipaux 0taient Gutia.h]., recevant
 
8311 rin de plite, t Mamtta, 1ecevane t 700 At800 mm do eluie.
 

Pour le palmier it iuile, 1'.1RHO avait Fix6 ses essais de 
s6lection va i 0ale dans les plantations domainales do Dibombari. 

Quant aux culLures fuitivoes, on I9.'8 I1'FAC avait implant6
los essais agronomiques do hanane ot d'anana- it Nyomb6, zone A pluvio­
m6trie 6elovi, sras sa.son sOche marqrne, ravorable i la culture 
bananiOre. 

LES CRITERES DE CIIOIX DU SITE EXPERIMENTAL
 
APRES L' INDEPENDANCE
 

La p6riode postdrieure i 'id6podance peut 6tre divis6e en 
deux phases. 1960-1976 
correspond iune periode d'intensification 
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de i r'oohropho <>r V;; iui tupo! d ox(oP-ation ;l anu dut de:s essais 

L(O:3 nr, t e s -,]e cJO ,i x I d xI t"' i i' at:tt ol I do t ype geop 6­
dnolgiquc Ofi1'ii-l' 1 om.
F; ''rln t.'I[ , ]dI: 

2111 
C'acao " L ,Ill (ll 

- i m - i 1t.l 3 parI'lpa I'l lstitut
 
; 1 :" , ; o!lt { ;t: !I(J111011t
!''I. ' CiIIIlO1-O11lai B 

avaj t cano f i, c,,0; I.,'avaIIx do e PI'I l it i :'II:]) ,m-o ' s pl.antes 
all i voall at, i;oria I 

,I!; opi 'Jo c':; O x k t; i t e ,' IriC . a I lpou' Los o I] Lures
vi I'-)o ;Hl d0 , 1o';; ),ihi.c , rt ot .I 'o tivi do 1' I nst.itut 
(O R 'r 'I"I'0 i o 1 1In11, P''If i '1 RAT ) I nlii i ' est irista iantl a llopi, (:0 11 , nt:mL iL ude t a nature dos

"I dc:; rloli (it' l'o'lc Ianit,IhoIIeole, '' 
solsau;I I 1r'ao ' de gu.ides principaux

JaIIn ; co ( "ipvoc he I I i titln ; i ex '; wonitllell on t 3tC recon­aux 

diii.,Is (Iz1 11!; 1-leO: c( t -cIfhoeIc x
O O i 'I ant!s , et' de nouveaux 

S I ,ill?.i onl t I (tv ,llOl ,) n. 111 d1 fl (ot tieUrs conditions 
. - (1,g piqli, p(ll! '1. 51 tctue' ] eI -OOz ll muillt ilor ] d'essalis. 

"1'/ . )2 u'p ,i - l iniodo d:, 1a nat ionalisation de .a 
eoiho.r c1 u i.,I|no I1In ,Io rve0C i A (-lIt", II -, Jd ' )ITI c o National doH h I( , i ) ' i-nt I il i(iI( ot, ' 1'Olfiiq ti ((INAHI kT! Ie1 6 ji in 197'1 , quid \ i )- I t'j.:n . iola ga!t (;t,%n i Ic, ,Ie II Sc ini ti l'ique et

oecli j;' u , ((Isi'ST) (n1 ]9/ i. lI; I (9Wi, I a lP{l!ST'l' Iris onne Pa avec
.ii f l nfi 1 ~ ' ' I i.1,. I' ,- ', ; 1n: , ,t.i;; :2 ' I'e i 'EI seigne-
I '. l , I ' C , i ;I ,tin ' , th c I' l ',i q Ue . 

S'i5 , nl:itil f: 1)11a, I; pill) pi -t dc.; point.s d'essais h6rit6s
Jol; il:;t :Ilil . . ; i..: : , (IFCC, 11'K , 1NAII , DRCI')con t 1nluent Ii fonc-
I i filiti ! ' ' Iia ,(I , I f'N . noot;lnaI or.' la (l".,a Lion do nouveaux 

iU'ox ijl 2 i(x r- .p n.:;t.- , 1 ;(1 II [I, i p;r' I i ] v, d e s soIc t (_!s e t 
. ' i , ' ' *, ' 'i ,I ''!t r" , <IAgl- oolo og ques du. a' 

(.;nhceO P0(1H n. 

CAS PAIIIICUI[EI DU SITE EIEXPI'IMENTAL DE MINKOIAMEYOS 

ic' ! itoit(1 e Lidi im yIlk-c 22 o'Ln s010] itonl(! on vile d'y conduire des 
es-a !; (Ie c1d( 1 I - I'u IICn' I'nIl l 's n] Su t( ( ;r''IIUX ICides. 11 est sitU6
diliU it, 
 ileili h(di " 'ilidi, pi't l ildnco (,on ti-., t'ois kilom6tresdo Ia t ie;tat ofn aIarri iL[quo NkolhiLu;on, Lo cIimat y est sub­equator'ia] , e, 1t, ,t;, 1'ei 'all itiquos 'ot'rerrient d6satLur6s typiques
ilod:lix :illP 0 Y( ) . 
( Ci" ttv I ) I c e111ct de cmp-o ndvc 

t ( (hiC a 16 ri 1ic, LI!e t;oios6quenc e WSW-ENE 
1 ' on-g'r i sat ion g61n1Tale de la

t(Otvol'tll po',,dolog1 que. T]'i dOll]res *'yd ss inguent : un domaine 
"I Ilit tl. , : 1 ', , fill Ie I,,,) I i, -ih2I1],0iit; bu tte -n posit ionl

Iom, 1;ilIt e d iaii't2, e d i no hrun v f' it c3 t t:t e -'I 'aval.. Sur cette
t1opn- .o-?qu: dfuxp r ce, po;irt s d 'sm;is re aL -omenL homog ?nes ont; 6
r'etei I 'un m1s 1 It bI i f' sans butte (site A), 1'autre 
darts }1: t ill iin 10Ol O utte (s te B) 

Laltl l(:Ilt of, I c (I 

-) Ia :,= 



!Iorizon brun- foncd Argilo-sableux 

loin'on Brun-jaIun~tre argileux 6i argileux-sableux
 

'o I'iqrn-vif ;Aryiiow< avec les taches jauncis peu nc.treuses
 

Icrizon bnin-vif 
 ;argileux avmc nombreuses taches jaunes et bran-rouge~tre 

!I(orizo(.n brun ro-LUcci~trc cuiqilo-sabiow:, 

orizon 

Horizon rouge arjilcux avec quciques taches jaunes 

] orizoroe ricxvenuressths 

N--- rougo-jaun~tre argiluux argilo-sableux 

jaunes et rares noyaux argiliux 

Horizon brun-roucjeatre argileux Aiargileux-sableux 

io-auog-brun~tre argi leux 

hoizon nodulaire 

*hnqu de 1'horizon d'alt~ration et 1'hzrizon mindral meuble
 

1Eiii~~'rizoni rouge argilo-liioneux
 

........Horizon brun foned argilo-sableux 

>2 Horizon brun-jaun~tre argilo-sableux riche en element grossier 

+ Rhe-rbre 

JJJjJIjorizon brun-jauj-tre fonc6 argilo-sableux 

Horizon rouge-jaunatre argilo-inewnox avec nombreuses taches d' alt~ration. 
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Domaine i butte
 

Le domajne.I butte est constitu6 par une alternance de sols 
1f'ra1 t ques rajelrnis et, typiques modaux sur des pentes de 9 A 

5- ; c r o 1) 'i,- r-s tr6sC' ra e,Ic,e des pr'o ondeur variable 
3-200 ,.:11)et par de co l.eurS diverc;s qui corr'esponden A celles 

des p1,inches 10 YR h 2,7 YR do co,o Mursell. La texture des horizons 
super'ficie1s co,;t g(:ntralemenl argilo-sableuw;e. Elle est argileuse
A ar'gilo-.abl,.mive , movtyemie prol'oroeour et arg-i l.o-limoneuse en profon­
deur ( 1n cC.on, hot z11 dII] t ion La granIliri m6trie efiectu~e 
str 103 UItSicsr c t1n opponvrissementen dans les horizonsIr[ argile 

:31, ' i ,i l 1' 1 Iv L F;cr;ti Ii vtjIprv i tre I/1,8 et 1/4),
 
airisi 1u 'nc f'orte ii choose on imon (0,5 <A/L <6,0) 
 et en sables 
gross ier. (O,I,2 SF i'S(1 I 11 grossie.,sLes t 11,: t s comprennent : 

1. dei !Str-avil', cI,'atzeux , pou abondarits dens les horizons 
(' a Lt(Il 1 ion;
 

2 es I'r"IIects d' em!r< cIi tc 
 pen cu pas alt~r6, de tailles 
,tv .,Iu" ; hi11)!1r e 'i::;I' Ii t tIa ion et de moyenrepm 'ml d ul1'. 

it t I, ItI,r e lt;, sols dans I ' onseimb] ecI est peu affirm~e,

pc)lyii.t 1(.i1e :;ttltttigu I, se rnoyetio 'o--i
itgr Ve peu nette. 

Domaine rouge s"ns butte 

I.e I f:it 'n, t'. t o , t:oO en ov]i d du prec6dent sur 
,Ies!; 1i(n t' do .i ] C!est, consL .iAtoO de sols ferrallitiques 
ypji qUes modilix. (If' roi elP rnito (I YR h 2,5 YR Mn code urisell), 

pt',T.seit al 
 r deoes 

]i par't e 


t 1 ,,ttd' ihu tmches h ii-jaUr.it~res et noires dans 
av l. 1,'. text cti-, do sr, est argilo-sableuse dans les 

hIoII : et a'gr i ijew et lircolctriet . Des nodules argileux 
I'm 112 ment iii ,',o,do I 2i,',,'so, peont -&tre mis en 6vidence 
(tt IWOlcoioidi'. Le' 10 grt li lt 1.1 1p ie montrent tin appauvrisse­
merit on argi1.0 des hiorriz:mct suon.pf'i, s (:indice d'appauvrissement 
cotippis en 1/1,) et: 1/? ) oL des teneut .;1Ievies en sables grossiers 
o,"IS'iS/sc;tnstore,9) L o oast pe net te, poly6drique moyenne 

,I grossiC'Pe. Lo anI ,eS2s chI'*nilite iodi quent une forte acidit ­
' , 7 < pll, 5, fn'oe d saotuontiortonb'ocs 2changeables(0,74S/T<1,5)o I: tine i'ii,'.iS' ,n ozo ., ( 1 N Ro2ta ,.) l'ot l 21? 

Domaine :)run vi" sans butte 

Le domaine brun v.if' sains bute s'6ctend dans la partie aval de 
la s1quce. 11 eat: consLtu6 do sols beaucoup plus jaunes que les 
p-oc Ocicnt o 10 YR 0 7/, YR ,tt code 1hutto]) presen tant taches1 .1 des
brnn-j auttii toes ci ronge -.j un'!Lres !n prol'ondeur. Ces sols sont 
argileux dans I 'ensernbile de ]enU pr-fi I (indice d'appauvrissement 
6gal 0 1/1,25) ct panvLes en sables grossiers (1,01<SP/SG<I ,16). 
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__ __ __ _ 
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liff'erenciation ver't icac el. Iatrale 

;1OIy d e In aiver-tire pidoog iqur vionlre quo, Jans le 
d.omnirie 'I but te, Iosj rtoitiiiunthe (q d~peridcrit ders 
prOpiii4er; I 1thloiqw-o.; 4' JIi In puie Dwis1): dornaines rouges 
et, brun %,i!' ,r s 1,1itI ?, 1 ! jrT '.I t - ; II- I Vir i s (- t pitySico­
c 1intIIiq 11e " so rl i 'oesn I I, peur. lo eaux do iu elnen.onibiint 
prnt iquet' an tt'i gnwu tel t ninaiaii I(: Aa liients f'ins des 
So1l,,-; i ve[-; Ie! n hiun %;f, (CL:i i.. 1u INap c:s In; (,"t tT'I 1 -1 igUro 
S) sune Inquelllo orLt" u lCl~t (1; Vets I 'rval.OU 11 o' del argure 

S'uic nian j o1e Irii 10111(11101 hut.ktola sent
rc iOgn ,;aii is appavaltre 

de szona; , I n 1, i v orne n I t u'n ii tie -I Oiler gross lersTe tnch; R s 
dalns les 00 protmi t i ci 1mcL qu sian CR t des pro Pondsii hot'i zons 
plus h6.t6rogtires . I I s ,;emb lent caon i-ir' des cul tures annuel11e s 
dont IleS Sy S t, 6me s rn c i 11ai 'es occu oeII I a pairt i,e superficiel le ,du 
Sol1Les ssla s figror ami qu s son t , eino rvote tie ,pelat i qUemen t impossi. ­

1i1oes doti11s Ia lone 'i h)ut to un ft t.kI e I n t io gv nnde I tn36rog6ri it 
laler'O to ("t 'opt ;,ca t e aol s 

alde-r !w-,men' lo~ec of' t -- Solis 33aid 
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CONCLUSION
 

Le choix de sites agronomiques au Cameroun est pass6 par plu­
sieur's stades en fonction des types (I- cu]ture cnvisag6s et de la
connaiss ance du mil fieu. Dnr un p,',imior temps, ele a 6t6 guid6e 
par 1a r'IprenentativiLe gO&P I i.Lpre ou des z ones de culture 

. usi quo pnr' le /ole gpr I Nat iques et. pai 1 'ex istence dc struc­
tures d'api i Parp Ia SUrit, , Ion cr'i t pos de cIoi.x so sent af'f'in6s, 
prenant plu s en compte ls x 1gonccn usen cultures et les conditions
pedooigitue,. LP choix du site do Minknoameycos a swivi cette voic, 
on accentuati u ncore I ' e 'opt M!' t,, anI a carac tLrisation 
p(doI o; i que : 

- Sol. 	 de 11t1 il'n'uV l , nF'in d' initg'er te r6seaux IBSRAM 
de i3 en vat Lr, de.- soIs acidos topicaIIx.
 

- SWls present ai t";n hori zcn r 
 el.at iveirient hoirlrg' ne dans l.eur 
60 plre icps ccnt lime te. alin do punvo ip trvait, op s tatst iquement 
doS e a do cUtiLures arnnirelles 'aie(10si Ii 	 env'acinemenit. 

I.e sol a ppi,.; anoi p;rr pi: ern plus;t1ee do importante dars 
le choix sitesdes d 'exp(1ime tat ion agronoiique al Cameroun. 
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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
 

RESUM1E 

Du sud au nord (Adammoua), le contraste saisonnier du bioclimat s'ac­cenrtue - celii du p6duclimnat aussi. La porosit6 se modifie 6gal.emerit.
Toutefto is, (ans ics ornditions hioclimatiques donn6es les profilsi ni; i t LaIcdes d;i.iv&s do divel'ses roches miros coinci­ulu so]s 

d ,;it, dui mlils 
 :1;i on expri m la po1o_;it ( par raippor't au volume total 
dhifinu III v Ium, oc p(, par le lat.lntt o: to degr6 d'assemblage 
-'XP a;'iM I P I Ia JAi:. ' "h s ,mielette" porLi-Oitl doric tre deter­r1111, par t 1 i, , l de,; 'a n.sp'doc][)lx ilqatique.s suibies. 

C.; :;olit Cp is. De has cn Iaul !a ilicriporosit6 ( action 
toujonw 4; Wi) c lopoppe ;Imaressivei]imiL dans uile matrice de p i.; ell p -; ;ahi,. L,'as:sembl age devient wxrlm"ilomlelnt poreux et 

z., hia i;[ 'cit in i tin e at ir'1cimd. 'paisseur et grande
-lcu'ap~'o.~m t,, 1'r;issentLa 6.ri e ctaara'tist iqoes de r6tfgions A f'aibleces 

01051 a ;;iioslcr'i t.lI t, pC-docl.imaL modidr-ment contrast6 (variation
 
h.dl'I' 
 i' Ii't t. a p s ]I! p,' 11.2). 

!in' swc''enLittit i aInI coniiat;te ptdoclimatfquo entraine title d~sta­
ii t.;,i ,n i:: lt r 'ihkons N 'I-'allitique:- jo eux. C'est ainsi qu'il
soi: Otill ] ' ,amaaai H i' z(m ,3per'l'ic iel coLpact dent on peut
Pa: I jam.I l'oiimation ' 1u11e var'iation hydrique nuelle allant de

] 'ltm'a]-(Ia ci Icationai;ur;atartion. Deimic er Guyane, c 'est un aminc is;semen t des horimzons pom'eux, par in tensi f . cation de] ; qui nour'pit expl iquep ' in, La 1 1at ionPPOSon, 
d ' An drainage

supep'icie] et late'ral p i 'aren tmi ssement du drainage vertical 

1 , i dove oprinlO -i r'I;linage tat of' ac id soils 39 



(amortissement insuffisant des ondes pluviales).
 

La mise en culture peut accentuer, aussi le contraste p~doclima­
tique, notamment en milieu Coestier. 

ABSTRA CT 

RELATIONS BETWEEN POROS.ITY AND P/DOCI,IMATE 

IN SOILS WITH! A FhRRALITIC ENVIRONMENT IN THE CAMEROON 

Going j'am /( 0o,, ,2 0 1 2 ! U 1'l .to'. '!:,','7:, at onal Colz tu 
of' the biolimate:, b711,1o PP,.0 0',i, the in021'0 Cl2 a0:Z'o . contrast 
the pedoe mcate, and the poneity undo;',.u: ,'oro.;pandinq modiJiea­
tionsn. 'lie ls', heioin ho ox'is tqbo /',. 0/ 'aondfl theIo a ion.,, 
overall po or.a:il! p i./)'o j, ,r' g . a of,l., ,;1l lo t. ji'o,i 1'ai2ctil 

scasho c ar, '1, -- at 1 Zj' Ow ' p ) 'l 2 d
' -,ric t po;2 oulIlO 
/12 nO lot .,2 :, ,. ; ',1,:7' w ,- up Ohol i ,aken by lt 
sqke Leton: hionc ' , Wl f y,:hb./fwli b' i "ex a-sk( c tl/ [" 
p0 0.9;tI ('o i' ho, dzii(' i2 1'(d i./ I I 1:e2 / of .edo .[tic,b , . the l 

nhese aiai thfiop bo' Ficor Io, tom h' ma(oposy 

(in the pVart "/hi,.'h ti. ns.r;7pOsod toa t1h (2,) do'1o lop. slow/y into 
(112 2 1 0(Ut ' :/I 0.1..l/. ...'.0!!',I.. Thu a,:o'm b{ , om', txtreme yl pC,'2 uo 
and jd'' (Ind /a2 dra tnale. Thiek ness and a high(L'5 n''ot hep 
degree a/' mao oipa2' s / ,y to be t/p -a of' J'arra izti sol.s io 
regionls .,;olop . lel /i. /e i the ;z' 'J'cC and a pedoolimateis lit. roen ." 
exhibit ing on ! modot'ate onI.2as t, (wI. aI Wate;, variation lower 
than pF 4.2). 

When the pedoc1imate is moi, ex! )~c2me, t.hei-e i. more uncertainty 
wi[h[ireJamd to the poraio; J'irall tic' 11oi:.ons. Fo this reason, 
Adariaoua has 0)o 01e ,,/a1, wlh21eh/ J'ol2mjaar a re~slizt- t]pau. '] hori-on 
oj' an annual waitcy, vaIi.atiaontior , J'(2',29ulti'ca-dij to over'-saturated 
Ieve Is. Szm il' 21 i iaa, t ho /2020225 ll,i:.Ornis al:rc mo'. 1i1it ted 

as a ,Ojlt 0]" 2'2010 2O,(20 ,29l1, 202 0Ch VIa1 explainI ihe establiOlM2eNt. 
oj iLot,i/2 tc020' 211,2,alQ a! 0120 0;1021owing the: down 
oerti2al dia.I.ae (because o]" (2a2 hiiij'j'i-ipnt roduat lopl oj aiwa2te2, 

P'ow). 

Cultivation of' the land may also serve to int2ensify the pedocli­
matic contrasis, especially in ]'oiest areas.
 

INTRODUCTION 

Par p6doci imat on enterid l'ensemble des conditions hydriques et 
thermiques rignant dans le sol. En conditions de ban drainage, le 
p6doclimat ost module principalement par los variations saisonni-res 
du bioclimat.
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L'information apport6e ici est bas~e sup:
 

1. 	 des mesures p6riodiques de teneur en eati du sol faites de 1969 
a 1972 on des sites (topo.;quences) 6chelonn6s sut pros de 
5, de Iat.itud,- n drmii no 1' ra ll it que all Cameroun (depuis 
lKt ,]tc- an sl iqa 'i N ndi nord sur le plateau de 
1.'Adariaoua - voir. Ii gure 1); 

Limite flod des sols 
fanillfilques kure ig 1. Lea sites d'6tude en 

0 	 domaine ferrallitique
 

ADAMAOUA 

-YACUNbr
 

I sols joules 

i . o It pa varrc tres qui renseignent sur le 
,'out au V , Itt, ti ";ur les forces exerc6es par la phase 
no I le i:,ni~ii n tIau p1 1.2, densit6s apparente et r~elle 
pouril nl ilc1. la io0'o8it. totale, etc. 

*,. 5 1 !r:1.i oI Is t t0 . n on s de pores vues 
I lCOr'oCOpC: opt, ilue et 1A hal ayage sur des 6chantillons 
p5(01aali cmiln t ,-;,' li(;s. 

o 1-; ruenaIr'at 	 auLx 

les ,o] carnc tori s:; Cempor Lent, sup plusicurs m6tres 
dW'(pnlcI;:se t , (ho!; hot izoils m[not les ot poroux, vivement colores en jaune 
on en - ....1.. ,e Pa IaNolicnt 7l la ,:]asse des sois ferrallitiques. 

11' yv ob:.i rv(. pan; de a]cul t rentj du drainage, et la tranche satur6e 
,y ef;ti. Wo'onde 1'ul l s.nine de mtres (sols "i ben dra.inage interne). 
.'era i .ou V ien 11 (I-c ro normalement dorienmit, yg; L.a nat tireI e , t 
Iantt en 1)a:; , rn. c J I ' ;t; , n- 1talI.e C t,i en r6part i en prof'ondeur. 

Un ,ompalera ic [ dUeux alt.e doe sornet de veovari l convexe, donc 
OH p():5.i [ iell (it, bIo r n i n g ext.01 ,11. 

1. 	 aul nord ( p.1 a teau de 1' Adarmiaria ) , sl rouge sous savane 
arbustive, avec 1600 rini (' apport pluvial annuel. Les pluies 
Son t PZ SSeembh.1 6 es ell Ue1 saison hum] de un i que et A averses 
quotidienies. La saison s6che, longue de 5 mois so caract~rise 

Lwid deveo1 ew, -- Milti-Agemetu of' acid soils Ill 



par une absence totale do pr6cipitations (figure 2). 
 L'C-cart
 
saisonnier de temp&rature est de 6'5.
 

P 1820 1530 1666 1593
 

O0mm 	 Adamaoua 

, 870 950 830 640 845 680 654 mmSud-Cam 

IOOmm
 

1969 	 1970 1971 	 1972 

K . 2.,.- 'is des ariries de 

j;il(I8 ~lI aveC 	 Vliai-t [; 8.; ' %t, ti t )polt pI cgalciiient 

de b6O0 flip., ma is qui e t nUiusons(1I1Se (lu(.I slt(1 humnides 
sl"Oep lar dcux 8:11 sons p] us Sches. De plus il y a des 
r'n du; :;Ij on dhei [;sainm 	 p1on (Wpeiodesot (h,:; pluvieusesell WiS;n= ;sth *m'u iCneI motre In dist:rilhution d6ecadaire 
des 
prc i pit at ji n. I,'cart saisonrifer de temprature i'est 
quo 

Ani, dsa in atm on Q ((), manqu6e dhysteiose (ftigure 3),
lo p-doc limat. 'i ,dWit pauc pi clinque aiintnp , d"s I ' Adaminoua un cycle
uniquo 	 r
P; o, t: is qu'nu :oul i I y a drux cycles nmarqu6s de
nomnhiecus ii 'Ing] ail tos pet i t(?s how: l"s dos dotux branches de 
In COui'i - tig , '). 

SUD-CAMEROUNoo Y ADAMAOUA8 

2 cycles/on+boucles 5 Icycle re'gulier/an 

55 
511511 

PF CC Sat 0 PF CC Sat 0 

Figure 3. 	 Schmna des vapiations saisonni~res des contrairites (poten­
tiel do 1'eau U) en Ponction des variations de teneur en 
eau (0)
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DISTRIBUTION VERTICALE DE L'EAU DANS LES DEUX SITES
 

La figure 
11 pr6sente les teneurs (volumiques) en eau, en fonction 
de la profondeur, aux extrenes saisonniers (saison des 
pluies, SH, 
et fin de saison sc(:che, SS, en pr6cisant 1'anne). 

I\\ '-SISUD-CAM IADAMAOUA

L S
SH 2 


3 II m2S - \24
 

.11 4 m Mi 

Figure 11. Profils hydriques en saison s~che (SS) et en saison des
 
pluies (SH)
 

1. Au Sud-Cameromn, 
 le profil hydrique s'6tablit lentement au 
cours de la saison des pluies sur une position stable, de mme 
qu'au cous des saisons des pluies successAves: une seule
courbe suf'tit alors pour reprsenter' cet 6tat. En fin de 
sa son s6he_, in contraire, le pr'of'il s' i tablit A des positions 
qu i di f'C-ient 'lune ann(-e i ] autre. Ainsi, 1 'amplitude
annue I le de In variition d&-pend non pas des variations 

impolt~nt ;d) (e I 'aplult pw'iial (i'lte $saison des pluies
I' autre, 

a 
on d'une a:ne A 1 'aUt0, mai, des conditions de la 

saison sAche (dure combi ne ave.pratensit 6). 

La stabilisat ion du pro hydi(quo en iodepe humide semble 
(crrespondie 
A Wa capacit an champ: on constate iLe la 
riltration do toit . Ippot dWean exc6dentaire (dispositif MNintz)
 
e. si rapide qu'ele ni'a'croit pas de faon sensible la teneur 
en eau du sal (amortissement tris rapide de l'onde d'eau mue
 
par gravit..
 

Quant 6 in rlgularit6 verticale du profil hydrique (A
'exception des deux d~cimetres sup/.rieurs humifrres et plus

sableux), ele suggfre une cetaine uniformit6 a la fois de 
l'organisation dU sol (pores servant i la r6tention) et du
pr-i0vement d'eau par les racines (transpiration du couvert 
forestier). 

2. Dans 1'Adramaoua, on retrouve la mrme stabilisation du profil 
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hydrique pendant les salsong, hurnides snocessives , ai nni (pe
los diffltt'onces intev-annuel les do Pinri tic ion sicho.. Mn ins 
ii y a decroisnnl:0 de bas en haut de In tleno' on eau, ,.
qui stiggl3re soi I. n atccrtisfnnment (, In rflnc!'opor'osi I velt; 
le haut (vo qui iitii t. Q W toiin ti (IIOxwn 1f vou Iiique )
S~olt ti rt d :;, nion'm te 'f;i'i'- 1> I tanf pr it [i ilttiit 
pal' 6vaptorlitj(ni At paril ' de In itt 1i1rtt (soi! lit Wrtue tourre 
d il he P1 iir , ) 

COMPOSITION VOIAJM[QUI Dli SOL AUX DI;UxXl MEME SAISONNIEIRS 

Conal tie lea vnritlan de LnnellP un uau n 'a d ' int(Ord L que r;
P'on pelt l en lapioi'te A1 In jtctvIN1[ Ica cmtlt ,qui 117 (It Jos si toor 
pat r'nppor't A1 dIen ioptpes n r'g~tiqueso dent leoipp iflt paix 3011t, ,an 

1 'ordro cOO isnr iknitwddi L(3deq 

1. [le 4.2, to i iojipF 1inw Q Mi den toneurn on can ext vncti bl o 
par' Ios i'nc inn, cc tqui - toup u' senall pores' im115 dc tubLani i 
- cort'Onpondr'a i A In viilage de tous Ica pores de r'ayon 
sulp(Ciul "I 0,1 tllicrl'u I lo, (IQ i.at ) 

2. Ia CanaeW( ati champ, CC, tononu u-dol date aqito lie Ve'an 
WestI plns retenue11 pal' Ica Qro cap ii lairen oil d' athor'pt ion, 
et S '0001112 tijt rapi.dolulont. plIll' grav itt" 

3 . in sa tn'Litn , &tat Qf den Polces tindo Tu'o'ion ityd Ioiltatique
So gA rftrni. nn ot 'f auix tie!Woptownn to rota gray It[(3, au tot'isantI 
desi nlotivemlemn WI'an 1atCr'aix . Co tt. tenotip, en ealn est 'In 
peu lnI'or'ietii'e " a p[ol'o!nit to otal(. (,II Oioccns) 

Ccii trtoi Letnonuv en MUn tes (0- r'opf'i'o Poces r11nOipales qul
J Cxece n t sir on 1.te eau - polionit W3t.re xppi'moo on tPlac Lions de 
voldm figurerl'' al (on dwsun111 ii.agl'amo11111 1indiqtlant I a coinpos t,; io
 
voinntmqii tIi I 
 ol (en ahnc isse') en Mcoi~, on do Ina pr'ol'nnIonn z (en
ordcooi ) . ke g'ttfl 011101) nal 5(11111i 01't con :;oi. &3 ant rifgli gea bie, 
on1 pout1 poter (1inns co ti Ingl'amo leon tellOu1' (vol 111]mqutn en oncai au>: 
(beux OX A'TP l201l 0011nnerIIoIA1 nil V1 .SS Onli pnt ilis2 An total

1(03 inf1Ltivalleo ;uoltcssi I l'a cc sont,
'0 diag'titino do gau~che Ai (loite,

Ies trac ion dI-- Vol unne nuL ( tentt:ill ei-t!ail o011( lasses por'aies
va%,n [C:. Ot 

0 A P1 can [lop Pot)1t(ilft I '~ , oill p01021 [(,. IIiI [rafine
PIT 11 SS =can ntbet d nponi ble on saL1mon til 
SS aLSF1 = var'ia [ion 21 :3nirouiI(3oc d 'ean (poros it dispn tte on tro 

air ot eau); 
SH 6 P? = toer ( olninipwe on air en sn hon Iliiiiide (macro­

por'os i[3); 

P 6 100% = fracticoi dce volume oc'cup(3e par la mati(3re solide. 

* Les deux diagramrncs voluniiques do Ia f'igure 5 montrent. que: 
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(cultures sans ombrage) ou diretet'rrt ensolei i.O ( talus de route).Ii y a alors des fissures et de nomhrux argilanes dans les d~cim6tres 
sup6rieurs. 

2. le Hal do 1 'Ada'umioil r'':;c' cao.i'uitOuI un arssez bon Cqui-Sibpe a l'-ecau, mais qi so PUe ddoNe 1n02:; (elIX mtres superiurs.:rn oMtT , d'une part le ,h't,;;hcliorment sai s;onnier, y atteint le pF 11.2,d 'aut re pa- t Ia maCr'oporoH io , s ' acer'of t corni iJd'.rahl eme t. UA telso] nianque Mio:'s dt oeur t i e en sa ison sCche. Sa poposi tf' totaledev ien L. I 1e -mime ex'es:ive (,jusqu'a 635 dans les ols d pourvus 
de sque 1.(- ) .te 


l['ouLt n :;,ii'laoe 
 on(t r5 et 20 cm du prPo ondeur) on observe unmince horizon ,compact A le pt; ' .2 est ]argemc,nt franchi on saiso1sche (ul tr'p.-dte:;dmic ion). En saison des pluies, ]a teneur (volu­iqie) an auo y ug ml;nto, en u. Iation avec uno rJ,-duttion lde la macro­poro it (d'oOa1in ume on ampoule de coll -ci sur le diag'anmme).Ainai, Ia varintion i'nrie (hi pt'doclim,'t 5y devient ext' me,Jo !'ull ' I ; :tuj a a I IIIi 't.I, . Pans c's conditions 
do con r'aintes, i He pi oduit une tr'anf'oriation inportante de P'as­selntl age Iflicposcopique du so] 1'er'r'a 11 i Lique, qui p epd alors une doses car'actI6ritiques essont Iciles : sa grande nacroponositO (voir 
p I u nloin). 

RELA'I'ION INVEIMSF' I,.NT'E POROS TE 'l'O'I'ALE 
E'l' TAUX DE SQIJEILE'ITE 

Dans les sols iC's, uAtNu In imosi ta le prdsente (outre lesvariations vert icales Vi., bloHaur' Ia ' g'ore 5) des diff'rences nota-Hbes d' uno r'oche-mp 1 'au t e, on aion 

let te dift'Orents: 


i'o a avec des taux de sque­
]os sols les plus pauvves en squelette sont les 

Si I'or 'appol'ta (figure 6) ]e volume des pores non plus au volumetotal (pproi'l P) mais A celui-ci diminun du volume occup& par' le
squel et e (ppoM'i I P ) on constate quo los pr'o'ils de porosit 
 P'coinei(tcio. alos a;se' hien. Cela suggdr'e h'sboni( (11e le d6voloppe­
men! do in potj)(u')Si., ; i!ilait itat 0 0 1 i i ]a seile phase plas-Ilique (doformahl0) (III sol. E t ensuite qu'on des conditions 6daphiques
do rn'J a (C li at , olod 1c, prof'odo ur), ]a poposit 
 .otale on expressionhors squelote est datermin e pap les conditions do podoclimat :
1 1l11 iii voau cOrge t1eu 
 donnQ pourr'ait cor''espondre assemlageon 
pla31ma-lp0roS doirC. 

On doiLt s'en souvenir lorsqu'on modif'ie la gamme des contraintes 
subies par le 
sol par d6frichement et mise en 
cultures.
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Sud-Cameroun Adamaoua 

50 . 709 0 P 60 70 O 	 50 7001. 50
 

Im 	 Im a b b 

z z 

Figure 6. 	Les profils de porosit6 P, lorsqu'on les rapporte au seul
 
plasma (p oI'il:3 P' ), ro0il(ident: 
a = sol d6riv, de granite 
b z sol (16rivO (e ISa t LO (IWO de squolette 

VARIATIONS 	 DU SUD'-CAMEROUN VERS L,'ADAMAOUA 

hniI. [niTnO'Puprrf'I c)r uloTI' 	 des so]s de 1'Adamaoua 
(riglw!, I) ,... pial.eau, au nord du 
dmraine era Ii ,,C de por'oi .1ir <chelonn(es du sud 
aw nord mont rellt c( I !: s i 1.:.;p iUs mid peuvent pr6sentersol: au 
111e tvarche ] ,(greinent pls compactf, qu", on al1 ]ant le nord,vers 


[('001o OrI S'allincissant l Ol so r.appioc hart 
 doea surface. 

Sud-Cameroun Centre Sud Adamoua 

d 

80c (M
z
 

Figure 7. 	D~veloppement progressif de l'horizon compact superficiel 
au nord du domaine ferrallitique: 
d = densitL apparente, z = profondeur
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t ~ ~~~~~ 	 i ~ it t io le iiv' ' 1 ivc.- In au 
dnr:r~ni i;* ht i n;Lr:::.:j 11in t ri~sihu p r,. que:1;c: 

:-jf tI:~! I;:. -­
I'llo '~ V11.q fA Pw; I!jt 


:1I t 	 f. t,'iix ' nt~t r intcs (I Iovigi ne 
iCIx C. le pi~ti­

e. r, s 	 fc t,e aux 

tiC Cti** .. i;*li(; 	 1eI ott e i,( 1-ai I. 

CNIM(MjA ION DHS~ 1OHr'; 

I~~( c C 1,j.1 tt "II'. Ii jinnes 
IllTiI t fe ' d c. 1L. rit ' assem1)lage 

mt-:;w.dkH ; 'iII 	 (:(AtLe Tnati~re est 
'T; I t it th' p'ot'n iJ ter'c onuunican t s 

;urt'ltmol T. fl e t-cbt i pri(,cntent 
V. C;; qup oriemitent uric 

I 	 . i I et I q 1I1 :: ux c i_;t irtcor-por'd 
'Hdo :it.w IIwk, s [A'1Ut; Cornricl tS 

It'I V '1 'i u ~~;it' 'mt; I;; iD Hflr'tis SUP6­
13'ttl, I 1 .. iii Cit 1 !iLnI I "!~ Iticr'oy)cl.iqiue a6r~e, 
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Le passage de cO ttL I tll o At" la' .ts t I t , -t .'O I t ucture 
massive de I ' hor izon c oripmr s -Ipe v f'; o ' fat t d ;ilovd pa r ePfondre ­
ment des pl.us gr, "i (PI 1 I,,', o i i pores polyconcav sd on 


puis Ia ;fonto istt VLIC 11!0-i; tui'le 0 1''oodi s des micro­
peds L on ii n'ob,,'v,, . , i i .;, SIqu0 con tin e de 

h'] I tr ;Icrista iites Imon(.-I . it:! , :;:. iset. etfin dans 
cette mriasc rigi:Ie. 1-1] 1 !3e ,mt In : ()!:I!,] de.,:; pal' I 'argfile 
rouge disper.se e n u f';.wt,I' Ii]' 1pactdu.; ioul oes, de pilie. et 

horizoi n st t.\Ofl5.: ili;:i ful' Ion gut ,£i'[ dC I 'c'; l-s. 

Sols jaunes di Sud 

s hr11 it,1 i I)O]VOSLe;s hot inzn ir. 0j pr 1;r n I , L i nc; tOU p toe" 
iriter-comriunicant, I.11es , ql'au et qliI .ijiI ntrl]e MELIB,
resulte '.,nerribi to Void- 0/t,'' 'at l '!;opi;tO;; dont ]e di Aitre 

est de I' d ,. d, ( -(it, • I Ir; i tIevn " d[ _ I _'l; ii;,o t ,i 1 

1 a p s :I tS yIt, N II 

a l oI . r I !'W I In1 . Iia,,Il ./IIg1.'. i, ( I ii I v l partI; 

Uno Ip010 o . t it, n li 1,5 1ci i ! i I d, n(t Io co1d i t10n1C1il 't d;m 

na tu'oi.I e; 

(IONUtUS; I O),ti 

Une caracteristique essentie lie des sol s f'ei'al i tiques du Cameroun 

Lt! d.'. Op fi.ii(1 t i O.£,i'O :;I t, Ic "l '1 hi. t 1; ) , d' MaCr'o­"! W ine 

poros 5 t., t cUr' r'li1[li (' pa I- do '1 t. I ',I. ,' pal etretlOLnJ iit :c . Oit.6L 

iln11 C, r ' I t. i Iin 0 (0' :;,I f o I t i IIClTo'ie-Io iiiiiltliirl i (11101; en 
coudit t 01:; I;I 1). ' ' t 't ,IIi, . I M 1 i ( , . Une I ongue dur'&ec; I ,-. JW 

i (C ; e r.d'&volLiton 1t I l t clilO 'iitf' r o ti iit' Oti' U OIIIt effet, 

dons 10 i i 1 opt cai I hiniilile ot av(c I0 d'unlie.ii , pap'otot ion couvert 
eri Ilgtato l i U11 6pal Issi sneIn(rit de,; ho i,onms ut. 'acquisi­

tion d'une p1opoi it," g"os ";;Ile. 

Li(2 n is' in-m" ,I'iiTicI 1ln.,I-vCtM , Iont I II'C ; p 1. constaite 

d'agets de pooogoi(: se , me cetaiiie tI,hiij t, de I'assemblage fin 

du sol. Or on consta to en ,pioc6dnIt II 'humoc t ,!ion do motLtes pri>­
leves l Pt Indi dLIPSi ;t ti ,11 hi 'Ottol St,,Ihl it6 01t tine pro­
pri6t6 acquise progressiveient do ha i;mi hau du .sol. El]e esL doic 
elle-me6rne I Ia I '(pasis. I.n I de; hiil 70:1. Co lui-ci arnorti toe OIc i 
do mieux OTI mieux I fi]trta!.(iln do ; ic ' ; p1luvioles (ot les flux 

o o mL irf '(,; ,t' '. I et profordtheo miques o), et t i II 1 , ini ,. tiL ibro 
ce qui favorise en retour t ' i iu Cn d' ine st tuc tute fine e titi t 
poreuse. 
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Modification doe cette caract(~rintique par accentuation dui contraste 
p~doci ima tique 

Uric oa ttIn'lro th ai de;.; Cortldi tions (lonneos de 
paiN1':;;inat:'m ;e o .;i~' ie; coi io;: ' riodi lienit aiu-de1A 

deo I'A'Itiminoijia o;t I,, exemTpto fdi t_. IntiVI r; s her] Sonms motiblosdt's s.ok (IiiIi.(i' lO-.-titi Ie ctiet , .te hy ri-ique (A thorriquo 
d u Ij i cIIi 1, ( 111 1 '0 tt.I. o l'; iIt' i1 Iw'ce Iirti il p'10 I0hn-Le tsennolt d'~ u seiin 1,,,'I'n I ic'' p1'eis.2 de( tereos 
dI'l;1111Q TaII )I), n ,' !otuor'-I Ci I t prtovoclueoe c l,,( t. 1,1 (1-1 Ige(' In I-' 'a I ino i-on r~stl I Lail t deI ,a s ' l ag ''' TI! i 'p'm-t (:I]ir.; r) I i l I11 1 1o -fot't-i (I 10 ) . Leplleitorniclie !: 'ai 2 00 tt'U,, riII ()if k- k!' toI tonJ I modiF [aniitI e"; conch i t. i1; o h h ;P! ltt'c 1nrit ~ mI;:.!. tillcs (11so1i accroit.10 oc :v; c 1 IIn tIt'. )t at tj fit P om'enlel tilur nivoau detioI''pa 1 '.mm ;; 1;: liveii do;~ r'm t! p Oit quaritifioer pal, 

Modi fca i on pal, ' destI lIiflrfl 'ond i ti ons de p loclimat 

as iDan:;3 I , diici~i 0I t.Qtvonit i ons anit hropiquos par bnnllage do a ~ ~ n~ i~ 'aK1 ~'tno t p1 Kt inomontril do tivoipeaiJtx no modifiont pas 

tiempac i Le' ne.!S1ot' I tol seniltr'nin t do ''utitaste naturel dil bloc limat:Ioe !I i f r L"&nesgf iqI do t-ces"iritoervelnt ionls ',llthropiquos ost dorie 

n fril- Iac. S id '; 11011; r 1);in, c@tin t t'e I '(a;" .c d0cIimati( 

tiIaC'.3pania in u~ na oni : ta-if leotIalronnornont de 
:1 l: . :1c:;, i ,~' !f, t t")I '! meuhl, t L poreuso-orts Ji lie: .e!( r-i I li des lori­e; . Onl ohrveC ("t1 ef ot: Soils janohoro unoeLPrnitc de soCI J)"IrIo c mipa1c'~,T' Ir Ucir de TtnI)ITu0avg-lPP 1,an0s ri iluvia­io ( asm"c-o Ks aix pores Ltnia i res). La drtnabjl isation deo con 

Modificationrs par reprise d'(erosioin en Guyanc 

Lx nsysttnoll mnltoonctif' "hor'i sori poi-tny cpa: s - clrainiago verticalP ih~ooxit L 'nII , 3i clans., c e tcLeillie rK'-g iori tropicale qu 'est laGoae ln is3 z I ( SI raleNRI'0V ('11 parti~ ~parotillrp[oIPI aUtre SYS toleIloist i cit rir3;I ian1 cfti .- Iauaci n v ''tntal inalotiti'' avoc apparition 

(ia't ' rnlitv' (Builon t (ii. 1T990 (it ce o ha-ngenrion do drainiage
ct:ai t (1(1 ;Iionm [oIse~cmt de L'hIorlzon potetix , qui Wncmrti t 
 plusalors les ottiltet plth in los Ci l P i t bit. sonil do d6clenchernent(6paissetiv de' I hlorizon, prlux I varie avoc les parartrftres climatiques 
"m~id dVhOol'alcan .Knitit; ov nci i oo 1,; ( 



(intensit6 x longueui x pf"riodicjit dos avelpses) e: avec des para­miCtres pedologiques (stLic ici et comnportteinent du rti.seau poral ).et aminrcis semonwI peut Atre dO a trie nugmenmtation de p1uvjosit6.Mi, i C Qa Linr FomaritiOn ;h u1egI',cOMne VeiS le h1lu t de versant e t e tL e"' I e t. i :,- ll o:: i i 'm,o e ti?e cause paraf tcLra' till ;W,(. iil I't,!iiit'n li' la. AU btic I ior guyana is provo-

Itil S'iitiill I -I II r I 1! 1I) til l Q T-AC t i:I 1 qi:i i3 pvIi gl ssivorn t e rceelitioi l do 'liil;' e ,l l ,a l 1ibre et Iraof'oid. Son (I Veloppe riitat l, 1 N At I 'V' i: . ': (,1 11 L s()­ i n r ,,x , , q9ij supposu tie!l,() ilI u t ( ii 0 a.ll(1 unlie .telli lit:(,. diu pay: go . Cu.; Coldj Lioils
i 


l'tivopialI 5.!: 1 d r iIiit t-eint 
 p. (liltd I miinA ai ot r; flo--tiser 

p 1il au glilit I I e -itn t rs te lit i mat i (It w (A dotIIt-. pt ai ti d l e , vIeLoi; VigeLa1 (d-- I n t riset'Lchem t en 
cu I tuil ye 
. i)I a-lA Ii IC: .;;'!rTJTIt I I 'htnIzon poreux (erepri'se d 'Wrosion en 
(luyane) . 
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SOIL SURFACE CRUSTING -

SOME AGRONOMIC IMPLiCATIONS
 

CHRISTIAN VALENTIN
 

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

ABS3'RACT 

,\ny :3tidy on soil sur'ace crusting for agronomical purposes should 
include three steps: 

1. 	 Tdentification and description of the problems, in combination 
with the study of the processes of crust formation and its 
subse que,It ev, u1Ic Wo. Exnmples in Ivory Coast, Burkina Faso,
and Senegal s how that crusts should be studiLed together with 
o<' i r mien I a] and soc oec 01on0o11 pnramet ens, including their 
ViP i i Oi 1s u I I ill ;pac(, and t .m11le 

2. 	 Quant.aitaive char'acterisat ion of crusting and crusting impacts.
Notwith.hstanding thatt stnardndized methods are still lacking,
it is necessary to assess crustability usirg a corparative
and pred ic ti ve index. Some easy methods enabie measurements 
to Ne meade of d'lL i if I ali li ty rnd !;uface strength. 

