
SOIL SURVEY: DIFFERENT TYPES AND CATEGORIES' 
2 G. Aubert 

Soi1.i.s a natural object, and as such, it is an indis- 
pensable object of study, both as an entity itself and to 
understafid the action of its formative factors in order'to 
determine its genesis and evolution, its place in a natural 
and rational classification, and its global distribution. 

Since soil is one of the fundamental components of ter- 
restrial ecosystems, we must therefore attempt to ascertain 
how soil interacts with them. These ecosystems are often trans- 
formed directly or indirectly by man into agro-ecosystems which 
furnish food, fiber, and other products such as textiles, wood, 
'oil, etc.' The study of soil types must therefore be performed 
with the goal of determining their possible adaptation to these 
utilizations. 

. 

Soil survey, the field and subsequent laboratory study of 
soils, is based on grouping individual elements into classes 
to determine the characteristics, properties, and evolution of 
soils -- elements which permit the expression of the specificity 
of soils, the role they play in ecosystems, and their possibi-. 
lities' for utilization. Mapping is performed to show the spatial 
distribution of these defined units. 

OBJECTIVES AND TYPES OF SOIL CLASSIFICATION 
FOR USE IN SOIL S-URVEY AND MAPPING 

As mentioned, the fundamental objective of soll survey is 
to define map units by classifying grouped elements that are a 
function of soil characteristics, their relationship with the 
environment and their evolution. These map units may be ulti- 
mately expressed as a distribution on a rational map. 

Soil Surveying and Mapping on a Pedological Level 

CZassification. The various categories of soils do not always 
correspond to natural classification units, which for practi- 
cality must not be extremely complex; consequently, they do not 
always represent the range of natural variability. Frequently 

'Translation by T. Forbes and P. Piech, Department of Agronomy, 

2Services Scientifiques Centraux, Off ice de la Recherche Scienti- 

Cornel1 University, Ithaca, NY 14853. 

fique et Technique Outre-Mer (O.R.S.T.O.M), 70-74 Route d'Aulnay, 
93140 Bondy, France. 

Q. R. S.T. Q. M. Fonds Documentaire. 
26 RVR. 7985 



'3 
Y 

8 

a classification system is the basis of a soil legend: this 
legend can include {ntergrades or tmadjuncts,  units related geneti- 
cally to thepure units which form the real framework of the 
survey site. 

The representation of complexes on soil maps is a difficult 
problem to resolve. Whatever may be the legend and scale of the 
soil map, there are varying numbers of areas containing such 
numerous and intricate soil units that it is impossible to accu- 
rately represent the exact position or area of each of the units, 
regardless of whether the survey was sufficiently detailed to 
locate them with precision. 

Several solutions to this problem are possible, and their 
applicability depends on the scale of the map and its objective. 
In the case of interpretive pedological maps with scale ranges 
of 1:500,000 to 1:5,000,000, one could try to represent the 
most characteristic soils, even at the risk of exaggerating Cer- 
tain points and not representing others. For medium scale maps, 
(1:50,000 to 1:200,000, and occasionally 1:500,000), which are 
suitable as a regional planning base, the method utilized is 
entirely different. Here, cartographic units correspond 'to 
soil associations. Sometimes it is possible to replace these 
simple, most utilized soil complexes with toposequences, or 
successions of toposequences, or even catenas of soils. This 
last method is the most satisfactory, especially for determining 
more explicit applications for regional planning. First, it is 
necessary to show the existence and extent of these catenas. 
Already the utilization of toposequences in areas where they 
are developed greatly improves the cartographic representation 
of the soil survey results, and allows the faster production of 
more informative maps. In large scale maps, the same complex 
units are employed, but their proportion with respect to ''pure" 
units is normally more limited, if the survey was sufficiently 
precise and detailed. 

Factors of fomat ion .  In surveying, the relationships be- 
tween the kinds of soil and their various factors of formation 
and evolution assume great importance. 
to make these characteristics a component of the system, especi- 
ally for intermediate map scales. 
system the characteristics of parent material are included at 
the family level. Vegetation and geomorphology parameters are 
not incorporated in the definition of soil, except for their 
occasional use at the series level (where judgments based on 
the criteria of soil depth are more effective). However, the 
cartographic regrouping of. soil units can be accomplished based 
on the consideration of these two factors, which are themselves 
consequences of soil genesis. As did Tricart (1974), Kilian 
(1974) defines cartographic units on the basis of geomorphozogy. 
Under this premise, it seems preferable to regroup soils into 
Zandscapes in which their distribution and relationships are 
more precisely shown in detailed maps (Eschenbrenner and 
Badarello, 1975). 

