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DRY SOILS OF THE AFRICAN SAHEL 

R. Fauck 

INTRODUCTION 

The A f r i c a n  Sahel  spreads  from t h e  A t l a n t i c  Ocean t o  t h e  Red Sea ,  

-overing a d i s t a n c e  of  more t h a n  3,000 km. 

f r i n g e d  t o  the n o r t h  by t h e  S a h a r i a n  d e s e r t  and, t o  t h e  south ,  by a r e a s  

covered w i t h  shrub  and ' t r e e  savannas O K  w i t h  open woodland. 

between n o r t h e r n  and southern  boundar ies  of  t h e  Sahel  amounts t o  s e v e r a l  

hundred k i l o m e t e r s ,  ranging up t o  a s  much as 1,000 km. The nor thern '  and 

southern  l i m i t s  a r e  b e s t  def ined  by c l i m a t e .  They are semi-arid a r e a s  

w i t h  low r a i n f a l l ;  t h e  mean annual  r a i n f a l l  r a n g e s  between I00 and 500 

mm, and h igh  mean average  tempera tures  o f t e n  exceed 40°C. The r a i n f a l l  

t a k e s  p l a c e  d u r i n g  a s i n g l e  season and l a s t s  f o r  two t o  f o u r  months. 

t h e  dry  season  is v e r y  long  and t h e  annual  e v a p o t r a n s p i r a t i o n  is much i n  

excess  of t h e  annual  r a i n f a l l .  

It c o n s i s t s  of  t h o r n  s t e p p e s  

The d i s t a n c e  

Thus; 

I n  comparing t h e  Sahel  w i t h  o t h e r  semi-arid a r e a s ,  i n  p a r t i c u l a r  w i t h  

t h e  Mediterranean areas, it is important  t o  n o t e  that r a i n  is d e p o s i t e d  

d u r i n g  summer, t h a t  is t o  s a y  d u r i n g  t h e  h o t t e r  season  w i t h  a h igh  evapo- 

t r a n s p i r a t i o n .  Though amount of  r a i n f a l l  is  s i m i l a r  t o  t h a t  i n  o t h e r  semi- 

a r i d  a r e a s ,  t h e  a v a i l a b l e  water budget of  s o i l s  i s  even more d e f i c i e n t  t h a n  

i n  t h e  Mediterranean a r e a s  where a tmospher ic  water  f a l l s  on  w i n t e r  c rops .  

T h i s  i s  t h e  r e a s o n  why every e x c e p t i o n a l  drought ,  a s  i t  happened i n  t h e  

s e v e n t i e s ,  e n t a i l s  heavy consequences f o r  t h e  a g r i c u l t u r a l  and p a s t o r a l  

economy of t h e  Sahel .  

w e  may say  t h e  c l i m a t i c  t r a n s i t i o n s  a r e  v e r y  g r a d u a l  and t h e  environment 

Taking t h e  l a r g e  a c r e a g e  of  t h e  Sahel  i n t o  account ,  
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i is  compara t ive ly  homogeneous. 

recorded  i n  time and space .  

A h i g h l y  changeable  r a i n f a l l  is none t h e  less 
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1:500,000 and 1:1,000,000 maps of s o i l s  e x i s t  i n  most S a h e l i a n  S t a t e s ,  
i 

e x c l u s i v e  of  Mali, A complete  1:200,000 coverage  exis ts  i n  Chad, except  

f o r  d e s e r t  a r e a s .  So, s o i l s  a r e  r a t h e r  w e l l  known as r e g a r d s  t h e i r  typology 

and d i s t r i b u t i o n  (Audry, 1961 and 1967; Bocquier ,  1973; Boule t ,  1968 and 

1976; Boulet  e t  al., 1969 and 1971; Fauck, 1972 and 1978; Gavaud, 1960) .  

I n  a l l  cases, French c l a s s i f i c a t i o n  i s  used.  