3. 	 Crust cont ol. Three major approaches may be distinguished: 
the f' Pst one a i 1s at st re:ngthneritg the tonding agents between 
particles, us i ogn resi dues ornvga i.c soil con(i tiotrers. The 
second way L:; .o proLetCt t he soil smu-'ace from impacting 
raindrops using101 ,'\C5e Kiulch, mixed copping). The third 
approach cons 10 to; i sel'cl-irg aJl)ols)p.iaite I arid use arid farming 
practices with refherence to the enviroimental data. This
agronomical method oftenis suffic ient to limit crusting 
hazards. 
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To im e me It a deVeI OPI'u]o t t rat. egy, . is nnecessar,y tothe di ferent.i- ooeit 'i., rank 
() i.physj,,a id socioeconomic )O'stIbl i's the ine--ce Ia Lionsh i p; 

and to 
botweeI the v n'ious factors. Inthis connecltion, crut t.probl ems S;hould not he nog,wted. 

L '"ANCROUPEMENT DE LA SURFAC; DU SOL, - IMPI,ICA'I'ONS AGRONOMIQUES 

La 
I orai icf' ? pll iuiZci Ia siirj'ao ciza sol optirane dc nombreuxprobmrri: Ic'! I{,. c'ont ttio"t oI ciY l ifnfilt rat.ion cde 1'eau,i i ' / /,emewes.l 
Les/str idamP 0. (lu/crii noIa doo L epacI tat2e" (' tI tapes:I identific'ation Cie 
/a )Iantuye
at. cea la distribution de ees pelli­Co.s. 
 toar '2/o port incnte, e tole arialyse doit viser(i ,' I tI- o ( o o ;io.,,. rations", do aes pal -iLul avecic's (hi ~(~'~O.rpus0 

les 
m' i iilieu biophysique (distributionu :ol. dan., la/t,.; tt '0 ,"timnsI,.,: tonpos i topographique,po' :,',/OIi'',i~f,. ',, ,';'s.I' n, ouvor t.ao .a, act ivWttj'(/i,'i '..). ot los: dcn-,i d ,;ysttme ci production (oaten-Ic /:,: , i'at iov :.e t /i ¢m , •. , 

t 

mais aiuss :'on tPaint ost (]1'i'd c[a I, 
 (;oo 'non ic//ia).

1 Do plus, la vari'a­
orunsbit: / to s,~g.Pan 15 pllioulor,,'sor do it Otre cltudie dansI ' pica: (r)ai '.c',(pI1 , cli o ibz('d'ifuiOunit(. cle modele,, comme 

:in /- - l ','-('ultl: c n -I /€t,'-'t (,o:
rift 1., (1, 
./o t ion notamma I( ions sio sonni r ntdos aictitat-ons at.imatiques,0 t1(/ * )olt /01/ dO///oq/'aphi ic/ifa). 

(2. :r c' u,tion uit 1]'iion :,;s cJots decbs peli-cu es.!I c'on/1,?ion / ,' cat /lmino ta "II.' V i des sols 6 1'encrorite-P/ ic t [p 0 l l t 1 '1 im/pLo. (;i t iidc'lr .1'tn r'csi p(p tol diminu­tz', , : ,. ,
': .I:':: e~,: 
 :f : z, 


pcpi,:t vat ion oiC, c,,s ' -' :,'c las s l
/('os' pi l t r,. 'io I Ze.s provoquen t.
 

i ' ioTta Ji: v,4;is. anoe c! la 

I!' , o '('1 1c rP d( ter,//no tout.1 au long du cycleIti lwi1.I'I I [/1)( /i, '1 a't nc/' s.cz (', do prv'coisel 12s eJfets
'' , 1, ; sl'le/iient 
 st, , If s1ita d'etude, mais 

. wOlococ-s, /f i/itt, 7T'ois tmmcle. i'oies qui se compli­1 n t poi ' ('f0(,(0 !'( -'(3 p/,O,// uons ite a aug/menter,
bart h cppot's dc c cmii / lonnicrs
/a )a I/e proc/u its nature .s,/'c '3/ tt in 1In11i'? 2/;('( i'c/ m, ttc's. 1 s'ayit de 'ami iora­:ion ie la t a.1/ ('art nale . sevonde m'thode ,joueVIPr l': ./'S " -1.r''nc'p ('et d-tra o;sentiellement la:,'i !c., p1,pt : ,,'r lc ion): pr'otaction dA pa pa i1 lago, / //i' (l/s!d e /I:l t/MS 

sol 
as ;o.c s , ... Enfin, lat.P//sivc' et hocle ('o ia,.l /e1hoi cl'itintroPaires techniques

/ie/,.l. osclc't,, (t: Ii' ///17Ott.O, M 'io olic fI ...). 

Comme 1)o/l to/ite 0t1100 tolcmioat au domaine agronomque, it con­
[.urmd (I/e 1.;i ll - 'illa'/eil(l 01l ol( d sol.]; i 



ii'fIiI ( 01200' -1I)v),le C ipde la "ij Ci, ,, 
i 1 

uc 
10bo Ace ')t"s de degpadationqu:- i.luec; ,t u,-? ours /tions, do.uent nmoes4;aire­

17eut danpcLk, lcutiO's,S LiiWiL'thfliucm), b)ophy. c/ique et canrs leur 
Co l t .'t iti.( f I. 

I NTRODUCT ION 

A s11table 8111.: ti'le[II ii; i 25; it: tlIce saist airiable agricul­tLire as are adequate wlater and nMi .rerit<a. hen cultivated soilsa1e riirrb to t. i ridrop thouri ppa c t wiia ii c rus t formation or to t e 'l Wtt II, swt Wit I hou I ak i1 t hyo f'equlently stiffer fromr':. a. <,IM,\I, r gh :IIi L l%!li L, . d:.; al produce a ver-y poorcrop !etr] a,; a r'stll t oI hard ;ur'ace crust: which impedes seedlingofleegeice.,. 'ui e qiteit ]y mtich "tt-ert.tori needs to be paid to surfacesoi I culudt ion: . 1'1!(wmain i)tje o!t v o-f' this paper, is to provide
3O[lte pI in pl (f; To glld(t el 'Cc c ru- I:; tLud i es for management. Toas hc j '; e a"Ora"%S a o I act Ion and to formulate appropriate

at re;t eg;t' ";, rllll:( :u; JIi .:a :ik,, t , o{' t, tv i table information 
arid dat , TI tidilig:

S d tai ef I i I t)I.or n.'I'tL the na t I'(? and extent of' observed
tl fa(r' : prw~,]ti rn:;; 

r1 I'tlg imIn 'rs tt varI.uOtis scales, both in 

.;,:I,a ,!' ! i<; I i c mt. tlir id ; t ) con t r f'at eetaccrust ing. 

Il)ENT1I,(ATION, )1ESCf I.11ON, I'iIOCLSSES AND EVOjlJTION 

Identification of' the crusted areas 

cle,\ar l','1i t IT I m the ext( l 'Ilid rnatur'e Of' Soil Surfacei i i ,Ii , i 7, iii T i o I a acti, ion. It is 
rie(e:T:;aI.y t ( c Tt; t ; 1:r at uirhi1 1.; bev eet cPuet occurrence andflg,:)T:r)l iig i iIl-r.OachI,.r,T lica may Te illustrated by twoe1xi)p e 

h. 

IT tiI e f'i 1:t iw (I ianiv I inve.ntovies took the form of' detailed
 
maps (! : I: ,;'unber 111,, t Ito natuve
aext ent ()I' a of' characte­

i cst , Iii I k1 i aI.te Li)rt>gIraphy , vegetation, soils (three-dimen­
siorn I ara 1 I;, 'i ,oi ,_u'ace fLe tiIes (crusted) areas, marks
of eros iuol, Te''mli lrlotCtl(.Ti ) oh a wateished ­(1.36 kin ) in northernIvor'v Coast ),iTT[ 'tll ionship.<; could bert es tahi shed between thesebi ophys i cal tarme'ral -L hIe tie eathefred rocks are shallow, ironpan'; and g.avel MltrrSia aotCItcp0; them. Geologic st;ructures governsoi I jl It1O ; Z;h e't e! :, < t t patetf'ograp]y and forms of
e0 oso 1 . rrri rioti 'ITMn of' ,5Ii t i ng a reU, II y fIIU obse ,ved i.n upslope redsoils , w IrIea nid ­ ari1 d dean -0I a-p:e oc h0) eoi S and ye] low soils are 
more %lS( Piot s l. CPlI1-3t (' , i1l c()n )iri ti oi I i it II a riore scanty savannavegetation. Ilom,;eve I, t hose re Iat: ionliips between deep soil andsurface chaerac tori t. i ,: may be dif'ficuIt to establish. Owing to 
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the many factors involved in surface crusting, frequent discrepancies 
are found between the boundaries of' deep and surface units. Such 
discrepancies may indicate some evolution trends due t o climatic 
o' land use changes. In contrast, similarity between boundaries 
may reflect i sor-t. of' lianori iic i;-Itoady 't: .v,,'en soils, climate 
and land use. 

01
 

.] fi"ot.
 

yiy......,,.
... . I... , ........... l ," , : I h...I-.. i yrt>..
 

[] vonR yro. irray 	 f-l 1'drynhor ,hlr * ,aihefllng laye~r1 

Figure 1. 	Soils, sur~face f"eaturles and f'orms of' linear erosion in 
a typical landscape of northern Ivor~y Coast (af~ter 
Valentin, Fritsc~h anid Planchon, 1986). 

The second examnple is3 a typical landscape (Figure 2) in the 
northern Nossi Plateau (Bur~kina Faso) which comprises three main 
units: 
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[]C ,, l SaI( ."~l'").. ....l L poti 
0J sI1i1 EJ t f~O 11)1 1 i le f wr i 
9 1.n.-ly ] S"MdnI.wot('lIEuhlv ci fHrids 
[] hy~h'omorjho- ci LI m br I ri'(_, sa. i-iI~i'. a mdonb 

Figure 2. Soi], ,3uiIacu fcatuves and land Use in a typical landscape 
of northerr Mossi P1ateau - Burkina Paso - (after Serpantie 
and Valentin, 1985). 

Upslope unit (Figur'e 3) 

An I i pln i,; -v-laid with a skel tal soil. Despite the 
pies once ()I* iecn avel s on the soil surf'ace,, the soil is severely 
ci'us Led The nal:.ive vege totion consists of* few shrub trees but the 
i[;:n Cl)Ve I' is '.'pnar or' nie l.y absent due to tihe protracted drought. 
A.nq e no i;u,this unit produces excessive overland flow and erosion 
an hei okeibd l- micl-ocl.ives nand 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 ofthe remnants of aeolian sand deposits, which are as thick as 2 m.
il ordep to l 0 In Iize e os ion hazarid;; and to irioase inf'i itration o Watur', the 'l';ers collci. blocksl; 
 of ion pani; Fom tho upslopeuinit to insLtal I lOW (lo lhn; at 'nL.o)i' thaL 1dUce niol'f" velocity("'' i. ) . [h,;e saldy so i ;a ' Ialso I '"[ to o rIUst;ing , butthe b'ittn s;eae i:; taosly br'kIl.en by trampfoig. A more severe physical

cin;trai i:L tp onghplrl whi oh ](eve ]or; ov(.; under low pressures, 
as poun ( d by buI Iock-drawn imp lemen t. 

Figure 11 Midslope site of 
•i 


_ the landscape in Burkina Faso 
(note the cordon at contour,

W940 101 0. ; -.- Figure 2).see 

-A'? 

Downslope unit
 

This unit is chaacterized 
 by poor drainage conditions and the
 prescec o ' a temporary watert ale. Owing 
 to less favourable

cond i tions, cuIltivati on is confined to small individual Piel ds thatkeep ant the n-umeions ha Pe areas with sea led suPaces unfit fopag ruClnL 1.: . In order to rec [ai these barren spots, farmers coverthem, usual Ilv with lopped-off bIanches. This sort of mulchingpracticc has a Lwa ol.d fleet: it t raps the wind-dl iited sand, this 
promoting the Vormat;jo of a favourable ,seedbed; morcover, it attractste ci tee that perPfovate the crust, whereby infiltPation is gr'eatly 
enhanced.
 

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

DESCRIPTION AND PROCESSES
 

Description
 

In combinatioi with identifying the 
crusted 
areas, description
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cf these surface crusts must be carried out. Equally important is 
the assessment of their mechanisms Of formation. The sound principles
(A' crust description do not differ ftrom those of' soil profiie. But 
Iu t.o the thiokne.s nF' the vertical. sections, which rapely e/ceeds

o few 1<11 imeteri; , lh,, ;.f:.. ,] ii :o:l ilit' (and if'necessary 
OI.0) i t"chn irlco;; i J Tll.h,:.'-linpav-ineters to be taken 

ito aICCoulLt 
1 t1e ouon I,; ,It i'(1.'wo e1 mII o ayers in terms of' continuity, 

.I g Il tII011I 1.1 ;Iv !f(InI ties.;
 
th p co.; i ty: cra'kt; , \' c ;s , faunal voids;
 

The arel1 'a:ro t (Ins of' these microlayers as influenced by other 
taot-r ( nIo tpography, top soil charac ters , soil cover, faunal 

muit he;l. ivi .y 1 tudied with care. Such information makes it 
,:ICtI; i Io 31 'A)h] oh the inte roelationships between the various 

Processes of for'maLtion
 

i,. ortihict d under naturaI a in/fall c.),iditions or simulated 
rtiji'iall ((llirot an( Valentin, 1981) showed that great vartations 
,00! ; irticr ith,. i;ldue to tlheir textine. Contrar'y to what one 

,:x;.,' ,,ii d,.i g ti rly oi ; n, 
 , overland f'low and ero-
I :I!.,,1' i ( li d i 1[I 1t .y" . oi iilliidy :;(.)j Ii00o v'esul t of i,usting

10,1! ,aCC (i I;.tIll Ite, in, v i tim l . mad(! of' 90", sand ( i tirluding 
Io? . 11w .1 . 1. a t (;a ],en t it, 1!), )). I l;lch cas.;es, tlh11 cruo st 

,;,, ti hrtI , i It. Il 1 nI. O1 I. :1 1 d .' i t' )). utlipperiost 
llo ' 0,lO10 'Mild gIn ills, ti, Iliddleo 11e consists 

o, l'il, I' I : llid g Icin:; with vo.; i (tl]l ove , anld the( lower 
lli'; :l) I ; II i ;ai i'UIcl c,,I* a li1 heH conicentration 

t)f' l'i'le 1)"11-t ictc!c ; w ith ciii; iderl-0 l I re dtic~ed povosity. I t must be 
ilted lililt 0ait tiat tf1n i.; .iul;t the reverse of' what is observed 
ill 71 tc ,a 2od illtlen {;I'l whcit te 1 I'iiepr pa-'ticles are on the top 
alld the 1 I a)0it Ilho i) oI11. 

Figure 5. Drawing after a thin 
9 .j 4,, section from a crusted sandy soil 

P -in Agadez - northern Niger - note 

the three microlayers (after Valen­r.'.*,...--: :.':,:otin, 1981 ).
 

QQ 
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Examinations of time-sequence thin sections showed that the impact
of raindrops trigg ers the formation of' miciocraters, the walls of 
which present a clear vertical cwtoing of' ma terials. 'his veit ical 
dif'ferenination ie sults mainly from a mec herlical sieving of' materials 

tmo tihe finl,,r I, p Ithat 	 pa nt , I' w ' they are washed in. 

In loamy and clayey soi l s, proce uses are move comp!lox and result 
in 

6). 
two major types of' crusts that are f'ormed ill su('ccss ion: (Figure 

Rainfall Impacta 

OyaLmu~d 	 ao 

stion 

awra ryv swtage 

Figure 6. 	 Schematic diagram of' crust: development in a tilled clay­
loamy soil (al'ter Valenion, 198I). 

Structural crust due to ,]aking which may occur independently 
from any impact t'or'e.,, provid,.d 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 cf' fetaLu us and genesis (Table 1). 

Tatir- t ain f'a tuv., and factors of' C'orma t ion of 14 major types 
of c rust 

Type of crust Main f'eatu'es Main processes 

Spl ash crust 	 vertical sorl ing with splash erosion, washing 
coarse particles on il, compactii, by rain­
top drop illpact 

St r'itural crust 
 mixed and coapac ted slaking, watel.logging
 
par't i Ces, inc! udoni 
rellldllI ! ,ot ci:odS 

Deos i L ona I crust 	 well sorted lam i nar depos ition under overland 
I'low con(litions 

Sed imentat ion vertical sovting w.i th deposition in still 
Cvus t coarse part i ' en at condit ions 

holtorn , shen dr'y ofteln 

SOIL SUiFACE E'VOLUTrION 

Medium-term dynamics
 

l' t ­a tiCU1 umph;.i.; 
:sihild 1A, p1a,.ied on the evolution of surface 
1,it tilrough tille. .or instance , climatic variations can cause 

drIata 
;c changes in soil ';uif'ace Veatures as illustrated 1v an example 
iii noi't.heii Senegal (Figure Y). 

L 
 Figure 7. Schematic natural
 

cycle of' soil surface features
 

as influenced by medium-term
 
climatic fluctuations in
 

-.. "' ­ northertn Senegal (after Valen-


Land development in, 1983). o 
 i
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When r'ainra 1] is sur'iciorit, 3 i} f'ce i-; covered with a conti­nuous grass l ayerr riot much sea] Qn uc'ccps. Wrjing periods of'
below average rai I , lIant r muIlli LWs col lapse precisely wheremoisL ure nhorLtugt i Ihe ir)-- '-1'': irl..y -ha]!e'' )li ow grave] y1 A]s . hough ii . .' , . y --, *?, r';, in tol[ is 
;: )i iI'' ! tI 1, ut ' .;t ' II, t. o . ! do ' I jl' 0 vege tati.. "r1 tho1 e 

,1 ;:. I I i" ! I c 1 t, I ,1II,!IV I -t ?tI\ e '%l L)'Oile 

ahboy, ai V( sea'i;ff l . This; I2sadI" In, 2iav : ;a ly willd-d'i Ited andl
cllrappt d I-y t I1, rig on 

rirrilla Ilyiv .e. piIr i'l.i)d ( 


u' v V-get Iat i ,ii nan-.W. Du' Ing su s;equen t. 
)H i'clt, i Ol hl .q)iitu()ri id W 1!'( ii; qUi te rapidCli'i !.:"i 7 1 . r. ,'. -,:'1 it:; .li:,dII,.! , -V , ha v,'e spo t.; wi.th 

saud: 52. oi i c i' i' ['ii.t I, I i2l s its I'lrilil tlhe ' ollrliation of' several 
tactloi: whi( li in ;ufn ,,e at.edm at.trib to the interactions between 
. illatm e ( 'ai IIrat I ari winrd) , :;oi I ard ve ge 1,at. ion .
 

Long-term dynamics
 

Ar . 0 I,.I t :- ,m Lsr-c iiia I IF, w i 
 I I1iu tlate some long-term 
rHJ e t. A iv.'cr-n I cit udy (A I e1 ge I and Va I cnt in, 1986) has shown 

I hat Iwt "w.eca I 1956 ald 198(0, the cUl t iat ed land wi thin a 12.8 kin
Waturtiel was doublei-d while Al low was hImved. Such a change iii 
1 ii us(, p51 l Li!rn; fIly hre asl - i1)0(d lOt 0nly to I.ho e:f'Ptcci (IP the btir­
g,oni nj poptilat ion I irrie t-han 21i year) loti alsoi, to some extent,tr tI ton','llit , I ri 1 1 ,,;c,I Val, is t iIl,' 'l ) f' I ( l t o ciil tivate larger 

ion- 21 rl ' ; l ii I Ils.rrl II I ri l , i 0 : 1W'ith ill the 
: i)11, ! ' :l , I liwaa Ii I s I4; Is I- by l ';, wh ii e iuniot PP 
co l, 'ii t. :2 -t'-'Pr' jiir!'oas';11d ty ,', Thili hyd ological altera tion 

"Is br llled IV jjII s 1Ihir Oil "o- i r(d " h t iOil;alle I id processes",
lm.il )II thr, ( !P!' l or(ic iti c sa liwc i tel itlres w thin the 
02, 11 )i or S--,,;a l tia e ';h i,11J ;,'aiiia de(,ylV(d trom 8I.tt to 115/ as 

' ' i o*rI , %-..) : iii s c% 1,r, l y crusted ond eroded
 
,;Iirf*ace's we e 1:l11 11 1i id iy 21.
 

TIi8 e -homI(I dii0Xanii1 1 rraw attention to the need for long-termit u ied11r WhirhI i,.'olvo( t.fic irtlt{e actioli8 Letweei c.limate, soil, vegeta­
tiOn 110(d - IIt I 0 Ihe llereg rI(li - lian.
 

MII'II{OIX)LOGY TO CIARACTERIZE SOIL SURFACE CRUSTING 

Assessment of' c stblii ty 

tlndouht-.-I 11 ttr. i a need to define a sound method to assess 
crustabi l.1 to ri top s,oi , namely to tind a relevant index concerning
its vulrle.t- il yiy to : iiu t irg. Dclroey ariid ucher (1981) proposed
such an index which inI deri ved from the ut)slope liar't of the Atterberg
liquid limit, curve: C W W , in which W, and W Lre the 
water contel 5-tt 5 103Ls, in Z 411 the dry weight, afterp 5 and 10 10 blowsrespectively. However, care is required in using such a predictive 
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index since i t is now wel I Cs tall i shad that soil crusting depends 
not only on intrinsic f'actors but also on many external factors: 

il covep, iric totopography, hist ory, energy, soilcr'opin l i ruinfall.
:i:~,,tl' , '[ U Ii r u t i v i . i s sii r ii x yty , e t c Thi ( i'o 'tac v ] I dic ii al be u s e u:I i!L 1 'r!r:' oti] , t i i ' ' t , I Sr',ri S,- i ; . I 

Crusting impact..s on ini'i ltrabi] i ty and surf'ae itrength 

tort['linlIni' ' fio;i :"hiold lap t or jqu;oi if'.jlg the.e] l influence 
l oW, Viu n 'l3' ]itcr'i:;t i Itr rbi ilo ''olJ Ir '- i uligth. Rainfall 

I' ailo Ililo l, I i nut.'ilm r. to u ti, r apid collapse of 
,I' :I r l ' rt ' ddie to ; :.... , . .. i. ....i I- vl ni 1ifa iondi­
.t)flg;hl ;l:;l t t tir'(a\'i i, n ll(; I ;, r','w e . lo:nnier-tri B ii ' ti ( )? )ll,,t]. ~ ttl. it -illdt.<;lflplt- f'i;Id mlitlhod ; thei I I I ' o ,'I t I !;I'i c t i:-;(vO ,il. It -,tIe 1g thei)i. tn;lilj 

, till ) l wa ,v .;Lnil,; I'trr'l,oil t1lit u;il'f'ace 
t," i i1 :7 Ilr, ,, !'ll V: llu ; i 11'h III ic (-orl d I i t ;y luir; i ta tl eod 

I io, ' I 00;f.i 'S (W 

, !'5') I 11 1it l() i ,e olk)I tI I t, ivi I oh r k, I'v iI ) r; i rld ,f,r' in I' II, 

it. Ittl tri i I .1Ii o . to lsu Ii o 'it sti'ei l i aI; it affects 
, , I1Ii(,:iri s<nc foo t it diiogreaitrht about, the.or 


1 7't lwl i:ot Ii o adopt: the.p' (Wilm1:ii' r'tn' jienetiat 1o' i ol test s . 
titi , I' of,(, liW It(0.( l'ie d p'aloitroill ta.(i' appear's

r.il , ,no .'i dd ir l condi tions are rlla1.;li gh sonsibi­
7t'. t 1 I Il Ili e'lIi , bined measure-
I I , i l 111 i'l '1CtS ll 3 t L I'.' 

Su r'Pace dynamics 

'io e liI f'or' agroi<;j.ts, t he oigo ing changes that take place
t liiotigh lh e tIi re cropp ing ee le inust be consi lered as an integral 
!,'il't:I't and impact11f' ni ts 'ec,it ; , rII;ilul s ;i , qunntif'ica­
tiorln,;.As iieriti ori ea r' laP, i t rila\' lhe ItlIavar1it, to idenit I f'y the 

i liptn!; he I o;q' tIIe di fI'e eIIt type.-. of' irn t.r; (la h I ) . In t:his 
it. is Iple, edI ul to delVirIl all iiidex I'oItlintifti;lud1ies. 

Su,'h all uie(t.x i'.srecan d i f ( I9 
0 f' Ili. :,mi "IIi di t !c o lto t hl; lio t. ye t 

ly -ir ol<i(s ,v ' iti ): t)tthie, lan el' 

10s5 t its iden t i tv
 
;I hI It, 'mU; i' 'I'-1: . W:I I1: h t : v t i' Ii ri ('iu;t deve Lops , tihe
 

-
'aseva 1lie- ot1' his i Iiex i !'f-!'i aiId r O coils.teit i th otheI' parame­
te' ;, such as u;p as;ha ')oi n ind i rIlfi I tabi Ii ty. 

In addi tiorn , o.hlr' data Must, le cc,. 1,,cted throughI t ime: variation 
of' mi c rot opog, 'riply , soi L cove r , and I'ii a I act ivi ity. This can be 
easi ly caried out using tlhe well es t abl i stied pi n points method. 

CRUST CONTROL. 

Deriving an ant-icrusting inethod elsewheref'Vriiom may be uncertain
 
since correct actions are dependent on local environmental conditions,
farming practices, and socioeconomical constraints. Consequently 
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a ri lfeit ;t va iid f4(t ti,r ,, t fit, .. 'LI y iL)o ve ,, I Pe ir -VQ o'i 1)
pe ; may hc r:,ar,; ' C ,rule , even tionsirt'h ;,,re ,itaat-,t flrn are 
 r'equi red.'keer) i rig t-i.h :i ra,ii 1!oi t0,)IIIi qI hhe pIqI may ) te out coP'res ponrdi ng 

Iniproving Lhe int.ernal ra . t ori; 

: Inga iifi t rrt ho htili!e t find i nig a:igert e between pavticlee
withIr n a,. ret: : 'ti fTt 1'l'F,, '' Ihe predrreed by tire addi t ion
of r', ma&1 ' ' re(: iittH :':., N:i;rti( it, , 'a'e sludge and other
t:o,',,e a I tn; ((I p ' ilat't . n c, I't %,r<;, ' 1rs i dera ble erriphasis
haI,, t ,r.,, ' h. :. :: 'i !'; I tO irlu[ence soil
arI.It'I~tln ' pr'a !. a':; I .': aI V. I t hoiglh a ritriber' of' materials,
:,--r ot ":;, ,tiI i ,1,r a1 :t.'P , I;e I I uniter investigation , ap­
T:a rc nr y i .. r . i rr ia , V:1rT h?:: !l 1 1 I,Ie r'i'uiroed qualities.-ied :; h :1 ict I n;h,l,1 e , c e , a:;'%, i safe to handle 

,I ' ' "1;pIIer I I r.ori', aind 1',ocr ir'r'i aniy iV.,;rm t ( tc efTects, such 
r ir 'l iva ii t i '!' l .; (r' fliritlvr1, r1. .)S As a res Ul t , atp,', ', r ... .. j '' P i I. a .:' r :,a ; ,' t :ned wi thin very

ep- "i C'i q ,c,;i;lpp: 

Mod ifyi r, external far t.ors 

rtitir'.af,Ii vo':f 
IZ o 

I lik raie 1t' aci e r in mrinimizing or' '2; '') ! ' r !'''it 'aa :i a ' re','ir, I'<:, ii: this Pospoct, indige­
'i,'' ; l', i r u: ,t,pp''''"i:ricii a ul icienL and should

'1', -.1 ,'t' : 'i 1Y'Ia,1 . V I I I I It hi' Jig, (IIS( gt'OWfing crOpS,
e 1 pn ,t t i,, t, ;'--,''apU wig ar1l Iiixixe ci-opjs ing, arid tile overall 
l'ar liiW. "ay:: T! . 

3(- i t!' , ' :;e 1' itt " i (,I !!li ti Ih t e t;id to soJ I c rustabi Iity 

Developing appr'opiriate surl'ace management 

ig I arid lrI la teria-; rarry k2 vita] at() aichieve sone degree
o t ,land But, evei uuide a potentl.al .iy irnstab.le land-use
!3y.,3 t em, a j grunt'Iu'rit i nn vno '-nt .".'i he Ith i.v-, t wi th i itegration
Ul' jr'oper' 1,i 1 ]ge t' at i cet3 whi ch pirodice rinri irimn surf'ace compaction.L ikeCi<;,c' o I tiIerrible at,t cri to i rhou Id be pai( to seedbed prepara­
tiol: ini ::rie ca.el;, t ini] s ,Aiotulrd ibe imp] o irnted to assess the
optimal l'1ot :Jie diet l'ibiit ici and suvl'ace iirghries . 

Ii t hi a ic ;pecct. , Bo if fin ( 1981 ) aid marrl , other- authors have shownthat ir awi r cI 'I:- a1; t"!I,I :'tiIalltI I crust to develop

fa; te a t. Mcreovew I. L is usI I L.y pref'eral) 1c to install the 
 seedling
line in le'/vated tow; 'rathe ' t hall ir dopressed rows. 

.It would be beyonld t.he scope of' this short presentation to exhaust

this crucial quest, ion. 
 Other- appr'.;aches need to be investigated, 

usa n d deveIoprminu 0 - 'N l.IrgTeel(J I L1' cWlit o: I3U[Is Ll 
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it I tt.:; lih," ct ]I ,I. I,,l(, ct i'th;-' 1, 0 t it o *tpat/ : i.'* aI ' tt.y l'Ito tLi(;n-0(1 

' ( k)";:o; tll id i v ,!,yvS m aTlart i 

(CONC1,U:; I(ON 

U'.; I rtg tihetY'Iho A tV, a'.l':: I to;, 'ill, T I illve, V 1',' tilotuld(co)f'f,' Vh..li i't'oallt'. :::aop'.q[€ I-l I 2, fl tci ' !}1 ,; t; : {alti L titianl r t r 'Ocltrttelt 

titIt to lt i :I I ll' 'ot ittp.ot ti tIo vOnt.y'kntowledge 
L.t any _I itt l;tie i: inotid Wi I.111tV 
0s ta ii;hitt.it'i',l In' ,lII,,y it t:;h :j ,heotic[ittoicatlxt, c' 

a' 'i: tn. 

t . l ' t", '" Q .' I t . 'I o~tzI (Id ith 

i d;;:i .itc it 'I c; ofi i t t i tt , ',I:'. it i Tt ,10 soil suti'rice 
ottw : i t Il ; 'Itilg i t t -;fl ; l ltti --I . dll.'ititt 'o Art I i c n s Li rig

.; tat, ' rIttil;1 h 'l211 t':: 'l1 ()Alt 0 ]et.' ttt I 'A o\' .lIL vteIo plrpinttit ti1l d o\ 
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SOLS, SURFACES ET FORMES D'EROSION LINEAIRE
 
EN MILIEU FERRALLITIQUE DE SAVANE:
 

L'EXEMPLE I)'UN BASSIN VERSANT DU
 
NORD-OUEST DE LA COFE D'IVOIRE
 

CHRISTIAN VALENTIN
 
EMMANUEL FRITSCH ET OLIVIER PLANCHON
 

ORSTOM, 13P. V-51, Abidjan, IVORY COAST 

L:Icu I ,paai.;;on de dcilit Illt-; CIVt ographiqu .cS 'lgrande 6chelle (1:2.500)
co'a(IX,-,lflt aMIx :.;el:;ux (tiat e SluPfaCOos Ct IluX formes d'(rosion 

Id'u;r ,t 'la ;i i vorn. (IV :3avarie hlumi.de penmet d'ftablir 
pt, !:It oll (,I I , ' ( Ii I '0I , t, I II'C IIHI)Ona~ I.IOI; .tl 1111,] ji 11 appa­i ; t u eu. 


( it]tlll(,l' .!.,J, 't (111 IfideI C 
 It:O;(!]~~H3I ' {II 1 flwll, , 
' . d(' lri (c pai I ]a pcdogenCse,it 1,~ ' I' j~ll j~r p'i.'f . c ; ; -1Ic, 11veI :; r (" ]I O.j quus.tO 3 Le s 

-
;' . :',, . . pi "I eI loka 'tiqucs" , 
;I i i I] i '",I, Il1I. -'ll.;. t1t1,1oI; , l" ].im ites deSI. I 

,'I. tIr ,";i , ,In i ;at[ol:t,: II (l p 'vu ,U P I-W Vj C S2S ci 0 11 C0 111 Cionci-
IiIt I'IIi; fll1 "t i t des v i i h'cIc. c1; , .' 

vk ;ztl ;flt; ilt -.- i 
; d; I i , 6 vt ion. Los 

;; i dtI, Iv lidolll la.i dt'.maiIiCl(.e flo phop e}dologi.que
km 1,,(1!; xrt ft, p,%o m(lnrh(o l g iquo ) et Ia i lJLent .'extension 

SOILS, SURYACIS AND ,INEAR EROSION FEATURES 

IN A SAVANNA 'RRAI, ITIC ENVIRONMEINT: 

CASR STUDY OF' A CATCIJMECNT IN NO?'W'IIWEST IVORY COAST 

A comparis,on of l !.-,,,h ,*tl.;> do,.iot; ; 1:2,,500) relating
to Soi is, the ;; l.., o, g'c c, d l';coi,cz,osion patterns for 
a small ac ohmenl (Z a hnm id saa ma req ion is used to establish 
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", 
 " tc'?:" i'L "i(,tv,:;" /7.. tptu ,t'jt.'',¢#',t 't: I tu o the a ea.
II .0(0 j.,,11, 1 

I,''7' tI,' ',../ " I:" ! '/, / i. t,:t. 'd hi tho pe logenesis. 
tot~~~~~~~~ I71 Pd7 73l~Qo 1w geo1 141ioal6 true­

"'U .'I'''' r I ' C''1'Aur' 6''processes,PI~lPP~' 

.' . ' .re / ,':'''.! fao'O ce,'' alae rareyh t.,:,' Y". 1 .' ' P. I"( Z y,ib: ,1 
 ' 'p," l,'t.' !:,I.pdA"/o'1o, ap ra'e
1w "w . 7..... I, ('f111.;. P, 1 
 .' . .'"t . The ?.etati-on 
b. '; / ii).;z Iu-, -'/7;I /'I , u I I' : '(0'',,Ip r, , i 1/ (1-0. tho' e Pt(7150ach 

INTIlOI)r
!CT ION 

'; ,i'7,] IIt-r i,' l , ], *1'ttlIt emi'l m t .uI des cuipasses 
, t tpr'( l Iti :' P ",'. tt,.tl . : 'Iv iI oit; IIeqI I onC. Pet;'ouve 

:;ti I(''
; ] L'!" ,:'I I t I1 t I1 ;It- i , I ,r " i(IduC 1le , soit pai­
P)iJriiiiitii't'. I.' I tt ; d., ' C':; gr'avi] Ions on suPface 

i ult~,'( ,.i7 , 7 1 ,t; sol",, iilt Ic.'' . Une forte 
'':. ' ",', t, ''' '" i: - i t e.men I inP iltration 

, i' \.;I 7 ,,'. ii c,U dlid[ oul toutefois qu 'un 
hlp '" .',, !.':',' iI',: I ' t' 1 l:oli'Tlw ( A1.bergel , Ribstein 

I V:,': .11l,i.'1, ' i t I 't 'VIt itofI dolt 6 :re I rt:uanic e: 
- .it r't''' I''1 n.' ::li} ', I'101.30i:'t. t:; cnchasses'I,, 1 
 ltOLIVe It 

,:7i '; ' : ' : l I,,I!; 7'(2+'l];t , et' ]' ipllt'ltrabilitO est alors 
t ' , , ,)'. ':pjp1' ti 985). Ce cas est 

, , "w' l'h ' ,, , ir ;, .: ,: I, I T'lais , (lans tous 
; , , , " {t i : 'i :; l t' :; UtT';rot 10 ICt to r6d C-

I lp [ '1' ,!; Iic'': . :I'i: 11.' I''':: 1 ';i' ; ; IlI 

d 1 . i n I 


t, it . Lrii-s ilmu1Iat u r 
i'',.. '" i, ',tilt. tr I '(ile'st ont Pal t appa­

1 (tI'(.( ,!:1't1ll ,011 ('XJ')ti'1iI 1 i']t? 1,'1 : 1ta , Rtachrbii I en Ponction 
i il'Ll> 
' p " '.' t C(c Il iI e I IWltlI i[ll , 1 i81 

: ''','l ] 't!i :: :!I '1 'ic ,l e d e In p et i te p a r c e l l e , :t Iit ii 

o'ilh d' ,, '' '. 'I7 II I ( :1[1 i li des 'cheli]es plus larges 
'I Y ( 4 3 t 'I 7 ,'I11 ;t,'itit.n , gravillons et &ro­

7011 1. ,0I{( f 11 :;,ti , i' 7tiil1 lht I 1l.7; tiln CI)llrllieO . Oir, ] '6tude d6­
t aiiI t1( , It it. ire;: it: 'l77 dui n1ovd de I i (io6te d'Ivoire quli 

7.:-e !I( : I'','' '( I C lC tri , 1 1iogue s, botanistes,
t rI-IIIa ;((jCt/ ;t ,t' ( 'ilt, ' ,y:;iiY: Ij 01 St i t1 11 I i lI occasion privi­
l,.'- l',tIdi d Pt''. ll tle'o plus
i6e e. Idh,.' ,'75 0 ln d'',.Pri 1;ion, et particu­
1I ( !itc w i:,Ti IN'. Ct :,;ii 1wi'c:;ento on effet; cd'assez
I '.r' I ttfi'ti .ehn 


(outlW(!'U X ',,;iiu "r':; u r I ui,
I LX iIlI'i i '7, C. I)oUr Ia plupart , ne sont 
1)i'1 P'I ('udCe'tO 0 1 ix( 'lI!. ',a' f1>7111 ' eOll] t. MojUs nIoluS proposons
d it' l'i ( ,.:", id r C;'I'trC'I iwl.':: ],t 1I unlt' i e ,,s osIs (et leur 

e ,; ., ., i d '-,ton -, 'o ne: rosion 

CADRE DE .' ETUDE 

c ho i<ioeL.a rK-g ion s corrcp.(Clj I I-a orIe c Iir' ..que o0t la pr6vision
des crues pbose lc p1lIt; de pr,blmezi; (Dubreuit et Vuil.aume, 1975). 

"ln 77tp ,' ' I ' Cii 107 OdI f ,'- 1;l '' ' ti('J); 



C'est en e f'et poUT cOtto region de savwric pref'orestHire que les
roelatios ntrn 1e s composantes du mllieu ct' son comportement hydrique
s'avk-elt Ies p in-; coil)1e X'?s du fa i t des fortes variations
si8iso11i oes (Poss ct Val etin, 98 ) e t de ] 'existence d 'tnIcoul emenot d, base fil-:'!t 2,t va I I:.'he . ,t ak ly, 1985). Le choix 
de certe rc(g)itm a tc, io t ':. o'5,I me I. -,.v ;,a iep 'sentativit6 du 
quart rIordl-ottoIt de .a Ceto d'Ivi zone:,o, cartographide A 1:200,O00e 
par- les pedologlt,; do I (iRSTO(CI (Yori , 1986; et travaux de Badarello,
lloaudOou, "asian'a, ,'vqito, PoSS, ViIennot Ot Yoro). 

Cotto v,g imon nUP0 pel . C'est: ]a eulttune traditionnelle
joi hp,(,uomino 1lag age do coton et culture 

a plat du Viz, dii asl eU d ]' taChide. La succession culturale
la plus tlPVqoeItU (NameVi et. Boa, 19 811 ) ers t : ignamne-riz pluvial­
arachide-maric . 11 att-i\,e tUit.eois que la sole commence par du 
coton, 5 cuile ueC -ioevaiitil] appor-t d'erigrais. Les champs pr6sen­
tent. sovent do: m1l tuvie:.; o' flos (pat' exervple riz-mnals-l1gumes). 
]-is s.)nt ahlrrirmtme ,; ap,',, Y ( ,i t s ,it t'ai do !,a baisse sensibled(- S PQItl '!T.u W. , dc ' It, dtL'h'I ottI(2 ent) dU I ' appaiI i ori de griffes d'6ro­

ion. La tlur(,e de 1a jachie ( pou t tt,o tide 0o ans, tant la pression 
(I aog (111l 1 e. I i mi t e .aptth I; 

I.e b st r \a':siI Iet tIivci psa tt t e ( de1t couvre 136 ha. Sona ti ttu e nt-js etit' i in (plateau ,'ui ass&.) et, 1127 m (exutoire).
In 1ev/ U.Jp ,[:';,i t: d,.trlilo a I,tC ti"; ,IC nV ss,;el tme carte topogra­
I)hii(11tc a d,,;, I (IIqIi- i S t arI die.I ('O ~t esI dol t est do I m (Cheval­

ieV et (1!., I9,). I) ailt 1-; documeLi t s (ca togitapl(lh oues ont 6t6 r6ali­
s 0 ; J'it re , t, .l .. 
 tw sIoh (,(X ( j 501'mi de base A notre.' virort 

e X 3os'.
 