Often it is essential 

In the French classification 
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formulat ing p l ans  f o r  s o i l  u t i l i z a t i o n .  
z a t i o n  i s  a g r i c u l t u r a l  development, a l though a t  t i m e s  it i s  
for  p u b l i c  works or urbaniza t ion  ( inc lud ing  r e c r e a t i o n a l  a r e a s ) ,  
f o r  t h e  p re se rva t ion  of t h e  ecosystem and i t s  i n t e g r a l  complexity,  
or f o r  environmental g o a l s  ( t o  create reserves, n a t i o n a l  parks ,  
e tc . ) .  It  is  very  c e r t a i n  t h a t  i f  t h e  eva lua t ion  of s u i t a b i l i -  

use  depends i n i t i a l l y  on t h e  s o i l  i t s e l f ,  i t s  c h a r a c t e r i s t i c s  
and p r o p e r t i e s ,  and o f t e n  i t s  process  of formation and evo lu t ion ,  
t h i s  evo lu t ion  must a l s o  p l ace  p a r t i c u l a r  importance on d i v e r s e  
f a c t o r s  (geomorphological and topographic  condi t ions ,  vege ta t ion ,  
etc.)  and cons ider  c e r t a ï n  of i t s  environmental  elements, and 
even g e n e r a l  o r  l o c a l  cond i t ions  t h a t  a r e  e x t e r i o r  t o  t h e  s o i l  
i tself  ( f o r  example, t e c h n i c a l  or socio-economic cond i t ions )  
(Brinkman and Smyth, 1 9 7 3 ) .  These l a s t  f a c t o r s  have g r e a t  
temporal v a r i a b i l i t y  and consequently t h e  p o s s i b i l i t i e s  of 
i n t e g r a t i n g  t h e m  i n t o  maps are l i m i t e d  because wi th  t h e  t h e  
and cost cons ide ra t ions  involved,  t h e  r e s u l t s  should be r ep re -  
s e n t a t i v e  f o r  as long as poss ib l e .  

t r a n s i t i o n  from surveying t o  graphic  r e p r e s e n t a t i o n  of t h e  so i l s '  
p o s s i b l e  use.  

Usually t h i s  u t i l i -  

I t ies  or l i m i t a t i o n s  of a s o i l  w i th  r e s p e c t  t o  a c e r t a i n  type  of 

Diverse methods have been proposed t o  accomplish t h e  

Pouget (1977)  has  i n t e g r a t e d  the  s tudy  and r e p r e s e n t a t i o n  
of v e g e t a t i v e  groupings and so i l s ,  i n  surveying s o i l s  of t h e  
s teppe  areas of Algeria;  t h i s  permi ts  him t o  create f o r  a 
medium scale of 1:100,000 a more complete map i l l u s t r a t i n g  t h e  
p o t e h t i a l  uses  of landscapes. 

Another procedure i s  t o  inc lude  on each page of t h e  map 
i t se l f ,  s m a l l  scale schematic diagrams showing t h e  gene ra l  
d i s t r i b u t i o n  of t h e  g e n e t i c  f a c t o r s :  geomorphology, vege ta t ion ,  
climate, etc. This  has  been done wi th  t h e  French s o i l  maps a t  
t h e  1:100,000 scale and t h e  New Hebrides s o i l  maps. 

S o i l  Surveying and Map-making f o r  U t i l i z a t i o n  

1. Synthesized. The i n t e r p r e t a t i o n  of t he  accumulated 
knowledge of so i l s  and the i r  environments, i n  t h e  con tex t  of 
t h e  l a t e s t  agronomic techniques and l o c a l  eco log ica l  cond i t ions ,  
can be expressed i n  a synthesized manner. I n  c e r t a i n  cases t h i s  
can be represented  as explanatory paragraphs on t h e  f e r t i l i t y  
and u t i l i z a t i o n  of each s o i l  u n i t ,  o r  as  a summarizing chap te r  
i n  t h e  t e x t  of t h e  s o i l  survey r e p o r t .  
e f f e c t e d  du r ing  t h e  O.R.S.T.O.M. s t u d i e s  i n  t r o p i c a l  Af r i ca  and 
i n  Maghreb (Maignien, 1 9 6 9  and Segalen, 1 9 7 0 ) .  

