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ABSTRACT 

Three scales of organization - the 
basic assemblage, the horizons, and the soil 
mantle - are taken as a starting point for 
the study of vertical and lateral 
differentiation. The morphological 
characters, or basic combinations, are 
mainly colour, aggregates, porosity, and 
concentration features. They have a 
significance not only in terms of pedogene- 
sis, but also in terms of soil management. 
They may vary according to seasons or as a 
continuous trend on a longer-term evolution, 
and are specially organized in horizons and 
i.n c-atenas. The limits between soil 
features and horizons are important both 
vertically and laterally. Catenas can be 
lithosequences, toposequences 'or chronose- 
quences. An understanding of these organi- 
zations and of their dynamics is very 
important in choosing the site for an : 
experiment station. 
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INTRODUCTION: 

MORPHOLOGICAL ORGANIZATION OF THE SOIL 

Soil, as is the case with all natural.bodies, is 
an organized, structured entity - that is, the organic 
and mineral constituents of the soil=are arranged with 
specific relationships between them. 

The morphological organization of the soil exists 
at all scales of observation: 

- from the basic assemblage of the particles, that 
we can observe with the microscope, 

- up to the arrangement of the pedological systems 
at a regional scale. 

In fact, when we want to know how to use soils, it 
is 'important to study and interpret three scales of 
or gaqi z a t i on : 

1. The scale of the basic combinations of the 
constituents. These basic combinations are 
expressed in terms of: 

- colour - aggregates 
- porosities - nodular and linear con- 

centrations. 

2. The scale of the horizons: - each horizon is charac- 
terized by one o r  
several types of basic 
assemblages. 

3. The scale of the pedological mantle: 
- this is made up of the 

vertical superposition 
and the lateral 
succession of several 
horizons. 

The morphological organization of the soil is 
equivalent to the anatomy of a plant o r  of an animal. 
This morphological organization is, 'at one and the same 
time, the result and the driving force of the dynamics 
of the soil. Hence.we know that the morphological 
organization of the soil is: 

- the evidence 

- the expressi 
and also 
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of the past history of the soil, 

n of the actual dynamics (mainly 
the hydric and the' biological dynamics) of the 
soil. . 

This means that when we want to evàluate, to 
understand, and to use the fertility of a soil, we have 
to study in detail the morphological organization of 
the soil - at the different scales of its organization. 

THE MAIN MORPHOLOGICAL CHARACTERS 

The description and the interpretation of the 
vertical and lateral variations of soils can be made by 
studying four groups of morphological characters: 

- the colours; 
- the aggregates; 
- the porosities; - the concentration features. 
A detailed study of these morphological characters 

enables us to make certain deductions with regardto the 
morphological composition, dynamics and fertility of a 
soil, and these are briefly reviewed below. 

1 .  The colours can be interpreted in terms of: 

* the presence of determined constituents: 
- organic matter 
- iron 
- carbonates 

* the state of some constituents: 
' -  reduced iron - goethite 
- hematite 

* the dynamic processes: 
- biological activities 
- hydric evolution 
- migration of clay 
- carbonation - salinization 
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By studying these different aspects of the soil, 
we can deduce some information about several chemical 
and physical features: the absorption complex, the pH, 
the texture, and s o  on. 

2. The presence and the morphology of the 
aggregates (rounded, angular, laminar), and the 
dimension and stability of these aggregates, 
can be interpreted in terms of: 

* texture 
* clay mineralogy and 

* presence of organic 

* absorption complex and 

* biological activity 
* hydric dynamic 

dynamic (swelling) 

matter 

PH 

So the aggregation gives good indications 
about: 

* chemical fertility 
* accessibility of this 

fertility to the roots 

3. To be well understood and well interpreted, the 
porosity has to be: 

* first: described in terms of the morphology 
and origins of the soil: 

- alteration 
- particle assemblages 
- biological activities 
- fissuration 
- assemb1ag.e of rounded 

aggregates 

* second: -measured in terms of: 
- total porosity 
- porosity of the aggre- 

gates 
- porosity of the micro- 

aggregates: textural 
porosity 

- structural porosity , 
i.e. the porosity 
between the aggregates 
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In terms of fertility, it is most important not 
only to have data about the .macro- and microporosity 
that influence the dynamic of the water, but also to 
have detailed observations about the space and time 
variations of the porosity: abrupt variations of the 
porosity are never good for the fertility. 

4 .  The concentration features are organizations 
which. result from m'echanisms involved in the 
transfer of the constituents in the soils: 

- cutans 
- nodules - sand capping 
- band 
- pedotubules 

In terms of fertility, these concentration 
figures give' good indications regarding: 

- the mechanisms of leaching and of accumu- 
lation in the different horizons of the 
soil, and 

- the biological activity. 

TIME AND SPAC.E VARIATIONS OF 
THE MORPHOLOGICAL CHARACTERS 

Colours, aggregates, porosity and concentration 
f-jures. are characters which express the basic 
assemblages of the soil, and which vary in relation to 
the time factor and in relation to the space factor. 