UN SUlBSTRAT ONDIIULE, UNI. COUVI.W'rUH l PEDOLOGIQUE COMPLEXE 

Noi4 IC!; l)ovIitit I::; i I'(mt:iii V, all Visqute do O;chmat isat ions abu-S .VOS h]i, f)'S llt at iot (Itli \vietl W'ell t e f'ailte (I"-itsch, Planchon 
etU Boll, 1'tio) 

1 t:;I rot o:C.mtit ie I1 emtnt grie is,;siute p)rs uoe deux faciis 
CO-'.' -mu;: r i ! il l- 1I,,, t L:c t l n- ,i:;:-tfligtna :ititte 't hype rsth ne), 

.dex dit o it ll.t i f i I ag'' dtiT(ri I' e It.e ;. IaIis los deux cas , les;ut;t t It t ,lL' tPar onthl atiots ot ti rOeaii de diaclases 
C?' de ' ;;lic . 

I I t po Sible 
:;) 

,I,' do in1U u Steiit (4! 11a coUvePtuore p6do]ogique( fi ur'e 

-t .es s,:; fi'm:il I itili-s tlvioko ; et prl' oid qui bo rdent quatrep1 atoatix tCu .I assozt,. ro0 ic tools, 

- C. 13lA] S ubissent eln aSnahtS VO'S 1.' aval on appauvrissenent
gPradiel ot lat-lrti I'n ell o t en argile, associ6 6i la succession
de -ols (,ces, ,jatns, polu b .ancs.Ctes derniors sols, totale­

nlt. II.ov t. so, ollt sabhIelilx. Dari. .es has-f'onds, des produits 
xI d do l, opte I. - 'aii-c:et:le nI of' acid so-'.',, 69 



col uvlaux -allu ix'iix ph I:; Ii no lo e mUmv Pen, souvent ou s'lndi­
vi dualI isen t en Lela 11 les p I I,- poe 'oi Ides 

- A In rri-vorsant ,en pos;it ion do vnt m-c de pento , se sont dove­
loppQF deo so]:: ormiv Imfr m:rs; \WOr i ndurtis on~ carapace 
Ot eli cuirnzO:U. 

DES EIA'IS DiE SURFiIACE T'IRS D)1VEH'S IF IES 

Le t c*mc pow por.f d1:; n do cat0:~ pv'ni s ic i dans Ao sons 
coux'ent vegela -o :;1On ~gi.i i on:;j-P de !3i rfInco" 

Los gmmds typen de fo r'ma Iion s vegC'tale1 m t on-L6(i diFfr~enci16s 

AorctL ion thy:1 'leoPU Cli :; 
 UiS pOsence oil absence dlo strato 
SliMA &"nIsd ct haIitnil d . fi gnoox.it; 

D' LnII ( lnt! i t'-!' CTItl I ot( lo, , coo i (:?,, r I s f'v~quent en savane
 
IITIi dC' ,
mI I f I iIi!t I s; ( lI , -( Ioa di 11mntsfeuations v6g6tnles no 

If'((ni;.''lt pa S IW t -Mn 1 1 o I iri I:OS&In (olve.OttlP pdololgique 
1vtI itwi ii < t,1, i" i i'iiii : d't! nh iii ceitainoe; re Iations, 

Ir"o 1 Il o I ni xCg :i('11 I it~ ne 13a 1ofI(' :Ili e, Mie A1, dulls 1(y
dto i I , co Ito '20lwiii 11;uirfim do l!01Ii-ou:i( ; except ion I s, , onO du 
In p'1 pn!1 n i 1110 1'i g ine oIntlie11111;qu *I!mooo iix , . .). La figuire

i p -is ttI. d ml Ii i onIll I bt, ,;Jul;;pi I iI l'k,- I 'ooimpa.tAien I Ul o5l par
I o.; inlr1: ; do 1Iwilma t 1ons cutU . 0 to!- C! LIres loS 

iiis
 

I~Im 

Figure 1. [orratioans \'getaios et occupation des sols 

LaTnd de xc Iopnenit~u i tl i ol' aclid soil s 



Savane de plateau
 

1e couver't v6g6tal s'organise en aureole autour d'une mare tempo­va1 . c (cmdoc6isme di A 1'afraissement pseudo-karstique du centrede:; platen : cul ';;o . Cette g(LaLiol de bowal est constitu6ed ' horacke.,e;SqIlat iqueoi quj oc cupen t In mare ternporaire, et d'un cou­
ve 
ut de savane a ubustive dense oa p6riphPie.
 

Savane bois6e 

11. o',git d'une trate herbeuse assez discontinue, voOte ligneuse,(10 0 et Oii It . 'C typ (1 :oti.ert 
 so Limite au versant sup6rieurde (I iivf gauche, en aval du hassin. Cette zone correspond A unepente tv s pen iINPaIu6e Ot A des sols ocres non gravillonnaires. 

Savane arbustive dense
 

I,(-c o 
 h ty.' : do r:t:.o c t 111ZS1n5;l [Ion I. 11 est surtout0C'11:;t it lo d '0111'.. Q)Uli""1 ; (Awnl:vopoyon yalzyaita, K'nth). Cette forma­ion yi n oc,-Ie un'tont I'arnont du versant de la rive droite,0n CoIC r 0;h dOC ,I t.; OnIues 0L oc re. Ele correspond 6galement
au tal; p[inteaux cuiriss(s, eLnle:; aux afleuvements gravillonnaires
'I la .IlItJI.e Ic,10110e de mi-versant. En rive gauche, elle s'indivi-

Savane abustive claire
 

Aloi, qn. ]e convert ligneux eSt nettement moins dense que dansla l'o1tLi jnO Ocdente,ii ]a sPtrate herbac6e comprend essentiellenient 
gln:1 1000e;; de lype cespitenx. I1 s'agit d'heibacces en touffesutor;po;; ,butI 1(:S e~l~(fri -Il;oinnf';,i,(sllp; :,;orit t,"O:; 'lirts. Ces plantes


v'v;x',.:u :1,1 In l i. 'tI t ili01 W-1aptuoJ; Li la protection centre
(1,
I I'en I. ing:;,1 9Y5). Cot. tf Iml at io I occup)e principalement

la 
 I"Ir' io 1011.1'l,(l1 \'I:snn t s I. , t1n 1ive gnudcIe, la plus, et.

r',-nn j;, ,,t,Ini M ivvo dtvo '1 . EIlo coI Pe,;ponId ninsi A une bande

T]I; t''' 10. li';: n e (111i 1VC(11t tL O. lhi nritl i .I' Line zonete ul i . PI-'O1itelI (Iu lol de I'alti i te. Sen li ilites, constitu6es 
,*n:I i~l,h ,:;'0P0 l ,.i'e, :vc;r e;l; 

lation avec une0 II I tlI ol riql' . _'.tot d ,e ction correspond notammient A cer­tai ,. iti1ite1 aTorlletto"l ;o '01 de la cuirasse de mi-versant (figure

I bi: vlitscIl, l'laoici1, 0t Boa, 1986).
 

Savane boise hydrophile 

'1 I le 'or.n ; n :'I Couert. arbor6 dense flanque la fort galerie
en aval du bassin. Le sous-bois est constituC de gramin~es et detougeres. Cette unit6 est associ6e principalement aux sols jaunes.
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Galerie foresti~re
 

Ce type de formation qui comprend des esp~ces ligneuses do forat 
dense humide (Monaut, 1985, communication orale) cot discontinue: 
elle n'occupe quo les berges du marigot A 'aval du bassin, et sa 
tate en amont. A a'aval, eANe correspond surtout A des sols blancs 
sableux, oO apparaissent quelqus lentil.les argileuses, tandis qu'en
td to do marigot, cle couvr'e aussi des flancs d'une sorte de c irque 
cour'onn6 par' une cui rass. 

Savane herbeuse 

Pi'atiquemcnt d(pourvue d'arbres et d'arbustes, cette formation 
est presque exclusivrnent constitu6c de grandes herbes (Paniourn phraq­
mnlto ides st5al', ot Andropoqon tector,m Schum et Thonn - TEItE, communi­
cation orate, 1985). Ces Rtenduos plus o. moins mar6cagouses on 
saison des pluies correspondent A des mat6riaux sableux blancs, cou­
verts do colluvions argileux. 

Jachdres et champs
 

D'6tendue assez limit6c, les zones raises on culture, oi laisses 
on jach6res, se localisent sur Ia partle amont des versants, IA o' 
ia fraction argileuse des horizons supetf'Jciels oat sup6rieure A 
15%. Les zones gravillonnaies sent 6galemon t mise en valeur lor-sque 
la terre Fine est suP'FiS mrtnLotI.a'gl i neuse. Te] est le cas notamment 
des arPP.emuement. s g'av 11oinablo cs do In mi-versanL.. 11 Cst A reman­
quer quo Ia ,-;eje .jachUr'e qui ;' 6tetd en aval He In i-upttite do ponte
correspond pr}c i f;tlttm . a I s'ttmd'oion zotte it'xton.s gravillonnaie 

carapace, (fCiguve 1 in : Vitsci , Pinitchon Pt Ba, 1986). Cette
 
utilisation des zonos gpmaIIitirwni rqtienteon;t t v1.Cou dans ce 
m.ilieu; clles p6;sttent ntt Fl't de3 apt itude; agronomiques certaines 

,(Lv~qu&', 1982) Itn 1o N:;Sit(10 1 tare cHts 110dm. 

Quart t aux slt-iaces, icO itons 1in.iteonn t cettaines organisattons 
pddologiques sUpo' Piciel,.lo:; (uI notis :emttt.In les plus importantes 
quant A la dynamique dO 1'oau et i'(,es ion. Nous Jaisser ons aitsi 
do cdt6 les smti'',ces A Vaible.; at ion; suporifctelles:rogatt celelo 
qui so quas imen tou 1 anncO sous un mulch do Peujilestrouvent tt ' 

mertes (savane 1Iwo, Bavane a r t it.e dense , savane bois6e hydro­
philo, et fo-t gaOe':il) oU sons un couvontt heorbac6 tr~s dense (savane 
herbeuse). 

Pour gagner en clart6, nous pr6sentons ces surfaces sur deux 
cartes (figure 2 at figure 3). 
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Figure 2. Principales surfaces et formes d'6rosion
 

fi WnU- * 

Figure Diverses surfhaces hmportantes 
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uric des olgwasa ons de sup'auo les p lus car'act6risatique-,
dun bass in W idi Idnai i sc au so in de Ina ravarle arhls tixe c lre. 
Elle c dirinlitpav lux itence d' un lici 0t'.101 itiipor1tanft it2' aix 
tLOUl''S du gram% Cae;slIe~e.les toil Hei son t le 1it (0,1]'line 
ncl i 1vili f?:mtiq intln;1 11 ]2!( 'ag-' iwI :-1.o11110 pr'eIentnt* 

tie121 It sa . .1'It,:;2 1 iinril21 o idi viduisi:a 1.]or on 

:1 r'1 1 ll.I t t'is n Ii ro ) I Citti'ec 'til C(! typo a do[1 on e type os 

Ads cou r' 'p'nh ;ou1 t at 7 ctlu? ; i 11- sittontO~r6 

III-phl'ecn lltc o: lilnt dItppuvt't 31 A ei'w n cII" a c typane de 
1'egi'e2201 co r 1'sp n 1u III) c t leein orvtia~ln. o F"I~ci2 C.0I'e 

1,1,: n oictrIVII, , I1 ' ; o]n Ip1 ! x; iso ins:ii i011 I- s I In n c., dv I~tt'typ Ii sifacI
 
I.:11e etil''I poll re rt-tCI'!' sult. 
 so Istilt c de 1 taiot (IO glli.t~l 

qu1i se (l~ve Ioppoitt eni 11thtmt die vetsnr 1.'Ins des c lai ricOv do rorne 
digit e. Lt hu'lt lt iy or; t ps iilalqn6. Bien quo I t W ivi [C 
l'aiiititl e *v st'ii . g('lntera II (ImlIriitbtii u o1;t' [01111t t('1'Ol (de AIue'ter ici'.'"),
l os Isatr Emu;7011 cot' v12 1I ws 't'(l'lit. tinn palr'?. i 111)otr L i tce do 
I S U1'W C1 ' NIllahl t~Ilt'I [012peI Ic I I It 1"t nIe1 

Les I i L.uc do' Ia v;ula.' a il ili rur(,111 11501 touffesI aux 
s0on, riot [men t pluIi; lil't10(1 A I 'ava 1. El Ivo corresponden t au con­
tat, , assez itita I avo tietx ant r02 ncllaos: 

Idons les papies v13onlvoxes, llre annol''tc ''tnde d'arrN3t"'. 11 
5 agi t one ~ rde 2011122 t21'rt t(1lt(1 )1'n convert lievhacC' dense, 
sann; ijt 101'? , ait2 l''t2an iswin on:;1iql-cIvIcl 07. El Ioes 

n~tpca :t;;er I tnoot iI emcI(l "3111 t(?s 1.1s;k I ani . An saism131 
decs plnies;, on y' ttltnttvc Ina di spat'] t ho itt iniinllement en 
naopp , n tonceni I' ( ri glile 2 et 3). Ce's ii'fl'aces qiJI
aISno'rOii uloe 1r iI.Ft1 l illp t it110 li011( 1.0)te t 11711 mlen tati1011 
(l1,11110 litptI ptch tti 'oiltO tpli 1 71'I'loili'1 plts ZCi I 'I(Val et. se 
deroise e1n unc AttieI ilo do 1tot 

l1'' 1271?11C 'ell(n if.l-dcSSUi11 

Uos cO2. dons part.e toncaves, ]a savailo hwreiiis. La sriuif'ste 
de Colt zones illal'rgneilsE prt'1t e un lit orclier mIarqu6'
ca'acrto~ris p0Iar tinl( Lre :1 l'ot'ir,'nt vIt fanl hjie C i'6s nornbr'cux 
t urr'i ciii.01, Ct. In pr'c1enae do nOMMMltielX cnal ±cus doC 
I'l is-w I1] (.I[[(,'1I II c. , nty .o ?).1 I1a. 1 I iflh to o it tir e els z oflOS,, 
d6pr'es siina 1(213 Ct ina sill'c A112ar't'[112 wr'oi' i ci 11ssow1 
aux touVfos cst. 00rs soilvotit soul i gntic pal' A prC.sence do 
rqds tdo Lob Ci'stc ( termit I tl'.', chamip ignons I di spos6s e n 
11105 do core los. 
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C'est dans In surface A microrelief' as-soci6 aux touf'es que s' in­
dividdualise un type particulier d'o'ganisat ion que nuOUs d,signel, ons 
pap Ac t erme d pitog t i f10os I I .e. ,h c t(ri senLt pa* zone1e (P ue 

tue, A plus NwouVtol l ong& dns Ie 
 - i.;ode- In pOrnto,,ruIn inCision, 

i Atlllgi I' - c.: ro''! i I , o I II;;.n ! I -;ezrihI qute ce type
dc. ;wpo':J ,i[ -- p t :. I nh ILi :tfld, dt [i, i I '1 iOtl (ILI I' is ;e lle-
IIoltt.: pwi/;:on g ( dil 'i c;oo, ImcIncri anati; tIOro j 0 tiin ruiss (l rtleiolt plus

t+)t I (+?ill( 

(1 11l On.11e lt'i lot;cs altii'l' i iCiiii tt , i . ]'Il i-al e Ors'1 l'on dis­
1tiuoa 'ii'eril ( 'ignr'o "3) ' lopr1 oniIacse PriN I0.", At iicrot'elief, 
o ievtrtI lt. *( . i . ' j it itell, I n ,111,:'i4 iiidtWl Subaf''1.eutrant, et 
d ' ill ro pas t, ie a p lTl;p(1 i t ., n OS t plus prof'onde. 

LES FORMIES I)'EHOSION ,INEAfRE ET LELIRS RELATIONS
 
AVEC I.ES COMP-OSANTES DOIMILIEU
 

Plusirup; .lrltc.; Mlito:.ion 1 i mai'eout 60i identiPies sur ce
ha:;:;irn V ot ti I , !t 'I it ::t !I dde;:; i,lp'o ndout, d'incision: 

Protogri ffTcs: (pa; (I inc i:;in) wiinfe:; plu1 , hut,1 cles 11e sOnt 
pan; ] iorAi uni typo do :;o! part iO]I. o, pterblent. plut6t dependve
(Ic-; (',)[r i t. i orI:s I o po,,I-a l)h i oi.; (oX i t II Ci O i iiv ilnro'. un )lipl do 
I'll i oc. I I tiIon t. cItlart.lIIjo(, 1. Co; plvot og v i I'fo;n pe vI 5's in ioC r et 

; ilt '11th 1 u~l'f Ins-1 d' itl it i l; : ;, it I ti Iv!tL i C.eos ( Nigurc
aJ) n i. ict ' Hin itA t i~ll [Il ifrt i ':;it; tnni p)r oxieriple niu passage 

1110 N: 1;u1ti1sllto(,1 iI( oi I '* ci i ,it;;(?t i i(i C aI piaco. 

GI. i lies: oi let;o is (d( iniss(n t pap I'oxitol(ce d'unc incision pou
pIr')toiitedeto I u afI cto quo 1ho or ;oizon do Pu'1nt ral ion organiqu.
M tt.,C0 '(1,iP1 11'00ItO,- ni 'e t MaS l1101n ptouit U; ln Listi quolmeint Ai tnl 
"( let; :; () oo I : I o;t ;'I : tp qtw quo los Champs no 
orni tl!,c , quo pal 0:.t lcoit I'in ( t .ioin 1 i N-aiie (on plus do 

'( ( 'tn"11,14. igure 2). le coit ip o nd dolic a do'p tpr'ocessllsl ­
;: tu. I s. IM tuL 
 nOto aiuss i qiiu' corta i1i t(;lt'o de gri fes sot
 
1; I 1 otn ma:tai ot; clle ;s dv O tliq,(;at a o1011s (aunc; lons fl[.ties;si.ons,

s;ip do; ccl 1!iv ion aig i iusc; 
quti r ouvponi lor; sablest 1)a1c?'.. 

Ravintux: iI -;agl i ini ion, plus prlo ide.; mais (1ui restent
 
infl'i'ioutir ; L. un Motie. l 1e
oc;lie; t. e sentiollement Sur
la l gii de i'lpturiie do pente. 
 Loitn ox. istollo .li e statistiquc­
ilelnit iii. I ulnl type (1e soils, n I tni typoe i i b ol',e. 

Ravines: .' inic.t; ion ppo'ouhont i (l Opalsse un mnit~r do profondeur
(1 in t; :lt ts " ; pi( tit M). (A n r 'inl; ;-: loc lisent le plus
rPci(Iuiemmii
ut dan, I es ol ; Or tO; Inon git v i Soisaillonna s, savane
 

arbuistive doMap. II ost i tOl .;on do pi)pOclsep quo cortaines do 
ces ravine; atto igreri1t eL pailvoi,; mme out ail lent 1grgioment un mat6­
xiau indurb. D'amot on aval, le cas o pius l0qicnt do successions 
ravinati-ravine correspond au passago carapeae-cuirasse. Cc paradoxe 
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I 'est qu 'a ppareit pul sq ie 1' indUrati!on pouA-t-e post&rieurc a 11'en­tai I I de I , alt(vli to, comifne cela a pu 6tve clairement montrd pour
unoildes Lflvifles. 

tie tta' 

iSi O:; i~A a 


Si I ' nno pilli! uniqurnforil I ] :i prn'oondeut' des incisions 
zoo d niin topugti-aphiquo (figure 4 ), trots 

iands typos ' i:i ons: petivenit trdil'rncIWii' 

90n danfluri. t u ogr&0mjtw. d" Ejl eSC~rpmeza
incimcmu de mt-wri-sant 

!I ncszio deMbweew a --- Igne de rupture de pente 

I" guei ;Jnul(J' tin~lOgfl"phiques des incisions 

I)Los pro togi ii'b t-1tgi i I'f'('a ao u-osu oi utrde pont (.UI Z0do Si n.P-p 10 oesdi lit'uonce topogvaphicjticElilos (,-01l'.'louol t 1' avorsIt: "lli dcj ii sitgnal16, so'! ta une a10t ivit' o(tl io),s t; "I Lian vype de surface 
(surtacoaii 'Plo jot). In:; cet1aifli ea,ilea Scrlblelnt;pALus on oiili '0.io avo( o il'a'sapeicle

maine banno do ' ;ait, otnouiio'i'Iao PcQ cue 
mlanic ouI Iu e:IiI ", t' :1gi' sr 'i' I''e -[,1fcpetit, dana" co'ai; 2;,0tie I adu: ll'oceslls iriternes.SSs une de ''~,o iaIHpooc 1)o.WWa 'r pu , en effe tetre (1001'] t palitile to!1 ii'aZIlIna a'i t' favoriscje 

i~jV la o,,,3.- I tm]He VavonsdJA 1Ja evoq~I3*, ct eneuiVic rgr'Qe(So,jjit, vex's1l'afliont e t pour-
Land dev'clopneu - iloiifavoi I ot' noI(!o 



rait se r'accordervs I' a l'orines d '6cit'010I]iniairesi'ava I des 

plus 6vol uC'os 1)pu 0010eries.
e 1. v ,'a iseinhi alA emnt~ i105 

2) 	 Les gr'i'tes duc 1 val mr'ocordes ani mr'i got. Eliot sc forrnnt 
sin' deii motr' I x ' itifc p!t:ic 'c 'ittlI c sahles, bioiics. 
EiI os :; ' id: do I Ii :; ori! d1It I.. JI i V. .;.cczi con Cavs q]ui 
ccrvtesttpllctil den; d r,t I I!; ]wI 1 1. 1'cl ku I ic r id icila iro all1) l' 
lnarirgat. 

'I I ypc.-	 1Ptit i(juI 1 I(":3." iilt 2 [tcl l 1tl dei r! I i (,-II )eI I p 1~MllO) 

recCCvai~t 105 deI-1ai:c1 l iiitn t (I a2 itilvn iUKiiiiii cIIes 
PANui I di mit ci I vp li 'c1 * 11 lut, plec ­

elix in 	 ','i m 

Mo ci nm' oni of r'i nw 

sel ' ailIIt) i. it:; t11o I I )i I IcI ' I ic C. :I ' ,i U I I k t PITl -Ion 	 .' 

sme p0 I Us i Ia I I m0 i I diitpunirw. o ito v t>i KtO i dl'ai 

et indluit trc protileot tit till iI I oti.it t' isO (]t~ relier. 
Cot arl'aisoitieni , wt (t M. p01' 1e ''issc hticeit mii;0''li1cel, 

aUr;sIi t !11 ,- - % !I:7i n l o;', :I I1~ : [I]t con0itc ol'iliiC 1 1r 

un dIO te(,rmII ii I i I ,pit. o 1 (1i i I I "l j I: i;," ,tc'I S­

et Bon, 1986) o tP1jctg'itclpiqueis''.i v iminli ti Pla'fl M tRtt Iypo­

dNwhnw.n '.Ow~ 	 pO 	 o ootit Ie P i do Coli Rpmt it eaiiott 101'cu 

tA ]a liima i on d t tl'; Olc V iii Phc ilon par.0tt 	 I'ln 

1960e t C do It JlItiv. I':I i1i ':ct i pjii ss til S Atat o -pw n li 

111t'hpc'l I Ia Ipriit iii pi''[1 .111 1; :c;t!t pi :i ,t t n o lpri 	 cci. 
t.c Ig ltcli noiilt, tcl cpaIt i' l pmo I cieiic i coiobi e dotoca 

ttcjV de 'i tledeeril1. clans ilt iit :;HP I IlpiccI t , LC jti;w w,1t~ don 

3) L nl'in , Ic tl in ell loInpe. n : 10 ,- 1; '1 0 tel');a 00 I' tg11 e 

e t ~ a t5)' [t'clat i rioll II(till,'1t'rIi I t 
(convjonc't A lau' 'nate cttpap Int :nic:n rio iill'0ct At 

Colc-	 don0 ttit (I h i l' i 

re 	l ter t1'ono, jo n i;c -!; t Iittt ; 110t ,11) 1~it,; (,ltn I deao 1 '1 l deitiI n 
fomins tUSl citio IJ1 	 ado ot oil it 'lO 1o it Iitesi'ise be­

dnco-t.siip l'ic It mil eli tvuen'i t ho'im is ctoi. iiit pr et 

3)uE n', inI e. lN i s i lo ncupinr i 1 wies n l LOH soiiessdolo~a 


tilideI par' Ini ttpiitdo lWtInctgtcI do c im of' do iLe 77 



pento corresponra'ient h~ des PPOCCSStIs, anciens. 

LI0.0.U*~.ii~u 

0l 
~ 0ja i 1 .oijb w x n iu , 

M~laA ~-icu . n~mio n .e 
ri aeu 

U nfa~A mir uw~ir16 tu!e.bi~0~o
 

U wj irr~
han t~c.. alt~ri a b dran1p0 

1rtiCirfac onr;ontrE A~ i ~ wl ,g s or 

d'ab' 0ou rfad no lc ljeit'k axori es obe Eain honts moantrm pluiou 
1'op'iso, qu (ie hummr'gnsa.loi (C Couerture btbgbr le ,do 

5uracso e de t vc'h;iron des some d(2 t ~f'ros o povaese copf­t'cspondro~~~ te srep~ooi nmi iiunio e' IIc e ot g vlgqe De tl lo 

rul 1> I eV ~ CONCLUSHIONlIn ­
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velatons sont fr6quentes dans le milieu tropical humide, surtout 
lorsque Le substrat posente une h6t-6,ogon6itC p6t rogPaphique ou 
plus simplement: topographique. L'impottance, dans un tel miilieu, 
des pf)ht(rlol-ne ; d'alt(rat ion, ot de dissolut.ion, favorise los processus 

combd'ts r' ::i illtel- ll , ,',,ro {h '::a 1v' 'pIlli 2;ti]) 'fi.ci 1. , contvi­
-
bta . sa. a v i' ;'I a' w i rodt .I, . 

(2I; IIIt"i") i;:t , ,:e n:is1.iel I] uiu I rt',, h 11w1i e , (p10 d cri ts onU(1] d 

(Cte d' 'oie 
pour- 1s iat eaux ciuirns 6s (how's) et los plateaux 
uv cablos te(Ltiniatso, .rnlle Ot"gal nInt frequents A l'aval do ver-

I I 

le t "lIo Ip' ph(.*r1,',.0"n (1 L ;t i qIoC:;S; , 


sn:;t de in .On' it.-a i L k lIst. ('onrlus par' les geomorphologuos sous 
; f T'::i !Is ont Oncore sois­

I.e de1 ir, point cotCI(etme 1 'utfi isat ioll po5siile do telles re­
,cheret' ho. Nous aVon; vu qt 'e] ]ss perrot tent d',tahi]iv des relations 
Ct'lte stbstrat. , ouvet'OsC p(OdIl()W i1tI15' eL v(-g9 tal. . 

I 1( , ,(l i: ,. , ' 1i,, l, tque du all: : el t( tes, 
+1'Isd-; (II- ,Vl/ii (-:llle; , 

ls:e divor';es colllf)osatlLs 


Ifs U' lt(55 dyi tl it- Ins le I lllp.; et. da ,s 1'espace. Parmi 
(L-; (10 sulface", : la topographio

iII i pe I'll(, t. I(I li UX , (17111 C' t.e nonThe , dW ,t Ii encier los grands 
,y;t'ITos. de1 ;oIs. I a t '"iti s nlot'fh' -pt"dslag ique (oi poult' 6tLe 

us pi'.frdollo 1, 'll ra i ;on (l d(6 Lo i i[Sme1) i: eXil(' t. , 1l 11o IoV.i fI , 
I,,W,'- ,I 1filOl cf. sitve .'t ) t douc t,:;iL'iJ' ,t co tyjo d '6tude d6tai],160 

'insi~ii . des C.X1,I i Ii v'&g i St"l!e :: auc: jgiaiii Histjiis d' rrour. 
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ORGANIC MATTER- CHARACTERISTICS 

HANS-WILHIELM SCHARPENSEEL 

Ordinariat f'6 Bodcnkundc of Itairburg University,
 

FRG Allende-Platz 2, D-2000 Hamburg 13,
 

FEDERAL REPUILIC OF GERMANY
 

ABS'N'IACT 

The impact of annual photosynthesin gains, organic matter decomposi­
t ion, t'oss ii carbon use, and tropical Iores t clearing on the carbon
cycle a re dis cussLvd. Ini the six epipedons o( the Soil laxonomy,
the mean ra t io oi' C: N: I': S ii .Soil organ Ic matter, is about 

II): : 1 . : .,. The of' i ! 

nId i c~n thod.l 


maj or prt llivay' hum111 arid Formation are 
I inms~li';[[hls (t is d; i. ; uso;:t.d 

or U rin :t-wiiiI mon omer's For hum ic
i ; iii 'h, [ ,Kii : l; 

I']i[)1 ound c ~, , m I ijil,, . mm~. H i V , backgli r I )l(] or hao!3-;- prooPdoI-:1 !'t I ( t as/ ll'K ii -)I Oi/ aO rue ri t 

trxl;tind a hlumtic aicid 'ullvic l d tpa';tio is: runcq~t~ d as a mer~lit, 
[at'IllletL (1'. N, P nia( iit so i I ovtmgalii I a; to( ', a:; v.,!] 1 as the
Compii)a! abl'o :;tl [ rmi l' LvIo f o - N, h 

- 1 () il , mliI i a: i,;i: ; ii m 


aml i am'I ;lli :;iigaii-N, anid of basic 
' a,,ri0Ia nl')t, u I:r * ite!presented.

Thi'o; imlem o' deL'er'inigrig tih' age o' oaga; mc mLtter rid or' profile
(ynamic'; ini trmpi mnl;ol ; i i , debated arid i I lutpatod by exampjles.
The salient 'eature; of rumL: sui)st-rcn'; which ar typical for soils 
of' the humllid tropics are ermine mated aid dis;cu:-e;¢d. 

RESUME 

CARA CTERISTIQUtS DE bA MATIIERE ORGANIQUE 

L'effet des gains annuwls de la photosynthu&se, de La d~composition
de matidre organique, do 1.'utifisation du carbone des sources de
carbone fossilis? et d earbone tbr, en defpiehant des fordt, sui, 

;nd ('l:tinl l '.,. -- :arirmg, icr t of '.id doil083 



<zp.,Zc (, .' ,"'Itt',/.,,ltU, W,, ' i t! 2(J1 f . 2i,; z, / '2. Ii/ 2 1 (/ L?l'otU)(?, le. 
"., lu : i, "I'p'(]ic,u,'," i ' 7th i -t !" m litent un Iau.v moyen 

C NV P,:.' 'a e ii/ , '' .u't t lit eal 1 .0 :10: I.S:I.. Le 
(a -cI It i ll/ 1tt1 t; d, sontJ' i'-ma/ ,.m Itt 'tilt ' (I,.c ; (t led( .- hlmi:que 


??:i!/2 ,.;. , it';' 
 '' ''' . ' ' '. i 2 ",'iPose.2 monovi.n v iques 
pitt
~.'''t I ~.. ' I 'lcic.; , tt'orcldr, cqasiopdre. 

/ I ci',t I ',.i. 'I I f t, i rI i o /'i' l/t ~C~lil! pa*~Lf o eomm 7~radicgtll
4 . , f, . ' : t , .c, iih',.;l to'r ' er :o i 'e dan la ma tiLt reOl-(m(io( c( tilt : , I,,".:Mtl~ :U l Z.(t'( I,-..i ,:' ' I I ;/ ','a ,t Ic' o ; 

11NH.1,31 (i!tc' lt."1 Coo ci.eiitvu'(tions' d'az~otef , I ' ji' I;(m,-,-i p15,u 1 t la 1ees a e ides 

,', .'t',,ome cle 

c/ rctr l,,)it, ,'t ('21 H 'on 


11 , ' /,'. ," " 'c,'' ',tfx. v la datation 
Int i', de la dynarnique

Hu ccil~t,,.>, ,i' i/.: / , U, t'r,-,l 1.?'f iotin c t , sts fiee. Le sj>?'"4Jfl'", /; / ' lt ifI i'ti ch,<t". p I~tt''t'p l~a czttnc't:; ct~u : les 8o 

IN'I'It()f)lLJ'I'ION, ANI) OVEIRVI EW O IEI.ATED
 
OIIGAN IC MA'I:IT-3 PIOPEI'RI ES
 

Il), I llftl l;, t 'llli; 1: III1 Il i lI l I lI I " 2 .o i met-is descri­

i''uti ; t;' ti';,.tI il,':; haI1 ;t'' uht illi 1 11:7; ill iiO ;t of' the pedosphere 
:'l2;;, ' ''i rtPm-.-dha ;, tIf;I 10r0 ::iwtc;. 'ir to latcer ti.c soils. 

Carboln Cycle 

Ii1 : , It, If';' t.I' (' t', I I ',' I tViItc; , 0110 Shou]ll remember 
11"I Ih ill hh ; 1 j "l: theIt ce tlle ( t topical ) pedosphere is 


l 2.; ,ittzlt. iat')it.'; .' ,;tt' ,yi l .! 'li t, rr't' t;t ti. ] photosynthetic product
 
fiilolllt:; , 1 : ; x , I tI i iwhi t midoe" :;teP, y 
 state will also be
 

v'i I ,,', ,r,i na
'ai y :;q t ' r m; ir , 'ar' Ili¢ irltt e ' ill exch ange. This
 
a ' :"'' 
 ,. ,, t 0.t ison only 60 xb : tt to 

]I t I , iti I ,
i''llj li( !Il ot a ,;lltimal I N-prioduction in mineral 

I ; i't'.d ) ' -) x It) t of' N-pl-OduC(tion by legumes 
o t,:t . n t i'.1dt, y' lrt ,'t;i te . ialio of the C-turnover, 

e v,. I t , I .C I 1 t ,i t.( it; i 2 ea:;edtl antnual ly by the 
(Allii ll!; ii I ;:''':;'t coa l , oil an(:] ga,-, and a 

I ,I l hwit'I 2t) I di t rirlg , especially

;l 'hti - ii- lrt , aht I; al,','nu,t , it I)tt, tLa
I 'Col about a a ddition to 

the i L'tl',;ih'r,C [1, ] (,I' /(22 x 1( t C. Wi. th in oeal mixing period
ot' tc.l . .. 1.,:, iltj; i ilrla' CO, etol titrat on. f' abouLt 0.0277o 
Ill tilt- t fl) ; ) l" '_ l , lO I , ( ~ ( . ){ ).. 

Phno tosyn I;lles i s; 

1it' , 
inte tplan tat ry c i1:;1"ta y.(tVc' tat iol zones; (T[able 

h1t t.(!;\a ti ('l {t'[g.'lli Itlt tae p!,du(-tion dilf ers greatly in the 
I ) . Before the

glt:*ti P'eV(ilI[ i(in ' "t 
t it, n;t ',3 y sat' ti is-;ed the cliche of the 

apparentl Ivito.iltble 'r -vot p ;yioldts of' t(' tr.opics, compared with 
LI hijghml' Ac.,ll i1 ll e -.ttttUtht of) antid laneh L.cmtperate climate, low 



------------------------------------------------------------------------

-----------------------------------------------------------------------

PC,) Vie ; ',,., (cxpi) iflt ly r~ . ' p t. tiu lowel. orlt ilium Lellmpep:­
t,11've t'l,' I f I t th h 1i,,h , a:; l.e ;,I I' tl-.he Ip (Xt ild i IIr 
t t,r q p wI,: tt . . , , 'i i :LUll r ~: p r: -,It i , )I] l ,r. I al l Il f'a v o v'a b t e b a l ar ic oC 

t t i . 1 'i1 1, ! ;itji t ,' 1) 1 i'. IaL s - sie Photo-
I ii n Ii L l3 )iJ a ,e fot-med 

, a ,' ( ,- :l. i ll, dilp a, Coi'll , sugar­
' ; i o ) '' 11-1 K , , o t ! a e aO t 

i~:,~~ . ! ' ' . ,':td -!¢ ~o • 'v-: l ).id i f, I V, Lhe C .species 

l ',l Pili. ,< ( l .0, ' i l2 ! .1 ' ;i: P' , '..., 

'0'd P. , ;\iltli t! i'oll~l ii il , pI'p(~ fl j ll( 1 I i T) d f,'er' tc I .i na t.c 

lerrestrial production of organic carbon ca 115 x 109 t/a
 
Organic c;irhor prool of thf, pedosphere ca 2 x 1012 t
 

C-content of the biosphere 
 ca 800 x 109 t 
C-cont.ent. of the atmosphere ca 700 x 109 t
 

Organic C-contenL of upper 1000m of the seas ca 700 x 109 t
 

0-rqir" mtI ir prordurrd iii t'(pi* ii] rain forri;t/ ' a 11 t dry matter/ha
 

wide margin
 
Orrlan i c mat te r d muri 7l /a
r ([f)I' i r , re5 I Ca 6-08 t dry matter/ha 
Orgalrl(- lit t I prdlfrilci' ill trre- and btu;h silianiu/a ca 3-4 t dry matter/ha 

Or gani c uat i-r proIdcer,d i r park Illridcapir arld t alI 

graso steppei /a 

Organic maLt er pralJCt ion ir temperate and metiter- 3-5 t dry matter/ha
 
ranean cli inate woods /a
 

Organic lat tr prndcrt inr iu Ltem)erate fer t iIi z eedf
 
crop and fnrage prolduction ( I crop) 2-10 t dry matter / ha
 

Name, Age, Systenilat:ic 

'. 12 ,C~C-i iilhr!'!n 1P ( r aiti P o one ation, 
VO jth. l,(:2 l, ( ' ' lte.,':fl,,o t (I lani" o ]at olp tci by Sol speci-
I ,I. alIiJf'oi-!1t1" L jol'1.)Cti:iltO 11to humi : IsuistLarl'.-le f, 

Al: , P Ih' r I 0 k tll rioial 'o i 

ithymologically, 
hiiiiiiiis - b-e1 i..i ( 1 S; ilL.,I ,\ i:; t.ot i I 1illlel , or,P er-zel ius i n the mid­
19th (ClilUcy tot e dile'f pl alt lt. P1111.et - nid homo man ("homme") 
hiave the Su ' ( .0t I illl, r , Ss Ir e h11ri L i: ; C t1 , th ( tLI OtS 0sLan of 
whiiteSL Le t clit ,'h hC 1 ife t ("di EIP sC. aga ill 

, il, ltllatjli (l aacid(Wl ,oi.Is 85 
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We may well ask how old humus can possibly be? Its maximum 
pu.'sible aIge is obviol.ouly linked to the evolution of plants (Figure
I). Ihun, decivd 'r'om Paleozoic seed Pe .ris and Mesozoic gymno­
s;e /(ri:Oilifres CoIl 1.hooretrica ].y e xtend bark to the .aroboriPerous 
pe ',l ]; ],; :of "oi' I] t!lI , '1C1. Io e sls tiln 0,C' taceo 

511(11 lig']1)ig 1 : 8 L; lh.' 
 l d). [I l I V, Ill":; L o' the humus i.n 
5J11V'i' c, ll ' tIS:;oil1; i. : lo!oCellm ilI) 'i0 il , IHtlulili il hi i'ur ed paleo­
;o]; (all be 1il(11 oltd.!. aI ln ] :., '(AiiI '!,l (Ltt[ig aind isotope 

v'lti.o studies can beO h,1WIj ll , :;'! I "I g. 

Die Entwickfung des Lehens 

I Ktride
 

" i g225 ,r 
C.. . (j) ~l. Perm 

cN 

- I 

,.i. Ordovalum -

Kamnbrium 

I ', ',.,. ; ,ta, ,o.. . , Protero.- g 
. . ... ,OGOr ; f,o,. ...... zo,,om , 

r Alf­
.' l 11100

9,,OArchaikum 

Figure I. Ear Ijest possible beginning of himus formation 
B P. = before present 
AI-C deviation Prom Chicago Belemnite Standard 

(H. Craig) with A13C = 0 

In the Soil Taxonomy (1975 ( ) epipedons are distinguished for
 
surface-neav, and humu;-lo)eaLing soil horizons: mollic, 
 anthropic,

umbric, his t ic, plaggen, ochvic. The del ineation between organic

rod mineral soil j,; 20% C, ift 
 the soil is never saturated with water
 
for moer than a ',,odayi;. Otherwi.se 
 it, is at 12% C with 0% clay 

L-,,.nd dcvf:!I Ii(; -i ltii[ol :I{ 1oloo s c';idi d 
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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 '1.982) evlualt.ing C:N:P:S rat ios flom availnole results 
o, ?ived at a g ro,;,,; ave 'age of ,140:10:1.3:1.3. Although this is consi­
de ed to be rat her un.it'orm, Ne p tune c. a.. (1975) f'ound in 6 tropical
soils in Branil averages of C:N:P:S = J9'1: 10:1.2: 1.11, i.e. a much 
wider C2/N ,, ' a tio. 

Humus FIormation 

The format fou of' hunt ic subo t an.ee!s depends on synchroncous pro­
cesse 0 of' dgrfadat; ion arid resynthesis, the decomposition of primary
organic timaLerla ; by exceedi ogly biotic substances, and at a lower
degree oil abioto i c ( proto l.yt: c ) an rhotoclirti ical mineralization, 
as weI I a; Lhe teol'ormat ion of ( 11(%' S tlle )1i C subs tanceso1t '1 l 

al ou g the patl.hway of' hlimif'icati lth i)a 't i a
vrot feedkoa k into rttinerali­
zatioll, amld palt. ia] ;t oh i nolorl by t'otie it t ion of' clay organic
comlt lexe,' ;.ht.e S '.Oolt (11d2) din I lllii:;(l chemicaloi tot' mojot f path­
ways ' ire -y t u . ogoI h rm It nt ts ,.', (I I,- a U : 

P1.AN I RE 'I OJV; 

SRANSFORMAIIO, HY¥ GJUOCANISMS1 

/ zILIGNINS
 

SUGARS POLYPHFNOII 5 AMINO LJGNIN\ I IcT rPO'UNDS, DE COMPOSITION 
I 1 PRODUCTS
 

QUINONES JINOS 

[lH I c 511m[3TANCI-j 

Figure 2. Fo'u major' pathwny:.loO tr' i)z',du t.ion of' humic substances 

Ad 1 Lignin as a na~joi' re!;id Ia:'o r meohil degr'adation is modified
after, demet hoxylatiaio aiflt t-, l'o't: ion of' o-hydroxyphenols 
as well ans of' carloxyl r'oui t; fmuit the oxidation of' aliphatic
sida chajin t.nt humic ttid fivi' ao.id; under previous condensa­
tion with ni.[.t'ogetil I; t't)tll[ iitl . 

Ad 2 By microhllal at t'l: phenol ic aldchyde,; and areacids liberated 
from lign in, vli c1, O'ite' euizymaltic conver'sion to quiones,
polymerize a,; a ea.t t. of the inclusion of amino compounds into 
the hunic mat.ter. 
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Ad 3 The polyphenols, which are later oxidized to quinones arid humic 
substances , are micIobial synithes is produc Ls From non-lignin 
C-sources. 

Ad 11 Ilumic substances are formed fr'om sugars and amino acids as by­
p:'odmict: of' ml icvt-lial letlaloli.;m (alornr the Iines of' the aillard 
10ec t Lon). 