This  has  been f r e q u e n t l y  

Usual ly  however, it s e e m s  most e f f e c t i v e  t o  r e p o r t  t h e  
r e s u l t s  ob ta ined  on a map c a l l e d  o p t b  ut i2izat ion (a t e r m  pre- 
v ious ly  used by Aubert and Fournier ,  1954 ;  Riquier ,  1 9 5 4 ;  etc.)  
o r  cu2tivation potentia2 of the  Zand. These a r e  q u a l i t a t i v e  agronomic 
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t e r m s  t h a t  express  t h e  d a t a  of a pedologica l  map ei ther  gener- 
a l l y  o r  a s  a func t ion  of local  soi l -based recommendations f o r  
c rop .groupings  or land use  types .  
t i l i t y  of a p a r c e l  may be very d i f f e r e n t ,  as may be i t s  c u l t i -  
v a t i o n  o r  use p o t e n t i a l ,  depending on i t s  assignment t o  annual 
c rops ,  tree c rops ,  pas tu re ,  o r  f o r e s t .  Bes ides  t h e  a g r i c u l t u r a l  
c a t e g o r i e s ,  recommendations could be made f o r  t h e  assignment of 
a c e r t a i n  f i e l d  t o  r e c r e a t i o n a l  o r  i n d u s t r i a l  i n s t a l l a t i o n  
a r e a s .  

I n  e f f e c t ,  t h e  l e v e l  of fer- 

I n  a r i d  r eg ions ,  t he  development should be considered 
wi th  and without  t h e  presence of i r r i g a t i o n .  A s i d e  from t h e  
s o i l  map or c u l t i v a t i o n  p o t e n t i a l  map, a map of p o t e n t i a l  pro- 
d u c t i v i t y  i n d i c a t i n g  cropping p o s s i b i l i t i e s  fol lowing improve- 
ments such a s  dra inage ,  removal of ca lcareous  c r u s t  or o t h e r  

' a c t i v i t i e s  could be compiled (Vie i l l e fon ,  1 9 6 7 ;  Riquier ,  Bramao, 
and Cornet,  1 9 7 0 ) .  This  kind of i n t e r p r e t a t i o n  must cons ider  
n o t  o n l y  s o i l  c h a r a c t e r i s t i c s ,  b u t  a l s o  environmental ones: 
s lope ,  degree,  danger of e ros ion ,  and even v e g e t a t i v e  cover.  
Maps which d e p i c t  these f a c t o r s  must be based on s t u d i e s  made 
wi th  a ve ry  l a r g e  scale, o r  marginal ly  wi th  a medium s c a l e .  

2. AnaZyticaZ. The i n t e r p r e t a t i o n  of s o i l  maps f o r  agro- 
nomic planning o r  fo r  more gene ra l  area land use  planning must 
be a n a l y t i c a l .  The method may.be.parametr ic ,  given t h e  u t i l i -  
z a t i o n  of complex i n d i c e s  wi th  weighted parameters based on 
e c o l o g i c a l  zones, p r i n c i p a l  c rops ,  and envisaged uses  
(Riquier  , 1 9 7 4 )  . 

- 

More commonly, t h e  method i s  simply a n a l y t i c a l ,  o r  essen- 
t i a l l y  based on va lues  obtained for r e l e v a n t  s o i l  c h a r a c t e r i s -  
t ics  (such as depth ,  t e x t u r e ,  p H ,  e t c . ) ,  environmental charac- 
ter is t ics  (for example s l o p e ) ,  o r  f o r  a combination of charac- 
t i s t ics  (perhaps e r o d i b i l i t y ) ,  which are judged t o  have primor- 
d i a l  importance f o r  a g r i c u l t u r a l  development or genera l ized  
land uses .  
va lues ,  or th re sho lds ,  v a r y ' a s  a func t ion  of l o c a l  cl imatic 
cond i t ions .  

These c h a r a c t e r i s t i c s  and e s p e c i a l l y  t h e  l i m i t i n g  

Such f a c t o r s  can be depic ted  i n  t h e  format of a n a l y t i c a l  
maps (of t e x t u r e ,  hydrodynamic p r o p e r t i e s ,  permeabi l i ty ,  etc.)  
(Lgvêque, 1975) , culturaz constraint maps or as soil resource maps 
(Boulet ,  1 9 7 6  and Fauck, 1 9 7 7 ) .  