I n  s p i t e  of  t h e  h i g h  homogeneity of c l l m a t e ,  s o i l  t y p e s  v a r y .  A s  

a m a t t e r  of  f a c t ,  t h e  t y p e s  of p a r e n t  m a t e r i a l s  a r e  numerous, t h e  most wide- 

s p r e a d  being g r a n i t e s ,  s h a l e s ,  sands tone- l ike  sedimentary r o c k s  and arenaceous  

m a t e r i a l s .  The l a t t e r  correspond t o  an important  sand s h e e t  which was 

aiiplnccd 3,000 YCJKS lI.C., i.e. a f c e r  e x s i c c a t i p n  (between 7,000 and 

5,500 B.C.) of  a l l  t h e  g r e a t  S a h a r i a n  l a k e s .  T h a t  c l i m a t i c  change i n  t h e  

. ,  
I 

r e c e n t  Quaternary  per iod  accounts  f o r  t h e  e x t e n t  of  p a l e o c l i m a t i c  i n h e r i t a n c e s  

i n  t h e  Sahel ,  as t h e  a r i d i t y  of t h e  r e c e n t  Quaternary per iod  ' h a s  favoured 

t h e  p r e s e r v a t i o n  of p a l e o s o i l s ,  i n  p a r t i c u l a r  i r o n  'pans  and c u r r e n t l y  

bur ied  c l a y  s o i l s  ( D u t i l ,  1971; Maignien, 1960; PTas, 1966). 

THE MAJOR SOIL GROUPS AND FAMILIES 

The "moderately weathered", "subarid"  and "nonleached 

t r o p i c a l  fe r ruginous ' '  s o i l s  over  a renaceous  m a t e r i a l s  

All t h r e e  s o i l  t y p e s  have developed o v e r  t h e  a renaceous  s h e e t  of e o l i a n  

o r i g i n .  The lat ter is l o c a t e d  i n  t h e  d r i e s t  a r e a s  of Sahel ,  bur: i t  c a n  be  

t r a c e d  from t h e  Sahara t o  Sudanese a r e a s  which p r e s e n t l y  r e c e i v e  about  one 

meter o f  r a i n f a l l .  From t h e  n o r t h  t o  t h e  s o u t h ,  t h e  s o i l s  a r e  i n c r e a s i n g l y  

d i f f e r e n t i a t e d  i n t o  hor izons  and t h e  mean d e p t h  i n c r e a s e s  from t h e  so-c las -  

s i f  i ed  "moderately weathered" t o  " t r o p i c a l  fe r ruginous"  s o i l s .  .The main 

reason  f o r  t h i s  is t h e  g r a d u a l  v a r i a t i o n  of  c l i m a t e  d a t a ,  b u t  a g e  d i f f e r e n c e s  

\ 

, 



I 

- 74 - 

between p a r e n t  r o c k s  are a l s o  cons iaered .  

[rom n o r t h  t o  south ,  f rom n e u t r a l i t y  t o  about  6.0, and t h e  o r g a n i c  matter 

c o n t e n t  g r a d u a l l y  i n c r e a s e s ,  never  r i s i n g  above 1% in t h e  uppermost horizons.  

The pH d e c r e a s e s  v e r y  g r a d u a l l y  

The m o i s t u r e  reg imes  a r e  a r i d i c  i n  n o r t h e r n  Sahel ,  p r o g r e s s i v e l y  

grad ing  t o  u s t i c  a s  r a i n f a l l  and mean p r o f i l e  d e p t h  i n c r e a s e .  

whcther they  a r e  c l a s s i f i e d  i n t o  "moderately weathered,"  "subarid"  o r  even 

"nonleached t r o p i c a l  f e r r u g i n o u s "  soils, t h e  r a t e s  o f  p e r m e a b i l i t y  are 
s t s i i l a r  i n  all cases--from 4 t o  7 cm a n  hour--and t h e  a v a i l a b l e  water  

c o n t e n t s  a r c  v e r y  low--between 2 and 3%.  

q u n n t l t l o s ,  a deep  p e F c o l n t i o n  of  water  t a k e s  p lace ,  b u t  t h e  d e p t h  i t  r e a c h e s  

wiLhin t h e  p r o f i l e s  v a r i e s  a g r e a t  d e a l  every year ,  due  t o  t h e  amount of 

r a i n f a l l  and,  above all, t o  r a i n f a l l  d i s t r i b u t i o n  in C i m e .  Using a l y s i m e t e r ,  

t h i s  phenomenon could  be watched and q u a n t i f i e d  ( B o n f i l s  et  a l . ,  1962; 

Chauve1 and Charreau,  1972) .  