Humus Degradation 

In the 501110 of' the last 20 years several specialists have tried,
by Var-ious deradation method; (as indicated in Ttable 2), to decompose
hulnfni rn;it t t. it:; l,i Id ing I pn(.;, a t o ,StIudy by G.C.-M.S.­
mlllelhod!; Lhe chem i I o" )Oiipo li t.; of*I h11Tli C ImIt ev'. Conversely, they
have pos;tl]ated m1on1omelric, Ilo;i.] y al'011IOt.Ic, StPICtL m10elod0ls of hllmic 
1;1:I 1 1 1he has i( co": ; i ttloet ;,; Of' t h( huLI c j)ol yIIePi.,. However, 
I i t. te 1 s been comilcIti;;J V P rovelI . 

Table '. o(rglani( Ismat. en' derIu t01ionP t 1hods 

1 Hydrolytic 	degradation H2s0 4 less damaging than hCl-hydrolysis 

2 Oxidative degradation with Alkali 
 4% KMnO4 + 1%K011 (Schnitzer) 

5% KMnO 4 + 2% Na2CO3 (Schnitzer)
 

20% NaOll 4 28% Cut50/ (Steelink)
 

2 M NaOll + 4%KMr 4 + 5% H202 (Schnitzer)
 

with Acid 	 10% HNO 3 + 50% OtNO 3 (2 steps. Hlayashi) 

2 N HNO 3 4 7.N HN03 30-110 h,Schnitzer) 

C13C001H + 0% 202 (40 C, -chnitzer) 

3 haductive degradation: Na-amalgam hydrolysis (Stevenson) 

Zn-dust di.nil1lation 

Phosphorous + fHi 
high pressur hydrogen.'zation 

/4 Selective degradation with Na2 S ,high pi and 150 0 C ( Hayes) 

5 Pyrolyais,f.ex laser-pyrolysis : 
 500-8000C; 6C-MS-system (Bracewell-Haider)
 

Humus Structure and Properties
 

New Lrerds t end to adopt a s.eptical approach to well-defined 
humic mat te I, monomers. It seems more plausible that vegetal decompo­
sition products in t.he process of' hum fi'cation pass through a phase
of near chaos with a very low level of' enthropy arid a phase of' pre-

Land deveLoprmen; - lanagement of' ocid soil,1 88 
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order or quasi-or'der, liable to phase back into chaos, while remaining
under a regime of mere chance coordinations. Direct measurements 
or thermodynamic enLhpopy .in a low g'ad or order system appears
to be di ffICutL. [nteoil, entrI.htopy - on thropy-celat:ed ieaSlPemenlt.
of tJliocir i. heat i.: I . Iriu;l1," h .ftih tjiti (1.985). Na col o(1L, ), ;umafii ; I&. M Wit 12i' 2 o1.,, hou1ic acids (sinol.atol
from ai . .; w-e.f( i:; moi V M,) .Ais;L!'iii . Iii '. ;OMt , IIt;I, :-akca Clear

i.s I I -1tf I I . , 1 1h1 . S Ii iiui uI; ntinr e ape ,ic ahi ngt'r a high+,; mo cla)tr!] ,. wol,"ght , .l ibe n:;ai quo'<+ It:++ (-"n+g( hy,lo I arOmatiL.­
1:[t, v |ud co(lot.' itI i I -thrill l ;;ity poC (-;Itrwi, ,u)(i l"'i,'hi 'heplilt a if- t i: o y' ( ha idlq 11m Al,'1u;I h i lic r ;p -l;La I(:eF-;, doti*t! l I ,': 1 i.h. o i -',,0 111! 1, tt.;;, f , I,, : ihigh comtnplexty of' 

* , I,.ii t:iw ui li , (ldnn idi-I n ipe " ';ci 021tpr - aimI pholic) Mli c-ec 
iil i" ps, anid general ly hv.e,- tie abi I Ay, Lta luioes(te and to' rin nl -,.'lthi(: runthi o 'Ii )I,a a,: I ( ill icgtimrd ing the predom.i­

nt,, f l' thi r al iphat ia char;tio r i; (!ant radicL ,(td by the ('iar;sical 
!'awtI.pt t a t. l I t-i+,;t. I being intt ly l ] q tifriomnic. The iPina]results ;it- ;1 il p,l , t'ii, W .fhil mllif,eh ac,dKLI -m oi ani nts i I 

m fIfl1,i i'Ipp af haI+,.havJ.l n ii 1.it ;-om-I I i t it 'l~ rt.;')l], ','].. ii Wtup Chmaf clalthe world.' H ,w,,er,s+o!l an, l( t iII 11 lvic arids" 
vt' a .,i lh Il , i . tvp t, t h o v g Lat t i fo , and trac lio 
,It 

the ex t n lethod ,
I II ;1; a j i lllli i C t- I do,. F"l i cI' t iid; oil, ali large amotI ts 

I, ' +'htIf f.<1 tu;t1.1t.11,;, patly -fladod1'.J], :t or ii crohia] ly synthe­
.; (': W !, r. . ? 1 (. I haiir the t 1-,f[lural it Crawt(tion, and tileIA /+iA i at io i ; accp toLed at; a mean.iagft .I .o parameter. A cOlllon
s;iplel [L1hO or' rr-ait ionatin ( ror soi I Organic matter is indicated 

in Table ). 

Table 3. Humus Fractionation analytical separationand 

DRY SOIL -< 2m 

repeated exLtrarl nn with dii NaOH 
or APtn ; preci itLin 5N HC 

supernatant soluion 
 PRECIPITATE 
 soil residue

concentrainon, dia- exhLtive extraction exhaustive extraction with

lysis,freeze drying 
 with ethanoldisslvinq hot dil.alkali solution.
 

ACID,RtVIC hymaLomelanic acids 

I precipitation of dissolved.
concentratir of ex- redissolving ethanol-in- material by 5N HC1.
 
tract, dialysis and 
 soluble fraction with 
freeze dryi ng alkali,precipitatinq GIlA 

with 2N Na']soluion insol C = HUMUS COAL=HYMATOMFLANIC 
ACID redissolvig,reprecipita-
 precipitation of soliJble
 

tion,dinlysis.freeze drying 
 remaining humic matter w
 

= GRYHIUMICACID 2N HCI, dialysis,drying
 
= BROWNHUMICACID
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Forms of Nitrogen 

Since in 	 unfertilized soils N stems overwelmingly from soil orga­
nic matter, and even if N-ferti]izer is added, its amount is minor 
corn 11ed to the uganic N (ompaplimnt (Of 0,; ween 150 kg in arid 
:oil; id > 500 kg iin Mollislsn), the chcfwcal associations of N 
in tlie organic i1:tter ale important.. "l'b :i indicaler ; the approxi­

itn~i te ()orco tr'it;" ; ol th' ,arionu N-rtvi'n ;. (ompared to olgani c matter 
in 1he tll 'ra ,' ud s;, iI , lm riml, ; 0 are 1,owerP in Nil -N and 
l,,lioly;oable uinkrn.,,rn N OhIN ; , I:. ;,; te ar'e higher 

, 

'in amino 
ac.id- and1 ii- 1:u N. 1ulvc "acids ire high in amino acid-
NOn NH! Nl, hut in. , i 1: N ,v, ' .. Ii, 1982). Hlistosols 
Kirt e.;, ial ly high In aminii acid morn:e mesic thanN, inl in humic 
pat:;, Mob have more N in the acid insoluble fraction (Sowden 
w l., 19 8). 

lable I. 	 Nitrogen d it lion in soeil, fIrom different climatic 
zones (Sowden and othf .n, 1977) 

NITIROGEN DISItIIBUIION IN 5011 S IROM DIF-FERENT CLIMATIC ZONES 
(Sowderi nod others, 1977) 

Climatic lone lot. N form.oi of Nitrogen 10
 
and 
 -Aid N11 Amino --- ARKn ---- RAW~ 

Nombse ol Sn is I ohInle Acid Sugar 

Arctic (6) 0.02-0.16 ca 13.9 ca 32.0 ca 33.1 ca 4.5 	 ca ", 5
 

Cool temper- 0.02-1.06 ca 13.5 ca 27.5 ca 35.9 ca 5.3 ca 17.8 
SLtp02)] 

Subtropicl 0.03-0.30 ca 15.8 ca 18.0 ca 41.7 ca 7.4 	 ca 17.1
 
(6) 

Iropi ca (.24-1.61 ca 11.1 ca 24.0 ca 40.7 ca 6.7 ca 17.6 

Phosphorous and Sulfur
 

P anI S in soil. argn ic maI. teo am0unt to ca. 13% of the N-concen­
tation, 
 rouh ly 1" of the (oganic C. While V? concentration in the 
earthcrint an] . I hl, en of the pedosphepre if- ea. 0.05%, 20-60% 
o" the noJ pho pho-, is in the soil organic matter, particularly
 
in roicle' - a ,,, 
 ph, :nph ',lWt ed nagrna nd .nosi thexaphosphate = 
ply l in. & i h1 :; L orf :;Waw: C 1'cnining alnr o acids, such
 
'S cy,(.ic 
 ;te:no, i i elhionino, methioii 
methioriinea I' ii"tle , cnto I lie-.,; t1[ ,{ mi l'u;i,ic octid , tauri ne , 
a lantoine, ew. , lenides Wong in ilorganic sour[ces , nsich is gypsum 

acid,il , hornecynt ine, i 	 ne-sulfon, 

i (Fe S ,) 
hydroIr olite (FeI), 

(WaSO. x 	 211.)), pyrite and uai'(a1 ' , mckinavite, greigite, 
and jzos e kKt ,i )2I(01 )6). Due to the 

10.%1e[0 	 'lnro ( sOZIn1d e 	 p,,Ieit:0 of ,icr 'oitl 
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increasing use of S-free N-fertilizer, such as urea (CO(NH ) ), sulfur
is .starti i to become deficient, especially in the humid tropics.
 

Decomposition vs. Complexation
 

Itri ,:~, org: ic mattr r'itds chemi'al or physical protection,
11 0tl- a' clay- or clny-mretal -organic complex, it will be sub­.tA'ted !,oIbi t ic-zynogerri.c , abiratic-protolyt ic or photo-chemical 

doc illpo. i t.ion. 

Fi ,'lr'e i indi ates the coprecipitat ion of labelled humic acids!.ymonttio il]1anuita in the apri-,;e (of" dif'fcrent met al cations, where 
ih )-valied ct fions ape stronger than the 2-valenced cations,and tMieae in ; un ai n stronger, than the monoval enced cations (Theng 

and Scharpensec , 1975). 

70 

60 

50-

Figure 3. for the ad­
4,CO, sorption of humic acid by montmo­

0 'illonite saturated with different/ ,, ',, cations at pHl 7.0 and 25"C. (From 

S201 /7'Zhenig and] Scharpensee 1 

10 ..... 
AK 

I-...
.3 
 r - -I 
0 01 02 03 04 

flunm~i; Ac co~metration (rov]I rnl) 

Figure 4 shows the Patio of dotic: abiotic: biotic+pIhotochetricr 11 : a hi ot c +pho t oc hem i cal rates of' decomposition to be ca. 100:7(1:4,:.!'0 (oh'periee I t al., 19811 ). Organic matterdecompo itioll in relat. ian la time has been "tnodied during the initial,
fast. , e -er t d1 ; -nlr: n.. . by.ne se nutinizing the decomposition of 
urilPonily .- alk le te1 ptli ;ll,;.talleer; in the 'ao i . ,Jenkijson (1965 )as well n Olo)tlcinir 'id Nttt (t96H) irund aLboL 20'," C I ft in the
soil after 4i year' "at' ee'i;Il,:iI t. Ian in a erpiierateu c IllntcO, whereas
Jenkin:-non ( 19 ') a:d uc,S"n:t,,c ind n or t ( 97'1') reported Lhatthle (leo : )ia i onr'.lI ' , , 'a. X fi in t Ii h um1111id tropics,
of Niger, i andA CosLa Rica; 'inaI I y, ,Mart, in and others ( 19841 ) found
that 12X C 
was left over after' one year' in submerged vice soils.In this lat ter condit ion, a :i istting fac tor 2:1 became apparent
for the evolving gasses Chli1 /CO,. 
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Figure It. 1.ntegrat ing cu:ves of decomposition rates of c-rulvic 
a(ids; in .,t ;nmplfs rt an Agrirdal f (250 g soil +lg fulvic 
acid - Wi watev: 1-biutic, 2-Mterilized, 3-biotic 
pl us HV radia , 4-steri11zed pluS UV radiation) 

Prol'i Ie Dynamics/Turbations 

OJgan. matLOP decompos ition in the sbseue nnt steady,'t phase 

can fit: evalu ,Aed by n;turl] rmdi ocarbon measnuements I C-ating) 
whereby o mttes Conservaiti,:oneivation, bIt, also tihe quick decompo­
qit i on t g' ;lr ,-;'lueccl young opganic matter iiputs , are PC­
l1oc ted by high MC-ages. conver'; Iv, ,ot 1h t he Low conservation 
p,,et ion] hW ,:o earhon, and toie lloc- - dor,,',npotition of young 

Figlle. tlls:; s(N 0c:. (i 
 \o(r t'.is I ,t-T t,i IOIm Len different: coun­
trics, mntidgi'en !C, '.. eh~ h legle.; JoLou lie' for t:le di fTevent 

or i tin. S loo I ,:;, Icilel l 1 1[mlean o ld -turbat ion 
good c lu;rvnti.u of )1 Id lh:hi:. alnd tast de(Collposition of' recent. 

(;'- :e: ' Vv :;;: . ii c' ( 'V IF l re 6 ):.l 
 ; prove the 
ex i s ;eann, to le t.l mi t i I by iI p pflut in C .il the l ppet 
prof'i le par' it n tu th - ]plalt. cot.to, fonI owing enrichmen t down 
to t he max imum depth oh cracks dIe to penetration oF dur-ra - C-i 
carbon, again toll owed by impover ishment towardsn C-3 - C below t:he 
cracking zone (Schaipen,,eel et a. , 1986). 
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Figure 6. 13C-curve of Vertisol profile, Sudan
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Bioturbation in Mollisols 
does not produce homogeneity in the 
age of' carbon species throughout the prorile, but older C representa­
tion increases with depth (Figure 7). 
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Figure 1. Age Us. depth in Mol1isols of 8 different countries 
IC dates of earthworm,- of dif'eent layers indicate that the 

worm body-C is very recent. (bomb-carbon ), and worm feces are layed
diown mainly in the top layer of the epipid n, except for some in 
the maximum depth of earthworm es!cape track it (FIigure 8) (Scharpenseel

,/1,986). 
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Figure 8. C-141 
activity of earthworms in Mollisol
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IHimuu forms, trophy 

Ihmms Forms in soils ace numerous in detail. However, in the 
te ore t. a] I l ieu mull, moder and mor dominate, in the same way 
thu I -mIod ' aid| i I" [-mnv'lodominatto Il .mi- cr ial environment.a eImon 
Sc h:'( t p!'( To hble :1) t o its;oo-o:; II. 'u n mat: ter contfentl of 
to oi i :Nni /i' twnIo I d pt ho 1 ,oiIdO t m . CiN-vat io (i organ:ic 
lal.Pet' i :; I:;, i ; an indofe: I',' deca:', hi 01,g i ,Il ;jc t vi t , and richness 
in) nutrients. FI'o :1 seJo. l 'n, i i li ((e.g . "Ii':; ';iche St ildor­
tLullinafulIe, 11,160 t.hc Vl' I I t ,i t clov es3 call !i( di.ot..ig -i:hed: 

mull wi. tih g ,el ao lggrig'c ion C/N . r( I. iop]i 
111VI ,1 ,1h j(1 ' I' I:;3. I I u ' t4 I -1 eIII r'jltlh I.o 1 ,100to'oph 
model' (bit.l ut' y C/N lb-. i in.: trphqhl i L. 

oloder ( loweir qa),i y ) C/N 2-/3 -2j m;o- to ol igotroph 
trnsition IIIl( m)' C/N 27' 31 ol igolt'ophIderIto 

Mlr C/N > -1(y:s t'oph.
 

'Table 5. Examples Of' hunis Forms and organi Cc matert contents of 
soils of t he him id temtur'ate zone (.chir.,-de r, 19811) 

IXAI4PI.I 0i IIU U Irf0llV ANO(lAN If' MAIIIdIUINIINI ; (It501 (IFTillrtIMIDIft 


I[MP[IIAI" ION[ W R5Dll(Jl(fil,19.14) 

Vegetr-iou o Foi m of flryinic Mutter QuantiLy of OM 
tinle. 	 i111Pi Comntent of III- t i I m depth 

eni I ,4 t / ha 

Dec iduou frorcm. 1l'der 4 200 

Conifern 
 Mor 	 6 24iO
 

lirassIlnnd mull 	 7 250 

Arabhle land lulI 	 2 160 

'Typic ptopert.ie of humic matter in the tropice 

tumic subsotanccs of' humid ropical soils have solne peculiar fea­
tuire:, whilh in pvl't id itiU;sih them Pr'om t:he himic substances of 
borceal , ';iI' ()IVIi,r' 31' (d t I'opiiea] 'egiOnS: 

the t'op's o' 	 moder1. Iliumus of' humid c : Itrost.ly the mull or 
type. 

2. 	Hlumnusi of' tie t'iopico , ho it in ";rct.itic Vertisols or in oxic 
or JAC w:ois.:;i mostly dHrf'icicu to ext'act due to its high 
po] yllltl'yme tit ai(1 I -(('ly) -o:'ganl cle 0la 	 coiipiexation. 

;a(t in ir' 	 :s() as a3. Illti a 2 :;iml,' lei;lt : o3)1c,'] i I1 powerful 
reducing tient., ard lot abtly in soil ; with ["e-toxicity, 
for'r'olyoi:, o' icid ::u f'at.e. 

4. 	Clay o'gani c 'omoll] xe. are impoi-tant,. (iiles (1960), studying 
the adsorpt.ion isotherm1,; of' humic sub:;tanices by clay minerals, 
distinguished between S, ., C and Hi types of isotherm shape. 
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5. 

6, 

7. 

The S type occurs when the solid has high affinity for the
solvent, the II type when this is unusually high, the L type
has a c!ommon shape to sil i t hI I,ar,gmu 11r and Freundlich
equation , t he linen ' C typo i sotherms oc.'cur when enough new
adsorpti1i :;w l!a hi e !,he soluite i; more 
and move :III o I . 
Whi I e Di0111 NI; , Al r'im , V and <U]OCOl u incept il 2 need 
organ i v ual .r b,:eIadI]y focop g-oul andgiod ' 11 fSolfnlloati on 
nggr gat ion, ' m I at Lt, scI,lfl; f.2;imp tlla, ill i[ t Vihi regard
for (ix K I <S a I :;it , 

, 
in whiclh 1,'tr l'; o x i (Ics playpreo'~ tiill t I t () +o .t[I a

)[i) t ho" i11't PaC t i Oni I~tIO1 hOds< , " e l~ 
( 10(8)' ) , MWil( 1:': 1I :, I, A h:c ilg(' I ' 1W lI IV ;; t i 0t(IIO ta ltWti,(:ll :'xt' l lge~ ; j I es.< a1'I -Ii ,' I . t -: n II( 1 111 ji011 S , 'IfS .,< 
genera I I y Ltn: ,aso in h1II1!iId t rop;i ca 11i Is. 1I1t l'ca Intioln 
of u Igalli: a t1 ' I Ii ifil.('' Iat [ I c e l; ; fr tIo el ay

flni nv 1: :ha hL:i I p i ]1e i1 the k 1)1 l 1. i ( oliV iI'o1!Ie l..
For' Ial eri' i1 pt''d o vll' h w 1it.h ,a. i.Y ; Ci, al) t I-)", .t. .. 0o , ilt! 
tot,a I a l I r I i:; i ri' e Ir -, t e iIl c I ,y A g 1i .itc o>lllp l,.× ,. ; ;r , . ; l', 't il l tl1ii , *J,) ) . 

or tl' V I , ,iv i e v i flI',e ll'r W ar soid l organic mI~lBitt ' 
in oxidi( i ! I;o!ho, I(f 1i2pist ies. or soil:; wlith \'a lah]Vrj 
charge ind iate Iia! inI ox cii, o "oii; the soil I s1! o na'iIbelow theo .I'NC lzu " f,,j Itil of ri cihnr o' ) o' thel niili iC"(-Omlpalr'llilt.llt: :; 1.;l<h ni:; and'w'h ip)ji tima i i ,xides;lt! 11, i rti Al'. -l.\i nil ~ kal ,lilli t.if c layv,' m':1111I e'1'1;11 .ions C .111 

o liy nt, 1:; ;111t1 7,XCi!1I, !!l !h," 1111111i" s llht:,;~tallce at]lo ll'. 
have a N wI'ic'hI is deep telloitgl I. lN II i hbelow ile i, lpi l ,and! I l ais!,e t. i ll chx' ili' el' . T (hus, htllmlic I lille';::
call bIe 11.,- tl VI l l ' 1 0 .i . i,1 11 cI i oil c, !hang irig p rlopf!'t iI :;at th level I the a"i I jIM. 'Tii Isakes; hiluli <iih,<t.alice;
1o4 ntlW'i IX f ,I( so xls ilHim q' nna i (d ,ni'llle

! '<l l I el 'av ( 1982) 
1'<of et ; :; ' :1t I pi : .; ;n i! ',', , It.tthe ' the .;o i I.J 

in CR?; aiid1 loss; a'ind hl gl- r .1in Ai; (
poop 

AIpM pos t.itive.), orIliglier' ill C1.:Ci hall \ i;s,\k , cons< doe'd noll~la ] ( ApIl -egnt.itvo(Apil --- pllli i tl~lO. 

Ilillnic forii:tlin hI l humid Lropics are mostly higher i 1l 
:1:ain o W ON i %-:,.11 (t: i.,I nIi 1111 III'ga1-N colipared to tiho<e 

o1'iginlat i ng f'0i a WLopaIII eI'at climate (Sowden, 1977; Sowden 
et a?. , 19Y/Uj) ('iable ().6t)' i itL'Oermare, among tile amino acids
 
tie hasic 
 oie ar more stongIily ropI'sentd .in t;he tropics
and uIitb1opic than iln the tellIpeva to e] t: (Stevenson, 1982; 
Table 1). 
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Table 6. 	 Djstribution of amino sugars (Glucosamlne and Galactosamine) 
in soils f'r'm dif cient climatic zones (Sowden and others, 
1978) 

Climat. ii' /o00 % of 5oil N 

nd 	number of Amino Su- Glucosamine 

soi I; gor - N GIucoSammne Galactosamine Galactosamine 

Ari-tir (6) 4.5 1.7 2.8 0.4 1.7 0.5 1.7 

(ol) 5.3 2.1 3.4mpratule 
 0.9 1.9 0.7
(B2)	 1.8
 

'uhtAIMpical (6) 7.4 2.1 5.0 1.5 2.4 0.7 2.1 

tropical (18) 6.7 2.1 
 3.9 0.8 2.8 0.5 1.4
 

ab;, ". 	 Pecentage of c-amino acid-N a acidic, Neutral, and basic 
compoiuds f'or. soils of difFeirent climatic zone., (Stevenson, 

Dist.ribution of ,t.-Amino Acid - N (%) 
nne + number Arid Compounds Neutral Compounds Basic Compounds 

femperate (7) 12.6 - ?5.0 66.6 - 76.2 8.4 - 9.8 

Semitropical (S, 0.8 1-0.9 61.2 - 78.B 10.3 - 35.5 

tro~ical (',) 1.2 - 6. 4 6 ).0 - 85.6 8.0 -.29.1 

8. The maxi mum age of organic eal tev ill oxidic sol is I-elates 
to tie t.l II ila i I hae1; f Ia)f" Fo-mat i o i wh ic , accord i ngt e v.i to 
to VnIolIt II "Y )), n I ,-)IrI , I -;at 'd i firpptI (nib iIII Lo Ipper 
Pc rilla ! il t h:( a.1 ir o1() j , !)l 1 tier. I'lra ,I I ;,'i C to.( ( d 
Tertiav y Ii ea t (,!);I.1l)Iit i. orl) ;ari(1 migrt.'iol of' 
the (,1rdwa] .,) fit i !w, t . ,.i t Ii I w Tll i u rira,,eI'Ia tIrv:teiLr 
deve ion i rig , rib:;I. , T, ,I 11,, , Id I ;IIIIn t I' )'; s: i I i -',eI nu1de rI 
in t ll:,i (IlinIt O wir. t Ii i,. t;(t Ira I I y lIhe }'r . - OceIIO-LOC)Cflte 

p('('pl- 1h'v1a Io rlwt 'ca ;, 1ii: llve d 'l vi r i .f. (.i[ la !;s(.s TIIe 
t hi)'d, po'tIi I:t'-. -1 I:a )ab,I' 1: ' II in sat: vo 1y in the 
n t eat" Ii 1or t i c o)t, i (untF ) ' 70o0fl,pa't]y witht 1' 1 1 Pliocene, 

probai ly etn ci ias e f'ovimai trall Paleocerie­ion t 	"diing the 
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Eocene laterization. Consequently, the age of humus in lateric
 
soils and laterite sediments could in most cases be maximally 
Tertiary. But surface near humus Formations, especially in 
epipedon.:;, are normally of yotnger Pleistocene and Holocene 
carbon speci ;. ,t' 1 : ;imes, of'',, 1I iic '101 t:I different 
organ ic Froc (iol:; in 1f.r 
o ir 1. ,; ;oi[I; f',.in l'asii, Lobo et 
at., ( 1974) pirip! N iriipli iod maiheautical model including 
C-conltell a, U/ .1: Pat 1WU ir iioii oi'gtili i I llattop and the 
atmosphert, %no I Ii; was nl ;o ,u;cd by pali re and Turenne 
(1976), 11r the st or the dvelopme(nt (1 a spodic horizon.
in a Gu 'n ,,, :mil ,'ati1 . -Schail iou;o l 1 ,i11. (1971, 19811)
suibjecte I .,'v il.,:' : 1I : ; -,,a: -,l I plint ") prof'i le from 
Queens Iarid ( ;:t t.i ii) t() i-carbc ,,,w i.c:e r'd1i dating. 
The carlo ot l,,rri or tho reor :-;,fr ',ce protiles had an AMRT 
( ipparint e(all0 , ido0ll(.Little) or lfIb 'l000 B.P.F . t,\ond 

9. Il1lpl'o\'tl ()o*lt oilol ]ni5;I 2(0 tOrI1' tb regard to trophy and 
the C/N lat i) is iiimin ,iqn le, tal-Li,ilaply by application of 
c 1" i 
 ; i ci ,. , b; a;,;a soybeans or 
P earis ,t i .,, , ,. t i, l ; s by the lise of, 
Sesbal iI, N ItItii nh, r ' I Ie-)!Il I-ci nlgnaiIe.rry C i li, 
diao 'othi t;: sy 1:1i 1 i]kt! l; ain I,0en .o :; 

10. While nlde I. ()rd t 11ll'y s;tead -,;Iate conitid iof'it iol decomliorit ion 
and horJ i1cal ion , t t -, OC (uUi01 c oF ir ac t ions wi thpr i IIIig 
acce er? it i tr;in i C l((at ' ' e f''Oir al I10oI.I;o)s:;appears 
a,.d;!!:I ,. , !;I , I h iK:1 ].v ( -i!,t:1 , wettingI a l 'Itl;ernat injig 
adid dry ini o' a '(, , .i t h Ith'1u decomtposatl eh, organi c 
li t o lPI , Sl h it: a S1 a I rP v:; 1 t 1 Oti' irig, Cal lend to 
con;iderat il, lr-it g , t '. i orgallic matter dentruttion. 
Temporary nlu tclh cover 1y ;,.(:-s ai twig,; and fast; legume 
CoverI - wit I l l-iru lt oxtillp Ite t.1, rro- i h(. vte h1ighly desirable 
andl jinper;livc af'ter ('or st cloa insioperat ions. 

RIFEtRENCES 

DORN, l-.J. and DE N1RO, M.J. 1985. 
 Stable carbon isotope ratios of 
rock vrnm h or'ganic ot ter', Science, 227:1172-11711. 

FORSTIicIIE STAN DOtTA*tI'wlB.. I9(,. Buundesminist.evium ffr Landwirt­
schaft, urnd "orstor, landwirtchnFt;rerlag, Hil trup, FRG. 

G[LES, C.tl., NAC EWAN, T.I., S.N. and SMITH, D. 1960. J. Chem. Soc., 
3973. 

GREENLAND, Ii.,J. 19/'i. Soil Sci., 111,V1. 

JENKINSON, D.S. 1965. Studies onl &he 
 decomposition of plant material.
 
I. Losses of' carbon from C-labeled ryegrass, incubated with 
soil in the field. J. Soil Sci., 16:104-115. 

-enrid 6eve loplicnt. - Managlen,. of no id solst 98 

1 



JENKINSON, D.S. and AYANABA, A. 1977. Decompositl. A of carbon-14 
labelled plant material under tropical conditions. J. Soil Sci. 
Soc. Am., I1:912-915. 

t,)BO, P.v.S. , I.l'EXOII, . .I. , AAI I:E, J.I,. and SIEF'FERMANN, G. 1974. 
Es sa i, do ((. Lrmi at. Ion du t.emp de rt I(dince des F-ac tions humiques 
de deux sols Fermit]itiques par' I'utilisatior du radlocarbone 
naturel t theeLmoil('ai'e. Cah. , ORSTOM4, s(r. PHdo] . , 12/1 :115­
123. 

MARTIN, U. , NEIUE, II. U. , SCIIAR PENSEEL.., I.W. und BECKER, P. 1983. 
Aner'obe Z uSe:.,nagvol :;ito ini nen ge t iteten Roisbodern 
auf den Philippinen. 'Mitt. Dt. Bodenkil. Ges., 38:2115-250. 

MALCOLM, R.I,. I985. Viwial. Iouris between humic substances isolated from 
soi Is, sqtream water' and ground waters. Agronomy Abstracts, on 
behalf' of' IISS. lb. 

NEPTIINE, A.-,.L., ''ABA'iABAI , M.A. and HANWAY, J.J. 1975. Proc. Soil 
Sci. Soc. Amer. pp. 39,51. 

OBERIANDER, It.H. and ROTH, K. 1968. Transformation of 14C-labelled 
plant mater'ial in soils under fie'ld conditions. IAEA Organic 
Mattom' ylnpo';i ill, pp. 5 I--36,I1 

RAPAIE'B , ,.L. and TBIT NNE', .1.1.. 1976. Mesur'e d'activit6 sp6cif'ique 
de f'racttAn ms mal. or'ganiquea de t're applique A 1' tude de I'6vol.u­
tion des ;o] '' de (h;yane. IAEA Organic Matter Symposium, Brunswick, 
["RG, papenp S -'21/ 

SAUERBECK, D . d 84ZA.LA, M.A. 19(I/. Docompott.iton of' carbon--1l 
Ibelled pLanr, , toe; ill v',ioll; soil s u ' the Federal Republic 
of' Germany and ost a Rica. IAEA Organi" 'Matie- Symposium, Bruns­
wick, IBG pp. 159-1/). 

SCHARPENSIEI,, I.W. ard PIE'] Gl, F. 1971. Univ. of' Bol Natural Radio­
caroRn NeIvamie'eiitsa IV, Raidiocarboni, 13: 18)-21. 

SCHARPtINSEEL,, II.W., WUR EZIR, IM., ,"BEY'I'A(;, J. und NEUE, IH.U. 19811. Bio­
t.i rchund a%It .il clh ges teuer'te' Adban von or-garlischer Substanz 
im Boden. Z. P' lan;euerniihr.. Bodenkunde , 1117,5 :%2-516. 

SCHARPENSEL , It.W., SCHIFllIMANN, If. ur INTZE, B. 1H985. Haniburg Univer­
sity Radi ocarbon Dales 1fI H,adiocar'bon, 26,2:'196-205. 

SCHARPENSEEL, tI.W. , t"RTY'AG, J., und BECKER-I fDHANN, P. 1986. C-14­
Alterses-t immungen und C-Messungen an Vertisolen. Z. Pflan­
zenerndihr. , Bodenkunde. (in pr-ess). 

Land developnent - Management of acid soils 99 



SCIIAR E''N:E3 KE , . ,;[, .:KIIH--H P.13 K.IA ID ANN , und FHEYTAG, 
J 1986. HII:.r'c.:urigeii zur Kh,eii8tolfd,'I mik und Biotur'bation 
del. m0 1 If1- ff!11zuioih, bo kun press).. f~oilnkiride. (in 

SCHlROI'I)I.i, !1. :984. 
 :11!d. I t Pota.slh Institute,
13(!1-, 1 , p . 'I . 

SOWI)EN, F., . , ,-. , , I ' , eochim. Cosmochin. 
Acta. t , Ion '. J ., , , i f. , h vesque, M. (1978)
 

T,'E N . .... It. ,; r..:. I , ,Ii i to5i~ l, Reactions. 
1,'hi ,-1T! [ '.1 N.Y . 

BI.ENt;,K .ind . ;I:
il. . < i'I' .4. i 9. C.],ay or'ganic complexes 
,, o'l rioltrl) si ,I i. ' s'Ihi-I I humic ricid. Int. Clay 

-AIrh. Pti Ii' L li, U i I USA,Illinois, 

'TI'ttKf, it.1;. , +. ''; P' :2l 2 V i C ' l:l9i polymer)Y complexes. 

I I iIli:,yll;, iiI tropi :tI Soiis aid soil fer'tili­
tV. i;;:n ' . it Sci.,' iii. I: Nov.' D)elhi, Coim. VII, 

VAIII N, . ' P li ' (hoii I -it i i:;t:h r Vur'wi t erung nrid ihr'
Ah i, Id! il l : } :< i , r '..:f , l , ,r.<iiu n n . lD:''t . Geo l . Ge s ,, 
I !71: I] - 1 -, 

ZIiCII lNANN, I. ', 1!.,1I,I. A s . . !';11,1: St rind dc'I h ristoff­

.
nt v. .( i;:1 I 1:.;11 Su\u .p 



UTILISATION DES RESIDUS AGRICOLES
 
(PARCHE DE CAFE) EN VUE DE L'AMELIORATION 

DE LA FERTILITE DE CERTAINS SOLS 
FERRALLITIQUES EN CULTURE CONTINUE 

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

E.D. TCHATO
 
Chercheur, IRA, BP 221 Bangangti, CAMEROUN
 

RESUME 

Des essais mis en p±a.e sur trois sites au Cameroun sur les scls
Cerrallitiques depuis 1982 ont montr& que la parche de car& en d6ccm­
position, en presence ou non de la futmure min6rale (NPK), ccntribue 
tr( s substanticllement 1 l'am~lioration de la garniture cationique
des oo]la rnatitre organique, et partant du rcndement des plantes
cultivdes en continu. 

En ef'fot 1i pahe de caf 6 61,ant particulierement ricoe en potas­
slum, u, appo'rt de 30 'T/ha de parche en dtcomposFtion aujmente le
niveau: du cchanigeable sol,6otssum du favorisant un rapport catio­
nique K/Ca el K/Mg 61ev6 el. tine saturation en potassium 6lev~e du 
comnplexe absorhant. 

Suv 1e plan rendemene , on note une augmentation du simple au
tviple apr6s tLois ann6es de cultures (mals, manioc). L'effet combin6
do la parche ot do la fumure min6rale moyenne ne montre pas sur-le
plan dL1 rendement do r6sultats supmrieurs ti ceux obtenus par la parche 
de cafr seule. 
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ABSTRACT
 

TBE USE OF AGRONOMIC RESIDUES (COFFEE HULL)
 

TO IMPROVE TE FERTILIJTY OF SOME FERRALLITIC SOILS 

UNDER CONTINUOUS CROPPING 

Trials carried out on three :sit v in Cameroon on ferrallitic soils
since 1982 have shown that a/je hull, wh,,ther combined or not with
mineraZ ferti7iser, con tpibutea subst:antially to the improvement
of the soil status, tho so'7 orvganf mattor, and hence to the crop 
yields n cqvppyog.cofltinis 

Cofe, hull contains a hitgh amount of potash. The application
of about 30 t./ha of ojfee hulh increased the exchangeabZe K level
of the soil, and this had a fav ,aurblejfJet on the K/Ca and K/Mg
ratio and on the K satra/ionof h1w uxc.angeable complex. 

l4aize and .a.saa gave ver h[gh yields after three years of
continuous cropping on coj'eo hu/ plots as compared to plots treated
only with 'emlneral jrtil isoe. Cojjhec hull combined with mineral 
fert ili.,e-,s (NK) at medi um rates did not give higher yields than
coffee hull alore - probabl due to they high potassitum content of 
this material. 

INTRODUCTION
 

Les sols f'errallitiques couvrent des 
surfaces importantes en

Afrique Centrale et constituent au Cameroun les sols 
dominants pour

le d6veloppement ag-icole. 
 ils sont g6n6ralement reconnus comme

des sols 1 f'etiit, tzhs Pirgie. Dans le systime 
traditionnel
 
d'agriculture itinOpante, ]a restitution do ]eur rertilit6 so fait
 
au moyan de longue .jach.'_,re (Ruthenherg, 1971; 
 Nye e. al., 1960; Ahn,1970). Actue lemenL, A c/'USe do ]& pness[otn drmographique au Cameroun
 
ot de 1'o/vertuwe aux 
 ma chhs des pays voisins, on parle de
1' iitontsicafllni de 1 'agicultmnr , ce qui ";jgnifie lo maintion,

voire ]'au gmintati/rn, de: in p)i'fdct ivitO nns sols 
pour supporter
de hauts ."ndent-I lo uni & do .upv/c cult V.. L'intensification 
de l'agriC11 / turce 'ai L appel , entire autrco, A I 'utilisation massive
des inLrans ("u s), Le is eng isa m;lnu'atX on routes nutres ormes.
d'anen. ;eran.Depuls In '-nergie, do 
,.lage de 1a at. oy ique 

oile dcI 't nnn6os '70, le recy­
pou ]1 mant.,,n de In fo'lttilit6 des

s01s Et rogTtg', 10 1i jTlGPtarce /1 cause de' prix prohibitifs desengvnir HiH1s au. l:ekni Is toment tcauonup d. sources do iatilre 
oI'/nuiquen'ont pas cncove 6-t6 6tud.i es dens not: re rhgion, et leurs
valur': ferti lisantes, ainsi quo louts effets ,ur, les propri6ts 
physicochimiquos des sols, sent encore peu connus (Wilson et aZ. 
1982). 
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C'est donc dans Le ' ouci de val.orisorecoraies do cOes sources
dc mati6re organique elativement abondant.e au Cameroun que nous 
avons entrepris des essais avec la parche do cal'k ,:n 1982. Ce r6sidu
agi'icole, pouvan t s 'eSt irne P h pt6s doe 1 0 . 00) Lonne s par an, estentasse de ci.re ]en ii s non do d"c ort ica ;n, ct C,;f souvent 61limine 
par L:e Vo'u, ailors u ii]cunn t .tit. iccon lle t" inpoi. an.ote d'amendements
des :.-As pauvres mamindro coot, et I la |portt6o de nos paysans .f 
leu :;if Iit de le naiansse, et de I' pandi~o dan.; leur. champ. 

MATERIEL ELT M0I"ODE 

Dispositil" exp6rimental au chanip 

C'est un diu;positir en bloc.;, main a) nombre de traitements et
re}p6titions variables nuivawi I. les sit e;, respectiveent entre 6-8
 
et 3-5. La parcelle ,mentaice moycnne 
 mesure 211 m (6 m x I1 m).
La cu] ture principale t.ilii;J-e est le mats. lle est relay6e par
le manioc et 'arachide ' iarcbi-Rang 'IYoke.'iet 


La f,,mure min6 i-ale .oils iste on un apport do 80-90 kg N, 50-80 
kg 1205 eL 80-100 kg K.)0 pnr hectare suivant les sites. 

L.a parche do caV6 est apportc ,Ides doses variant entre 10 et
140 T/ha suivant len sitens et comb'n6e oi non it la furnure NPK. 

Lesntieuvut moyenues en 6.6iitents min6raux de la parche en dOcom­
tosition se pir.'sentent comae suit: 1,95% N; 0,36% P205 ; 3,30% K20;0,70% CaO; 0,17% MgO (Lioukam, 1982). 

Description du milieu physique
 

Des info i:,tain:; nur les si tes, a navoir ]a classification des
essais, le matOriaiu d'or.igine, la v6g6tation naturelle, 1'6rosion 
hydrique, 1. drainage, et la textLure des sontsols donntes dans le 
tableau . 

Tableau I: Descriptron du mil.ieu physique 

i~~~ 1 '-,c~-t ,, llll L1dr, 11. I:,r,Fal<,Te. t.dItJl: 

T7;T I 1:t **,U, I; r ,t, I ue 

t 

l*l¢/,l~ ~ In,etl'v :,l e ,.er':,, i ,.,[,,u€n,h' 
 en. Arjil­

rl rt:.lJ, ,,1 :. .. .i . t I 

rypiri 

l it ar td 
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Caractdristiques climatologiques des sites
 

La r6partit-ion annuelle des pluies est montr~e sur la figure 
1. 
Les donnes moyennes sur la pluviom6trie totale, les temperatures

moyenries, maximalos et minimales, l'humidit6 relative pendant les 
dix derniires ann6es sont pr6sent6es sois forme condens~e dans le 
tableau 2. 

-------.... 


A 

I; i . 

Ii2 
/ -


Tableau 2 
 Donn6es climatologiques des sites d'expdrimentation
 

Location Pluviomtrie Temp6rature (oC) Ilumidit6(rmm) Max, Min. Moy. relative (%)
 

Barombi-Kang 2,268 
 26.3 21'.9 24.1 
 67
 

Llangang t6 1,458 27.0 19.5 23.3
 

Yoke 
 970 32.8 19.5 26.2 
 80
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II est A noter que la pluviom~trie annuelle en 1983 et en 1984 
a 6t6 infrrieure a cette moyenne des dix derni(res ann6es. 

Caract6ristiques physico-chimiques des sites (et mthodes analytiques)
 

Vk I 'chsemble 
et ch imiques des hor'izons de surface (0-20 

1,e tabl eanu rdAsum 	 des cract.tris tiques physiques 
cm) avant ]a mise en place

den, essais. En co qui coicerne les mt,hodes analytiquos; 
granulomtie ,t- )a Ca a f'aite part m~thode pipette aprFs de­

struction de la matidre organ iqoe d l;'e oxyg6n6e et 	dispersion.
 

TablCau 3 	 Caraot erist i ques phyn;ico-chim i que s don horizons de surface 
des sols des sites (0-20 cm) 

Granuloin6trie p11 
 CEC echangeables Satura- P 
Sie -a A- 1 S -C.O.1 CI/5 /0 (meq lOck ) tion de Dray Il 

K _a K Ca Mg _ -M 

IIOXang 
 - 76.1 2.9 21.0 5.5 4.9 1.89 7.6 17.28 0.17 14.41 2.01 38 5 

Bang anjt 6 - 69.6 13.5 16.9 5.6 4.9 2.1 11.1 2G.16 0.19 3.78 0.85 24 8 

Ak 132.1 316.1 1. '.2 .1 15 8 4.8 0.15 1.301 0.40 39 2 
-4 

1. la granulom6trie a 6t, t'aito par Ia mcdthode pipette aprds
destruction de Ia mati're organique i I 'cau oxyg~n~e et 
dispersion I I 'hexamet -phosphate do sodium. 

2. le p1l eau KCi a iti rialis6 dans on rapport 1:2,5 et 1:I 
respoctivement au potentiomotre. 

3. 	 le c r hon org.alliqi extrait, nelon la mrethode do Walkley-Black 
et dose coIorim triqUement au Technicon Auto-analyseur AA
II. 

11.l'azote total a .tC minlOralis6 au Block Tecator et dos6 au 
Technicon Auto-analyseuv AA I. 