3. Interpretative. I n t e r p r e t a t i o n ,  i r r e s p e c t i v e  of whether 
it is  i n t e r p r e t a t i v e  o r  a n a l y t i c ,  may a l s o  be thematic  or 
designed f o r  a p a r t i c u l a r  t ype  of use ,  e s p e c i a l l y  c u l t i v a t i o n .  
This  form of i n t e r p r e t a t i o n  i s  o f t e n  of t r a n s i t o r y  va lue  due 
t o  t h e  tremendous c o n t r o l  e x t e r n a l  f a c t o r s  such as economics, 
problems of l o c a t i o n ,  etc. have on t h e  p o s s i b l e  use  of t h e  land. 
For example, t h e  s u i t a b i l i t y  of land f o r  banana product ion 
t y p i c a l l y  depends on t h e  proximity of a shipping p o r t  or market- 
p lace .  
e v a l u a t i o n ,  t h e  technique i s  becoming p rogres s ive ly  less u t i l i z e d ,  

With t h e  i n h e r e n t  risks involved i n  t h i s  type  of land 
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d e s p i t e  p e r s i s t e n t  demands f o r  it by economists. Rather t h i s  
s t r a t e g y  has  been rep laced  by t h e  in t e rmed ia t e  i n t e r p r e t a t i v e  
type of approach,, e i t h e r  thematic  o r  a n a l y t i c a l  (Boyer, 1 9 7 4 ) .  

TYPES OF MAPS AND LEGENDS 

A s  i nd ica t ed  i n  t h e  preceding d i scuss ion ,  i n  most cases 
t h e  r e s u l t s  of both s o i l  surveys and s t u d i e s  der ived  from them 
a r e  expressed i n  t h e  form of maps i n d i c a t i n g  t h e  d i s t r i b u t i o n  
of d i f f e r e n t  recognized u n i t s  and t h e i r  r e l a t i o n s h i p s .  Pedo- 
l o g i c a l  and non-pedological s o i l  maps inc lude  a v a s t  v a r i e t y  of 
forms, bu t  t h e s e  can be d i s t ingu i shed  by t h e  d e n s i t y  and pre-  
c i s i o n  of t h e i r  d e t a i l ,  t h e i r  s c a l e ,  and t h e i r  legend (Aubert 
and Tavernier ,  1 9 7 2 ) .  

D i f f e ren t  Kinds of Maps as  a Function of t h e  Densi ty  and 
P rec i s ion  of D e t a i l  Contained i n  t h e i r  Information 

I n  those  reg ions ,  now g l o b a l l y  rare, where e s s e n t i a l l y  no 
'valuable surveys of t e r r e s t r i a l  resources  e x i s t ,  maps of t h e  
"probable" d i s t r i b u t i o n  of p r i n c i p a l  s o i l  t y p e s  expected as a 
func t ion  of e x i s t i n g  information on s o i l  format ive  f a c t o r s  
(geologic d e p o s i t s ,  c l ima te ,  topography, and even v e g e t a t i o n ) ,  
can be compiled. These maps do n o t  have d e f i n i t e  s i g n i f i c a n c e  
except a t  t h e  scale of s y n t h e s i s  (l:1,000,000 t o  1:5,000,000),  
o r  a t  m e d i u m  scales (1 :200,000 t o  1:500,000).  

Habi tua l ly ,  t h r e e  l e v e l s  of car tography are d i s t ingu i shed  
.on t h e  b a s i s  of p r e c i s i o n ,  a s  t he  above-mentioned type  of map 
i s  r a r e l y  encountered: 

I .  Reconnaissance maps. These are based on obse rva t ions  and 
r e s u l t s  obtained from t r a v e r s e s  conducted throughout  t h e  s tudy  
region and on known elements of f a c t o r s  of formation,  as  w e l l  
as r e l a t i o n s h i p s  which have been e s t a b l i s h e d  du r ing  t h e  cour se  
of t h e  i n v e s t i g a t i o n  between t h e  observed s o i l s  and those  
d i v e r s e  f a c t o r s  . . . i n  p a r t i c u l a r ,  a t  t h e  end of t h e  s tudy  
of t h e  toposequences formed over t h e  p r i n c i p a l  pa ren t  rocks 
of t h e  area. The s o i l  map of France a t  t h e  scale of 1:1,000,000 
conforms t o  t h i s  d e f i n i t i o n ,  a t ' l e a s t  fo r  t h e  ma jo r i ty  of t h e  
country. 