Never the less ,  

I n  s p i t e  of t h e  small a v a i l a b l e  

I n  t h e  more humid s o u t h e r n  Sahel ,  r a i n f a l l  is f u l l y  absorbed  i n  t h e  

sand and,  a s  a r e s u l t ,  s m a l l  temporary water l e n s e s  a r e  formed a t  d e p t h s  

ranging [rom 0.8 t o  3 meters, i.e. i n  C hor izons  and i n  a renaceous  m a t e r i a l s .  

They a r e  u t i l i z e d  by t h e  r o o t s  o f  t r e e s .  As a m a t t e r  of f a c t ,  w e  c a n  o b s e r v e  

i n  t h e  Salicl a g r a s s  c o v e r  which i s  d e s i c c a t e d  every  year  and a t h o r n  tree 

and shrub  savanna l a n d s c a p e  i n  v e r y  open woodland format ions .  

e x c e p t i o n a l  drought  i n  t h e  s e v e n t i e s ,  t h e s e  water  t a b l e s  g r a d u a l l y  d r i e d  

up and a l a r g e  p a r t  o f  t h e  s h r u b s  have d i e d  a f t e r  t h e  t h i r d  or f o u r t h  

year  of abnormally l o w  r a i n f a l l .  S i n c e  t h e  c l i m a t e  has  become normal ( w e  

mean i ts  d a t a  cor respond t o  t h e  a v e r a g e  v a l u e s  computed over  50 y e a r s ) ,  

t h e  g r a s s  biomass has  recovered  i ts  e a r l i e r  l e v e l ,  b u t  t h e  s h r u b  cover  

growth is l a t e .  

i f  i c a  t i o n .  

During t h e  

T h i s  phenomenon h a s  l e d  many a u t h o r s  t o  speak  of d e s e r t -  

Then, w e  can  see t h a t ,  i w  t h e  scope of t h e  u t i l i z a t i o n  of  S a h e l i a n  

arenaceous s o i l s ,  w e  c a n  h a r d l y  make a d i s t i n c t i o n  between " a r i d i c "  and 

"us t ic . "  

emphasize t h e  e x i s t e n c e  of  water r e s e r v e s  occurr ing  i n  t h e  deep C hor izons .  

Even that  s l i g h t  d i f f e r e n c e  is o f  low i n t e r e s t ,  a s  i t  d o e s  n o t  

The brown s u b a r i d  s o i l s  

The brown s u b a r i d  s o i l s  a r e  c l a y  o r  sandy-clay s o i l s .  The 2-1 c l a y  .. 
minera ls  a r e ,  c h c m i c a l l y  r i c h  and,the_RH is ,near ly  neutral . .  , The s t r u c t u r e  I 

.:;.. ! I  , ;.'.~ :. .i ,>, r.fv.( 1, - . ; < ' i  :.- : ! i  ,- _ , '  1. : .,' . , - , a ' . : ?  , , . : . I  8.' 

f :  

is u n s t a b l e  and' t ie  s o i l s  tend '  t Ó  s u r f i c i a l  sealing dur ing '  t h e  d r y  season.  

As r e g a r d s  water ba lances ,  however, g f e a t :  d i f f e r e n c e s  can be  observed.  