5. 	 la capacitt6 d'(change cationiq(ue a ft6 obtenue par extraction 
ti I'acOtate d ' ammon urI neutre c t eodepl nceen t de 1 ac6tate 
par 11110 solntion nurnmal de KCI. Los bases 6changeables ont 

t U. doses dans la promi6ro soluti-)n d'extraction 6 
l'absorption atomique Perkin Elmer (Ng) c pjhotorau tre A 
flamme Eppendorf (Ca, Na, K). 

6. le phosphore disponible a 6t6 dctermin6 par la m~thode Kurtz 
et Bray II. 
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RESULTATS ET DISCUSSION
 

Rendements culturaux
 

Ces rendements sont donn6s par site dans les tableaux 4, 5 et 
6 par type de culture poir le df'rl a traitements agronomiques. 
Ces r6sultats 'ort rep'6,sent6s sou,; fome de courbes comme le montren-t 
les figures 2 et 3. 

Tableau 4 : Rendeent; a d"i nmas, manioc et arachide it Yoke sous culture 
continue avec la parche de cafe (kg/ha) 

,!a n tManiac Arachide 

PrI"ill itr' r lip 1. 1 2L,o'. . & C ie 
Tral tue ent ciw qJno c,l)'lI C11T alp ' m o ," l [ | 21qH 3l9 HHl, lq !l 1 9 84 ,c2ampag ne 

9333 2,7, 1. 2,6 ,101 339 

lIOT/h a 3, ,16) 2'', 26 1,63 3,346 32,407 395 

2WT/ha 3,543 3,34,17 .,083 3,698 33,630 466 

30T/ha 3,,0 3,55 4,,7 3 37,5E 550 

NI1 ,3,1 21, M13 3942,1,3 4,O75 

fW'/i f . .,136 3,,09 4,I75 4,072 31,019 446 

2Wlhd 4 NP , ,9W. 3,28 (1,6"2 3,960 32,50o 5141 

(f1/lha NIK '1,(XiO 3,326 4,158 3,02U 37,407 4713 

]'aheau : du mals, nmaiocra Rendenta1s et arachide i Barombi-Kang 
now; culture continue avec ja parc h do caP6 (kg/ha) 

."i/is .a;i 0c Ar achi de 

'Ira i teent 91 13 Mcy!(nnne 19H13 1 19 j4 tNayenne 1985 

T6moin 1,71 2W8. 'q 1 ,1 '.1 13, 330 1,1,220 1,190 

ITi ;, .,! 2, 1 1, 1, ,') , 6-10 21, 6,10 1,112 ___ I___ I I _______ _______ 

Y1/ha 3,036 , 1,111 2,7, 28,310 36,500 32,410 1,418 

30./ha vPS+ 3c4u, [r. 1,115 3 3, 18 C 40,940 37,0160 1442 
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Tableau 6 : 	Rendement du mais A Bangangt6 sous culture continue avec 
la pat'che h cafY6 (kg/ha) 

TraiLement 1982 	 1984
1983 	 Moyenne
 

Tomroi n 2,802 
 ,51 ,'54 5 3,968 

(1 6 

10T/I ,:. I'IK 'I,4i74,01 7,O54 5,862 

20T/h + I~l< 5,225 7,167 6,736 

3 (,2 6, ,, 7o.) 5,059 

6,379
 

40T/ha + I4'K 5,714 9,422 8,342 7,836 

40t 

301 

20!
 

It
 

fl 

lot 

andeZ 

201 

devl 

301 

o e 

NO 

n t 

NrA N*&,", 

-lot -201 

Marioaeacpacsloidelsd 

Sol Tatwlol 

of 
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*.1t 01 .30t TrOte,"wn 
Flgr. 3 RMw," wpm *Jw k i .a .t& avac ImtpO. de cl 

D'une faqon g6n(rnaIe, i] y a une rapide haisse de rendement 
Barombi-Kang dans les parreelles tomoins. 

En g6n6ral, les parcelles ayant requ la parche de caft seule 
so sont inieux comport6s que 
les parcelles recevant uniquement les
 
engrais min.raux pour les diverses cultures 
ot dans les difftrents 
sites. 

Pour le mals 

La combinaison de la parche do cafC avec les engrais min~raux 
a tin effot b6n6fique stir le rendement, sup~rieur A la parche seule.
Ceci est on accord avec les travaux do plusieurs chercheurs sur l'uti­
lisation de la matiCre organiquc pour l'am61ioration do la fertilit6
 
des sols (Ambida, 1975; Guiraud et al., 1980, 
 Ganry. 1983; Okigbo, 
1972, ITTA, 1973). 

Pour le manioc
 

L'apport do la parche seule a &t6 
tr6s significatif sur le rende­
ment et ]a cornhinalson parche-engrais min6raux n'a pas 6t6 plus
b6n6fique (figure 2). 

Pour l'arachide
 

Surtout cultiv6e en deuxi6me campagne, on note g6ii6ralement une 
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augmentation signif'cative des rendements sur les parcelles ayant 
requ la parche seule ou en comnaison avoc les cngrnis NPK (tableaux 
4 et 5). Par a illcurs on not incidenc(I--- ]a 6taita que de 'osette 
moins s6wir'e sur le; pa'celle s prna iqu(,es Ia parncho par rapport 
"ill tom'llh ;l Ia parip e i m.:; I ' ItIX Ulnlquement.il et ]o tl fll -II 
Ce;i ost di plnobal)encut I 'act ion ( Withit:i co ) Ie In pancho sur 
ceptainn pathog(nes ( ubert. (,t a7., 1'.' O ',tt'ck (cl al. , 1970). 

Ef'Pets sur Ies caractenift iques physico-chimiques de,; sols 

Le tableau 7 donn, taIns hls analysos ra'ites doux ans 
[)P(S In (1X8 c.*'I : Lil': oco oMat n 'ThNI qtu . on Pessa t une 
influence Pavuvahl: do l peIrche do WO s;lupa Iaticire onganique 
]1 pHl, le phsphoro assiitlale ti su;Lout 1o potassium changeable. 
Ces ,s"It[ats montprott qU I 'apporPt (es d6cliots de rpcolto augmente 
Ia teneur eln capone ocg;iqp et on ('lents Pert ]isants (Jones, 
1971; .lacks Ot at. 1 r iouktia , 192). 

L de panchlit lou; 

chimiquei us de sots on Ir 


(h..LII / E/ets la sin cala.ctevistiques physi.co­
'onct1ion des t.raitements A Bangangt6 

Ca; b)nt A ot - I how -•I I
lITA Lpnt 1" . t e [hort .. o !" -K , ,C__
 

atp1.:u Ca.
Ir.~ n. 101 .E~~ICEC CLC 

ni.l. ,. 2.1 (,.14 9 (2.19 ti.2 8 1 . .68 ] ,L.2t 10 

2 1l..7 2. ,) . I l I wot! 177 1 '. 9e72 "3.1 ' .L 
4O),, . .. 1 .1 1 1.V/ 7. l 2.2l1 20.0 ,16 5 5 4.14 

(1,lcitt; -3 oct IVV'bCEC : o _hhd'1lln C tionique ,I . 

Pour les s!tos de Bapombi-Kang ,t de Yoke, los (chantillons ont 
t0 pr6lev6s A la fin de 1a deuxi fmo annoo de culture, mais 1'ensemble 

des nsultat . d'analyse i'o.at. pa: "nope di.;pon ibbi. N6anlnolns A 
partin des endements dui (t 5) des 1mTS ableau ot ,yllptrne visuels 
do dOricionce de potas :sur No paCe],105 telAoins et A Ill moindve 
dogr6 sup 1]s pap" It Io Nal, i] apIarai t certain quo le mode 
traditi oniv.l do cultur, s;an; appopt d'engraN; ou ,utetes amen(ements 
conduit a tin, AbgI'wldtl ont n'llo d '; eels par pMe t,. do Ia matibre 
organr1qu u t d s In,:o O;,n 11Olt. tan:l' cu-, do l3arombi-
Kang qu'ap1',):i I a u [is . nn&i'ce do culeuro eoi li do muns associe 
au mnaloc, le rendement du mas dan- 1es pancel] os ;/moins chute 
A 201 kg cortle kg 4 kit h(c taM e parcelles2!184i o Ii11 1 par darts les 
'A NPK e t pancho ne pe ct.Jvrnell. Ila sautWira tion de Ia potasse sur
le complexe absorbant augmente de 0,51,; 1,1, 3,85 des preelles 

tAmoins, NPK, et parcho respoctivement, cc qui est favorable A un 
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ban 6quilibre catlonique dans ces sols. 

Par ailleurs on note le bon comportemont des parcelles ayant 
requ Ia paPche pendant In piriode s he on deuxisc campagne. Ceci 
est ppolablement dn A i II'e "pail lae" dV a papche, jouant ainsi 
favorab lemienr (ent pe an tIOuL ) sup Ina tnt i (il ol eau ain sol o t 
Ia hli semen t de Ia I emp'.rature, (Aghooa ot aI. , !967 ; Jacks et 
.!., 1955). 

CONCIUS ON 

La prko' . vi vii "ip, a;-I mr 1 :r .su leos paysans prati­
quant une agpi(cul Lure it ii0nno t:s slit. des s olo s .;ouvent t r6s pauvres.
L'tLilfsatioi des intvants et g6rinealemient nul Je et scules les 
Longuea jachves poimettent une re;itutin, de 'tiliIa t. des sols 
el . t iv s. L'ut ii satioln d ha paIrho do if6 conmic amendement semble 

r, un ,moyer e'Fi e:ir,do mainienii ct d'iaml lopev lea propritl s 
PIL\':: i d, vhmi C&- i. r aen 1e auPs n noneca f: line;, a Vre du 

Ciln I.()i. Cc: (lii dett!: ',Lit 1r iuivu repr .-sento Un apport 
stat i,:10 orgaliique et. d'61!morita f'trl i I ant . 

cti I(. plain t'inariciop In papcho de caf= pepmet de r6duire les 
it n de,:;!! PUiYii;ti:i , C'C qui e::t 1111 i (,211sidOrabIe, surtout i 
I 'hoii nc'lue] Ie Vi Ic. Ovix des engrais no cssent d'augmenter. 
:n 2,dil isAnt 1e; dp i :.Aux ,"niriii ; Alnitn( tlux, ]'ut i isation 
di ]a Iran,'h,. crilit A:iw :oigmelnlation des tendements et par
(cCiserli6qme t nux :',llii do;!982). (I)osni,(le nfl i It eats 

Un ,sutv,,!i -ap do doe ia prodiiL ion Cafe icpe dio Cameroun nous 
11011t1' qiic tiquo anniee, plu; 1200. tennes de parche sant pro­de () 

dueas, re qui 
 peut sepvir (A antendep, el 
 cu liure continue intensive, 

Eu
n. 8ii. ]la. Co L apporit l. ilodii.c te, ma i a non nOgligeable. 
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ABSTRACT 

Assuming representative pedons of the proposed site have been des­
cribed and sampled sufF ciently to be classi Fed at the Family level 
of Soil Taxonomy, the following additional edaph.ic parameters should 
be measured by a genera1ly acceptable method on the plowed layer, 
or top 20 cm , .whichever isi a hal lower: pHt (l.Q), KCI - extractable 
AI, exchargeable C, Mg, K, anid availabl!e P. All the above measue­
mento;, except tro P, should al so tle conducLed at 20-50 cm depths. 
F lf, :iv,, ¢'i'C a 1, ~ifnum :ritu tt; ion c, rn ho, calculated From the 
above palmeto.'s. Z (Al, an] Vn desirable butAva iIble. , M1 e arc 
not ipi.peisathle paramelers. 

Only wo cxtoractants are needed to measure the above parameters:
IN KCI (For Al, Ca, Ng) and the modilied Olsen method (For K, P, 
Z'n, ('ii, Nn ard Fe). If' volcanic ash influence is suspected, the 
p1t in INY]' is needed to identi ty high P Vixation by aleophane 
A rat.ioP e,0f /Y clay in needed in topsoil:; with hues of 7.5 YR 
or redder, a grPa'/Un~Par :st ru ture, and iiiore thnn ." clay. I 1 is also 
recomiended that lmicasuremen t s hould le made of the gravel content 
and s lope . Together witli tcxtre, orgnic matter, and tzhe soil mois­
ture regime , these parameters permit placement of' the site in the 
ber Li.li ty CapabiliLy Clans si Flcat.iun System, which provides inter­an 
pretation of soil constraintsifor agronomic purposes. 
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PARAMETRES EAAPHIQUES POUFR LA CARACTERISATION 

DES SITS DA'S "01,5; M'OPICAUX ACIDES OR' '.BSRAM 

"n Isupposa?. l , ptdona do, si, d' tude ount 6te s:uJJ'isamment 
00/lP!1. ion t df ,cL'ita oor pouvoi i cl'ss i]'is-,/s pow- c ttn 6 c'ccheltedo li fai'17l d?:s 7, sdcotto ",Voil Ta.xoornoiy", les parametres dda­l:,hiqtcs L'.;cl,t..a (1loont cu 'Plus fi. P ddterninc1s, par tene mdthode,:OPIfl i 01 Pt. uoc',,/)b Zr, anIz.,'au dih liotironl cu Limoa1 ou bien dansl;'0 /',i.- (',l /I 002 2io. ,rie I 'hopi'son cultural e8t inJ'6­
v'Oitn Olt Sitpor'eu (1 20 cm): ptt (/,,0), pft (KC)), Al echangeable,('ca, .(-hap ycbles, o Pv 1 1( i mu 1(ib Ces mesures doivent
0'pidoit, I'a ia /t1e- 20-;,0 i 

6tre 
, sau'f dana le cas cice P. La CEC ejffect ive 

et lo tauox do SO 0: J pt',Cvnt Ot-e do.teitincs d partir de 
('Os UaP,,10tr~c.:. '. ci t,,, und cpcnaablea, lets mesues du Zn, Cu,A/pho Jr. (1" b /,a: '100(P1 1 do's 40idioo', 'ut dodonnplcs dc rabies. 

1ciuX ..
 :o't nitetssaff's 
: IN KC1 (pour Al,Ca it "V(01.'t !,I ,itfIP polr la Is(thodo d'Olsen modifi(5e (pour K,P, Zu, C'u, Al/ ct .c). Si 1'influenecme des cendies voleaniques est
siuSpoat d, p/I I/V !"V,) e'it Pi,:O ';sai(eI,: pour identifier la fixation 
de '' / oa a!. ho rapport %Poe,)QO/.P '10 argile est .galementn ;0':; hletlaco Z hue est supdrieur
ON dcjo ; dopt 1, .stIaitcltie ost gronizilaire,, 

at dent la teneur(!? cI)'c/ ( t 'P'10?t 10 0 *;5. ltes iestwes de la teneur en gra­
(-'Icoill ' pc'Pit/ ol (-I/i /Calcmenl vei ,'oomandies. Associis d la tex­tr e, f~ itt'u,'ico)" t iC'u, organiqP et au rdgime hydrique du sot, 

c. pal'am.?tr., .';po,1 tcot de situer le dats le Systcime./'ic','11t '. 
de Ciassi­it~,i: ''oct ttdo'cot ilit.'. 

I NTRODUCTI ON 

Lto'lft pi"n'iaIIotoi's. f'ov site chaucteization include 1) thoseehtotdl f'',,. inplac'(orlwt. tho f"e t ivity Capability Classif'ication (FCC),
anti .') ;(i e,:t.; to ,so;s initial soil IV'e ity This
' 
ti status. 

p[ .lt.z; '' ' ' lPt'l Vev',s oi of' the F2CC system (Sanchez,
Coi t. o ;uid mtil,P),"12) and thf. taosic philosophy of soil testing suc-
I ii;( i 110cid t 1opiolal soils of' Lut:in America. (Fitts, 1972; 

FEIRT.I'ITY CAPABITirY CLASSIFICATION 

,t t t t' , i C a.s;i vliat ion System (FCC) wasdfvolpeI 
 zt an: att mpi, br'idgu the gap, to between the subdisciplineso iii 'l ao if'i' ion and soil 'ei'tiiity (Btuol et aZ., 1975). As
,I t' 'hn i.a Io nsa f'iratiou system, i t f'ocuses on a specific
kui; of, i<)i 'lassit'i oation1i tural 1 I systems, such as Soil Taxonomy, 

11, cid: 



or on tile legend for' the FAO-UNESCO Soil, Mips of, the World, which 
are essentially a of ieor; propeti'es The directI r)oI 
iitOCpl'e taLilt On 0)' I1 t1,ti'lI] sy s tLeiis 1'o' pecei. fN c u s e s is diff'icult 
be cause c-i t:e Ii a Irie 1 v.i . to a ,;pec i c so iI use are confused with 
otheri' Ceiteria, since a natural Isystm attemiipt.; to organize all the 
f'eata res that -nr hf mra:is red il Lt ;,)iI (Cl ii, I94 9). Natural soil 
cl.as si f i cat,.ion ;ys tea; p1 ace more emphiasii: O su bsurface tha l on 
t.opso.f 1 lopert ies, because of' the ir move po 'manen t nature, whereas 
most soi crI('t ore Iaesg I y 1im t.ed to the plowedfi] ~mnriagenitat ice. layer.
In the siou t heas t e I'niUnited Ste,, for exaimple, Sopher and McCracken 
(1973) found that. /O.; of, crop yield variabil ity was due to soil pro­
pu r'tie. that. OCCir,C,(e4,- in the pl1()wed ayer. 

Ther'e aIuI tochi.3 a :,;oi (,c lao;s i ' I systems use forcat ion in 

several specil'ic 
 purposes, t;ich as 101(d U'ie capability, suitability 
Vor sept i t anks, woodland, wildlif'e, ratge sites, roads and airport 
constuct ion (Baiteli, 19'8). To our knowledge, FCC is the first
 
techniical soiI 
 c Ia!.;:-; i f'i cat ion syste in t lan Lgi'oups soils according 
t1o lic i' I cit i it .',,ns I ,!iIIt,; ill a q rtll itat lvf' all nlller. This section 
descri he; the1 i i arid ;ci. l''tlh cxalnplei of' interpretations that 
Call be Ilmad . of, I (C a 1iP. tie1 :Et iem "topsiio l" 'ef'ors to tile plowed
layer or 1ihC top 2") cm of, the soi1 , whichever is shallower. The 
term "sihf;oi 1" eneompa .;.eS the depth in terval between the topsoil 
arind 60 cm deptlh. 

The Byt t Am 

Th. y.iii co is I; of, I hI'ee categor'caI evels: type (topsoil 
texture), s;llIIt.n'ant.a type isi-ba IL texture), and 15 modifiers, in­
cluding so vcra (dli l'1ol the origrinsI version (Buol et al. , 1975),
l s 

mak ing tlue lvI I owing, il , e21 , the s.;econd appr'oximation. The 
cI ar,-;c; *.' i hi n ' h ,at, ,i:' !1 1 Ievul aIrI defPiied b low. Class desig­
list ioln3 from ijh, 1.111 c;Aogl'r',ci I Ievels ai'e coimbined to form an 
FCC unit. 

Type 

The textir, of, the pIlowled Iayr' tr top 20 cm, whichever is shal­
10o W(2 P : 

S :srandy tp ,;oils : loamy :mii l-; and ;;ards (by USDA def'inition);
I, nly tolpsoil: <':< 'a clay, hatil not loary sand or' sand; 

C C lay2y t ops o i1;: > -I liy; 
0 . > O. . t o a dept Ii of' 50 cm or' more.o 1'gar1ic so i I " , 

Substrata type ( LoxI ive ,f* 'b i ) 

Used crily if' theie is a marked textria.1 change from the surf'ace, 
or if' a hard root-.'e;tr, ci nw layer' is encourntered within 50 cm: 

S = saidy subsoil : text lire as ill type; 
.Loarily Llib5oi[ :m'. ii tvpe;stibsoi : 
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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 most desirable 
one and should be used it'dalt are available. Subsequent criteria 
are presented for use where data are slimted.
 

g (gley): soil. or olsot:es <2 chr'oma within 
 60 cm of the soil
surface and helow al A horizons, or soil saturated with 
water for' ore t an 6O days. i. mo:t years;


d (dru): usti,, aridic or- xei 
 -soil moisturc regimes (subsoil
dry more tihan 90 cumul ativs days per year within 20-60 cm 
depth ); 

e = (low cation (--change capacity): applies only to plowed layer 
or sur'fac, 20 cm , wh ichevetr is,3 shallowcr: CEC < imeq./100
g soil by a 'ses i KCI-ext. cactable A] (e'fective CEC), or 
CEC < Y rneq , it g oil by s:at ions at p11 'Y, or CC <10 seq. /
100 g soil ,y catioll.i t Al + I at. [:![8.2; 

a = Calurnirutstox (ity) > 60,' Al-saturation of the efTective 
CEC withio 50 (:rnof' tihe soil surf'ace, or >67% acidity satura­
tion of (It 2 by catiI:ns; at. pA '' within 50 cm of lite soil. 
surface, or' > 86%' acidity saturatiori of' CEC by CaLions at
pH-I8.2 wit hin 5(0 cm of tihe soil suitiace, or phl <5.0 in 1:11-0 
withinr50 cm, ex,'ept ilt organic aoils.5 where the p11 rnust 
less than .7; 

h = (acid): 10-(0' Al-s;attrPaticr of' the effective CEC w.i.thin
50 cm of' : I sulf'ace, or p1H in I: I,)() 5.10 6.0;be tweert and 

i (high P-Ii x\tion by iron): , fr'ee'%'e./ clay >0.15 and

mor( than cv,l or hues o' Y'.5 YR di- 4 'eddev and granular
struu. [hi!; mo'difrier f; ised only in cLay (C) types;
it app]ie,; l,..,ois to Lte plowed "aycr or surf'ace 20 cm of' the 
soil suir'ate, lichever' i-_shallower;
 

x = (X-ray amlOlpiloll-;): p1I 
 >10 ill IN Na,', or positive to field
NaF tost, or Ot. o' indirect evidences of a]lophane dominance 
in the clay fPraction; 

v ,Vertisol ) : very sticky plastic clay: >35% clay and > 50%
of' 2:1 expindirig clays, or ,,eveve topsoil shrinking and 
swell ng ; 

k = (low K reserves): < 100 weatierable minerals in silt and 
sand frazi(; ion within 50 crs of' the soil surface, or exchangea­
ble K < U.20 meq./100 g, or' K <2% of' bases; if bases < 10 
neq./100 g; 

b = (basic react;:ioii): fl'e CaCO. within 50 cm of soil surface 
(effervescence with 1C1) 1, or Jill >7.3; 

s (salinity): > 4 mmhos/cm 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 cm of the 
soil surface;
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c = 	(cat clay): pH in 1:1 1120 is <3.5 after drying and jarosite 
mottles with hues of' 2.5 Y or yellower and chrornas 6 or more 
are present within 60 cm of' the soil suface; 
(grave1): a pritfc ( ') denotes 15- 5% gr'avel or coarser 

> 2mm) partic]e., by vol irme to ay typ or' sub;tr'ata type 
texture (exampl,: ' . . ;r'-v y , !;;olt ,,ve' loamy; St = 
sandy over gr'av,.lly loam); two pr'i mc marks' k") denote more 
than 35'%grave 1 or coarse;' a1't. Il- ( 1? rm) by volume in 
any type or, ab tto type (example: LC" loamy over clayey 
skeletal; I. '" gr-avelly loim ov".v ,layo y Skeletal); 

% (slope ) : wler' t, is o i 1o . -;ope with the FCC,des;irable , 
the slope w'ntage cap eIt in p:ar'entheses after,on .l pl, 
the la;t conditill llodil'i r' (,,xalp le: (I-6%) = unif'or-mly 
sandy soil, ca!,_ar ou; in reactiJon, i-6, 0 ) . 

The soils ; 'e cla:sif'ied ty deter'milning whether the characteris­
tic is present or' riot.. Mlc),3! of' quant tative arethe i limits criteria 

i lpresent in Soil T'laxonomy (So Sur-vey Sl;af', 19' ) . The FCC un it 
theKn ] i K t,S t. 11P , f (', 11 , : t t yr I it' p e -'c:rlt ) ill capital 
letters, o1a1 the Iodil'[e':; in lot,';'-nose letter , the gr'avel modifier 
as a prime (' ), and the ';lopt', it' de;i red, in parientheses. For 
example, m11any Ox1:iol; l, Iny,het t' P", ulnit C a e J k (i.e. clayey,
A] -toxic, low C-C , high P-'ixatior by iron, low K-r1eserves) , many
Vert i so I 1o C d v t, ( i .e c ayey , dry seuson , ver'ti, calcai'eous),
kt','ter''; a ytn all v olvialI'tt ;1sl witI no felrt iity limitations is 

l;,iy c'wi:;i I'i ud at; !. ( 1 ocro.1 sot )L. The absence of' modifiers 
su,Iges;ts ro major f'erl:il I ty limitations, other than nitrogen 
do ri c tency. 

Interpretation of FCC nomenclature
 

Thus r'a, only the :;PntuC'e of' t1ie FCC Systen and the criteria 
'or placing soils into the system have been discussed. Classification 

is not an end in itself. Any classif'ication must convey information 
in order' to o usel'U!. At, this time it has not been feasible to 
test: all porn s iie nitv'pr'etati.oris Prom [-'CC units , but some of the 
apli atfle irter'I)Ptot iollS ire outl.ined below. The staitements used 

e tile'aridny riot,ret 1 the total roagr,e of ( ,s rable interpre­
tart: '1 ey ,r'i: teri il nora-toechnical teviis f'or ease of' under­loli;. are 
stand ng ty use or'ofso:;il . ur'vey on Aarid-use t'eports. They attempt 
to call. the ae,,'.' ; artteiitio to the major I mitations that will be 
encountered withini r 'CC class. 

Interpretation of types and substrata types
 

S : 	 high rate of' inf'ilt'ation, low water-holding capacity.
L : 	 medium inl'ilt r'ation ratle, good water-holding capacity. 
C : 	 low infiltration rates, good tater-holding capacity, poten­

tial high r'unofT' if' sloping, diPf'icult 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.

0 : artificial drainage is needed and subsidence will occur; 

possible micI'orutrient def'iciencies; high herbicide rates
 
usually r'equi.Ped.

SC, LC, LR, SR: sliscept le to ,',.e a I degradation from 
e o' ion, ex pos7li I,,, ii iP,abl e subsoil; high
pr'iority should be given to erosion control. 

Interpretation of modifiers
 

When only one modit'ie is,; included in the FCC unit, the following
limitatiops or unanFoment requirnments apply to the soil. Interpreta-
Lion, Illay diTier.' when two o1' mote mod i Liers ave present simultaneously 
or when Le.extu ra types a:'e diHeuerlt. 

g : denlitr-illcal.ion FPequently occur's in anaerobic subsoil;
Mge ojir: ':t. iollf and1(1 cer'tain crops 

til­
may be adversely aff'ected 

by excess 'ain il es diraiinge i.li.rnp'ovcd by tilli ngor other 
dualnagre lw'weiiet'eo; grood !;(Oi 11101 .; tLure r'egime Yor rice 
plodl Lt:i '1i. 

d : moistu'e i: I iml ting 1huurig the dry easo unless the soil
is irr'igat d; pllan I.ig date !tollid t ake into account the 
flush ot' N ll 01(:!o[ rains; gWr'rnilmnt.ior problems are often 
experien, I it' irost i-airi are ;por'adic. 

e 
: low abi lit., to r t'a iii r ll-i eiit , agaisr t leaching, mainly
K, Ca an iN a iI ifal.i I' the:; nutrients and of' 
N eut. i ;,!;li s holId 1, i i t. ; potent ial danger of' 
oveP1 imi np 

a : plants s,on; it ye to AI - tox'c ity t.i I be aff'ected unless I iIe
is applied; act;ion of' s;o[l water below depth of' limet'.x 

incorpoal ioni IhIe ru ;tricod; lime requirerients are high
unless an u modif'ie is alro indicated; this3 nmodifier is
desiahi _, r o Ii:'o ortin 1'phohateo r'ocks an(] for
good latex I'l10,, ill 'il'lor' Chanl, 1980); FMn- tox:Jcit1y may occur 
on sortie of t he: , :, ];

h : low tu m dium s'oil ,icidity; require.; liming for Al-sensitive 
crops, cot t on ie' , ii I ii 

i : high P-Lix tiol cap ,'ty; require:; high levels of' P fer'tili­
zen or ;pocia I [I liniiconlirrr. puc t '1,;1::oii es &ld trnethod 
of' ' f'er't. il ' , tul ic llion sh11ould be considered carefully;
with C toxttll'', Il :;( ; I have gran tlar soil ;tructure. 

x : high P-f'.ixat. ion li i.y; mt andarionrit most. convenient source 
of P to be dottll i .ncd; ](ow or' an c N mineral ization rates. 

v : c.aycy tox tlure t. i ink 

tillage to 


I :it h':s and 0we1. properties; 
di IT' iillt. when too d-y or too ioit. , s'a,t soils 

can be higluh; t] I P-d''icj , co;inru.
k : low ability to orrpply K; availability of' K shiould be moni­

tored anld K 'ertili.1e1is lmay be required 'requently; potential
K-Plg-Ca imbalances. 

b : calcareous soils; P'ock phosphate and other non-water-soluble 
phosphates should be avoided; potential deficiency of certain 
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microrutrients, principally iron and zinc. 
s presence of soluble salts; requires drainage 
and special


management for salt-scnrsitve( crops or the use of salt-tole­
rant specios and c~ultivars. 

ai high leve:; cf 'iitdium: ,, seqopecia] .1il management prac-
Lices for' almo, MIoGi, including use of gypsum amendments 
and dr rare. 

c [o teii ia I ar !d i trnt: soi ; dra inage is not recommended 
without spcint pr:ticcu: shol]d be managed with plants
tolemmnt to high water t: le level. 

By ', hin individunir i g iide: for ea:h type, substrata type,and modi ier,, it is pwofbi e to prepare composite interpretation
guidu lin ] for all o' the posible FCC uinits. 'ore comprehensive

(rprl'eI[llt ,i'( .l iteriment are possible when interactions of two or 
mo.ve, n I conditions ale consi dered. No necessity is seen For a,'taplele 
 Waing of al I pbo-lvi cmbi nations because only a limited 

(]' i': im it Y " i ] be W n in aliv 'i r et lder consideration. 
' !ohe ,a! I V: , IOIw VeV', interp raLiON or)l the ICC units found"1!r ',t I ) t hi l rain crop.. and "peofilic Var:ioing systems used would
1,' a .:Iluiloa},]ext'erlrr ion Ioo] , and loa (i isexpertise expected tor;llemcrll 1h, r'i lowing f ier ';tatume.nt ; wthere experience warrants. 

:almple interpretations of ICC units 

e i1 k : good wa tel-ho I(I ; u'd,,i l:y , medi um infiltration capa­
city: low ahi I i ty Io retaini nutrients for plants,
mainly I), Ca, Mg; ieavy applications of these nutrients 
and N reet 11i,' ; hound be split; requires liming
for' Al- s neil iv,-:,rop.,; po tential danger of overijimling
becarse or low P :v . iy t,) :;rpply K; availabi­
lity oir K ";hul i t1),oliitored and K-fertilizers may
be required I requently for plants requiring high levels 
of K.

L g h good water--holding caoaci .y, mediri Andlitration capa-.
city; limitat, ions in draionage so that tillage opera­
tions and some c'rop; may Ihe ndverse l ' affected lnless
d'airrg K imrnrvod t iling or olher procedures; 
strong to medium a i , l ; Iimi g reqired For some 
Cr'ops; OxceieOltL:;S i I looded rice, 110 acidity
will he e( [ finatd by rnod ing.L C g e a k erosion or othe,,' removal ofr ,3ur'face soil will expose
undesivabl, clay-teI.l'u/,ed ibsoil wfth 1.frited drainage 
so tha t !Llogo oel'im Jon rid ;oriecrops may be
adverse],, afTe cted irI c:-; dra i nage i s improved by
tilling or othor prccefur:; Iv. ability to retain 
nutrients Par plants, ma lily K, Ca, fig, and heavy
applications o these nutrien to and N fertilizrer shou].d
be split; plantsr sensl ivce to Al-t:oxicity will be
affected unless lime is deeply incorporated; however, 
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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
 
K; availability of K should be monitored and K
 
fertil lzers may e requ ired frequently for plants
 
requiring level: of' K.
 
excellent soil with no major fertility constraints;
 
N def'iciency I ikt ly wi th intensive use. 

Interpretation for wetland soils 

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 unitz: ,'an be converted into FCC units provided sufficient 
inCormation is available. This is easy to accomplish in detailed 
soil maps and has been (1)1tie for the Yurimaguas region of the Peruvian 
Amazon and the Centiro de Pesquisa Agropecuaria dos Cerrados near 
Planal tina, Rlrazi l, by W. Couto. In both cases, the maps show how 
soil differences; within relatively small areas could affect the inter­
pretation and extrapolati on of t.ho experimental res:ults. 

It has been poss il.e to con Volt data lor the dominant soils of 
the FAO Soil 'lap,; of' the World into FCC units based on tile defin:itions 
of the mappinr igr,1e nd, inc1id ng the i for-mation at tile phase level, 
which is nece sstar to det eririine type and suls tr-ata type. The conver­
sion is bas(d ol the typical prof'i'le data plus the definitions of' 
the mappinr unit.e theas Ic , thei lhai . and l itate. Also, papers 
by Dudal ( II)'ft- 1) iY ) on i lIn, not -iet ccItotionships of' FAO Soil 
Units anI. Soil Taxonomiy tquio Ien1t.s wer'e lielpful. in this interpreta­
tion. A sample (W' :;uch co v.iVtions I'rom the i'"orld Soil, Map of Africa 
(FAO, 1977) is hon in Ia l)l(e 1 . In sorfe of' these units it was 
impossible to determine I.'Ct textural type, as no textural notation 
was given (for example, mapping unit.s Lg 21 and So I-a). A conversion 
of the Wol d Soil Matp of' Soot.h America (FAO, 1971) into FCC-units 
has been made (Sanchez et ai.. ,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 FERT[LITY EVALUATION
 

Soil fertility evaluation is time 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 ,nnlysis, missing clement techniques, simple fertilizer trials, 
and frequently a combinat ion of these. In the tropics, ef'fective 
soil t'ertil it y evanot ion 57y22 oms exist in many lot.in American coun­
tries and in India, ht iow in tropical Ar'i'a anl Southeast Asia. 
The main for ii d developnltlit in these areas are relatedicason; I 

to the lack or wide spiad fit i ; iz,1 u1, ini Al ica and the piepon­
derance of flooded vic2e ilt t,.. in Sonlhoacl Asia. The system deve­
loped by Ihe International Soi1 1 evI il t iLv I' andanation Improvement 
Program I:;summarized by Sanihe:' (! i6). 

A sioil IP.-t 11i ty evali1 ut ion pt-ogram ilivol ves several parts.
Soil fort i I i ty has to do p i in:pall y wi t h plant nutrien t elements 
and soil condiitioes. Evaiua, ion is conuerned With levels of availa­
bility ad nLutrient ballance iin the soil, including appropriate methods 
For assoess Iig, the ;e factop; (soil te.sts, plant ana iys ,;,soil survey, 
Hlimatic cond itions ). Improvement involves the addition to the soil 
(WI " ii Is si.s, d ;u"lildiilonts in such quanti­t <i';, , anIi oth l-P 
Lies, at ;uch times ini tihe season, and in inch ways as to provide 
:he optIt lili tl'it v nt. PoIV:1pcrop Thus ail e r oriei It fo production. 
coi1 e(t iii y v,' va I atl Oi(i and1 improvemen t program is site-specific 
and situatioi-speciflic. If is tire .judic:ious use of information for 
a speeitr field in which consideration is given to Factors that 
will irfi uence yield, Ithe capability of the farmers, and the availa­
bilit y of rapito . 

According to Litts (1972) such a program involves six interrelated 
facets:
 

1. sampling (coil arid plant); 
2. lobo'atory arialyses soil and plant); 

.
corelat iin 1,otwcen aria iysSs arid yield response; 
4 . irteproe to ion arid recommendat ions; 
5. put ting iri')frmatlon Lo use; 
6. research. 

The soil-test Lrg laboratoy is the backbone of the fertility 
evaluat ion program' ( itt s, 1972 ). Unlike research laboratories, 
service laoiratories must he geared to handle large numbers of' samples 
rapidly 0n accurately. A conplete system of semi.-automated apparatus 
has been developed by the ISFEIP program espec:jally For tropical 
lahoratories. This system Ls summarized in the fol lowing paragraph. 

Soil samples are measur'ed vo.]iuietricall]_y, el]innating the time­
comsuming weigh;no iwrcc2;, and t lhun l.2('ed in illtiple-unit trays 
of 30, whepe the extracting and dihItl ri so0liion are added or trans­
ferred by specialLy designed di-Inlep-dispensers. Other apparatus 
transfers the aliquots to spec trophotometers arid pli-measuring units 
automatically. Shaking, ts:;tirring, and c 0leaningapparatus 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' olect.ica l power. Expensive electonic equipment such 
a p metO Pf;, absorption 

in mqid 1y 1 he t' ,,mn' ; A add it 


Spc t ropIo tomet rs, and atmti ri appaatus 
; o ,n ,1s a(MIalltinge if; that 

th( :.a ,. I its , * ,, I 'p t::I p in: ;oil allanysis. 
Th' huilk o' the, . ''ork done w ith t:.1, o t, ur : the di]Ii[t: double 
,rn ov'I ilulfi'i l r'X tairC',;> O. lc ii a) , e 1ava, K, Na, Fe, in,

Z, and aI he I N IK i ext. la. ion o',, 11, CaC11, t and %g Tests for 
N, B, S, and MNh 1 gaIle, otht.r metitol ; that have nol yet been adapted 
to the ye So I pli measul'emei:s ave a 1;() adapted to routine 
anal .v is" 

An rg r'e,;u 1 thisPteest of' plocCCS:3 is that tile analytical
"armpay Inre'ase. wi th the si:e I' the opert iol. Every tenth sample 
s,;a - tortiol hat Is" mon itomei pepr-(1ical ly hy a control laboratory. 
)r the taj of, these i'ero'd,; , the I ar'ger. the I aborat.ory'; size,
tie greaL:' i:; i t.s accr Iaa , , . t s , 192). [rive.n igationS on the 
totaII r'V!(I ,n;!! c nu ' iIt ! ( ' Mll i - 'a L:l: lyses show I hat 
IilIt ruirieutI aidl o r",'at,.r' 'i'l'o'5 I W hs.; 

is tue lltiil ili 


a ;it! whee, cheiical tveatment 
o'0 1 't'O!' ill ;oil -tst(i.iA laihoi'atori' eni. 

At p I'(, ,, ' oxiai t oI , lalho'it il in L at in Ame ica re 
s I aI I s(,,;


e(IU it1p)ud wi hi :
Ii :;.I:;1 1 ( p IIIoli l'iCa . iiil); tli,..'of'. They analyze
aPtProx1 o iriil e 1 'I (( i a It, M I Ty per

Each of' Iloi )) a1t oIl i\' 11 


10:! (iI, V( arme':3 year. 
ii ' 'ii 100 samples per (lay,

and 12 aria], ; m.o . ir i()).;arlnp i-,e a d;iy. The oper'atioll of' these 
laborator-jes la had a mt.a rIIaiI p),_CL on i rir'e_'asing average yields 
by increasing Ieltil ize. use. 
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ABSTRACT
 

soils in the humid tropics contain predominantly kaolinite
Lateritic 

no weatherable
and sesquioxides in the clay fraction and little or 

and chemicaland sand fractions. The physicalminerals in the silt 

these soils, such as bulk density, structural stabilityproperties of 
differ considerably due to the

and phosphate retention capacity may 
soil. Cation 

amount. and pal ticlc :;ize of' sesquioxides present in the 
soils are variable


and anion exchange capacities of' lateritic 

depending on the pH and electr'olyte concentration of the soil 

solution. 

Soil grounings based on mineralogical and chemical characteristics 

be used for site characterization for soil 
are proposed which may 

managemennt experiments.
 

RESUME 

CARACTERISTIQUES MINERALOGIQUES DES SOLS LATERITIQUES:
 

CAS PARTICULIER DU CIIOIX DES SITES
 

POUR LA RECHERCHE SUR LA MISE EN VALEUR DES SOLS
 

les r'gions tropicales humides ont une
Les sols latgritiques dans 


forme de kaolinite et de

fraction argileuse essentiellement 
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sesquioxydes rrtal iiques et des j'tactos esCoistiti es de 
I. -tIwU,et sableusesmintpao r pe on pa0 t a?0ltcr'abi(e..

physiques Les propri6t.s 
a 

at 0'h miqtles de (i,:; "ols, tejel ,1que,q!;abj/KLt la clensite)'ul, ttu e, apparente,ot la eapa(ait cle/,'Otit)epi .2tt, , t ?t tnt-ton d phosphore'o;" r ,¢ft ':,,#,,:; "" u i Lropoi2ti' U la0ji o .,;,,! ,? n at , "fi;y 't',o i , p : ,led '(O (.hmi/,=, -a tio s:ol. La capacit6ic u/,e (.4a 1 oniqic e ,s ;ol,; 1-apica iott . od 1;P iq uesp/iD (. do(-O-c'c 'ar~ie en
iti so l. 

lart ,n calect l)ites de la solution 
1(I '!at 

De; ur'oupemento de sols bassrcIninicl/ogiques suP les eara e risat h!tniqtues seont tiques
; #roposc

" ,"'t pOuP 
on u,- dA leur possible' .( Caraat1chsttiont des experimentations misedeCN t'Ilz.'zp des sol.". 

INTRODUCTION 
i in 1ogy isSoil a key fact.or' controI] ingc,(lical f'r' the physical'r it,:, of and

Itn "" d Id, l"a 

ightly acidic 


as.; soil ihavrig a loamy Lox trpe -
s oi1 is often described 

w(Oit'herale t'eaction,h rninoel. abundant
3 in the m;aid and :i tandfraotlorr,shmo tiftc ( ittontmorljI predominantly

,mi t( ) il the 'lay Vraz ion. iUnfortinatelytype thisof soi S 1'ar<o,]* inlo1t tII I huim id topic .
 