2. Semi-detaiZed maps. Such surveys are carried o u t  using 
t r a d i t i o n a l  procedures,  bu t  t h e  p r e c i s i o n  of obse rva t ion ,  a t  
least  t h e o r e t i c a l l y ,  corresponds t o  one obse rva t ion  per  c m 2  
of t h e  map. 

3. DetuiZed maps. These maps are t h e  r e s u l t  of very p r e c i s e ,  
d e t a i l e d  s t u d i e s .  The l e v e l  of p r e c i s i o n  necessary  f o r  t h i s  
category is  minimally f o u r  observa t ions  f o r  each  c m 2  of t h e  map. 

Such l i m i t s  of p r e c i s i o n  are very t h e o r e t i c a l ,  and are 
hard t o  apply  t o  p r a c t i c a l  s i t u a t i o n s  s i n c e  c a l c u l a t i o n s  of t h e  



g a i n  i n  p r e c i s i o n  are d i f f i c u l t  ( t h e  c o e f f i c i e n t  by which it 
would be necessary t o  d i v i d e  t h e  preceding recommendations or 
mul t ip ly  the  envisag,ed s u r f a c e s  f o r  a known p o i n t )  due t o  t h e  
u s e  of aer ia l  photography and a d d i t i o n a l  s a t e l l i t e  imagery. 

Although t h e  use  of t h e s e  modern techniques permits  
greater r a p i d i t y  and m o r e  d e t a i l  i n  e s t a b l i s h i n g  t h e  l i m i t s  
between t h e  map u n i t s ,  it c e r t a i n l y ' n e e d s  t o  be supported by 
numerous t r a v e r s e s  and obse rva t ions  of t h e  s o i l s .  , . 

D i f f e r e n t  Kinds of Maps as  a Function of Scale  

Another common h a b i t  i s  t h e  c l a s s i f i c a t i o n  of s o i l  maps 
as a func t ion  of t h e i r  f i e l d  scale. However, it should be 
remembered t h a t  f i e l d  work i s  o f t e n  undertaken a t  a scale t h a t  
i s  a t  l e a s t  double,  and p r e f e r a b l y  quadruple t o ,  t h a t  a t  which 
t h e  map i s  publ ished.  (For example, i n  France t h e  f i e l d  scale 
i s  1:25,000 f o r  a 1:100,000 published map). C l a s s i f i c a t i o n  on 
t h i s  b a s i s  has d i f f e r e n t  p o t e n t i a l  p o s s i b i l i t i e s  and s i g n i f i -  
cance f o r  t h e  use  of t h e s e  documents. 

I .  SmaZZ-seaZe maps. Maps a t  t h e  scale of 1:1,000,000 or 
smaller permit  g e n e r a l  i n t e r p r e t a t i o n s .  A s  such they  a r e  of 
g r e a t  d i d a c t i c  va lue  s i n c e  they  permit  t h e  performance of 
i n t e r e s t i n g  geographical  s t u d i e s  of so i l s  i n  e i t h e r  d i v e r s e  
reg ions  or  on s e v e r a l  c o n t i n e n t s ,  and allow u s e f u l  ex t rapola-  
t i o n s  about t h e  consequences of land use,  i n  p a r t i c u l a r  agro- 
nomic use.  According t o  our conception with r e s p e c t  t o  t h e  
French c l a s s i f i c a t i o n  system, t h e  legends of such naps can 
inc lude  c l a s s i f i c a t i o n  l e v e l s  as low as subgroups w i t h  t h e i r  
a s soc ia t ed  phases,  and can even d i s t i n g u i s h  those  f a m i l i e s  
which have p a r t i c u l a r  importance. 