A. In relation to the time factor, there are two 
types of variations: 

1 .  Seasonal variations: , the morlphology of 
the soil varies at each moment in relation 
to the variations of humidity, temperature, 
and biological activities (vegetal ana 

These variations have a big animal). 
influence on the physical and chemical 
fertility. 

2. Progressive modifications, year after year: 
this cbncerns the more or less rapid 
evolut.ion of the pedological mantle. This 
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evolution can be greatly accelerated by the 
way in which the soil is used, notab1.y with 
regard to: 

- compaction 
- disaggregation 
- leaching of clay 

'- erosion 

It is absolutely necessary, if we want to 
protect the fertility of the soils, to 
observe and to measure with precision the 
morphological evolution of the soils. 

B .  In relation to the space factor, it can be seen 
that the morphological characters of soils are 
organized in horizons, in which vertical 
superposition and lateral succession define the 
morphology of the pedological mantle. 

At these smaller scales, the scale of the 
profile and the scale of the catena, it is very 
important to observe in detail where and how 
the morphological changes take place - t.hat is, 
where and how the appearance, the 
disappearance, the aggregates, the porosities 
and the concentration figures occur (see Figure 
1 1 .  

Each one of these vertical and lateral 
changes is meaningful in terms of physico- 
chemical properties and in terms of the 
dynamics (the water dynamic f o r  example), as 
well as in terms of the potentiality and 
vulnerability of the soils. It is these 
morphological changes that we have to represent 
on detailed soil maps (see Figure 21. .~ 

CONCLUSION: 

STUDY OF THE MORPHOLOGICAL LIMITS 

It is important to emphasize the importance of 
studies which examine the limits that mark the vertical 
and the lateral variations of one or several 
morphological characters of the pedological mantle: it 
is as important to know about the limits as what exists 
between the limits. 
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i 
We know that in terms of the lateral distribution 

of the soil characteristics we have three main types of 
catena or sequences: 

1. The lithosequences: The lateral variations are 
concerned with the variations of the rocks. In 
these sequences: 

- the vertical differentiation limits are 
dynamic limits, i.e. they vary as a 
consequence of the evolution of the soil; but 

- the lateral differentiation limits are fixed: 
they correspond to the rock limits. 

2. The toposequences: The lateral variations are 
determined by the topography. We know that in 
general in -these types of sequence all the 
limits are dynamic, and it is very important to 
know how, and at what speed, the vertical and 
lateral differentiation Limits evolve. 

3. The chronosequences: The lateral variations 
are determined by the age of the s o i l s ,  i.e. 
the age of the material on which the soil 
rests. 

- chronosequence along a slope, i.'e. the 
evolution of carbonate accumulation as a 
factor of the age of the surfaces (see Figure 
3 1 ,  or 

- chronosequence of landscapes, i.e. the 
chronosequence of the transformation of an 
Oxisol to a Spodosol (see Figure 4 ) .  

It is, then, by studying and mapping the 
chronosequence that we can partially answer the 
question concerning how and at what speed the vertical 
and lateral differentiation lim'its evolve (see Figure 
5 ) .  

Finally, it is in relation to all these 
morphological data - vertical, lateral, and dynamic 
morphological data - that .we can situate, with 
considerable precision, an experiment station which 
aims to test the use of the pedological mantle in 
relation to the- anatomy and physiology of the 
pedological mantle cdncerned (see Figure 6 ) .  
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1 m vertical scale 
ror the horizons c 

u æ aa 40. 

Isodifferentiation curves 

Note: The characterization of each curve - is drawn for 
an observer crossing the curve from the side 
where the number is placed: 

,b where the compact red horizon disappears (d) 
& where the nodules disappear (cl 
Q where the hydromorphic characteristics of the 

b where the purplish-red sericitous horizon 

b where the white horizon reaches the base of 

/ where the isodifferentiation curve has been 

humus horizon appear (g)' 

disappears (e) 

the humus horizon 

located 

Figure 1. Analytical phase: cross section and plan 
(after Boulet, Humbel and Lucas, 1 9 8 2 ) .  
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Plan legend. Characterization o r  Isodli~erentiation 
curves from the viewpoint or an observer 
crossing them rrom the side where the 
number Is placed. 

where the yellowish-red horlzon disappears l a 1  % where a transrormatlon area appears berwctn ( d l  
and lbl 

& where the . bei&e and whlte rillimetrlc Islands 
appear, at a depth or  10-20 cm 
where the white sand come8 into contact wltW the 
transformation area 
where the horizon disappears (bl, The clay- 
Impoverished horizon, whether hydromorphlc or not, 
develops dlrectly by taking Crom the water table 
I C I  
where the loaFy-sand black humirerous horizon 
a m e a r s  l a1  

. .  

- .  - _ _  - _--_ Thalweg with no tesce o r  surrace drainage -. icicroclirr ( 2 0 - 6 0  cm1 resultinn rrom successive 

~r red 

LI IaoÖverishment lncreaslnn as curve 3 is 
n approached 

lelm pale yellow horizon changing to beige ln I 
lateral direction, Impoverished clay, with 
hydromorphic features increaslng as curve 4 is 
approached 

I r l a  white sandy horizon 

pedorellc 
lgl,m black sandy loam horizon 

-.- 1 roof o r  the layer %::ittated 

Figure 2. Diagram of the cross sectlons and 
- prellttoral bars. 
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1 13 I .  ......... I ?  
a . .  