Soil; iI 
 h)S , d ' t I' .'ugr in :I' 

, r 
tiiCe . (lec 'it,ptive, i ; ,i) *:i ,Si LVweath eI.d " 'l ,t,i . i.I , 1; 

:i (1) :; rongly 
and hll-'" 

w''i 1r t,I pit i l r iritfo"tost aI (iir.r iit "slashtl't ,lldoiiislt
Irainly ; i i s. w atl('ioled uiplailddeiiv oi soils' SOt Ii.. t rLtI i:agric II I t I rup, I, .' 

itK ;IitTe w'hettC pl() ':nr,:W ite Platat- ioll: ) .tlt , ' 1 0 iVdI
1,c IIorltriu ive I-i -

11 Cin the iwtt Iai '11 -O tNpIO ') S011;
I t ivat io t i o t uim;tab] . 

The Iot riti o;oil ; a . s t ocy 'iton no it at lca l(1 m il 
t ; - Is; co:Itiiring little
 

nrtly 
irt the !oad ;d ,;i!t I'lt ction-o
k;i iak i ind procdomi-Ite arnd e loxidt, Ihe, r

arnd A! f' ;("I:; with l 
mainly (x.; L, rt I 

ti y' o They are 
Ctrdii to wn i,.it y clays ac­i I Tzixotil iasi ;y i nI.,; ''o!.) I:tt fonL r.lliti.lucs'' andt : ix '<'c, io t , lIf t.icri , and Fevl, ;' V alsols,i . v i.l; I acco ding t.o I AUIegrid:;. 1INI, LSCOWor.d,hI'I s es I Soil; '?i o a;pp 1ox iItI 1 5' "atf'Oat ot the totalir h tltlli d I t' i ci land , ons ( Moo.tnot'ti odi t Wattibeke, 19(8 

it tic soils aveLate getle a]-Iiv kllo;n t'ol' llt.low aval t11 ulltint4 tcs:vo, 
it'lo .1. eflective CEC,, anl1owo ity . Tilt , ,,, o ,.WO avi l.abi Aiter'-holdirng, Si t ' Ifctt capa­,i i I , . ; in oLher physiicaland C oilijca prop ti(ie- atflotllg th; v so1.. t.pos otinc lidig micro-aggregat i'll, 

]-tOp.tic soils, 
phospha to 

bu Ik d(tit Iy, Pil-dependento t;e t. ion capac j Ly. charge, and'ii'is papep atteliptsminera]ogical to describeand chei cal i Poput't ies 
the 

of lateritic soils relevantto agriCLoItur,%I soil ciara:tlerizat ion. 
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SUR FACE CHIARGE PIIOPERTI'IES 

Point of' zero charge (PZC) 

T " one had t. mo. " Atit ct hi,0 (.l1 1) ,Vy weathered so.ls 
in tri II; t i thehLonit ttio't! n w ath ;;--, il the 
regi Ons, it woi,Id tw, in the dew i nance of knol in c Iayo; and sesquioxides
with regard to0 th, f'orme , and the doini 

ten re, s in temperate 

mance of 2:1 layer silicate 
clays (e.g. swet itoc and vermicit, iti) in the canie ofV the latter. 
These two gpoups ' i ne 'a Is d it(- r- in the ir ur l'ace chatrge behaviour,
and conseqIie n t Iy he 1r ca)acjty to absor catio.ns and anions also 
differ. m., t ti nd vo,'il i it, hm,,v(e a ,n ze surface areaspe. iric 
and a large per ianem-It nega t iVe s LPlace c:ha ge ( hence a large CEC),
and t.hey swe I I and shrvinktI;)o wett-i ng and dryJng. Or, the other 
hand, kaoli nite has a relat i vely sma, spec L'i c surface area and 
little or no p Imanent. rIega tive charge (hence a small CEC), and it 
does riot swel! or s-,hrink upon wetti ng or drying. 

'".; and , oX be,' ldii th/,' li oxAi.e i inerals occurring in the clay
t't'act ion: of' umaruy highly weathered soils have a large specific surface 
aea. Ito 0 annel. t hone mi nla I; ale allllh tori c, they may possess a 
Subo.;tan tinl itomolitI of" negative or posit ive suirf'ace charge, depending 

on the pI1 conl it ion o(f the soil solution. The pH value where the 
net srftace of' oxi do mineral,hiugo oan o a I latevitic soil becomes 

er [.; c'i !:. p inti t1,' ( Aharge (PI)C). The PZC and the pH­
charge ('iove; C(;o i d he 11ne lu I cvi ter-ia for soil characterization. 

Highly weatleoed soit ; may be regarded as a mixed systems kaolin, 
quartz, Ve and AI oxides, and hydroous oxides. Silica and kaolinite 
have PZC value; h- tow pfl 1I, whereas Ve and Al oxides (geothite, hema­
t i te aId I g bb it ) have PZC. va Ilns above p1I 7. ThIs , the higher
the degree dtoi i icat ion the s;oil , the)I' of* higher the PZC value 
tends to be. Organ ic matter- in the surface soil, however, tends 
to lower the PZC value when compa.red wih the subsoil horizons within 
the same prof'ile ((;al le.. ,t al. , 1976, 197Y; Juo, 1980). The PZC 
value may be also ti;eflul in predicting the tendency of a soil to 
absorb rations,; or anion.-. For example, -if a soil's pl value is below 

oW t-,, he aps charges. Onethe PZC t ho Ihen the :o41 n( petn itive 

would ex pect t he Sno iI to absorb a substntial amount of nitrate,
 
and this may cans e a s lower ra te of nitrate l eaching under high
 
rainf'al 1.
 

The speciftic surf'ace ar.ea and the PZC of selected lateritic soils 
(Alfisols, Oxisols and Ulti:3os with low activity clays) are given 
in Table 1. 
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Table 1. Prcperties of some lateritic soils from Nigeria and Kenya
 

Horizon pH Fe203 Bulk Density Effective BET-N2
 
H PZC Clay E0 s rface Area
 

% % clay m /gclay
 

Eutrustox derived from basalt, Kenya (Kt, Hm)#
 

B2 6.1 3.5 58 8.9 1.04 11.) 


Tropohumult derived from basalt, Nigeria (Kt, Go, Hm)
 

B2t 5.3 3.6 74 10.3 1.08 6.7 76
 

Paleustaif derived from banded gneiss, Nigeria (Kt, Go, Hm)
 

B2t 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 inclay fraction: Kt - kaolinite, Hm - hematite, Go - goethite
 

Cation exchange capacity (CEC)
 

For soill; contl. i ir, predo.minantly variable or pH-dependent charge 
minerals, the "CFEC becomes less-rmeaningful in terms of' soil characte­
rization. This if; because the EC of such soils is subjected to 
the ('henri cal cor i i oi; employed for its determination (i. e . the 
pHI and e l c t volytf () ier it.ration of the ex Lrac tan t ) . For soils con­
taining a lavre amiunt of' (JXide sur'faceE, the CEC values measured 
by the onventic n;al iothod<; (f'N It(JA c at p1l 7.0, and by the BaCl 2 
-TEA melhod at. l ..2 ai(, ol'ten gl( -ly over-ct irnated with reference 
to the actual ("IC at f'ie d coldit ions , wlich normally have a much 
lower p11 and a lower' olect roIy o etolleatr'rr tion in the soil solution. 

A nore rveal iet.ic approach to the s ri'face ,;havgeomeasurement of 
lateritic .e l; oP SOil mi.neral s would be to determine the net posi­
tive and le]cc charge inr a unbuff'ered salt;legalt ivee t rical di! ite , 
solution (,"chofi eld, 19419; Gallez el cii. , 1976). An alternative
 
method of ('fC rimeastiernent is the sum of N Nl OAc exchangeable "bases" 
(Ca, Mg, K , Na) and the N KfCl-extractable acidity (Al + 11). The 
CEC vale le teririned ln this way is called cffective CEC (Colemanri 
and Thomas, 1.96'7; 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 CFEC value of 14 meq/

10Og clay was proposed as the criterion to dirfreventiate soils with 
low activity clays from those with high activity clays (lerbillon 
et a ., 1977). 

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

Cation Exchange Capacity, meg/]Og
 
Soil pH Clay
 

(B Horizon) (H20) % Effective NH4OAc BaCI -TEA
 
CEC 	 (pH 7) (pH -8.2)
 

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 SORI'ION AND SOIL MINERALOGY 

The.phosphate sorption capacity of soils is also a useful crite­
rion for soil characteri zation. This is because the phosphate sorp­
tion capacity of a 'ui L general Qy reflects the mineralogical composi­
tion of' the so I, and in part iculn, the surface reactivity of Fe 
and Al. ox ih:; in the 5o i 1,, .I,o and Fox chose the 6-day P.	 (19Y77) 
sorption isothem as a ';i nalard technique For comparison. The quanti­
ty of P required to at a inia standard P concent.iation of' 0.2 ppm 
P in the solutiion equili loted with the soil is called the standard 
P requirement (APR). A summary of the SPR as related to soil type, 
parent material, and soil mineralqy is given Ln Tble 3. These 
authors also ;howed that the phjphtLe : nrpt ion capacity was highly 
coelca]ted with the extepinl N;poci Vi ta'( e area (BET-N 
absorption) , which reflects primarily the pecitric. surface area of' 
sesquioxi.des in the soils. Thus, the surface reactivity of Fe and 
Al oxides is a key factor controlling the P sorption capacity of 
soils (,uo and Fox, 1977; Juo, 1981). 
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Table 3: 	Standard P requirement (SPR) or soils with different
 
mineralogy and parent materials (Juo and Pox, 1977)
 

SPR 
 Parent 
 Dominant

jg P/g soil 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 Alfisols basic 
Ferro- high specific

Ultisols magnesium surface oxides
 
Oxisols rocks
 

-l000 Andosols 
 Volcanic ash allophane and
 
(Andepts) 
 desilicated
 

amorphous materials
 

Moreover, the common concept that. tropi'al soils have a high

phosphat,, "F'i a i,," Va cit , is I'r''tA l .V milih ,',:Iggerated. Hi ghP "fixinr'" snits ire limited W thoso derived 	 Ipom volcanic ashes
and t'err'omgnesinr ,'o'ks (o . i. (asclit I :;) which 'out ain large amountls
of all ohania and Q aId Al fxidem with : I rg' s' 	 pl ic surface area. 

MINERAI.OGICAI, SOIl, GROUPS
 

Technical 
 soI group inr; Ait nhnlnle';lgial char'acteistvics asthe main ritcrioi havo h',',n ['or.;, (,Im , 19JO). The pri-mary objec­
tive of the propoecd g",,;iiIl jo cci;; s pr'oVide agr'i(cltupal researchers
and planr ';s.in h thropical ivg ,n:o: with :asimple set of guidelines
for soil 	eva]unt tOn, rqr' i('A1 r'],, whore let ailed soi I survey informa­
tion i..1 ,mt re.Idil.% ,'vn lni,u . 

T'he pI'Oposed; sys tem con:; :sts o three mineralogical soil gpoupsand two chemical sHuit, 'i,,outp:swhich are supplemented by a set of' soil
f'ertility ccondlit. ion ilodi'N r:; that arp.' simlay to those used in the
Fertility Caahi 1ty Cls:;i ficat irn system (Sanchez et aL. , 1982). 'heSystem den IS ii Wy hup laid "lateritic" soils dominated by 
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kaolinite and Fe and Al oxides. Vertisols, Alfisols, Ulti;-o.s and 
Inceptisols with mixed clay mineralogy and Andisols (Andepts) domi­
nated by allophanes are excluded from the system. 

'Iie propo;ed minleria logical so ii gr'loups arid their capabilities
and libilltat ionsl with re,;pect to agiicultural utilization can be des­
(ribc d a; to] Ionu; The iuan t it at ive criteria used are based on the 
I i 'II'mat p'enen;.llt 1y Many modifications and
m t,. d i Cn 	 available. 

I'e'irl emll; 
cal he I nt roduced as more research data are generated
l l .
il	 thle Vut ' 

Minera _iical soil groups 

Kaolinitic soils
 

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

2. 	 Kaolin greater than 80% in the clay fraction, or an effec­
tive CHC of less than Ill mes /100 g clay.

3. 	 Dithionite (1)(B) Fe.O content of less than 12% in the clay 
fraction. 2 

/I. BET-N specific surface a,'ea of' less Than 55 in /g of clay, 
or, P sorption at 0.2 ppm (SPR) less than 350 P g/g of soil 
in the diagnostic subsoil horizon. 

Oxidic soils
 

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

2. 	Dithionite (DCB) Fe320. greater than 1% 
in 	the clay fraction.
3. 	BET-N surface area greater than 55 m /g clay, or a'SPR greater 
than )50 ig/g Soil in the diagnostic subsoil horizon. 

Siliceous soils
 

1. Clay content of less than 35% in 
 the diagnostic subsoil
 
hon siZon. 

2. Durable silica mineral (i.e. quartz) greater than 90% in 0.02-2
 
mm fraction.
 

Chemical subgroups 

Eutric or' high "base" siatus soils: percentage exchangeable
base saturation (PBS) greater than 70% calculated from the 
effective CE(C 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 ero, ion hazard
 
c - high soil ,'.ompctii n hazard.
 

Chemical
 
k - low potassium reserve; exchangeable K in surface soil (0-50 

cm) less t.han 0.2 req/00 g. 
i - high phosphaLe ixation; P sorption at 0.2 ppm greater than 

250 p g,/g !u! I ( -50 rm) . 
t - secondary and mi.cronuti' ent, deficiencies and imbalance. 
a - Al tAxicity to Most legume crops; N KC1 exchangeable Al 

saturat ion greater than 35% (0-50 cm). 
m - manganese toxicity; pHi(l{0) less than 5.o for soils derived 

from parent materials hig'h in n-bearing minerals.
* potential soil toxicitv and/o secondary and micro-nutrient 

deficiencies aid i m., I an,:e (he to (IOr t inuous cultivation 
with moderat-e to hi gh rates of corven t.ional frtilization. 

Thus the proposed soil groupings may he summrtrized as given in 
Table I. It is also important to point out that there is a close 
relationship be tween the mineralogical ,oil groupings and soil parent 
materials. An npproximate correl ation iN given in Table 5. 

Table It:A summary of technical soil evaluation system
 

Condition Modifiers
 
Soils
 

Physical Chemical
 

Kaolinitic, Eutric 
 w, r, c t*, (m*)
 

Kaolinitic, Dystric w, r, 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, k, t, a
 

) for soils derived from parent rocks high in Mn-bearing minerals. 
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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-cluartzose gneisses;
 
Micaceous schists.
 

Kaolinitic 	 Granites
 
Banded qneisses
 
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 are 
often used in conjunction with a simple technical soil evaluation 
system. This is parLicul nr! :;" whe! a detailed soil classification 
and mapping at a'amly and -eores levels are not ;ivai.lable. 

The proposed t e iri cl soil groupings based on mineralogical
characteristics and fortility limitations may be a useful tool for 
site characterization for soil. manogement research. 
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IHESUMNk 

LI'o,jctI de cette communication est de pr6scnter .l.es diffdrentes
mli thodes chimiques et isotopiques de dctermination du phosphore du
soL at de ]a p ante : phnsplore Lotall phosphore organique, phosphore
iAnivAl, valour Larmen, cin6t iques de dil-ution isotopique; co6ffi-
News utsI ilisation des engrais , o t]s humophosphates 11.s au f'er 

Sl pU (Ochant i [lon do sol fer'a.]i i. jque fortement d~saturO, ont
Ot.,i,- 'on f'imissement de di 'f ventes doses do fumier soul ou 

at NPK. 

.: I',;tat; pPr<sont S nous muntrent quo le fumier, aprbs deux 
.IS I ;Pl.:swovent , rppO'0u0 u aveorui semenr t des l'or'mes extrai tes pap. Nli H.'ci ,'ne diriinuLtion de cpl es oxt:'a tLes par NOH; cctte diminu-

Lion o twsL :YsOi tld ]'augjigorit atiorl de phSpIoI'(e Soluble. L'analyse
des cilt iqi:; (I dilutiion otopique peOrMet de vcti les modifications 
du Imuvoljp fixat 'urd, so] par les apprts d 'ngpais eL pent-Atre
(daI t lde, I. '(t ide du r'lo.uve 1lernriL du pool utobl( des f'ractions 
MoNSll W.N0l,,. o 'ff' cinI d'ut.' ,lat ion auss! bien au champ
qdO'el va:se de WIgOtation (endentcompte d 'et ficac:it6 de 1'engrais
A divers stades de .A Wsl.tute. 
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ABSTRACT 

THE CHARACTERIZATION OF PHOSPHORUS 

The intention of" tis pap' Q to e wv the di:fferent chemicaZ and 
isotopical method.q .o'P detepmin inq the rphosphozous in the soil and 
i the plant - the to taltawmoto/t . ' phopt,-7,),ls, the organic phosphorus, 
the mineral pitaophorus, [t. La(trsen 0 tue, the kinetics of isotopical 
dilution, th. Loejj' lent , jtn' the, use oj' j'evtiiizers, and the humo­
pho:pha tes asqoeciateid mtit iron anod a luottu. 

A 'ample oJ" l . ,IOSO trat-ed jer'lla lie soil was used to study 
the eJfet s oJ" appZying ,rying amountis of"manure either by itself 
or cOmPbinet with N'K. 

'l"e resiults obtin: ited show t.hat ajfer two months, manure produces 
an incl!'cae in th/ .aot tt. extrcted by! NH I and a decrease in those 
vxt pe ted by~ AVOU am! th this (Wyad is5 symm'ret riceal to the in­
crease in ,o7ubl phosphetc. ,l als oj" the kinet.ics of" isotopic 
dilut ion makes it 1otol to s-ee the wtod jiattio/ns in the jixation 
ecaability of the .oil biough t about by h' e addit ion of feirtizer, 
end pe'ap,,; to begin a study1 .'.1i" the ,t- I'e pool is renewed by 
st ud itn th I mobilK ormponet!. le 'oe/j'J'icieuts of' utili.%atio, 

t 11),411i itt /I i cint (t W bt!d, (le.otti ( the 
of jy',t.it c:;er at cttlrfoua cite.es a of ti ctiat ion. 

'o d ,fa 1 effectiveness 

I NTROI)UCTION 

Cette note r6sume In M thodologie particulire pour le dosage 
du phosphore et s on app licatLinn A difIf rznt s tra.itements agronomique,-,, 
aussi biet au chump qu' n vase cs vde rgtation. L' tude porte sur 
les sols f'ariallitique esdeshut -plateaux de bladagascar fortement 
at moyennemart dasaturs, issuas de gneiss , ,igmatite, gabbros anciens, 
et basalt-es. 

Les sols crralitiques ortuement d6saturs sont caractris~s 
par de' lose., ,hangahlea hien f'alble : (1 I/NiD g de sol), par 
un degr6 de saturatifon tros al ble ( < 205) t par un pH trs acide 
( < 5,5); et ceux qui sort moyennement d~satur6s sont caracteris6s 
par des bases 6changeatbles failbles (I I 3 m6./lO0 g de sol), par un 
degr, da saturation moyan (de 20 I1 110%), at par in pH 5,5. 

La tuuor an phosphore total est on moyenne de 1,".. ' de P 0 6 
2% eM cell dIt phOsphoCr assimilable sclon Olsen (modifiW a1n 
n'est que de 0,03, I1 0,05/. 

Le calcium varie entre 0,1 et 0,4 m6/1O0 g de sol. 
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DYNAMIQUE DU PIIOSPIIORE
 

Le phosphore 
est an 616ment qui participe hi des ph(nomdnes cy­
cliques. On peut expliquet Te cycle di phosphore grace 6 dif16rents 
mtcanisntes physico-ch.imique et i'olog ique,. Losqti'on apporte des 
oligi a!-;,IIo [aPt.( o 1 K :;)f &a):; [la :;)lut )Il(I II sol , tine mutre 
I'ixt'te s 1.1 c.o (:;. ,ihv0I hIl ,'pp iu I'llaI po -it ' ip t 5t1: 

de pho )phato, de cU ( il , e, 


I t, ,!L t Lit p iLti-up .),5 formiie 
t,dt(Ii'vl i liii. IapitiltO t petit

tii:,co qpo ]e phrtpli,- c;,iC 'ti, :ii ialho. K][e pulise ces ions 
rmIt; 1o pc,ol dec; ion:; i stopi tiomoi! t Charigeal)iec.; (Barb)ier, 1954).

" 
Le pto.J)hoi ]r " till Ur, e';] c il ili f'r "I I 'a lumini un participe dans 
llle ccIfait . 1 Ill( ,i ('(.I (;:'ti't- on ).[)()0 1' 1 

Cette aI imerittit. !i de la plante en phosphore est 6 troitement 
.i.('el t,I' tcidi.( :dut;ol. 

H3PO4-) H* + If2P - ---- 2 H+ 3 H+ 3+ H PO4 - +Po 4 

pK 2,1 pK 6,8 
 pK3 = 12,3
 
t{2t0 - Poll3 4 2- avec pK = 4,8
 

Les ions phosphat6s peuvent. migrer vers les surfaces internes 
des feu I Iets des talolcules d' argiles; on les trouve aussi associ s 
a I 'IhiU.iiu; SoLS fot'lee tc ,Icmlpos6s trial d-loPnis (Ii ts humophosphates. 
a i'ixra . i ah t1 a e taot: en oeuvre de; agents tels i quol 

,omplexe aigi lc-humruls;, .1;o;quh ioxydes, carhOllaetos, htiiilutes calciques.I-out y nVoi di;;o] ltion apr&a alt tation dos Itlirnlvatix du aOl 
e0t it jI -i tu tia wo s ;Oci t I li tu iter ri In dol Illom et utix engrais 

PI1OSNIIOIIE, TOTAL, ,'[PIIOSPIIOIU' ASSI MILABLE DU SOL 

Les r(serves totales du sol et ses n'ormes 

Le phosphoteoL tLa I nou; i nd i(Ie Ies r6serves du sol en cet 
6lmen; 1. so ra"paiLit en 2 g:upe: 

1. le pliosphote 
 iti ni(', disasoIs dana la solution d sol 
phoalhte i,] das I 'eati elthoL;phate absorb, ou pr6cipit6
Str 1!!, l loI (I.OS mi ,nktatix dIlisol par I ' .nterti6diaire des 

+
ions; Al , (!t Ca1 qu Itapit a en t ].es surfaces 
exttiellio d -,rco ai, Ios , oli SOU;; t'o-ItI de ino rt xt amorphesf 
ou cri:stLnllisC'a ( gi bb;i te et. goet.h t:o). Los feories min6rales 
dites Wi' tIchis ott ,3rint obtLeOnuOs par la di t'f-reco ontre lo 
phosphore lot; a] ot I e]fu.; ,te; Vo rmftm . 

2. le phosphove orgni (lue (P.O.) se Lrouve principalement sous 
forme d'acides nuc1t(ique, d' inositol phosphate (phytine), 
et de phospho-lipides. 
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Phosphore assimilable par la plante 

.e phosphopre ant; I , e e.; t 1ce phosphorPe acilement d6placable
it. ut n pap Ios pIAntes. I'scn ( 19"19 ) gaitI. Itde 1' hypothils 
1111)1] .?i i.C d;Itn el, iCl ',RA W I y a' i O IaW entr'e ]es gorae; 

S.], rI) ' .!!- l .'e: 't' !k:y; . , ' a : L;uhissant ] '6ch]wian e,
i-s{>Loptiqllo(, ('(- .qui V'{", I{2 Ai wJig( quo{ inb: p;];uILes puLisew,;ilent Ieuvll 

1IIo.;phI iop, di,II; I a UadO I1 i .3( it( I q . ( !!IiI1 I,!,. (lFaldeau, 1981). 

Cet to den' il' poet-rII ext .ili e 5AL p"11' ie; lnmthodcs chiliqie";
;ass;iques ,,,. oiL pap In Method, i:okpiqu, ,ii ut.i.]isant le phosphove 

vadioactif tOi. 

ME.TIRDES D' E'UDES 

O ildis t irgue detix sot' te; di,:mbodes : d' une part les mthodes 
chiiiques , et U' alltre part In n1tihode physique. 

Techniques d{'extraction du phosphore du so (himiques} 

I. Le idio;;plo'e lx I ,! ; . u Ir'<a'l i; I 'at;I ci nitriqUo concentrn3 
l<Ou i] ], t Mn pap I 'n .id; pe i, lolpi ique, oI par 1 'at taqie 
n:i Lr'ope ie:h I il! , p'.s o haute 
q!u.i di : :;olil ,t . 

oi a 'ui i;1n a line tmpPr:at:iiT, 

'Kn ild wnusLe &5 o a; ' i iN aIrcal In so n tl sljItr' p1 ;,; 
anx (ii i7 : } - n)'; I . t' I I'I ; '] iq, ' pap .1 n aci: (d] s. 
La I~'3r & o:;i dil'de I 'vd'e odp .(1: n'i pr)jit dcs pp'erlieps. 

2. Le phosph ui'e'"I''iII ine .st Mon thod 
par ['acido :,11,1 Ill I q e 1 1i i. t I le N l.l 

"x I 'liaii ci a in (thd;i'i'i, 
'il['t { arlnon niln . I,€C

P.O. est o ,iw pnv I li Pt" ne inLt.1'1et;U leix 6chantill on;- P u L l £ h 'A' P Qe nI l ( X y gn< &, At el W' h i t T e lt ml - I r a1i N . S0e {) n 
la mthodw IA iiimo*00) 1x 1igt inn MatoVVI I 

(U so,I esIt (I 1 1iIt e pr, '-a i 1at ion au rt' 550 C. LQ
phosphoPe ci'L-n iqu est ,.va Ii" par' la di lp'i r' e entr- Io 
phospho ve total cI: le pho ;plhio pt iiint'a] oxIxtp nl :. Jpts If1ar ,_1 
N.
 

3. Si i ve l L la li! t liod'' ( ;.t-;- :'i:,. ( 19' 1 ) on e l e e lodeiUx 
extral ts l f'its'eritt; par I 'aI ide o hIohlvdr' ique concentPS an 
bain-ma ie i c.i 11ant., (l' lue I,a lt 1nUim 6chanti]Iion pass(
all f'oup 'i "O{'C avec ti I'n uxx ' xovgcine plendant tin11 heuc, 
et d'a tpr o pl t Sil 'iu r ta i.ha t i I]o iI ral t!. 

tIein " 

ttre I.i p I ; I'oep n'{ IA .i
 

Parmi re; mion n, I a methode de ase et Aurray semble 

Techniques de Practionement des formes du phosphore 

IL L r't iad, ,hd Chang et Jackson (1957) est la plus utilise 

'cil, - r of'a.id deCv O wl! ['Isn ollrnt ac.1d r'U0 ; I ")H 



pour rWaliser le fractionnement du phosphoro min6ral du sol. 
Le phosphore soluble e,; I: extrai t par NIl. Cl 0,01 N et le P 
li A 1 'alurinfium (P.A ) , pm' NH ,IF 0,5 N ) 5, le phosphore 
li6 au re, 
(P. Fe) par' Naoll 01, 1 N, et le phoptiore ]i6 a caliun 
(P.Ca) par' if.so, (),5 N. 

CoL mth:do ap! iqu' h is phosphates Menii Mtislta]Aisk-
Ct p ;,O M :; dor e (1 ' a I; e df s t'.8l I t. (I 1,1ll i1 at iI's:;Co r't.a I r ;I
(IlatoL i.aux , I)(t,). La sta; ro I. ion ,:I ho:.;phat~o u is niur ,11 d'1a 
phospllak,t I( ", ' (-! p I!o!;e)ha11 11(e ( ,11i ln1 c orI'ea poId
cependari t pas I((.:; p8C (fs it' l ;i'ri]a Iog I l(;.,i l ch iiii(tiler;
d Ifini( i, :; II ;I 9i; ; i; o - N ', I(' I'ore met8 (I(- I a isoi:;s (1)abir 9I ).
X pfa;i)phol'O (V iiiC k ;ion :;'t O, l pa' 1a IN ' 'W'Ire ontr'e 

P total 't: (P 'o uhlo, - '.A] + P.I' I'.C , P.0.).
*' 

2. Aw phosphov' a'h;,o iTt= h I 'ni:;u 808 1'O:I. de cOlIpOs;(2 dits 
humopho.phiat Pst:Islho"(h: l.a u t.i I W e c;t dif'f(i'erite de cello 
de Bruok'rt (1979) : On exti'a L ; conplexes phosphloriques 
so!] bb1 :: WC IN 't v: x';:f pni' Na01(',itepl insluliec; 0,1 N. 
On do.e 1iuph o,'phore soluble eot le phospho'e 116 A la mati6re 
oignniqiu ' n; Isa do11111 ,'( I t i)l( IN hanitire o1ganiquo. 

Techniques (10 dosage (III phos- ass imitable 

Le Ihoph(- ,s'.;: Iqt.C , t dsO en uti 1iWant dirf rents
 
loX t 10C I i IQ :
 

iti 6.I.,a' ide '. ij pat' tycr' (189!1) a p}I2
2. .'a' ib 8(111 I 'tnr'i e 0,0)2 N pai.' T'iuog (1930) 6 pH13 
3. 1ray (1OH-) 1I 11( 2% ' NiH0 ,(21, t I.0,03 N 0 p0-3 

C(.'
, 11 ,I t' N p 1-,6 
I1 ) Nll , 0,l, N• ( ,alIC p N ,,


) Arni, (% I1 la : u,i!N;1 p" 1;iou (7 
6. ,oPel t I iijwo 1190' ) on ut Ii ' X ' action A f'roid par 

un1( so)lui oIl d' onol 'illl 

/. S i dp (l 19-,1r'1 )) ion i 


I' ox la . 0 flrt ( 'l(re 

o S t . O la soud (),I N 
6. 01:; 
r modi i' IP lali (1967) paz un AOlange do bicarbonate 

(1e2so(dium11l '. I,*(I'IdI-l d';1rmoniumt-i-I.fl t.ailponn6 6* pI 8,5. (Cetto 
III'thOd,, (u;; Ii' IP L 1l O; N. 1 no10sI; a );01o 'atLoi Tes.) 

Techniques isotopi que, par le phosphore 32 (ed'rhodos physiques) 

,i ni 

systome s 


1 . Ci ii(tij 5tie J(2 ut .i;oLop(i H do I a 100 mn : Tous los 
iX,.; sqOi (21111nxLst 115iti.de comparLiments imbr'iqu6s 

et Mt o!'deponai; .;. lerndant ]wigtcmlw I os I]ux do substances 
tII in1 <ntl 'I, ":.1 (IL " !t I' ' ' (MPaR, 't iI(at ; n 'olit p l &tr'e
appr'L'cltv i 1(s( io 1' 1atI dtl 'i';; 1118 1011 d 1innciur contonti t des 
modi catiom s qtl'il1:; ;l1 hi f'ail do11ili L iI t iLomOIts iliposOS,
contr'6lOri 11(018mxisto ,P(2'1)lIi'', Ii tinles;i.s
tt ixOn d'Lnme 
imporLanc; paiLII uli Ove tI( (':L.. applocho 10 eopmeL pas do
d6czr]e - desc01 I,(12o\'t e(.'fe 01 aLt st.at iornairo ("F'ardeau 

;,.II(I
d 'v,'( [, -, - " 'I oIin; ' !' a('fId I j ,Is139 
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1981").
 

La technique des cinitlques de dilution isotopique 
nous 
permet de faire cetie approche, et peut apporter A l'agronome
des diffree,,cs f gnificatives all liiveau des paramdtres r /Ro 
n o;e 11 :Mnr t agonomiqw(U,,. Ella consisleMI .0; rtemen t-s 

mo]anger 
 10 g de sal A 100 ml d'aun pendant une nuit. Dans 
cet te 'un ponsion agi t¢-e, A 250 I ou:!/rin par um barrTva aimant6, 
on injum (A wtiL mlF' t ) de ol ion do . PO4 sans 
entrainoup, 
,'o nnlit um radioac;tivit R0 (comprise entre
0,1 et 1 71iLrl). Au noyer d'une eringue, on pr&lve 8 ml de

suapnsim ,iui r.I iioietialrlnt Nl lrpt, .;ur membranes A pores
do 0,2 on (,01pp. in i] tration a lieu A 3, 10, 40, 100 mn. 

L' quatjon epi ique de 1'.volution do Ia radioactivit6 
dans un sys tOme sol-solution on 6tat stationnaire est : 

r = f(t) Ro In quantitO do radioactivit6 introduite 
Ro 
 sans entia.ineur dans In solution A t 

= 0 
r: la concentration 
 de la radioactivit6
 

restante dans In solution au temps t.
 

Selon Edington (1965), In reprsentation de l'6quation r 
(t) = 
n Log t + Log a est une droite Ro
 

t = r t n 

Ro 
La valeur' r I/Ro nous permet d'apprhcier Jo pouvoir de
 

fixation du sol ou n = le coefficient de diffusion 

2, Valeur : So lon lamoon, In Wt,lode do dilution isotopique 
est In soule qui pormet d'L tudier les sols sans perturbations.
Elle nous Pensei gn stu I quinpit6 d'616(ments mobiles. De 
plus, Fardeau ML. Jappe (1976 ) onet ortVtleu c 'est dans le
"pool mob] lo" quo ioa p1nntes pIivent lour piosphore, ce
qui perme d' identI er' le "pool nas i e ie "pool
isotopirlmenct 11 nil',1 ,". ('e [ven, '- rood compte des 
poss i1i itoi; do Awnint euA-x;etnt ontr'e to sol et a soltion, 
ce qic Les MWtSoclo Ch iili(qJUeC io por'mero ttent: paS.

La valeu . I. con sine A introduire dans l e sol un 616ment 
radioactir ot A 30terminer dans une rcolte la radioactivitO 
spdcif'ique de Ia pianto (RAS)

R/L = r/p = HAS est le rapport r = radioactivit6 contenue 

dans In plante 
p = quantit& totale dU 

phosphore dans la 
plante

L'analyse de la 
 RAS des coupes successives en fonction
 
de I'intensit6 des pr~l~vements est probablement un moyen
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direct d'examen du transPert du phosphore li6 du sol vers 
le v6g~tal ("Faideau 1981). 

3. 	 Coefficient d'utili-;at ion W'iii, engrais phosphatl: 
Mithode ii , - KUM- narqltago est celui dernthiol-

Fardeall et. a o I lit i I I , jt ,;p Ilat. e d 'atninoniuM : A 
100 ml 'une ;olutiuri aquetiso de 100 g 'eng'ais, on a ajout6 
une quat Nil:L ,i d.e I 0, . Lo mp .!e oW:tr i t:ag!, ot puils vcrs6 

dars 1 Ii ,.c:(I :.tone ptut IP ni heuse i isooui P agitation. 

Aprds une hot i d'upi at iot, ] pr10c i p, i to de phosphato 
intsolLble (1at lI: c tO; : 1. f itI'L los vii d ev A 1' air.II i(:]oh(_ 

H't hid ott i ii - [.1 i , c t&i ,t ,: 0'1, difPi0 le,( d, t0t 

mIta is i ci; I poutt IiPle d' (P d)ptt't eOi al' f ltton-mItlttIsdi' sLiP 
dos rt l , o,n t t avai t. maitmpi e phlwphol) isotopiquement 

(changeallo. Apr, ; it IVa ',lpm kill let do: Iol, o I l1,6paetit 

on deux rlOpct Ionm;. la p10 1 o eSt. di I'(. txoin lt i sc aonCro 	 pot­

o t p is en[ ad t.tt . A la] ri -itttitdo, tont nt]jtulte 1 'engrais a 
R ulldieP, on! lnel ell1 pot e<t pui![; eillu t.tI 

Sc Ion 1 po, t, l , c . i , toiptN coupe , on mesure lew 

phosphore 31 Ot le phdosihoe 12. Le cooelficient d'uti]isation 
est conduit do Ia maniire t.;uvarite 

1'' -= it Pt 
.. .p : x pt 

rt ot p t sont I a iadioactivi t et. le phosphore des plantes 
rYcoltes sup le sol Lmo n. r' at p' seint celles des plantes 
du sol amendo . H3 est la vadioactivit int~rodu- te par pot, 
at E est la quartilt d'engrais. A Ia adioactivit6 r' est 
associee uine qtan t i t. do phctsphore P provenant du sol. PE 
est le phosphope de 'engrai s datti Ia plalto : 

I" PE + Ps PE = P - Ps = P'- xPt 
Pt 

La valeur du coeffic.ient d'utilisation est
 
PE p!
 

E 	 p t < J 

QUELQUES RESULTATS
 

Analyse de sol selon Chang et Jackson, P. soluble, P-Al, P-Fe, 
P-Ca en g/g de sol des fractions.
 

Selon Olsen en g/g do sol;
 
Sol ferrallitique fortment dizsatur6 aprbs deux mois d'incubation.
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Formes 
 P.Ol sen P P-AL P-Fe P-Ca
 

Temoin 
 15 2,6 12 20 
 10
 
St de fumier 14 
 2,6 12 
 22 10 
NP K 23 3,0 18 21 10 
5 t de F + NPK 26 3,0 21 27 10 

20 t de fumier 20 2,6 17 23 10
 
40 t de fumier 31 
 3,5 25 
 25 12
 

100 t de fumier 41 4,3 
 36 20 15
 

Ci !i'tique : de dil ut ion i sot,opiqI 

Paramtres 
 r, I , I- p ,  M 2 Q :p Ai2 

T6moin 	 0,03 0,49 
 0,07 0,20 0,27
 
N PK 0,035 0,50 0,06 0,08 0,14
 
5 t de 	 0,045 0,52 0,12 0,37 0,49
 
20 t de 0,066 0,46 0,66
0,31 0,97
 
fumier
 

2. f!iint; i'nt I i;at ton (it phospho:e issu du phosphate
(Iammon im 1ni ie i z 1)1 uv i a I en 

2 t aitements : 	 1 115kg de P2O 5
 
2 90 kg de 1"o


2 5 

Stades
 

Montai son 

parties ariennes 3,5 2,6
 

racinEs 1,6 0,7
 

Epiaison
 

parties arennus 	 5 

Ricolste
 

graipes 	 5.1 2,6
 

pLlles 6,0 1 ,6 
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CONCLUSION 

L~a cquanti tt 	 do rphcvphore WPtMri par 	 des; rdact ifs chirniques rnons 
venspi03. go urp en in e rve du sol : piosphcure total, phosphore orga-
S n' , e t pnc'nphov( 110 A I' aumi alum, an for- et au calci umn Les 

IItnt2 	 :ooV I pfl.n lu tnis lresIX10 

1.I(. ; 'In1) itii lo p); 1on I r;. I n pol;l do Ijllat. re organ 1(4110
(.1no 3 i-- ic ( 11133, 111(131.1 lo cuor~trmw dui pipliore din 

Ipo IaTI I Onr : i i;r.e2 PaaI 1 '" .gia n i i1o?'n1;ppori 

h'la 2 01)jo01 10 IC-udje8atne1010 0
et Ic (1 i 50 10r ] ile We 

'.a ~ II I.II i t I2' ' p 	 wp. Ic no 1. P'our 
ooli 0.;t!i )w ahordI' cniny] ('Non no 41'Iiopllnituos'Ide I i(sn 

nI 1 rI, I I 	 a1. 1l'iii iI Ir: . 11 s e ril )1,'I -i t rii'i (41)1 Ia )pO5OlCC( ' 0 Illy­
012)W: 3di r je pour reil 11110 plantwr, Jos posi hi lit~n d'xtrac­

iol'in phosphore dui so I 

A N N E X E I 

METlIODES CHIN f[QL!S 1) EIATciON DU PII1OSPIIORE DU SQL 

Protocole Phoonoiliovo tn ~tn 
nrl Iln po)I int li es,j:1: F:dioi sot opes Tananarive)Ra 

1. 	 Mintir'aI iiat. ion
 

I , 1., ;:1 !( HC 10( ; I (,2
 

ams Winval "-,~: "w, on Alon 15 Al d'eau, et on filtre 
.m iwook WH le I! !i "rat tnst une Viole de 100 nl. 

2. Donage do P ' pa 1~;P min 7 K : rnom l 10u stir ml)
111u : 10 i A~ toi ri dUwp Iybdae ri'mmanium ( NH 4 )6 Mo 

(inssouclI' (n v doI n 1118tv ui*am11101urn Nil, VO dans 300 ml 
(la bollil i it, Hw1.1 lliver Jos 2 et VOMP lotot 11 *r000 mnl. (Durte 
do nt I i V A !Nni - (4) SUVtA. 

3. Pr~paratio01 de( . a ons 
Faive I .0111~ 0,195 g' deo K-2POC) daris 1 1 d 'ean. Cctte 
son I .IIII o l o l t] 'i() mg/i I II 
vatlje-01, torat in 1 '6rtalon do 2 ai 12 mg/mi1coc 1 1 de 
das; .)) ril (In vo lisni rautop 7,.3 fil 4IClO 4 a 72%. 

11 	Diosage de(1; so] Ut ioUl
 
Pr3 I ver Q (15solutiorns tRalons
10. des dans des ttubes A essai,
ajontel? 10 Ml de P&MatiY, et laisser dcvelopper la colloration 
(30 in) Impur les &cAlwt ii lorls. (Non tralisep ci'abord. 
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5. 	Spectre d'absorption
 
Le spectre ne pr6sonte aucun maximum d'absorption entre 800 
et 400 m w. On so p]acera alors a 401O m li oO le coefficient 
d'extinO,Lion '.C ciii(e est asez (: iL-.vy (=50). 

6. 	 Vitesse de developpemeit. et stabiilit6 de la coloration 
DCs 1'addit ion dii rt, if', la co orat ion est stable et restera 
stable al nonin; 3 1!omis ( ,,; tUbe,; (tarit bouchis et places 
a l'obsc 'it0 '). Si 1 (! r tact1' a t J! prrear,6 depuis moins 
d'un Iiio. .; , au fiioment (c, 1a ,Ca" t, i m on io note pas d'influence 
de l' Age do ia-, t. i f'n: Mia F: nt.o, i(pilO ( ).0. 

7. Influence de I 'acid!t 6 de la solution a (loser

Le r6acl.if' est. noutre. L 'aidiLt' :do 
 ia so ition & doser est 
de 0 "1 3 ,5 N en lC1.0 . Hntre N t 2,25 N, I'acidit6 n'a pas 
(i' influence :;lm la D.13 

8. 	 Echelle de concentration
 
Entre 
 0 ._ 2(5 1 )r[i dI [' ,aIio I n Solut ion t doser, la D.O. est 
proport i onne Ile *Ia nco ntrat ion. 

9. Influence des ions g6rnants

-Fe ++ . Poor tne concentration en Fe+"+ (sulfate 
 de Fe... 
et de Ni ), vavianit de 0 0l200 ppm et une concentration en 
P de 5 pplril, la var'iation de D.. est nulle. 

Protocole : Phos phore Os.en 
W~thode Dabin (1PO) - modif'ication des m0thodes Olsen et Jackson.
 

1. 	Principe

Le 	 phosphoe ost extrait par un r6actif mixte, constitu6 d'un 
mnClan;ie, de licarbonate de Sodlum et de fluorure d'ammonium 
tainponnC 0 pH = 8,5­

2. 	RMactifs
 
Bicarbonate do Na 0,5 N m = 84,02 
F luorue cd'ammonium 0,5 N M = 37,04
 

- slcher uicn'mli I '6tuve le bicarbonate de Na ; peser
12,01 g ; i'irtoduire dans tin b~cher jaug& d'un litre 
; et dissoudre dans 950 1%1d'eau. 

- sCcher eL poser, 18,52 g/l de FNH ; 
- le mnlanger, et ajuster t p1i0 9,5 d l'aide de NaOH 2 N; 
- ajuster le voluriie '01 1. 

NO pas cot(,.,r plu(; dtin mois. 

3. 	Extraction
 
- op6rer str 1 g de sol broye & 0,5 mm environ dans un mortier 

do porcelaine; 
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- introduire la prise dans un tube de centrifugeuse en nylon 
de 100 ml, ajouter 50 ml de r6actif;
 

- agiter une heure;
 
- cent'it'uger 5 mn i 11500 t/rm.
 

4. Purification 
- ajoutor use pinc&o dc charbon pour analyse (lav6 plusieurs 

fois a I'acide "i Ia soude et ,I1'eau); 
- Pi11trer sur un petit Niltre plat dans une fiole. 

5. 	Dosage
 
L.e dosage des solutions so Vait par la m~thode Duval A l'auto­
analyseu tochnicon (19611) par r6duction A l'acide ascor­
bique A chaud (80'C) 
25 g do molybdate (I'ammonium, 
280 ml do 1 SOIJ pur 

50 g d'adc olrique 0,8 M dissous dans l'eau, 
10 g/ d'acide ascorbique. 

Protocole : Phosphc'e organiquo 
MWthode PRI lesse - John Mur't'ay (1971) Soil Chemical Analysis lg~rement 
Inodi Pie. 

1. 	 Phosphore total min(3ral = P(1) 
- peser 1 g do .no! sec ot br'oy, L 0,5 mn; 
- intfi'oduii'e 1a p'V ise (hins un tube de centrif ugeuse en nylon 

do 10( nil;
 
-. mlai'ger avec I0 ml lc IICI conce it(J;
 
- imett.'e au ha in-mar' o boa illant pendant 10 man;
 
- ajon te' or '0ito I U ml d 1iCI concc ntt .
 