2. Medium-seaZe maps. Sca le s  of 1:50,000 o r  1:100,000 are 
c o r r e l a t e d  with maps designed f o r  r eg iona l  planning. These 
i n  e f f e c t  se rve  as a base f o r  prospec t ive  work. I n  France,  
t hose  a t  1:100,000 have been r e t a i n e d  simply because of t h e  
t i m e  and e f f o r t  i nves t ed ;  those a t  1:50 ,000 are more i n t e r e s t -  
i n g  i n  t e r m s  of t h e i r  a p p l i c a t i o n s .  
scale of 1:200,000 as i n  t h e  s o i l  map of Bossangoa (Boulvert ,  
1 9 7 4 )  o r  1:500,000 i n  t h e  map of Upper Volta (Fauck, 1 9 7 7 ) ,  is 
more commonly u t i l i z e d .  O f  course  with t h e  l a s t  s c a l e ,  t h e  
document c l e a r l y  r e p r e s e n t s  an in te rmedia te  s t a g e  with r e s p e c t  
t o  t h e  preceding case. 

I n  t r o p i c a l  c o u n t r i e s  a 

< 

I n  the legend of t h e s e  maps t h e  s o i l  f a m i l i e s  as  d i s t i n -  
guished by t h e  l i t h o g r a p h i c  n a t u r e  of t h e  pa ren t  material can 
be ind ica t ed ,  even as can be s o i l  series tk,at gene ra l ly  cor -  
respond t o  s i g n i f i c a n t  g rada t ions  of s o i l  depth f o r  t h e  land 
use ,  e s p e c i a l l y  i f  it i s  p r i n c i p a l l y  a g r i c u l t u r a l .  

3. I;arge-scaZe maps. A t  scales l a r g e r  than  1:50,000, t h e  
s o i l  map permits  p r a c t i c a l  a p p l i c a t i o n s  f o r  local development 
planning and area development. S o i l  series, and even phases 
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of those  cha rac t e r i zed  by d i f f e r e n t  e ros ion  i n t e n s i t i e s  o r  
i n t e r n a l  dra inage  cond i t ions ,  are d i s t ingu i shed  on t h e  legends  
of t h e s e  maps. 

Even i f  t h e s e  t w o  gene ra l  methods of s o i l  map c l ' a s s i f i ca -  
t i o n  a r e  c l e a r l y  d i f f e r e n t ,  t h e i r  r e s u l t s  neve r the l e s s  p a r t i a l l y  
overlap.  For example, maps a t  a scale of 1:1,000,000 or a t  
s m a l l e r  scale are i n  gene ra l  type's of reconnaissance maps i f  
they are n o t  r e a l l y  der ived  from a s y n t h e s i s  of more d e t a i l e d  
maps, such a s  those  a t  t h e  1:200,000 o r  1:100,000 scales. 
S imi l a r ly ,  maps a t  l a r g e r  scales are n o t  always reconnaissance 
maps: r a t h e r  they  a r e  more o f t e n  d e t a i l e d  maps. 

D i f f e r e n t  Kinds of Maps as a 
Function of t h e i r  Objec t ives  

This s u b j e c t  has been b r i e f l y  considered i n  t h e  f i r s t  p a r t  
of t h e  r e p o r t  and s p e c i f i c  recommendations have been g iven  i n  
t h e  preceding paragraphs of t h e  second p a r t .  

1. PedoZogicaZ maps. Theore t i ca l ly ,  f o r  pedological  maps, 
t h e  kinds of maps and legends fol low t h e  r u l e s  of t h e  p r e c i s i o n  
and l e v e l  of information, as  a func t ion  of t h e i r  scale a s  g iven  
i n  t h e  beginning of t h e  second p a r t  of t h i s  paper. The legend 
is  l inked  a s  narrowly as p o s s i b l e  t o  a s o i l  c l a s s i f i c a t i o n  sys- 
t e m ,  as for  example, the morphogenetic ( s o i l s  map of France)  
o r  morphological (soil map of t h e  U . S . )  c l a s s i f i c a t i o n  systems. 

become inc reas ing ly  more apparent  t h a t  r e p r e s e n t a t i o n  of t h e  
mi l ieu  a t  a medium scale (1:100,000 o r  1:200,000) i s  i n s u f f i -  
c i e n t  as  a b a s i s  for  r e g i o n a l  planning. The g loba l  charac-  
t e r i z a t i o n  of t h e  evo lu t ion  of d i v e r s e  s o i l  types ,  t h e i r  d i s t r i -  
bu t ion ,  and even t h e i r  r e l a t i o n s h i p s  wi th  va r ious  f a c t o r s  w i l l  
no t  s u f f i c e  f o r  a gene ra l  d e s c r i p t i o n  of t h e  mi l ieu  f o r  express-  
ing  t h e  gene ra l  p o s s i b i l i t y  of i t s  use.  Thus var ious  a u t h o r s  
have attempted t o  accomplish t h e  o b j e c t i v e  a t  t h i s  l e v e l  by 
p resen t ing  maps t h a t  are both pedologica l  and morphogenetic. 