Old Quaternary I M i d d l e  O u a t e r n a r y  e c e n t  

513 - Platy (layered) crust 0 D i f f u s e  a c c u m u l a t i o n  

a D i s c o n t i n u o u s  c o n c e n t r a t i o n s  C o m p a c t  s l a b  
( n o d u l e s .  v e i n s .  e t c . )  

N o n - p l a t y  c r u s t  Ribboned crust 

Figure 3 .  Distribution of the main types of calcium 
carbonate accumulation as determined by the 
ages of the surfaces and of the soils (the 
length of the sequence varies between tens 
of metres to a hundred metres and more; the 
difference in altitude between and Old and 
Recent Quaternary is in the order to tens of 
metres (Zebra, Morocco). 

-- 

n r  I - -  

D U I  

Figure 4 .  Stages in the evolution of prelittoral bars 
(after Boulet, Humbel and Lucas, 1 9 8 2 ) .  
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4 Cross section showing the stage of evolution 
S o i l  temporarily totally bogged on sandy colluvium 

Stages 1 and 2 a s t i g e s  3 and 4 
Stages 2 and 3 0 Stages 4 and 5 

D r a i n a g e  a x i s  ---_- 

Figure 5 .  Synthetic map of prelittoral bars. 
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Figure 6. An example of agropedological experimenta- 
tion on prelittoral bar. 
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Cross Sectlon Legend 

progresslve + rapld florlzon llmlts: ------ 
v p l a n l c  floor of perched table 

[al humlferous horizon. sandy: 
strong brown sand t o  sandy Clay; 
yellowlsh red sandy Clay: . 2f 

(dl a strong brown sandy t o  sandy clay: 
[e) strong brown wlth cs volumes of red, clay 

( r i  I_ llght yellow wlth CI volumes of red, sandy, 

( g ~  dark brownish yellow sandy to sandy clay; 
Ihlr;*r.l brownish yellow deeply impregnated wlth organic 

matter: the lspregnatlon depth OC OrganlC 
matter and the clay Impoverishment lncreases 
from curve 1 towards curve 7 

decreasing downwards: 

wate'r-table reservolr; 

l l l O  strong brownish yellow sand to sandy Clay; 
IJIm yellow with volumes of red maln less lndurated 

[ k l m  transltlon between lhl and (J I  by lnterpenetra- 

[11= dark brownlsh yellow, getting gradually lighter 

I m l O  llght grey to whlte. sandy; 
( n l m  ochre, organlc brownish black streaks. sandy 

( 0 1  :* red pedorellcs more or less indurated: ' 

lpl *; pedoreilcst 
l q l  grey humlferous volumes; 
I r I b m  o c h r e  spots alonu the pores. 

Legend for the Isodlfferentlatlon Curves 

sand to sandy clay; 

tion and rellcts (from j into hl 

wtth depth, sandy8 

clay: 

Centlrugal dirferentlrtlon 

6 change from 1.5YR t o  l O Y A  in 18-20 cm 

8 where ochre spots appear In 18-25 cm. 
Centripetal dlrferentlatlon 

lbl- lhli 
where Ibl dlsappears; 
where pedorellc$ual volumes appear ( 0 1 ;  

as glven above; 
where pedorellctual volumes appear I p l  a t  the 
bottom OS lhl: 
where humirerows volumes appear l q l :  
where a planlc llmlt appears; 
where white sand appears Iml; 
where the brownlsh-yellow materlal dlsappears 
16) ;  & where the clay-lmpoverlshed materlal gets 
thinner ( ( 4 0  c61 l h l ,  and where the 
characterlstlcs which appeared wlth curves 5 
and 6 disappear; 

/ where the lsodifferenilatlon curve can be 
seen. 

b% 

8 
AGRONOHIC EXPEAIHENTATION IPhillppe Codon, IRATI 

K! 

Soybean L I  

. {H: 

collectlon I 6 2  varletlcsl 
rertlllzatlon trial 
herblclde trial 
behaviour trlal (5 varieties1 
behavlour trial 16th variety1 

behavlour trial, with and without ridges, 
and 'wlth and without llmlng 
dlversiflcatlon trl8l. 15 v ~ r l s t l e s ,  6 
repetitions I 
behaviour trial. only one treatment 
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ABSTRACT 

Soil and site characterization are 
crucial elements in any kind of soil-based 
research. The characterization process 
takes on a new dimension when research 
networks are considered, as compared to 
experimentation at a single site. 
Reproductibiliey of site characteristics at 
other locations is the single important 
constraint in a network, and since this is 
not always feasible, the alternative is good 
characterization and documentation of site 
c.harac t er is t i c s .  

The paper provides some guidelines on 
aspects to be considered in soil and site 
characterization. The IBSNAT approach is 
used as an example, and some of the minimum 
data sets are used as illustrations. The 
need for a data base management system is 
empahs'ized and some aspects are elaborated 
to sho,w the complexity of establishing a 
network. 