- laisscr A 1a tompii'a t1,1 amnhiarnto 1 h
 
- ajoutot' 50 ml d'emai 
- centriif'ugeur - (1tcantor' dass une Piole de 250 ml et ramener 

ai Vol une 

2. Phosphore total min6ral + organique = P(2) 
- poser I gr do sal sec et hroy6 a 0,5 mm dans un creuset en 

silice ct talcint' -u Pour A 300'C avec un flux d'oxyg6ne 
pendant I h laiser rcfr'oidir et le transvaser dans un 
tube de centiifugou~e en nylon do 100 ml et proc6der comme 
pr6c~demment. 

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

3. Dosage 
prendre une aliquote de 50 ml le mettre A sec sur plaque chauf­
fante; 
- reprendre avec 11 cc de H2so4.36 Net ramener A 250 ml dans 
une fiole jaug~e;
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dosage parj (I Li t Ia[ cide ,:ncorpt (III e c haud. 

MCthode d'extrnetton des complexes or.ano-m~talliqsphosphor6s 

Pri.neipu : 1,, so] , : ,:: i r- i t ii :: ri i. I';ll i, lcS; 5olubl.es ot 
isoltb e: a U.; r act i,,!;:
 

I f)c 1(1e( II I l I'- d riyI Ie 
 1 r' 

2 ) hyroxy de sod ium ),I N.
 

SrI ' C11:1 11O 1.1 2 XL is tC 
 c Ii'tXI'\.I, I" St'Ilz , It os 

U) e f'ee, 

It 

Les extractions :
 
I 1 ,r i illi nl] e e:-st de 10 g de ";ul Vil 0,5 r.


2 . chiaqte OX I1,:i . ei ,.oriui.ste ,I a itstoI' Io sol , enI tube de centri­
itit, ei,-t: dc. .'0t() nil, v. 100 fill de 'Ac Li , fTwledalu une heure 
1e),ir' la T-( a:11t-1 1 (-,, t ior, d C htlrL ( de 2 !('act:iVs , pendan:i 2 - t Ch I WC lli II'IttttIC dId ( : )1 cat- i oIi:; :IUi \attes it.cessair es 
It, ;-l'hcilr ( c.3 I-,:rUn-ac t i1:; . 

Min('aJ-isation du Pei" et d'aluminium: 
I. rliaduii r ];I ,, -ic 00 ml da L i ll is-cho', &OienC l ia sec. 

it fr 0 T'; t1n C'C;o parI-" ,.-IIIareg t c.Ic;do pal, : H1.SO 
ir' - ,it o t ', rt puIs par..a ' 

il'.11'[ ';I: 11,11. 1f* c'o r'w eil L'1-6IC (5.1117.I 

A N N I,: X I' 2 

ANALYSI: D1HS VEGETAUX MAIQUES AU PHIOSPIRK)E 32 

It,: <:c.,l[,(,:;- Set e', t-'. 00 ipar-inler-tall,.,s tie 4 senaines aux 
S i i ttI Illt 1" at' tl l-dl Ptt des pOts. 

U. Leo lati ii 1 a set; P:cal t.ie darts Lies ba tes en Cavton port.es
*'5,'- 1 C:tli"e ; f hi. pell w t , i. 

*. A\pt-s ra'y'ago an tlit-n ia c'(-, 500 mg de poudr-e sont min&'a­
1i.e s par ,, cal.I tnat ion an iourii 550°C perndant, lh 30. 

1i Ot imbibe la silice avec 3 gouLte, d'eau, puis on insolubilise 
avec fil] de 11C.1 concertr,-, or la pa:rsc str l'iitre, et on
.tj;I.ir I !i(, fill on at]-ant. lt: r-cipit- I -'eaudistill e. 

5. Le phosphoe ost. doi6 aU JZanie vanadomolybdique. La radioacti­
vit,* est resunClo darts tn appareii "I scintillateur liquide 
en ut ilisni-t. 'iiistnge]. 
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ANN EXR 3 

TECIINIQUES DE DOISAGE DES IONS PIIOSPHIIAT DANS LA SOLUrION 
I)E SOL, METIODE A L'ACIDI; ASCORBIQU: A FIIOID 

Mode op!ratoire 

1. Pr6paration du r6actif 
- i.olvi, tLod Na (Na., Mo )i , 2 It0 ) Ci I ,2%; 
- Acide s l'ij, i u , 2., I(% l I]t1.. 9"1 111] 11.0); 
- Aride amorl'hiq e ­ 2,2% (co er11v(,r l'ahr'i d(, la lurnidre);
-II('tiqma. (Oxytar a d e et dI Sb : K (SbO) C17111O6 00,5 

\ll11iIlm-lt de ' an I,..i, ajoite' dan, Poaidre 1.0ml do molybdate, 
[III C" . .) m! W ac"ide a. (!orbiquoe et, 5 i l d'emntiqued1 


2. Condition d'emploi 
n,thodae to me plt'aenteo girand i nt.C 'rt pour la mesure de 
' i 2 1 " tl11o. 1.1 1' [pa,'rI12L d,. r'eduire le nombl e deiC 1. aame~IVen. Ct' t laarvas.;ement a do solutions marquees.

On met 0 1!l (if. , Olittiof rlvadioactive (une quantit- qui permet(I 'obt e?.i r I 'opt. im dCn lendeniemit ) dans( une fjle1 C i:;cint i Il I m. Le comptage ec,t, elfectu(:, pa' e'fet Cerenkov.Hi i, n aj oute '3 ml do r(ai'tIf'. L.a aol ut.ioln et prfte Passer an cal ap ii'ti,"I'L', P 'IP I 1 ' 
 I a , l l a;j.I '011 vout (0ser des 
u;i 1 I, /I'1 '11(1-i;Iti , t(]a; ploahp ions do
aL i 


solution et de 
veacti i' ,'i't. aran ea; meo ;. 

_petre d'absorption 

Le spect.I'e pv'c.;(a t.e 2 pica a' a.:;,]'in 8'8 et ]'autre 6 838.La. illI'O. a3l rim Ii If- acc!I'ic.ient d'exti.nct.on'p~cilique 1at Ia p1 o; ('leva Les n 'sljt.nist Sont identiques avee 
le tn]o l "!'da, ote'41111. 

Vitesse e deeveloppement et sabil.it6 de la coloration 

Avec do'; :,Ii! i ons i IitiaIIc f'va1c hes et un o,actif" prtpa r(! justeavant I 'apI al , Ia sta)i liLa, do Ia colorat,i on eat atteinte en mOinsde Inn. 
 Si le i~ac tit' bouch6 e t ,ac 'I I 'obscurit& a 6t& pr6par6avoc de I 'acide a;Icobihque, celui-.iC 6tant: pr(.par(. depuis moins de118 11 et corne rv6 or' I,acon b'un s, ii pout 6t re utilis6 241 h sans 
quo 1e temps de daeI popelement: de l.a couleur dC'pasSe 1 h. Si 1'acidea!'colbiqie dale de 3-' 'A jouras, l.etemp d'ut ii sation (dans les m~mescorldit i01C '11o col. l.ap ayC;o a por 1e rzactif' f'n'aichement pr~par6tombe A 8 h. F:Lruiteo il est nece:saire do preparer de nouveau doI 'aci']e ascorbiqpe. [.La D.O. no var.ie pas de t'aqon sensible pendant5 Jours, puis elle dilnlimne lnentent avec le temps pour n'8tre plus(iue 85, (o sa val,(il initiale I mois apres reaction, les solutions 
Ctait consei'v'ls botwich lis l'ohscurl. tC. 
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6tant conservwes bouch(.es 8 !'obscuvitO. 

Influence de i'aciditA de In solution A doser
 

v:',plVI.'' di,
On f'ailt ' do In solution A doser entre 0,64
 
" N (h r 

entre 0,06 en _:t Nen acide. La neutralisation des solu-

N (NaOnI ct 1,2, 2w :.iL ). (n observera un plateau de D.O. 
N e:e.) ,25 

tionsl-t dOsol;e i 02 II(00o;2a I1t 

Echelle de concentration 

Entre U,-l 0,' ppm (In P darns In solution A doser, en cuves 
de I ou de - cm, Ia D.O. varie propol:ionneillement A la concentration. 

METIIODE AU SULFATE D'HYDRAZINE 

Mode op~ratoire
 

1. Pr6pnriation du r6nctif" 
RMactil" A. Diso'oudre 257 g de molybdate d'ammonium dans 1000 
ml d'acide :; Ii'viqn( 10 N (280 ml IIfSO4 36 N + 720 ml 120). 

21$. 2 
leLactir B. OnlI'ate d'hydra-Zine a 0,15t% dans 1'eau. Au moment 
dii dona,,oll r'lna 2_ ml de A avec 10 ml de B et on compldteltge 

10( ilt v t 'Ciii. Ir:ract' peut ftre utilis6 pendant 
1. u .;n i vent prenne0 Ih oi :;iipr parat ion, quoiqu 'ii une 
co l ur .Jarij 11 prn irnlange. 

2. Condition d'enploi 
A 12 rnild: :;oluti on neutre, on ajoute 8 ml de r'adtif. On 
porte no kiiin-maipie huuillanL durant 10 in. 

Spectre d'absorp-t ioi
 

Le spectre pi-,nent e 2 pies nets 'un A 878 nm, 1'autre A 833 
nm, ofi oel ,oeflci(nt. d'oxtinction spfcifique est le plus 6lev6, 

Influee diitemps de chauPl'tT!lgeet stabilit6 de la coloration 

Pour 1llt: ioll doui; la ;olut ion a doser de 0,112t2Klt:lliitoil P 
ppm, le temps (:(l- au'lage a vari ( do 2 :1 20 rIn. .i; i part le temps 
de 2 nill, t il''10,00 dIl tlmps t1ie'chwu'l'age (,st negligeable stir la 
D.O. La -a]oorat Jon 1niwl e() m aprfo I'arrt dii chauffage et. 
reste stable polidlit j.0o1s. La ).O. doci'oit lentement ensuite avec 
le tclp; pour ( ,:110(1 ,'5% .11:10 0 dc, sa valeur de d6part 2 mois 
npr.&s la rom ction. 

Influence de l'acidit6 de la solution A doser 

Entre 0,11 N en base ct 0,3 N en acide, on n'observe pas 
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d'irnluence de l'acidit6 de la solution A doser sur la D.O. 

Echelie de concentration 

rto 0,003 ppm de P et 0,8 dans la solution A doser, la densit6 
opt i que %. i popot inrinc lenen t A I a concentrat ion. 

Influence des ions g6nants 

+ ++ 

f e,++ pouir rie oncentratiol en P de 0,42 ppm, l'influence duF'e (su lfVate do For et d'ammonium) n'est n6gligeable que jusqu'A 
une coricen t vat. ion en Cot (,16sent de 150 ppm dans la solution A doser. 

luor V ]'addition du 'NH,, dans 1a solu tion A doser emp~che
la formation do toute colorat.ion. L'addition d'acide borique avant 
Celle du r6act if permet 'I la ,ueulou ('apparaatre ensuLite avec une 
D.O. 	 Icg .iie t ;up i euro a cele de; tflmoins sans F , augmentation 
qu 2 se ret rou', o ni veu de:; t(riIOIn[S 1)saISet. qui est saris douce 
(file1( I Ol!)20, iol fill C. x1 (!.( "'0 . 

N II. 	 pour une coic ut 'at.loui i n P de 0,I12 ppm dans la solution
i't r or n note.pas d'el'Iet sur ]a D.O. de NIf,,C1 jusqu' : une concen­d-io 


trotion N. De meo , en 
 mlieu NIlII'I N, les variations de la D.O.
 
en fonction de la concenLtration sont ideontiques ! ce qu'elles sont
 
en miii ieu sans N11 C] 
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[RESUME
 

ljans les milieux ofi les couvertures de sol pr6sentent des variations 
lntor.ales rapides et importantes, les parcelles cultiv6es englobent
tout en pa-tie de ces var'iat ions. Celles-ci doivent done 6tre

nlys es Finement, non sonlement pour' en compr'endre la gendse, mais 
aussi pour' 01 udier ]eur i n'luence sur' le comportement des cultures. 
11 t'auLt. QiTicrit (1110 e corrploxes soient prises en comptequ . stiluol 111es 

0r1 curt (Z1,g;tpi e poup pe mn tI '( inee extrapolut ion r6'gionale des 
t", lt'lts dez; e, ,ais ig'ornoll) iI lies. 

La di 't'r'ec siatiou lat ,r',tle est ordnorn#e (pjp~titive) et accentu6e 
dunn les corv' r't slle n o COUrsde ;o w de t'ailS'ornat ion, associant 
tat irnitLia] eU Attat t ransWPoir , ,vec on plus des cara-tOres propres
la ,one inA',:V ,:. (Wr oinl, Ies e.a;nis 

de, cutLtures n;uivnnt le grurivu do la diV'r' 
i aoprs de comportement 

ienQ(ton ordon1 e que
1 'on, vet; co' ear'ivtii;e . Pour' AtI f(Iier ] f'fet des autres facteur's 
dut rcnderM.t on dis;pose ,'aiLr;e. bandes, AN Ao (coie. 1'Influence 

,t'oiL. mull ic r;eto'di SO1 SO p tIS Oll MllnO ; rapidefilent. 

!,' a 5,11 ,iIysnllet e ,;I Inefire, (t' aI)orI, sir le terrain, quiNUVlirl i jlrineir' nivenuri do i'c lLiOris on tie hworlzOns ou caractres 
du sol, mais c'est aux Ochelles miic ra.copi ues et par' mdcr oanrlyse 
qu'on peut 6talir d'Oventueles fi]iations ot distinguer rWellementI o.; di f'fri'tonts plasnas. l,'approche est done ittrative entre les 
niveaux successifs d'organisation. Le comportement des cultures est 
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lui-m~me un pr'cieux r6v6lateur de la structure de 
la couverture de
 
sol, e.t do sa dynamique actuelle.
 

A STA CT 

STRUCTIRIL1 ANALYSIS OF SO, MANTLES 

AND 01?!',NTA'I'A' DESIGNS OF AGRONOMIC EXPERIMENTS 

In areas where tho s'o//w,, t, haiset ai'/, o b/ vapid and signi jant
latepal variati,.ns, 'a[ltratd plLt. of" laud mat include some or all 
of" these i'a,: No. ''ho., aa tn:; .l4 t herej'ore sttdiedsould be 

carejully 
- not ' in .iP to uond'ost.and miow they originate, but 
also to study thoi , inJluence on t.ho &y, ops behave. These complex
ntruetia'es e]On/1(d alo be taken into anenOiott in dvawin i p maps so 
that a ,egio . ext rapolation ,j the avgionomic tests can be made 
available. 

,,.ion t~l~,<w placv in a s:t1uetured (repetit iv'e)
fashion, and ianart iea ivulav / in evidcle in :;olls whtch are in the 
process oj' t.ino',n,2at ion, uomhining their initial state and t~heNaI 
t vansforme!d o tatC , and a,I' p ea/'io hU 5 ti eos oU a12tile -!arat 


znt.evlmeully.vl/ 0 t atC. 
 r1 e q / /ly v pemen t. on crop belaviour apecalvied o:, t inia(t<oo an , with the t(I of.'di//'(t'en0 tUtd ;t'l10 4tu1' 
whi.h ?',lo , h,, 'h ?' t ( -'I ::o d To ' ,l' the 'f'c t of othe ./'aeat'ori; 
on 10io ,/'M , ,or ito'' o p,.:' ,'Ho ,,i, ' t/ t,, 71 in.iuene.,oil "nil c :r"()M ":P--;ll! (W, c, qzi kl/!/ ,f:[n: of" the:
 

('('O"' 00 C) / 7Oil~ '~l0 3e i/tbk1 ppane 

T,. toais ( ntlU . jp tlo1,p1ied 'i'tt on the land, whiehl 
provida ttheeimh' j'ivst Noel of i"t ionohips between the horizons oi0 
c'haracter,.it~i,' P oil;ah, but t(,o-tahlish ,;uboequen. interconnee­
tiatlO an! to Ae' th ":/' :'n ' i,''eo lhe different piasmas,

MiU110'Of'Opic2 .stuHdies and miw.i'lauatICI1 f.2 a ti .,cquQiMtCv. This means that
 
the Olupei'as$/.i? l'vel oj ,i janioat 
I , cnned a ret'erative approach.

Crop b/haviout, is in M"/ I. a 'ItfmbIrC itHic the strut'u(?
ftor of' 
uj" the .o7l co)er and It. p nmatt , jtamct'. 

I NTRODUCTION 

Les tudes A grandt ,"chelle du so] amrnent A consid&rer celui-ci 
A la fois conme in corps oIgal&l 0 t ulnP( comne corps ho t6rogn.e La 
prise en cor)rte do l'ierogOnit.t, a conduit j la mise en place
d'essais agronomiques multilora'tx doat iN' A compenser des variations 
supposhes alic-at i duh0 :;i MPoL-so!. La perception plus tIceanto do,
l'exisLonro et0 1 1 o' o rmi ' qw1oi', t t N,:/al atd'I' es ordolltll,2 
au sin desde o!s''o 'opicaloes (Mncquietv, 1972; Boulet. 
1971, 1978; Chauve , 197' apiun, 9; Nahon, 1976; Rue lan, 1970)
nrllOnao an corttpaiye iA orientep (es cssais do corsportemen t des cultures 
dars le sens dI la dif'Vt'renciation (Boulet et al., 1985). 

deve lopiimne-,,tidl - 1'Iarage!'Ient f"'c'' t so . I l 
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Les ri v'auxL t,incturuLivux (lU :3o1 pi is en comptc. (tans ces essais 
sont ceux dont Its ,,' iattiol,.; t, tKrale.s s'expriment A 116che le des 
parcel les cul .iv)e - 1, I :t uI tn : do rode I( qu i Pixen t la tal li e 
de Ces pni'ce 1 ees) I 1 a "It: monti-6 (!it Guyane (Boulet , 1978, 198 1; 
Bou let If ,1. , 19(/9, 98 l;Turerine , 19T)) que ce va riat ions r6su I. 
ta le t dI 1: ,.1eI. ti''uIIX C;n:;,1! f n donLt les fronts 

e tI O( o1 tpro 1-esI; i I ( ,;'!' [II u n i;'t; di p:; I. ordre I attral des 
v miat lo1r1; spat1 l-'c-piodii loIs Ie de'-voulenlent de la11e; t 

t vais PoI-i l i ct *ial.a
; I;, teI ;. 

],a connri Ssnllco ein t:Iiet, r-'n tI t iir(ncs par ces transorma­
tions, et m :niottit 1i ep t,age p,'(,ii det; t t5 structuraux significatifs, 
(1:3trln'' r e:; , ; ,:ye; I ' int 'l tlce dui sul s ur 1a croissance 

ct ITelldQtifci ; 'l uI-:. 1e periet ensui tee l t t 1EI d'ext rapole r les 
Prciil I t.TJ t e I 'V:;.;, i a Iiiqtiq ( I ix t err-ai ns pr(r.entant uine struc ture.i-I llt 


analogue Flt,.e. Inl t -
 I s avo i r reconnt tre ce t te analogie et la 
tad i r e i fall 'nvt graph i e r(giorla lprenan t ort compte cos struc­,in' 


titre,; romp I exe., :, (ev,,I ppemeil't Ialt(' I iiport~an t .
 

I,, Hio '1 I,''etn'x e ,enltd' rippe Ier'- comment est 
Co 11iQ tI1. 1) iqu ' II t I-tL(: tutatie 'uev de ces deux app] ica­1:11 q '1i"1ll,;o et 
tAons;, ,'ioloinm ite et CaItogiaplh iqie. 1,'expervience sur laquele
 
s appl li r1et ''ei.o; -e? ' une
it t it re Ie d (quipe associant en Guyane
tl'ranuqai n i,,'do uc.ii, I'O(RS''Ol et agzonome de l'.1[nstitut de Recherche 
en Agrtttnii,' Troepilo. C,(tto exp(,r'ience a d'j hl 6t, transmise dans 
plum.t in's 'l t ;,,si. ii :e ent rappoltc::;. 

OBET SOL ET BUT DEI, 'ANALYSE STRUCTURALE 

[tans I ',,; 'g, itl:; ol ],I coutver'ttire (it sol prsonte des variations 
latr .Ia ler :'d)III",".; , ,tI i iisn ant de;s uni t , lt,Itructura]Ies complexes
 
pOulVantt. t'it'l'O21[Otl t it tI '.sty 
 t tites 10th! i Olle I s ou 6volut ifs, oI 
t , 1 t% fitt 1't' ;''e' I' of! ' ''Ip;.Pit ,,: 's ()itloifle j ts-sol , nota:n ntnt 
)OU in ea t(ogiaphim (iTenne,iirg-onalo 1)78; Bouilet, 1981; Brabantof' al.., I9t ). 

Celte at t. ild est t i 'tii c l'erni.,it justi fi e lorsque l.es types
de d f','e, pa l;p .ont petit. nombre alor's que pourrtIcint.iottn ial e en chacun 
d ',IIx les %'orT a I; rl; l e r)l-],n' n1 .tIntf," IIC.; (en; f importantes et rapides, 
et. qu' 1 1 uiff,(I Hadi dee lerLo Idtireie ii 1'aide d'une suitedeiv i0%l ,alern 
de pof' I1s jiux tapose.,;. C-'est Ic cas de I0 Guyane ofi j1 a ft& montr6 
que den; varia ti ons Ia t etale s itmportanl er (accentues et loturdes 

st I l cnt t(ed'e f'fe ts ) i' ui t rars Poia t i on; en cours , s'accompagnant 
d 'tin changmtnent dari,. la di re Vion des fIx grayi ta ires (Turenne , 1975;
Boulet , 1981; BouIlet t a/., 19'9; llimbel , 197/8; (u hl, 1981; Fritsch, 
198!). 

L 'analynie :3tIu t.uii Ic a pout' objectit' pr'emier et principal de 
horitre ' or'gan.atio n ie cet objet-sol difl'venci6 et d'en explijtier
!a gencise et 1' vOluTion. Sort in t6r' t uiltr61ietir pour la cartographie 
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an ta caI'actdrisation du comporLemrerir dos Cultures est subordonn6 
air n.i veau des coflfSissarlcca acqj i?: oeil mutLi -eede pedogen~se. 

NIVEAUX SIJCCLSSI VS D'ANALYSE 

I I imporotieW mewl, 'ld' i d i,r n t!; IHi VOUX StPUCtUraix, 
SL.iC(:CSaivelrent 01. (J(( (ic;IC([(j tor­(I'uc an ie e. C'Uost d abord sui- le 

rain, A [W'Col A(2 P unit (1dc I(odlt -, (li! se ait ta ine 
 en C6vi­
(Iwiwo1( du l:f'ocIa arlurmos IMe Peccnn issance reglional e 

a 'i: i PCOSLI (lu i CUP iiIwwhw pour Il appr-C~o f er I u nomrr~loe otLa 7isti1r 
de ICUiP Spa'ji L V i. I 1 V2 ww ACailriaI a ve nivenul maceos(cop1 (111 
parP uil d(1oulwjgt onI hwivon PSaaI In a Onat,%inI j ~ion de ceax-ci . f.:I Ie 
Vai I appapal PC Wl.;rai rutVI IMN ux Irlulira et. cerLaines de leurs 
ro.ttion-..- :;11tail.1 s : di IH(,lllillr;: Whavi /arla, Cormes de leIII canLtact_
i rlLevr-pnat ranl ,i! v ifluca, olo. [a lrgumient!' esa$eriLielr; sont ainii. 
VoulI11 i s3 1)011 ('tal n (I ,veft U.1I1I0es ItjutHon (lirec Le e oc eW Ii 

cIol:it '"Aldi 'II ('tCf I a:Ii lc!Uoie noertmot pas de discrimi ­
necP au;Creirieit It;; diIX'reajaato qi Constitu nt tin horizon :' in­
Ichinriat.oai el(IIc' A Cutt echo le eat cumuliLve; ot pout Wte MGMs~ 

va I1, 'arla Iys da (lall-iR re4 pl~liPsIiV io aux c(II oI Ic inlfi c ronsCo)i(Iu es
 
Pr,I alit mITTir.- I ae P ct i or u , 1
sat! i11 Idad c ,Inf 1;1s ltef il!; lea1o p1o0p P i 6t,6 
lijI, i (III( l ii dos -11 Iciiioat riaribrelix o vi sa int us , es t encor'e irinu ff­
aarin L. C 'cat 1±i ! 'III I Pit f i crosoopjo qu'i'l pant. erit in ohllarv0er 1es cr1 a-

POlfS 11, I I I 

I,' ,t udelc te terarain oria!t (, ,, chi x 1(if.- toisielvatiobns aux 6chel lea 
jib11 s fi 11C0s;. ,'n I. desa fai I it1 i (1112vs l$ dI ret I es, enItie hilzoIIS oil 
('(liLa(t , se 17(1 t sur litesClcuil1lHI1 pvlLevt' s nveaii CCai1r1 de Contact . 
Or lWa CMCIHIac INLOrauiy Wa ( Inl !ioPi:' caiactC.re I uLIall isl upparn 
OU( dlllalait I. Icliaqu onl se (1,j1)1I (.e ,a1t, ra Ierle rt ) soilL de s e IdId r Lat 
pv li i up*,i pow-taa l-urtrlll I.or ot- leaI i 11 1oa.a (fll,,; I0(11 'ane deo p)r r r es ­
a3i (A lante r'n I0t; I Isa i vaiit I IJont; itr ropo'I-'pt 

. "II dol tIrl) I I-t t dea :onitluv IatLtIallX dc:; (liprns hur orisi
 
ajljtoi1,e~ e ll()ut vo dt "; NllllrtMO V 1 900H5~gllot I' essewt.ie ls 
 pour Lahl ir 

c sri i ja ii On.VIII ' 1 iTa , ()n Ira,] It e I o: di P'C'entn Coritoll;-S
antP u h i t~a I llle((7 t; c0 jnnee iteI ont. a aan L appe 1Cms 

j' d ' iam Ianignes i sodll Hr o l oiI.Ilelci aci.. 9Y)8) lux I1igrca
 
JIenvolt AI PCa (- , rl Ik;
:, us : s ' 11 a 'agi t d'hotittl /11 non cant igua, ce L ce 
I ntersct iolln ind i j st'1011 liel- (il' NSa ae tllavaichet~. Si Jos I igiies

(ctl'raeaporldnit n d(t..; 11011 /(1H2 
 ('oilt:,,s 111 ,~)/;!00lilpert pas, line Viliation 
dil cI~t (" (.: I ; /: i i,' . I &2-s;l1 TJ- , li, -1in arl:nn lnL~iales or'donnies se 
IvudP;ouil PNIr 121o slitta;;ion dte I igne;; Hl attallt(!n C 'eat videiriment. 

rete top (Mti coir 1111 aevt do lame A In cal-tagraphie ot A I 'Rtude dui 
CarnIlaiI O111011 L do?- :II Il11ScIi Ma j'sa i Ii eatL panssi bi c uss i do prclldre
eni coflpte dies struturLesP0 di actrdin Lea , pl us comiplexes (eepr~sentation 
t.ritlitienaj nne lie). 

La t it;de 0 1aariet.i - N'Itil;1O-eew. 01l ' id 0 1 5I~6 
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LES TRAITS STRUCTURAUX QUI SONT PRIVILEGIES 

Dans la d6marche pr(-sent6e, 1'analyse commence sur le terrain. 
Elte condiit ;i on premier d6roupage en horizons car'act~ris6s chacun 
par son enveloppe et: son contenu. Ce sont des variations non rigu­
li6ves do.; caractI res plris en compto ( col I cur, texture etc. ) qui 
serven t zi d f'in I r des I imi tes d'horizons. Leur contenu est alors 
I'ixe par lour enwloppe. On p-ivi logic don ao depart le rep6rage
des djscontinuit6s ai'lectant plusieurs caractk'res A la fois. Mais 
les variations des diff'(P-rents caract6res peuvent ne pas coincider 
et on est ameC6 a]or's ii les rep6rer s6par6nient . C'est le cas du carac­
t-.r'e "sec au toucher'" des sols de Guyane (Boulet et al., 1979). 

Cepeodo t l ollte.; los ovar tlotions all sein de la couverture de sol 
no s'expr'iment pro pat' des disoontinuiti.s. 11 y a aussi des variations 
ppogresives, que ] 'on peutt suivre par des lignes d'isovaleurs. A 
noter d'ail]curs que ]a dWIimitation 'hor'izons est dans tous les 
cws tine opr'oat ion d6] iete, plus synth6tictue qu'analytique, et qui
perUt. inlti'odhuir- t e!h.. iai ;. 

PRATIQUE DE L'ANALYSE SUR LE TERRAIN
 

Cette pr'at ique sL d~crite pour la Guyane dans Boulet et al., 1979
 
ei 1982. Sort ndoptatio( 'i d'autoes milieux est en cours.
 

Sim luuii co t , i'Ooio; it ue' In St'uottll'C i partir d'observations
 
pon, tuel I; qui sent par' neossitO discontinues et espac~es, que 'on
 
compl to pa' des tpanliches placi'ees i des endroits significatifs : 
co1touIrs d'h riZonus, initersection do ligne d'isodif' PMrenciation. I1. 
y a dorie uie part W intor'polation entre points d'observation plus 
ou moins ,,1oignc. , odi seule ia d i'fP(,r'ciit ion verticale est prise
 
on Compto .
 Ce tt e eo ivpo 1at iol pent 6tre f'auss/e s'il existe des
 
s tL tones r'Vp, t it iVs 
 plus pet i tes don t on ignore 1' existence. 
Mais enl tnctltipliart les observati oris inteem6diaires on finit par ls 
mettr'e on tvidence. 

Cliaque topos ,qiince permot de r'eperer le contour de ses horizons,
soit Lin point pour chaque ligno d'isodifftrenciation concern6e. Pour 
tracer line ligne, il 'aut epet'e d'autres points sur des topos~quences
voisines, puis des points intermndiaires, eL relier tous ces points

(interpolation). Bien que n6eessitant Lin travail 
important, en 
rep6rage d'horizons ou de traits signigicatifs n'est donc qu'une
premi~re ap -'oximation. C'est pourquoi il est indispensable de porter
stir chaque ligne les points do diPf'6renciation erfectivement rep~r~s. 

ie document qui donne la projection hotizontale des traits struc­
turaux du secteur analys6 doit 6tre accompagn6 d'un nombre minimum 
de coupes n~cessaires a la reconstitution en volume de la structure 
par le iecteur'. Ce nombre depend du dogr6 do symCtrie de la couverture 
dn sol (Humbel, 19811). Une 1lgende explicite ces coupes. 
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APP.ICATION A LA CARiOGRAPI (, R[fGIONALE 

Do ,o Ila mnthode c(ptog:,ph que (liiipp1(.1( en cornpte des types
do podogenrse A tv rVe l; 1('ut OtP00;3 I1 mu ppAhc log iqte , pudtui to leplu; oouvent ;t ]a swu]' iitier',rnc jat ir volt.i 'le du sol (profii-type),
le 'htiV, ko] prtio.,:: il: l',,,;th~ V i,, ('!t Cond6 principalement
sunln' do cor;tJ(:plu1c ESlext 'irio on tleieo oLl 

aspec d Surftac(, .t)ijVc1V.T vIg(t.oia , m1ode]1,, .IrhSLrt 
, etc. Ces donn6esphy;i og op~hiqn +',2!ilni t:'rit d 11l i i tin.;t t;ri ;'r [qlUes dont on s'at­ticho tllteo r.io i or' If ('t fll ' dllog1)i ill O. C'est aussi la1 d ­
mache ,iti11 e dans a pironopt.n. do I'';I tdoCu 

, ',' t ; "t . to l:'o n to,ap exe, nor" P duCtible 
,' s; dif',i'rercioton 'over'ticale. Son arn ly:;oe repose essentiellement 
sup te ; corr :>ii -'qtItow , ,cO qu . tinncitssit nouibre important
d'ob.oervoit i ons pt,r'lo I, dI'inl i, t do coupon pouril le ropr'senter'.
aoin;,ow n , ' (,e ipoir, lo ,i.' I1-Lylte, In prospec tion cartographique
corro.;in;t u ot r .co IIo 1100nitl 7 r, l ; des ntri'ctnure. analogues ot A les

I ,"I't't' . 1 '7,i1.,t , 't!n:oumtrc pl .; ,'"di t (I ,ter'rvat jons . L ilanalogie

rn' p ,I P I ,, :, 'A ]0 t ,:;s. uric tkI'P1IX 11Mr i8 SLU tin nornbre plus

'dtr.h ii !t. ,,,I 'f 'i n t".k; ; etll.lL![; iig)i Vi ca1t iVs arns le cas des sys­
d( t '-IfI:;l'uitor, i c(oeso It, doe V T'inIf. ion1S OrdOrnres lat6raIomen tqui 
 ietient ei pI'o(!ctii tP'11 unrI suite de Iignes Wi sodirr ri­

t'i t h'A iii,; ..... en 

Pro , 


! ,' (It! ,; ;Cmot',,, octtl ic c crtographie de 
I I Vty '.I [tlV'ytrrtil' (10dones 101 do concordance , on rniouxdo ((tlt' I l'ite , ot I' ('olI' t.t,'r 'en i r 'itPII "nS ; oU n.Ol O t caracteres
 

ext i'sIt~tl. lo; 'a01 don'.ouI
t, s'emplol yefl( i1 lir co relations, elles-
IniesC colp ,; ''(lexittliollt ,Ilod (Oi't)lIicos . 

APPI.IC.AI'ION A I'IUDE DU COMPOIRTEMIENT DES CULTURES 

I.e IllItt t o',nt.l deo_; [oloie o t.ivoeon peut 6tre appr6ci& globale-

IllIIt por Ioa 
 It t-c (I', i t ( tti (10 tai co do Ionuis organes a reirens

(.,t par I'l ';tlt i'e du rlntio rit'r f'ii!l . Si compr hension ost grandemon;

facilit.tO t01' 'o (,t
tl ' a;rvaitlio00!;,'1; lo ' trainaire et le SlitVi du d've­
loppe;iioii de c. t.i$-vr . Cot' es; o 'o] , t. dorr(o sa di f'f'renciation 
spoti aI ., ! ',;t . r; tin ,111 1':,ltL,:'t'tixtiii oratjoil'ic d!.-I du rendement
 
dos 
0211 1 i 'amiitr'o tonic tc'l'tit. romp! , aI'iun i des conditions d'ordro
 
c. ifrio iquo, Vn:'it.at, ,t,'IIphyti o ;''liit0i , etc. er variant ces
cond itionls da; p)%lto ler accoh(o, i l a mmc difl~rencia­
t21011 Pt do log Iite. 

C tO! Pol,',t10 o! rIt :([.0 1,75,' e ; o n2 anden, paralliles, allon­
goon.; lte;'lollel I iu t,.t'iit'tiL oix lI igre, ii' hsodiff',rerciation du sol, de 
mani6re ) englobev sur unre cou'te distance 
1 ensemble des variations
pd'dologiIIIIs. Les indites de croissance et la mesure dt: rendement
 
montrent 1'e fot, 
! ' Jo d,.Vveloppement des cult ures, des caract6res

successif's dui so', aini que des efTe ts lis I cette succession m~me
 

l"IrldltIv'.!t'' 2101 101: :' ,I' ,' tI :o 1, 'M 
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(circulation,,: iat6raI.es d 'e :). 

L 'analyse struc turIe e;t ieaucop p1us d i P'ic I (c lorsqu'clle 
est e fTc c tuce non parn dans ic, iniien nalure tvani dPfrichemenrt et 
Misc eni cuituLes, mai apilo. in ef'i'et lon l;ovizors sup(mr-eurs dui
101 jii. Vol sont, Io'%,, slo C .',actt,1Pt ; imp0,tants Pac lesbouleci in:; 

n rep6re dans cc' horizons' :;nlnt efC,;,
 

i tat iI ce.,' a ct1[ tuvc ai Ina d i IT(!'enc Iat i :ii prini t i ve du 
sol est dain nntil oloior ,t) l]l.sol mri manqne par I 'efPet des 
pratiques cultQa Ito.o; oulevesement.i aptlovt(, par le dcl riche­
inent Oil Ia pi-6parat ion du to rvi ii. I I ooi t doro atttendre lo moment 

; lI:t 0:;ooii c] cI la 1 'I t 1 du Ii r.n1t' ciICiIi. uno 
prA poridran te I a cuI tie. Ce tecps e0 I pal e(x!oipTe p u]LSlong pour'
des cul tiu es aphilst ivce.; in,stal IIos darls ,Ies "t'olls" ol' ]I terre a 
6 t6 aineub] ie, III(- o d s anul les 

i tI : j L'2 t. Id ilani6re 

pol I p.]alte S I e cuI t ivOeS sfans 
pvr paration. 

L' inveritaia i( dc. ,i 'f*C.!oiitc!s c;ctrc : . :. ; urie r'6gionol IiIi Ions 

dormnne est Imh operation de longue halciino cl. i n'e:;t pas poss ibl 
e 
d ' er Inoat tendr 'ahovemtit pot ('ii vepre rdre I 'anlyse du cmrprterment
 
des (1 [tilres; .L 'bielUx e;t alos d'istal loe los OssaiS do coiporte­
ment sur IQ!; S i1, s tont I l a Iy:;e tuI Ic to le a ot f 'ia t. 1 I'occasion 
d coct invent i to c , (i CoI'PC'eDOIloden: ;' de:-; ntrnc.tures largement 
Pepirscrte s i;Ii; 1 ("g ioll. S i ion], i1 t' lro, f ire .1'analyse
d t (I .P, r I rpip , 0 ! .L alit (t'j iccmeo I li: lu)'lte]a Inesure
 
du possible, et placer, 1.,: 
 e on torition des traits strutictralx 
sig ifl'icat i's.
 

CON IUS ION 

c' tl , 
 t a! ion 
Sion Il atr l1 011 ,l c 'I(-II o it rilni om i duo lion 

Le cl- I1 I Ic 0 c'.f,:; I I 11! rc,, IIa'nnro vf!- a progres­
r.1 c 1pex tic 

seulement A In co-existnce iu sol intristol'o et du sol trans'or'm6, 
mais aIssi i I'appar ition de cara, t pOc.ii onx dans la zone Inter6­
diaire (ChaLIuve 1, 1977; Turrcnne , V)5 Boo5;lt c10 .t , 1979 

En part-ictil ien .1es coiid it ions de ptdoc Ii mat son t diversifi6es 
avec pa" exen1pic nn "locie loir d 'ainago iJ tie vertical libre 
et profond en haut de versant devient, plus bas, imuper'Piciel Ct lat6ral 
(Boulet et al. , 1979; Gueh] , 1984 ; Itumbel, 1978). Ces 6coulements 
gravitaires peuvent 6tre guides pa des discontinuit6s propres I la 
zone intermidiaire, et qui inIluencent nettement In progession des 
racines. On comprend ainsi lue les zones intermdiaires puissent
pr6senter des compoterinents culturaux qui no soient pas intergrades 
entre les zones A sol transfoim-int et Ios -,ono; a sot non transform6 
(Boulet et al., 1985). 11 Paut. rappele par' ailleurs que, dans 
certains cas, la mise en cu ture reprodui t, ou acc6&1re, la 
transformation qui so produit dans IC milieu natarel : I connaissance 
de 1'une peut aider A comprendre .'autre (Chauve 1 , 1977). 

land ,Icvcn,,rnt - Mc',<r'::t of ncid soils 159 



Ce sont ces couvertures di Pfdrenci6es qui. n6cessiterit d'avoir
Pec.mrs A des essais (IQ coport ement. c nles su la Idiff6r'enc i at ion
la tC tne. On constate ('ailleur.,; que ces compor ternent.s am6nent souvent
A pr'cisep 1'analyse on ',v&1 ant 'importance de certains trai ts
phologique.,) 

mor­
mul perjus antC'i ienrement . La dmarche est done aussi

t(r'ative d 'analys,;e sMiutuopale A I'analyse du comportement, comme 
i Celle dc 1a dyirrir que 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
 

RESUItEL 

Des vari-ations spatiales des caractres du sol d'ordre d(.cim6trique, 
mettriue (,I, d!cam6tri que existent i I'int~rieur d'une m6me unit:6 d'or­
gani.n t on de la couvertre pdo logique feroa ItIitque , sur sables 
tol i ir epe ba e Cot:o ' IVOl tp. Ia IH'elCls occu-Slon 1uperficic 

p t. le.I o I (e.; , xp limon a.ition pe '.ent o InOn intogrcr ces 
"i onLt, alc; d'origine ohlog ituo, s d ti ire podologique.spat .j ou 

1h01 i;.ol.(. 

dli :oo (' 


11 ;l W i ori8 i d( teeL tri.S;r I lOgc spatiale 
,S WotItn0el i P c"I'l ptilil r ir001* I ,i ' (Mllcic!Q des t'6i.s ltats 

des essais .lg'onolii(tios, auss ii en sup le p1i do In pc .isionOet 
d: la sii 1tritcation dos rs ultats que dII point. de vuc ,-conoiiique. 

Q, ,iol xdejs pirco ! Cv d'ossni r'suilte fina!, m. de p]usioues 
contkniA ; At roanciler : supertie minimale ncess;aire A la bonne 
ccmdui L de 1'expvri mce tation, sur'Pace ttme olier Le par le terrain, 
pr)C 11 ri~ttondue des raOsult;at s, oyens disponi blos. 

SPACE VARIATIONS IN A HOMOENA'OUS SOIL MANTLE 

AND AGRONOMIC EXPIRIMAW''ATION IN LOWER IVORY COAST 

Under sub-equatorial ol. roatio conc!ditions (21100 ,m oJf annual rainfall) 
and evergreen forest, the somewhat homogeneous, impoverished, and 

i'.
!.and d.o' t.o i:it.w . - nt l r:l.IIt , o f a c id so i ,,16 3 



hiighlq unsaturated .erra 11i tic soi1 int 1e on TeYt iary sands in Zowe 
loory Coast (Paleudult) displays some space v'ariations in cetai:ioi i ]''ature5. 

'h'ee t'ariatinn are st't('-l'iPa'o at th t'ee difjerent lev,els, namel1
deoiriet ti - (indi /,e','fo t' itoel P'i i / t l olt.,t'.oi t1 aariations, and th,
decele lt el for s editmetattry tind soile e0 'aric, ions which infolv, 
the content o J 'ie e'icmentt,;. 

Th iu o ( pel-miiental plo :su/timatelt results f'rom inte. 
grCtin a nutwIbbr ' ('01 . tth . he minimum Cit,-a nec'essary to conduc,
ilt, ee rNiob! ' fi /'([ a Cwtt' ivi'evi t t ,,'q,- t ic,'a ,l by site, the accul'ael 

of tile exp I i oInd the /O1 t aololbie en 

i itz~Ol /he, li i)t ) '.v,'p.('PFm nt. (I"iguce 2), the ij.u enc'e

of tht'e p)ICg "yiiU/ tht1hs on tie pCCdze.'ti :,noJ cassava seems to
 
be si U iji(att only1 ift.'i' a(, 'I ili it. 
 to tihe ',O .-lay content 

independenott C'C'ii' (l/ /to a (oon0418idpvuible dcrC!ease int thle
i'wtp'Uai n 'WiTi I IAI111 h c l;'/ , this inlut' enee i­
0o01OeCledt b II,' l l ' (f
i it') C , Lj fOt,the 2/I id areZ. 