Without remaining a t  t h e  i n i t i a l  s t a g e  of French s o i l  maps 
where geomorphological d e s c r i p t i o n s  do n o t  appear except  i n  t h e  
form of accessory maps a t  a smaller  scale, nor proceeding t o  
t h e  morphogenetic maps (such as those  prepared by Tr icar t  and 
Ki l i an )  i n  which s o i l  c h a r a c t e r i s t i c s  appear on ly  i n  a secondary 
form, t h e  methodology of Beaudou and Cha te l in  ( 1 9 7 6 )  can be 
followed: A d e s c r i p t i o n  of t h e  pedologica l  r eg ions ,  followed 
by pedologica l  s o i l  landscapes,  and f i n a l l y  f u n c t i o n a l  segments 
or elements of toposequences and ca t enas  of s o i l s .  
and Badarel lo  (1975) used schematic drawings t o  d e s c r i b e  and 
exp la in  morphogenetic landscapes of t h e  no r the rn  Ivory Coast  
(Odienne r e g i o n ) .  

I n  t h i s  method, t h e  landscapes are def ined  by t h e  presence  
of c h a r a c t e r i s t i c  morphological elements: i n se lbe rgs ,  r e s i d u a l  
re l ie f ,  b u t t e s  (which are gene ra l ly  cupped wi th  i r o n s t o n e ) ,  the  

2. Regiona'l pZanning maps. I n  t h e  l a s t  s e v e r a l  yea r s ,  it has 

Eschenbrenner 
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remains of p l a t e a u s ,  der ived  forms more o r  less f l a t t e n e d  o r  
convex w i t h  an appearance of t h e  s lopes  of lower bottoms, and 
nick-point  va lues .  Landscapes are a l s o  def ined  by t h e  r e l a t i v e  
importance of s o i l s  a t  t h e  l e v e l  of t h e  subgroup and the i r  
a s soc ia t ed  phases,  and even of t h e ' f a m i l i e s .  

Maps of grouped morphopedological landscapes have been 
cons t ruc ted  a t  t h e  scale of 1 : 2 0 0 , 0 0 0 ;  b u t  each of them is  * 

supplemented by a pedologica l  d e t a i l e d  map, a t  t h e  scale of 
1:50,000, which i s  r e p r e s e n t a t i v e  of a t y p i c a l  landscape, and 
by corresponding a i rpho tos .  

3. Maps of agronomic appZication. A s  has  been previous ly  
stated,  maps of agronomic a p p l i c a t i o n s  can be very d i f f e r e n t ,  
both i n  t h e i r  d e t a i l  and scale, b u t  they  must be  based on a 
s o i l s  map e s t a b l i s h e d  on an  i d e n t i c a l  o r  l a r g e r  scale. 

\ 

a. Maps of soi2 resources a r e  e s t a b l i s h e d  a t  smaller 
s c a l e s  (such as t h e  1:500,000 map of Upper V o l t a ) ,  and 
they  are a n a l y t i c a l  i n  na ture .  
of agro-c l imat ic  zones and emphasize t e x t u r e ,  p r imar i ly  
t h a t  of t h e  s u r f a c e  horizon,  but  a l s o  t h a t  of t h e  lower 
horizon t o  t h e  e x t e n t  t h a t  it affects p l a n t  performance. 
Taxonomic u n i t s  are ind ica t ed  w i t h  r e s p e c t  t o  t h e  p r i n c i -  
p a l  kinds of improvements proposed f o r  va r ious  charac- 
t e r i s t ic  f e a t u r e s :  d ra inage  cond i t ions ,  a c t u a l  w a t e r  
consumption, o rgan ic  m a t t e r  con ten t ,  exchangeable bases ,  
phys i ca l  p r o p e r t i e s  ( p a r t i c u l a r l y  unfavorable  o n e s ) ,  and 
t h e  presence of t o x i c  elements. 