For i n s t a n c e ,  i n  n o r t h e r n  Niger ,  where t h e  meah-annual r a i n f a l l  is about  

100 nun, c l a y  soil a r e a s  covered by a v e r y  t g i n  film .òf sand were prospec ted  

(Boule t ,  1966) .  The 1 o w . r a i n f a l l  is f u l l y  absorbed,  t rapped  i n  sand and ' .  ' ' 

t o  a ' g r e a t  e x t e n t  p r o t e c t e d  a g a i n s t  evapora t ion .  Water accumula tes ' . in ' thk-  ' ' 

s h r i n k a g e  c r a c k s  of  c l a y s  l y i n g  under  t h e  sand f i l m .  

schuwias ,  p l a n t s  which make up good p a s t u r e  l a n d s  f o r  camels, t a k e  'advantsge 

of t h i s  p a r t i c u l a r  morphology, which associates on t h e  one hand chemidal 

r i c h e s  and on  t h e  o t h e r  hand.pockets  of w e t  sand.  

a r e  n o t  e a s i l y  c l a s s i f i e d  i n  S o i l  Taxonomy because  o f .  t h e i r  very  s p e c i f i c  

water ba lance .  

. _  

- .. .,- ., : I :  The root's of  
' 

I:' 

These complex p r o f i l e s . '  '-- 

. -. 
Much f u r t h e r  south ,  on t h e  c o n t r a r y ,  under  a more bumid c l in ia te ,  - t h e  

same brown s u b a r i d  s o i l s  can  remain d r y  f o r  a 1ong.per iod  of t in ie ! in  w i n t e r ;  

t h e  s u r f i c i a l  c r u s t  which a p p e a r s  d u r i n g  t h e  d r y  season  bi-ings about  d" 
s i g n i f i c a n t  runoff  dur ing  t h e  r a i n s  a t  t h e  o n s e t  of  tge w i n t e r  'seasoZ;~ ' 

which come l i k e  a tornado on  s o i l s  depr ived  of  a g r a s s  cover  (Boulet ,  1974):*, 

In t h a t  case, t h e  pedocl imate  is a r i d i c .  

e.g. f o r  c r o p p i n g  sorghum, modi f ies  s o i l  p e r m e a b i l i t y  t o  a g r e a t  e x t e n t ;  

Consequent ly ,  t h e  regime may become u s t i c  f o r  t h e  same group of  soi l .  

Soil d r e s s i n g  exerts a v e r y  important  i n f l u e n c e  o n  m o i s t u r e  regime i n  

semi-ar id  areas (Bi ro t  et  al . ,  1970) and t h a t  p o s s i b l e  m o d i f i c a t i o n  w a s  t o  - '  - 
b e  c o n s i d e r e d ,  f o r  i t  may make a s i n g l e  s o i l  p a s s  from a n  a r i d i c  regime 'L':. 

t o  a n  u s t i c  regime. 

''i 

. 

' 
' 

A v e r y  s u r f i c i a l  d r e s s i n g ,  however,'' '' '' 

- . . .  
. . .. 

. . -  The " t r o p i c a l  fe r ruginous"  so i ls  . .I 
The s o i l  t y p e s  c l a s s i f i e d  t r o p i c a l  f e r r u g i n o u s  s o i l s  ( t o  b e  r e l a t e d  

t o  A l f i s o l s )  are v a r i o u s ;  t h e i r  common f e a t u r e  is t h e  preva lence  o f  k a o l i n i t i c  i .. 
c l a y  and t h e  abundance o f  f r e e  i r o n ,  which is e i t h e r  f i x e d  on t h e  c l a y s  

o r  i n d i v i d u a l i z e d  i n t o  pa tches  o r  c o n c r e t i o n s  and sometimes i n t o  duripans. '! ' '  
The p r o f i l e s  a r e  developed over  two g r e a t  f a m i l i e s  of p a r e n t  rocks ,  on t 

one  hand g r a n i t i c  rocks ,  on t h e  o t h e r  hand m a t e r i a l s  from t h e  " c o n t i n e n t a l  ' ' .' 

t e rmina l , "  i.e. p r i m a r i l y  f e r r u g i n i z e d  sands tones  and clay-sands., 

~, - -  . "  

The knowledge of  t h e  water  ba lances  i n  th-ese soils is v a r i a b l e  (Fauck, 

1971);  t h e  main d a t a  were c o l l e c t e d  i n  a n  exper imenta l  s t a t i o n  and t h e  o t h e r s  

... 
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