HUHInale:l/'3 of allowsnoZCh? aii iIi'/)e jucqemet tto be
 ma e on Il/it"t- /Or' I' i 'h('-'ked 1'aotor, but it require.
s aI rather 
comp() If ?rtil'i' / , tile i tuis? .samp/)les tle'l to be antaZ used. In the
 
eaIse "f a81'4(ij,' !8 it''' in Uti' '8$Cinl to) P.it0C the vos ts, one
i; ind 1" 
 Ii,, ,',,:' it'.vam?. 8 1;iM1Mi'4'J 3 i [ii time, fop wth ch i t. 
Ienia :Il; e''';8t'q/ t () o "r'; 1it i II th (C't'l-talY of the resu'tsiS. 7t is

Cain be 'loti -it'/ ii b / tu'ti /.s. , 
of It ( 'ant 4'e, eacih o] tile 
0 iO?'l :,mcttC1 .';ifli n ,,n,, Ci:i/)08 t s' or' b! t.akin7 Cg Jew"0ample; 

rep('t/eCI '2/i.I (evCli
a'~i)ht o'4n t*-'C Iii i (-on.tid CIC.1'CaslO 
the ttiiiser rolynn2 s' wite * kpL t oop .it /is/ 'f sw.,. iCeto val]01ue~s oJ' 

c'!,:"it "in! 't,, A ,a 04' , I1 " i't,i m o','''jI~cent Jor the
 
d(./ifl i : :itsie , 'Ic i'' t . lob
leti'/ .' Io n /et'i , ,). llolever, dueto tf' sn, ii U bI1' C / ofuo'C'f'' .' m t Vases of the 

'l'hi1nt are hijileteoi e tiCil i.'i i-ti 0 

,0,C]Thie IiU t io ofPC Ih.il pacoC'lt ICPOCLU tij l a14unit plotis; ju3t 'i.'i,, t,:)'.''H ii ,'nt hi tit '1 oC/ s't.uli's Concertning soil
 
e'i'oliut 1:0,, 5] 1. UUoC'(1iw// ifts cc/ti t. i'Ciat,lat,ions whiect do

I t. l-Iad I.o the .:-,oi ( lin c ,; an5dI be/haiouP be ti]f bas ical,
I.1 
d(iJ'j'fPot froum Ct,' (1otl,. a/:C?, ttheie e2ult wouldIlie obtained 
(10 POi'esp nlyo ttoi?/ . t'e 1)? Pi-14 iai mean oft.tii situa tions0]c/ifjtrent 

witlou / Ctiy C.'y/)i ( t '4.' I alit,.' Ctli/anyheofo . 

1ilitit /q t /eshc e' IoTJ a . t'(old( the, oreation o]f trial
plots Pes05t ]t'0?iit ,c;on'e'()' /045tPa in t.,s ii]lwhti tuitst ba, reconciled, 
name Ity tihe adequaty of the are'Oa adequate to conduct the 
experlimentat ion4, the usbl.e .oil/ aea a,3 related to the space

Variat ion., the e.xpec'ted accuitac1 
 of tile results, and the available 
means. It is always necessary to have a good knowledge of the 

:';I1d d ci o :'l t ): - it l!rli :i :;1 Il 



.spaoc heterogeneity in order either to dismiss it, to integrate
it, or to evaluate the specific efyects, if one wants to obtain 
-ignquficant results for the best poss ibie cost. 

I NTRODIICTION 

rerts,Di vf !tudes agonniroli joe s e p6dologiques r6alisdes sur
le terrain du Centre )ST(M 'A ii,,i.Koumn2, on C6te d'Ivoire, montrent 
qillo MemO dans line CoVeI'!Li'O Cdoincg iql1Oe 'e I;iveolment homogbne, tellez 

Iu co li d(es; ss rerra! I 
 it rque, sip sables LeOl'aires off basse C6te 
d'hoire, i! OxisLe des vai. at, irnon; lat I iales do cortains paramdtres
ii .o] , dm t il raut tenir r (hfiite dan;; 1es e xp~rimentations sur 

LE MiILIEU 

Le climat est do type sub6quatorial il deux saisons pluvieuses
(2100 mm de pluiei/an), avec tine v6gtation naturelle de for~t 

0m;O1, c' v i e1 t ; 

Sur le lpan gomophoo g i queO, ].s sables tertiaires constituent 
liii has tri, deplateau dcoup, va] lees moetos relativement encaissdes, 
se raccordanit Ai I a :Ielno I ata rie proche vei le .sud. Ces valll.s
 
sont spartile; p' d!! ; ,.tfrid110:; J,'ClVant. %tt.eidPC I 
 piLsiours kilomttres,

Lati't r ew p' tact K I. ;O 1 ,.ll:iot - duieI, on Ins.; pentes n'exc,'dent 
I ,I Su: P I ;Oe 'n;OU, In st)l ert cXCUSivomont do typeIallitiq1 n r',- d s" tui3tl appiai','Pi, s;ibi(!ux on stirface et s'enrichis-

Satl US argile aver In tjrofoider (TaYbleau 1). II s'agit d'un Paleu­
(1il 1, !;e Ol lIa <la;+it' ira ion am r itlin(2. 

'IAtI,:AU 1 - ,O! rr IMiiAlIIItry : PI's; UVI, (IliAI iiiit AIiA (ADIo)O D Mj") 
FErz,Iliti .r (Paloudult)SAil it MhIjorh)", 

Arj i l C C CI:: n /T p11Profoideur Ciiil tot I I to I112 l1)
septh (A)) (1+} One/( ,I 00,J) t11n6/ 1 01,) 

0-10 an tI.C 10.7 0.09 5.40 0,90 18.0 4.5 
10-20 an 8.0 6.9 0.51 1.75 o.4) 8.0 4.7 
20-30 on 10.0 5.7 0.46 4.25 0.30 0.0 4.7 
30-50 cin 11.0 4.8 0.39 3.05 60.30 0.0 4.9 
30-70 cm 20.0 5.0 0.30 5.00 60.3o 5.0 4.6 

LES VARIATIONS IPEII)OLOGIQ1,S 

L'Atudo plus dMtaill6e du sol , ao iivcau do ses horizons, r~vle
1'existence de variations I at.Cra]ecs pour certains caractdres, qui
peuvent 6tre schematiqtementti consid6r6es ;A trois niveaux d'ichelle, 
sois v6g6tatjon forestiere. 
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- A 1'C-cheI le d 6ciirn(trique ( f'igure 1) : poches J.rr6gu].i 6res conte­
nant do la terre avec des caractr es do texture et de richesse 
en matiot'e orwganique di If'pn. dt co: ( 1dhorizondoe ' 
env ir'onnanrt. I s ag It de romp isamgm de cayi ts d'origine 
biologiqu(, :! , , : : ,:; Itci)I , tune... Ces poches 
so AiLuei t. !,:It - I m. 

I'A.cheo rit't.riqth ('rk;,v( 

do I'epaiOrs;,ur (W hri.,< 


- A 	 le : r , uric va'ial ioni relative invesc 
u . t A , rI liaison avec la prof'on­

dourt do pe(drielIat r do la irat. i -k (ri'arganiq 1Ihorizon do 
trartsittioll B purvart dana,; cetviain; vas dispavaltlre air profit 
do A, ow X 6 'ri f'I 'I . i).; vell emrients super'fci lso 
A laO rNdelia i ja , Ianculernent. soirches pelvent fti'esite o 	 des 
pCu r une bonie part t ] 'origine do ces di lroric iat ions. 

NQ2 	 NW1 ro 9 No12 

:" , 	 " . " ' Z0 

• °I: 	 "A 1

2
 

34 

10 w 20 

20 

zj Hrizo humfirecmDHorizon de Pinetrotion huumrnif 

Figure 1. 	 Profils do sol sous fordt d adiopodoume (d'aprds E.A. 
AKODO, 1977) 
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A V'tchel1e d~cam(A ri quc Ina va.itlion pr!cjden to peut aunS~i 
so inanifunstor i cette ma3 :-iagit s"urtout. ici ncllr'l I] d' 
Varia tion 1 a n dra In t n" mv ein11 (' I I P I It S V I I . , 0 11 ro- fctudOln v 
Darn; les pruFi IS, I ' ft ithismernnt Verale 15 pint;hi;Wapakh 

au 11-o i{;rlt pvi .l; s.,i I' , 1. tie 01 1- ;I'. - !'Iv Lusa I a "t' 
alt'iti ldlit) ' It , ~ : o I.1'p 10'et nt a I r l t I Lt -(, ,~o 

do n ii i V I A-:; B.at' I!.eteip ot au (1,11 i nsvcIsar 

0-2(p) do 0 A6w um, ih do so!, ( FgtiiP" typ I 2 ). On 1, 

MAN"iMlttn UL; unxans, patu~ntt de I aA22 suv utit dtoistance do 
20 A W( mt nac an grad ient IatQualI asnoz ogu I i or de 0, 2 
0 , 4I par Q t ic 

_____- ~~92- m -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

dE 14>tv j'' ~ Km 

Figure 2. 'eotro; tmuvcrtrt; ett myg Iio I itumirsC 0-20 pi) du sol, do 
o , i mv Ae pr'l''n'w, at Idtitpodtt (Wn'prts Bonzon et, 

La il uSntI iautou a pou orret do sulpinor ou d' attenuci' los 
variatiOnt; d'otdre is' r uoc; et tlri'pio OL,-ervt jol turnt d origine
biologiqte , mien qit ecatr, pip~nies: nul turn 10: pu issent on faire 
apparalt re do Itohvol (15. Par cnr eo, e lle re stern saris oot sur 
In Vnriahil119Q o tettta1 ado deWcnmtOtri quo W ott gino sedirnontairo 
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IiTEROGENEITE SPATlIAI ET IEXP'R IMENTATION AU CHAMP 

S'lig ssant, d'expr'ijet-tat. ion ati cihrp i1 i.l rirccess ir'( de savoir, 
si i.a variat Jio spat .ac eI!r; IIaIaIt(, pue t on non 6tre 
int6gx'3 e (2dtitiI lls im i t' , . t r.quel'te so t vouvei , 

gOn ra ielleiit t "ieteritire( ' a I t- . d',.,r ir t at ion 
 entirepT-ise.
Dans i: eria tin 201 I Ai (loIltmi' , peuI t par exermple dive ([ue desdu'I 

parce lies Lie Ii .; die I
)11;ier; l lan countal nes 

i ILOwgr,e t 1 C.F esS t i(e1 d,-"; \',vi nt rl .a!; I de 


:; ,j (IIJ de in6tres 
IIIIi. I 'in'luence des 

Ct e V vai a, Ina i ,; pi ' i] la,It des patI-c 2 (I(- I 'ordieo (t lninlier 
de III pour ilntt'imet 1"I val I ltwl ctnci.i on hInts (figure' . fins
3). 

Mael d h4tiroge'nilte: dm m dam 
He terogenety dmmesh 

m2 

2dizaine~m
tens in 

m 

Superflcil desparcell": 
Plot area: centalres,millilers m2
 

2
 
hundreds,thousonds m


dam 

Figure i. SchiI I a 1 h or ciUi' d; 1)o; i; ilit ('s' (I' irtcgratiorn de la 
var aiii t., sa. iae dais.; Iezr; fpa cel l s 'exp rilnenLation 

L['(xp 'iincnt.at i,,A1oit ii ;I CItt, question plus haut est tin essai 
Inilti-factoPiel pollr.tnt, ' I ' lI'nluenee de txo.is prof'ondeurs de labour 
(20, 30, 110 cIrI) et (Ice ' LappO't de 11 d'05es de lumirc, (0, 30, 60, 90 
t/hma} s1up .1 Jvollction ties deen atac dn sol et sui la production
manioc. II s 'agissai t (I'm essai en NI blocs, stiblivis6s en parcelles 
et sous-parceIles (split-plot ) : at total 118 sous-parcelles (7,7x12 

.Lcmd d ve lopi'iernt - 'isi gc'o-(r ,)Ia, d 2 1 ,. 
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*rn), Po~mttant une analyse s tantisLi que approfortdi c des rAnl tats: 
ar!' IYs e dQ~ ~ w Q1 covarin nce , rirdl lisaLi on I ' ve IutLion dolai ar(ct die 

stck oigatti que.. ) los leso ItaLs do ceL essa t sont 
 dove lopplis par 

a iOqt pliondiiia sttpe i c i qae I 'el~ut lrhqede In proport­a Whi 

! ;; :'I Ii i1; ito . : )I- i 't t ;t I;; Lt ner 
ii ~ 1~ ;;:It ( i it i jl iB iii iut i ipiip tLan to do 

do "Ii t 1,i oil ti i , It, IIt tI.le:s toilios 
A jwt i 1, 01 de-( It w 1i wl; ;ligil 11 II i I \c ' is;oar de Ila coucheI a! 


r vlI I i , S ic k:I t I.
Iliai it t oitt '-eISo %;~t t1isqu;laa jar1, 1 116 t~rog, 1 i U! 
ixta aidu chlinj tWasa i 

TII~j.EAU _2 -EFFLT tPR)PY'rIEiT11DIt LUtiOUii (AIOPODfl M)O 
rtfect of ploughiung dept~h (Adicjdotr') 

Vat itihl Cvariablte tly b ~ 119artt ME'znh "ow: d 
qdrisrale ho " 

GI ot',I 01w/sk- 011 /S fl, 
.! * rds~iduels variaioF~trcrc dui" Re Variation 

4.Oiio "1:423 0 0O61 P1 ,3.Pri4 0.50 1.030 25.6%
 

0 1 :4.219 W3t P1 :.257 HS5 

4.050 ~ 114.1t07 3.2641 PI3.620 14.60 0.48]39 

J.t tI-n a :81 041 N!" 1,4.543 s 

(d'Pr~i tion.-on. De' 1101 fezn, 1986) 

de 1 ine IC.L'anl yse (tovwqw ui POMflt d 'RIi no o0Jogerent sur' 

cot n(los l a b! e; 
din disa; i. iV coirpi (xe et I 'ana lyse (I' n noiitlro iiriport.anL d '6chan Lill­

tlaii: ce 

I' I diiI r':atc r PA aw i. ;;IInv"- In tii t eon pl ace 

(12taft IV Ot (jhltre 10 ji'olordcrs cola ver'oI,;(eerjte 192 6chanr-
LI:i l,; Pi);uIi 11 1110il;l- OW; Ie'anralyses ciitpleoto;- de eel Wiont; AN 

'(ti li et (!iti ll dei cyvcle (I'/ mifsii , cola roste enlcoreo 

, dt':tiIii Ir;PaIr UcT~~l. e)Ir I(tt[i dol( v W ofn des sol a 
cul Ws, uu 'niiotititIe Glie lt des precessite (d0 UwnsForoliort 

Wt01 aL t (I(- i 1aiit duep l ot. , ,zi Poll; \o t , dispioser do rCslrttits 
at irntervatl let; vIrtpra~oc , petlI I t11till(' pviode de( lontgue (ItivOe 
eit rttcerieajive do tciercher a limiitert le iinihr'o ( e iti. onls A analy-
SOrP. Ut; es a Iotti iteld(iitit A rtin ta'tes dv whani;l 1 ons cormpositLos
Sar Uina ;ilu0 ~ itt;;'; Aairtar,e 1(0 viwi tt.titn ttpatiitjles reineures 
do eel. pearl t sect-L!lr; I opoi-aphi qut cornte I-' 

11 zwtoIc Cporelori nicc eon a rl'eti 101 In12 p1c is ion des mesur'es 
obtonu05es su hlar; ii] ei corrrosit A Pe*con vet;t savo i quo lie s ign! * 1­
cation accorder A nne diPPIrence entire deLtX r~sultats comparatirs. 
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Cola peut so faire do deux 'aQfons. 

1. Suit en aralysaunt au mois uie fois rhacune des prison 
61 6menta j r'e:; 1'un (,ciant i IIon composlto, Ce qu[i servi ra 
6gri I orenont ' i a, lo' , t oia1 1 e nomnbre do pT. Ise s 

rne!'ossail" . :: , p s-,i -;,hait6i dies rrosurri' 
1(0 0 ,loi. t uVaniinSUP 1aI ' utid Co ti Cessi to w;v­

rir '( i:t;1L n . lI I) r 
iiM. n ! oil at 

g'arrd i fl X ',' ii I lon ; ("LntIo 	 cIic(),mI1)c1i ( I 
paiipc'o, 	 [o ! I i dI',.e (]11 I r'ots t pl : [ s 

nrocoss;r I' (It i r]Iai,1 rI j .:':;: qa rr; Ir ort i5I; .in oo; 
Sip I a lei] I nI ,Iopgr'infrant im ,, In 'ouvet-ture p)idolop'iqw , 
n c ,! I> ,c t ., I ,'u VI "';,: i i t pat in In dhc;.; 
caracL u.vo9s; dui Iot r t o Ic Ilfitlt 'io lorr il 1O.o e 

2. 	 Soi . av(_.c i l nOIIr ) rt ',I It I t,, .[ nII ' t c 1 . t illo011 
cotttpOsi tot;, .I coipli I I dr;' a:,;)P ' . I uno 7,5(20z bonIt idto 

do ti's io pour uno 
t'Qpp(serlt; i [ivt Itodo Ia ;)pavcI Iv 6liuld I , ( cV. cat prascAdini). 
On difrlutrli o a'nil;.i c la. :1 ai, l t'-irI, , ' i, ann ly r.et; "I I'al 

du normbre r, i s n 	 -o assuper, bOnlno 

pol 	' a hOll t v des; di n t r-I a tl' vat I .; I e t i.c0 (10e N, () 
Lonl[) apa II,' (-r I I fIl,I .: 1r i N: ( irs -is ; C.pntI'o a .o 1t s IaIa '. I 11 
Na is ir la ille ,l p;e . d,,. ot-' , on o; coldilit, supno 


eo plan ;;t at I t I Iuc., Io ir it i on (Ies r ' ,11es d(o 
s tn' It t., at -1 11arilPlii) e tn rlorrrico- ri olle d' ovnlitantion 

T uiijoir "rm u Ilt' t ;o 1 'Ad i ujodoi rb-, ( ton t rouven'a p'p ox erlile ail 
tabt -ni 1,. ' Iest at.S: I r(I';a y:c do qua LP. (chaltii i111 Compos5i tes, 
do I r'Ion to l i :; t:, o [i 1 i ivwtpt chiaciitu , 1OP tait tir1 D?I car'horo I () La] 

In i n it ,imll r' irc'elle de 
I', fa pi* ,drO . vi';' to, pl.n Pais dt' t.i.l ]on corllosi t o, 

pt 	 suitp t(te r nilr 0], Ire! do I t17(O :n voi noin o 
r'qpuat itu Tchn 

1,jj ,,- h ( i i11' ; ',, , :l (', t00:;(' karm:3 pDoUr lo carihorti ,111 , ' : !';lt 'I' I i I 

LoLal M 	 orco. lorns; pmr I ;nii' I,. Mai- vtvc a;tllotrint toois dogror; 
" de !lr' i 'p :o 'a ': ,srl A lao iat pl] ov~ I 'inter­tu 251, l on 11; ]s do 

all do crm ianty; o, t h, in pIu:; )ot ito di ft','-i O 5; igrif'icativ( entr'e 

T0tfL .1t1rtt' rI rAc tU 0t CITv 

(t( i1 	 4.SII 4, 3.4: 

2-i*544 . 1. J.'t44, t I.I1.o 15, 1o n. on 

-, 	 it E 5 0./6 

1tO- I6.4 6.0 0.6.t 0.f .1 1. 
tO-So. S I 12, V, 4,.) V , I, 16, 

W-0- o ?.1 1.,."3 5 .0.5 t.6 t 1246 

Io-OC ?,4.4 6.6 4O.1 4.5 4.4 t.5t 3,4 

.o I.55 1.0) 41 3.0 11) . . t I 

0- .s . t . 7.6 wI .1,;. 
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SO1l i gIotis I e fai t que ' int6gr at ion de ' h6t.6rog6n6it6 spat Ia Io
darin uine pai're lIe unitaicre do su ce alTi pr'pie West justif'i , 
lt. atI iti reiii n i nt Ii; Ic ca;s des ,tilde (i' (oluiti.on du so!, quo i
2,T tLe he ot' fi.t("I i t ie cmo evi-i q. des Vrirt' ions in irp;; ,I I' ;vtp ! +,i11 '-1N! 1),1.; d -] ' -I I'>t ! 'J! l',II :: tII 1+ ] 11;J t,. tl] ; :; .'!It lb'n d e s. I lwO e' +ftt] u
 
do ! : pci ( 
 h ia I ; I[ 1K: I .11 nI It!f e 

fisi .I !lut 1' ( llo , (+s I, ll I tat a ti l ; dnia; de tt. I(ii

it I :I I(, I ', [ k dI .,I i et. IU ,I- Ii d110.(1l ' , 1 's flov e s (i :cittl l i.inI(f)if 

, 	
h

2: S,I I ci ,. , Vuipvi r ,[tnio api wof('.f, ct vansa vnl utr' cxp Ipotci v ]I(O itV 
n+lli It l'l :rl. I '( '] @ ec.';. 

Fn 	 r, it, 1 L-A 0esI ii L 1 1;c pi ,;qte;A ft. 'hi­
iI ::dtll , h'int. i I l i,; hit no I ji'eJlevev; dairl len di fT'l'ii'OnLe- iaIIVcO] 1113;

]' il tAlo l Id' ss i ,tri:;;i'llr ("1A re convjdior('e; comme[ pplrltt t t, at t aIl n 

p(ji tl Iio ) I P
oit)tiinIe i+;iI'lstF'tihi 
 d {lli c des ea flSisS ct;ni ii]( .'-; cCilr ­

i c 0i 	 I t r' it 1Id i 1 r I e'f)t,'CI t (.' 1oc.:; , a i I III! I e t L s
I't. I'rilaIi c, I I I qjs SUP 1 us Iv l tian :u1, aj 1vat orl i t d (, 1 , zir 1 ,'st,o. te 

,it , p,;,t I?' 1 :' 1 , e , I 2 l,t if'i fI.I i lW I,. I or ;, iI e st 
p I: , II I I i I' I - 'Iov: v' riarce ,', tior Se t 1i Ini so' 1tii i 'rif'l onotce de 

I lC.li t o, iIIiI i Il, a;ir' I e '; I 'icI c Pra I i e ajus t6e, soit 
i I]hma' ic 1 '1it, t'fd{I:' II Sil' 'nt. reas c ntr' t 6r' is ti qucs (III i son t. 

.: ,'a t I,la t kI-ita t i (I I IIudi ,. 

CONCIUS ION 

F inalement Ie cihx d'tun aiLe to t I 'tabl issement de paceeIles
X i f,.

+ r'(sl tlul to: I-)[I i i0cO Ua'.; 11 Va1Tif el'I. ;' Ic i .1ir(., ' : 

1. 	 Uine i upe''i cie stlI'i;;ain te i r ] a r'ul isation pratique do 
I 'expor'irnritrit i( ,ft(l cu t It ra'Ilo , ,.-vaI tin.a iori des reonderlents, 

hltf, iilC 'i-l3<,.,;ii !.(., I !.'rx, 'i ionr t .dt( i o p].11siOurs s t'ties 
e(1 fr'Ci tprVOicirIi .nI impl (r , III t d(t orri n sans r'ovenir nil 

tnnOme erndro it: 

-,;r ; u2. 	 La if e t ],. e t'f'ect ive a f'rer o pa'i Jos V aiv tior1,3 
;pfati 01o , A I 'on voit. tinva i t'iler '. S secteut, do ;o] 

poi'.'cItil I Il 'a~'lciii- collirricI Ii iol nuI' Ia planct ntfl de s e.
C:il.,'n t I'e , tutu' t. oitl et p'op 'i' ttI'. f I penII t L'e alIss1 

co's,'0 edi k t fore dese <i',iiictlttr' parce I cr; a "I i coniV' ig r'at iol 
de Io, I an 11spa11 e sot , (et i en cofijl t I ii I te( avee ra tI "o t i al di 
les COriii I t cLAmnscd '-'X&Wi'tiL ion 10 1 'exp0rt-rime_ir3Llt ioin. 

3. 	 La pi e i si on atten ile :;ir I- ,: r,:t I I It ; , (.]:-ip"idaite do I a 
var'ia i.i 1 t, l t'llril f s, i, +it I I ';;it io ation ncessite
(I' aceco i Lr'o I ie do 'Ohr'o pr'('1hlcvllt.lnt , douc do supr'ace Ai 
iOchruiti I Imlne, ( ems (' lni ('.'tidtlne s vie) , eL aussi dos moyens. 

I. 	Enfin, les moyons di.aponi h Ion pour I 'ex.u tcion do I' op6ration 
Ct. u no s3o1 t ln-tI hoi'el seol..lenL ltas vars I ini to . 
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11I ntvi rlt. donc (I't r'r iv O niii COtllp1ol7 ei cesA i Cr;Pe dif M toentes 
n6(:eisith:n, 'a quO :;irOn (tant de :lavoir lasa ale le,, lin tes (lemeureP 
pollP ,onrSO auX 8 Mine i.gni ' acc:ep-VCP irAIUtt ((lllcn; valeur 1caLive 
tahl V. 

uuil~n, ellw ,-mint,, atr s;nur H' in. 'l~i e:]! IIIr -. 1 objet W I nei : -It| 

UiXpet men1.8 p;i ilct il li , dilll I ! c i'I!; d ' lrie 7 i: o dod e It. ,Ot l 
'o - 1 anl e par I, xem'ile, I l I(u Ir'.i it1+ ii aleo onns titue ani 

t ,l te ' Pi'f lrlerti 
;i 1 !n.3. Jo4 1 )to l(-,Al, i I , t t.ouj ('I r G:o ,; a i i,_ dov a bien 

i ntI I ntV.t lt,II ollli d oCX . n o.,ec 7de!;di spoiitif's 

1t ti CiIt [ I\ IC0 11 11 l I i :o inp)os e ('Ic e , !;) i t, oI P 1 ', I' itet,,,6tgveP 
)I erl C.v ll ii is "r o tsn s! I,i' I ;, IP 's!on souli.ite obt enir

i~ 3 :;1ai t i t.' tl i'OlU Ii.l t Ii ta U i ile l!' . J'oQ :iS I(. 
de 

BIIBI. OGRAIIII E 

AK(IO)(), E.A. 197Y. Ft lde d- I ' (,vol ut ;')ih ioc iinique des sols ferralIi-
Viques Vovet ie PS de boe Cute)to d' I voi e, sous 1 ' efet du d6fPrche­

m,"n I . OR.S l'i!, Adti )p olo ili( . 1ipmu.I I i g r.. . 

BONZtN , B. , t D.' t1)1/N ?;,L)N, P. 1986 . V Let de I 'apport de fumier 
,sit les c-' -tat i ";L i e;l iiCh n 'er-r'allitiqUe ivoirien.i:i (1, W 11o1 90 

Co;I. 01)/I OM , s I;P. l d o I . 1 , 11 1t (e ).
 

I)lB"./\l, r. I '( , rI,)Lt n d1les sol ;mn, difI' ents modes de mise 
oni CtU l IiC, un Alu d' vHOlie 'Lieit ' eit pr~forestihre. Cah. 
ORSTM, si,. Pdol ., vol. XX, n , 1983, pp.311-325. 
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APPENDIX I: RESOLUTIONS 

PROGRAM ORGANIZATION
 
PROPOSED INTERNETWORK PROGRAM 

The network organiza t ion has b,,fta ,lescrid in other IBSRAM 
publications, mailIy in th, rt'pors .of' he inaugural workshops and 
the newsletter. By ard ]argo Ile lh ' riptionnI remain valid; but 
in order to a('tr ieve 141 jr olf airiy, a 'egional approach is taking 
place in conjunc tion1 wit a' 	 ci~nceptl Fop thevta moipiricoordirnation two 
networks - 'rpica] land (ilearing for Sustainahe Agriculture and 
Management of' Arid Tropi,-al i 

It.ha,; (Ioen dc'iIed that the title of the proposed irtQernetwork 
progr'ai ' sld ,I , "lard ik-va ,,plment and arragement of Acid Tropical 
Soil i-n Ar'pi(c1 (1I) b'i'ATSA)." This net,vork development will riot destroy 
tie integrity 	 or the two i ii t ial networks, but eirhrrid heIp to Foster 

! Eire t:he coordina­link.- betw ,n triern .ir ile aL. tiUP ;;arri V a'a i l i tat:ing 
ion p[cen I t i:; rl ',grl i,,-ira Irr'ran. rt s wi I Focus(V] j 	 on 

tro pi cal I and 	 (li'i e r, wthea 110;rn's i I I or)COlri:'ate o tire manage­
mert. or aridI tOpi wN ;I"Lv. 0t hiai aga in, Ike Ihe one presented 
by ("]aiiuron , Iriay il 0 .i ati0 I II( tw ') eIj(ect ivO . 

MECIIAN I SM Il? PARTICIPATI ON IN TIlE PROGRAM 

The mechani;m wich ha:s been net up For participating in the 
I BSHAM program i ; pec iiid in tHe to] alowing guidel ines: 

1. 	 Type of' part i'ipalt ion 
Three t ype"; o' par'tr.i c iat i olr are poss ible in the program 
a) A p prt i,:ipat ion in program activitiesr lte dit't'erert 

(r'ecei'.ing the I 1;tAM nraw:;I ter, and participating in 
some workshiijdna trainindi rg ,-es ioan'). 

b) Active part icipat. ioi - bolth by havin g arn accepted program 
and by trart icipat irig in ai]! the vr riouse prograrm vctivities. 

c) Participartion Iby haviig nr accepted pro'gr'amr ii the comrmrlon 
area or res:rear'h aid a Ino by car'r'yi ig oat soriIe basic 
research re lal:d to lhe object ives o' t:he networks - in 
addition to participating in all the dif'ferent program 
activities.
 

2. 	 Mechanism of' approval f'or the projects 
a) The project may he presented to TIBSRAM by national insti­

tutions.
 
b) 	 The project may be reviewed by tile members of' the Network 

Coordinating Commit:tee in accordance with tIre criteria 
of' approval (scee below). 

c) 	 The project , havi tg been discussed and agreed upon between 
the NCC and th cooperator, may he accepted as an IBSRAN 
project. (lear in mind, however, that the IBSRAM Board 
of 	Trustees Must endorse this acceptance.) 
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d) 	 After approval an official letter of acceptance will be 
sent to the cooperator', who may use it as a letter of 
support for fund seeking.


e) During r.guar, meet ings of the networks, cooperators will 
present 1W.i"- " S ltI hoh:s,I, v.i 1 lee di scussed and 
reviewed 
 l to 
scienLific and developiment st:andard in the program. 

h; 	 Ihn !ait ic pianLt; in o,'.r maintain a high 

3. 	 Crite ia (., P re,'va 
a) The proIect 18..5-r. to Il i 1he ne wor-k objectives as defined 

in the inaugural workshop inni ns; clarified during the 

b) The ) o,je , i s t.!cnii ic'I lv accptable, i .e. it fPollows 
the approach which ht:; Iecn Mti ned during uhe present 
seminar and i; well de'icd. 

c The projoct Ic; 1houghl. to be ecoiomca] ly acceptable.
d) The count v is5 alr'ealy inivod in res'osearch of the type 

proposed, or i s wi] Iring to invest in training ror its 
pels'o)1tlt,i to :'riiil t i: ipal.ion. 

e If a rescnr'ch project i; prop(,:.;ed, it t3hlold have a broader 
objective than Lnt counry olii e ive"s se,tfc per and should 
have riplications orn wder' a cae. This requirement 
will riot apply to vaiidat ice pvojct,;. 

I'ROGRAM 1MIIEMENTAT'TON 

immediate act ion wi I hQ take, by the Director of IBSRAI to 
gain donor support. to Lhe program, or; p.' [f'ot' the cost of coordi­
nation. These fu ds i n Iude , pI Irnerl.of' a program coordinator 
and the of etingsi nd t o'lg The role of the pro­cost mt uroli teour;. 

gran coordinator. wi 
 hbe the owN' is that, des cribed fOPr the network 
'o0C H'( ih,, o!o:; (1f ' aiiaL(,:' is ro ' i ti, f i , l ,)'k:;heJ ,;. 

So as iot, to los tilOitettlln ini the period betore the program 
coor'dinator is appointed, the l)irtiwtot wi imiediately contact coope­
rato's aid re lcvant organizattons to o'a i'ry out various functions 
as set out below: 

i. 	lonoerator's to rodp, fnt le iir profject proposals in accordance 
with the diScUSrioiS which Look place (iring the seminar, 
and with the gtuidelines provided during the inaugural workshop 
on Tropical Land Clearing fPor Sustainable Agriculture 
(Appendix IV). 

2. 	Cooperators to follow up activities already started or to 
star acti vitie; as soot 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 coul]d he the following year's meeting 
place), ar"d to give guidance to the cooperators in order 
to help them In this e.xer'cise. 

1. (XCope'ato':; t-, :,(oit to IBISHA.Nv an inveritory of' their available 
labora to'y eqjilipn111011t and to list theii, needs regarding soil 

arid p1l aIIt r IA VSe 

5. Cooperator':; to ':.end their training plans and a list of availa­
ble f'ac I lit. i es at dIi I'eten t leve 1s in order- to organize 
tirainling o,ssi oh. I BSRAM will encourage cooperators *to 
send part ic i pants to [ITA soil and plant analysis courses, 
or to avail themselves of' similar opportuni ties. 

APPENDIX 11
 

PROGRAM 01" THE IBSRAM SESSION 

Thursday January 23 

Morning : Visit to a road cutting showing laterites on metamor­
phic r'ocks on the Douala-Yaounde road 

After'noon : Soil prT-Oli-10s - cIa sl 'i('ation repartition - uses 
- 'ungo riverter'races 
- Ekona experimental station 

Friday January 21[ 

First part: IBSRAM network organization
 

Qlhai lierh Pr'o '. It. .: clhrrj c,'eI 
1)'. Hi nl: i -Tio ;a 

(ene r'al proe ontation M. Latham
 
R' su it I (l' t ie i 110 1 rn: I works hop on Management 

of' Acid 'il'rpical ,o i P. Sanchez
 
Re.sult,,io f'the ifaiilguia workshop. on Tropical 

Land Cle :,'lu g 1'w- S~ici ,!ii alle Agriculture R. Lal 

Second part.. Site selection
 
Chai rmt,.n: Prol'. A. Ihrb i Ion
 

P1,( , '. 11. Asqhay'e
 

Clearing and Iaoi;igemorit, of' latetit Ic s ,1ls. 
First step in the implementat ion of 1BSRAM 
proj c t,; M. Latham
 

Analyse de la couveture pC:dologique : 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. Spaargarer,
 

Third part: Site characterization 1
 
Chairmen: 11'.. V. hahar'inoqy
 

Pruj'. (". t.aLhieu
 
Relation entre .Iu poro;it6 ,I. le pedoclimat
 

dant; le d(imaino Fe 1a1it iquo an Cameroon F.X. Humbel
 
EL'cIOLlt.,inltllL :lpl: 
 'icie. (i !nol : quel.ques
 

appli cn it.o.; agvoumi,,ueos; 
 C. Valentin
 
Organic matteoca,-havrwtev,; H. Scharpenseel 

Fourth part: Site characterization 2
 
Chaia nien: Pr'vof'. A. Huellan
 

Ir.[, hileshe
 
i':dafiho charac te: 
 P. Sanchez
 
,ifinera logi ch wac toi's 
 A.S.H. Juo
 
PhosphorusI 'n'r no 
 V. Raharinosy
 

Saturday January 25 

Fifth part: 	 Adaptation of the experimental design to soil
 
characteristics
 

Cliairmen : 	 Dr. A. 7apanguni
 
DrI. 0.. ta , a ,,i
 

Analyse strucLC ni le ,(; C()iV( uItlts
 
pJdologi ti( e e . LI;plan tal I on d'essais
 
agronoluique ; i, (; 
 F.X. Humbel
 

Variation Il 'WmalIliltecollvert lre
 
rPer aI lit [i 1-lOI a t i Vellior; . holflogfr.i'oe e t
 
eXperinn tat i on,; Ngroiolli qIei oCM basso
 
("Cte I voi ,e 
 R. Moreau 

Sixth part: 	 Presentation of national project proposals ATS
 
Chairmin: 	 Prof. Pedro Sanchez 

Dr. Aku O'Kting'Ati
 
Cameroon 
Congo
 
Ivory Coast
 
Madagascar
 
Zambi a
 
Nigeria
 
Burund i
 
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
 
Cha irmen: Dr. ,J.Eckebil
 

Dr,. M. ILatham 

iepot (1' the- NCC
 
Report of, the wcrk ing grolps

Forrration ot 1he Land Development and Management 
 of Acid Tropical 

(e!rg ] I iii scus:s ion
 
Clo,;inrig ,!;si on chaired by 
 Prof. Beaupe .1 . 

APPENDIX III 

PARTICIPANTS
 

BURUNDI Paul BILONG 
I"cuit6 des Sciences, Universit6CI tme nt MATH IEU de Yaounde
 

,ncult6 der, Sciences Agoromiques BP 182 Yaounde

1,11 , }LJl111btlrabiU 

CAMEROON Joseph BINDZ 1-TSALA 
Centre National des SolsPaul. R. ANAMOSA BP 5578 Yaounde 

University Center, Dschang 
BP 135 lschanni West Province William BLUE 

Centre Universi taire de Dschang
Emanvel AWA ENSA BP 222 DChang 
CNS gkora S Iation 

'MiB 25 Buea Emanuel DOUNOU-TCIIATO 
IRA 

John AWEMO BP 221 Bnngangte
Chief* Barorrbi Kang Station IRA 
BP 62 Kumba Jacques ECKEBIL 

IRA
 
BP 5578 Yaounde 
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g.I. ELA-ELVINA 
CENEEMA 

IP ' 10 YHOtd C 

S;' ige (;13IOHEZ 
C[ -bIi / I lA,/'CNS 

114BP ) Dschang 

,lJt 11In " 

'Lkoria 

PNI, 2 I3uerri 

FA I Res earch 

Ph ili ppe IKEIL 
DPAI, 

3P 257( )oum In 


Phi lip1 A. KIPS 
I"AO/F"kona Research 
144 'S4 Bea 

,I . KTT()-SA,%II.' 
(NS 
UP 5578 YamLde 

App() I iin i ie MOIUKAM 
;CNJI'kta Stat iotl 

FN 2' Huert 

av i N(iAKANOIJ 
CNS EkoIa Station 
tIVB 25 hiea 

Sim,,on T. N II N 
C,5S Fkoia SLat. ion 
'NB 25 Buea
 

A. V. OI/NANA 
CINIEA 
131'10110 Yaounde 

NIale OUJNGIENE 
IRA/CNS 
1P 55/8'iYaotmie 

Neirpin 'f1H I NI)ANG 
D6par'tcment de ticographie 

Univers it& de Yaounde 
BP 755 Yaounde 

Frederic TCHUENTEU 
IRA/CNS Ekona
 
PMB 25 Buea
 

Epir Van P 'ST 
Cert re, in v isitaire do Dschang 
ENSA HP 222 lschang 

lise YEV1 

CENi'I,iIA 
BP 104( Yaoule 

Hosu YOJNGU[, 
FacuIt6 des Sciences, Universit6 

de Yaounde 
BP 812 Yaounde 

CENR'IIAL AIRICAN REPUBLIC 

Yves BOULVERT 
ORSTON 
BP 893 Bangui 

CONGO 

Erik BHAUDEAU 
ORSTOM 
1BP 181 Brazzaville 

Antoine NAPANGUI 
DGRST/OS'I() 
BP 181 Irazzaville 

Jean Mathias KOUD 
Lab. (; ol . S6dimentaire 
Un iver .t, N.L NGOUABI 
13P 23Y Braz zavillc 

FEDERAL REPUBLIC Ol' GERMANY 

II. . SCIHARPENSEEL 
Un i 'si tat. Hehamburg 
Allende Platz 2 D 2000 
Hamburg 13 
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FRANCE 


Mireille DOSSO 
Centre Scientif'ique [BM France 
;6 QU R. Poincar6 75110 Paris 

Adri en HRI I.ION 
Contr-e de PCdologic Biologique 
ifp 54501 Vandoeurre les 

Nancy Cedex 

I"r'LIh,' .;tXaviet HIINBEL 
u 	 )t;'!?I 

(u-'/4 RT d 'Au]lnay 931110 Bondy 

Aai, I ,LLAN
 
OIRS1 0Ji 

213 Rue Lafayette 75010 Paris 


VOLKOFF
 
O S'OM 

70-74 FT d'Aulnay 93140 Bondy 


IVORY COAST
 

Ema nuel 1 "TSCH
 
OHS'I'OI 
I' V 51 AbidPan 


>lir i';t.e HRcherche/ORSTOM 
BP V 51 Abid an 

Chi! tian VALENT1N 
ORSTON 
BP 	V 51 Abidjan 


Gballou YORO 

MinistCre Recherche/ORSTOM 

BP V 51 Abidjan 


MADAGASCAR 


Violette RAHARINOSY 

Minist6re de la Recherche 


Scientifique 


BP 694 Tananarive 101
 

NIGERIA
 

Akinola A. AGBOOLA
 
Dept. of' Agronomy, University
 

o!' I;In 
I bada n 

T.I. ASHAYE
 
Dept. 	of' Soil Science, University
 

of' IFE
 
I FE 

M. 	BERNARD
 
I ITA/FSP 
PMB 5320 Ibadan
 

A.S.R. JUO
 
IITA
 

PMB 5320 [badan
 

R. LAL
 
IITA
 

PMB 5320 Ibadan
 

NORWAY
 

Balram SINGH
 
Agricultural University of Norway
 
Box 28 1432 AS NLH
 

RWANDA
 

Valens NDOREYAHO
 
Facult6 d'Agronomie, Universit6
 

Nationale du Rwanda
 

Johan VERCRUYSSE
 
Centre P6dologique du Rwanda
 
BP 711 Kigali
 

TANZANIA
 

Aku O'KITING'ATI
 
Sokoine University
 
Box 3000 Morogoro
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'iHAILAND USA 

Narc LATHIAM PIedro SANCHLEZ 
I B 1RAN North Carolina State University
IPr)Box 9-109 Bux 7619 Raleigh NC 27695
 
liaitgkok 10900
 

iiii',,r I'AN ICIIAPON(; ZAMBIA
 
lIh-nir'ti i . oI' Land Developnerit
 
Ih;i,,,ltt Road L[azarous
y till 
 CIt1 LESLIE 
Ifklin, Bangkok 109(00 Soil Survey Unit 

PO Box 710072 Mansa
 

Otto SPAARGAREN
 
Soil Survey Unit 
P Bag 7 Chilanga 

APPENDIX TV 

GUIDELINES FOR NATIONAL COOPERATOR PROJECT PROPOSALS
 

The country project. proponls (about 10 pages double-spaced) 
.;hol1(l be:
 

- Map lhei' p lp !d li
 
- InLrodu('l i i - ;ignif'i(alec of' the project 

* bi '' IIoulI'e'v i,, . I i ,I 't tIt e 
iilpa(:Wt o' Itie popmu;ed study on agricultural development 
mid ev:iiitml Il I.V(t I- aldvtice of' general knowledge 

* t(h'i': 'ioi , tlh. s;udied aiea( s) Prom an agroecologica] 

- Ih i i i ,c ii ( i ' lihe nt. itmal ag(ncy responsible for the 
pf'o.j ' l at ' ' )11111 ti'oo1'(irlatorth i io Scienttist
 

- etail.,; ( IW'lOpo!ied :;tlidy
 

o I tolind ;cop 

• ipltet'utatitort seleue and arranigements
 

- St;aiteiIl| 
 of' locally available l'acilities in terms of 
o X l.ri k (iei lds* ,.ul01 

* ii titl'l' 

]al)oiM ,l t)'i1(8, f'i cs 

- I-,t imat, of' o:;'); aid r'(lquirernents, including 
• Il~uiO, 1 i -tippal aLio..n
 

equirezl tseex te'ta I in terms of equipment, travel, working 

C |.( e;peII su 

train inIg aind COlhItI] toncies 

M':tl "
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The proposed study should be planned taking Into account the cone [ uions and recommendat ions 
 of' the working group reports.
FurthCrmore, the need for consistency uP several procedures (experi­
menLal designs, lahoratory methods) among country projects should 
be kept, in mind. 
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