They inc lude  d e l i n e a t i o n  

Some subun i t s  are def ined by t h e  a s s o c i a t i o n  of 
d i f f e r e n t  component u n i t s  i n  a zone or "spot"  of t h e  
s o i l s  map, as t h i s  has  been ind ica t ed  i n  t h e  u n i t s  of t h e  
pedologica l  map. 

I n  no r the rn  climatic zones, c u l t i v a t a b l e  l ands  have 
been separa ted  i n t o  areas s u i t a b l e  f o r  dryland and irri- 
gated a g r i c u l t u r e  and rangelands. '  On t h e  map i t s e l f ,  a 
t a b l e  w a s  compiled t h a t  i nd ica t ed  t h e  o rde r  of t h e  u n i t s  
and subun i t s  as assembled on t h e  pedologica l  map, and 

land u s e s  f o r  each of t h e  r e t a i n e d  f e r t i l i t y  f a c t o r s .  
z t h e s e  u n i t s  w e r e  given va lues  c h a r a c t e r i s t i c  of t h e  va r ious  

b. A t  medium and d e t a i l e d  scales (1:100,000) o r  
l a r g e r ,  synthes ized  maps of opti" agricuZttlraZ u t i l i z a t i o n  
or su i tab i2 i ty  for eu2tivation are assembled. 
c ludes  u n i t s  of "un ive r sa l  a g r i c u l t u r a l  value" and t h e  
p r i n c i p a l  p o s s i b l e  uses  as  a func t ion  of t h e  s o i l  charac- 
ter is t ics  themselves ( t h e i r  t ype  of evo lu t ion ,  pa ren t  
m a t e r i a l ,  depth ,  etc.)  and a l s o  as  a func t ion  of t h e i r  
environment, s lope ,  degree of e ros ion ,  etc. 

The legend in -  

The most i n t e r e s t i n g  system (such as t h e  one u t i l i z e d  
by Roederer i n  T u n i s i a ) ,  as previous ly  mentioned, i n d i c a t e s  

1 

- 
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for each unit of land the 
the principal kinds of us 

relative fertility for each of 
or possible cultivation gr up- 

ings; and the principal forseen improvements. It is of 
course indispensable that these documents be prepared 
with collaboration of an agronomist. 

An example is given by the management maps compiled 
for the high-plateau steppes of Algeria whichwere pre- 
pared by Pouget (1977) in collaboration with geomorpholo- 
gists, botanists, and agronomists. The maps include 
recommendations and forseen management and the potential 
yield of forages. 

c. Maps of cuZtivation constraints have been rarely 
established by French pedologists, as many of the previous 
map types include in their taxonomic descriptions con- 
straints such as "utilizable depth" or various other un- 
favorable physical properties. 

However,,maps have been made for the-northern 
Cameroons by P. Brabant that analyze depth, texture, pro- 
file differentiation, insufficiency or excess of avail- 
able water, and degree and danger of erosion. They have 
also.been made in France by the "Organization for the 
Management of the Hills of Gascogne." The limiting factors 
are primarily the slope and the depth of usable land, and 
extreme textures, the excess of calcareous materials and 
any fertility or chemical insufficiencies. 

d. In France, purely thematic maps are also estab- 
lished at very detailed scales with regard to drainage 
operations (various working groups of INRA), or for par- 
ticular irrigated cultivations (Organization for the 
Management of Lower-Rhane Languedoc). The maps compiled 
at very small scales (1:1,000,000 or 1:5,000,000) concern- 
ing the dangers of desert formation and the degradation 
of soils [R. Pontanier (1976) in Tunisia] and the salinity 
of soils [Aubert (1977) for Africa] can also be included. 

CONCLUSION 

I would like to point out some of the main fundamental 
problems that keep soil survey from better achieving its objectives. 

1. We need an improved soil classification'as a basis for 
the map legends, especially for the small-scale general soil 
maps. 

use of the geomorphological soil characteristics of the land- 
scapes for the definition of the soil complex units. 

2. For medium-scale soil maps we have to work on a better 

3 .  For detailed soil maps at the large scale level we have 
to give more regular definition of the soil series and their 
phases, to get an easier interpretation for land utilization. 



4. For agricultural use interpretation we need a more 
precise study of the relations between soil properties -- 
mostly physical properties and the yields of main crops of 
various ecological zones. 

5. For general land use, we need to work on the most 
important soil conditions for every type of non-agricultural 
use. 
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